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chapter 1 

Market Share Survey Overview 

Each year, Dataquest surveys semiconductor 
vendors in order to estimate their annual sales. 
The survey covers approximately 140 semicon
ductor vendors worldwide (this varies accord
ing to mergers, acquisitions, liquidations, start
ups, and so on) by 56 individual semiconduc
tor produa categories (excluding subtotals), 
6 application segments, and 5 world regions 
(Europe is split into a further subregions). This 
exercise helps Dataquest maintain its dynamic 
database of semiconductor supply by company, 
and semiconductor shipments by world region 
and product. The information gained is 
supplemented by, and cross-checked with, 
Dataquest's various other information sources. 

The semiconductor market share survey takes 
place twice each year. The first survey is to 
prepare preliminary estimates for the calendar 
year. This is then followed by a second sur
vey of the same companies liiree months later 
in order to finalize estimates for the same 
calendar year. The first survey takes place dur
ing October and November. Our preliminary 
estimates are completed by the end of the 
calendar year under review, and the results 
are summarized in a research report (a 
Dataquest Perfective document), which is 
released on January 1 following the end of 

the year. Preliminary vendor rankings are 
feamred in a Dataquest press release shortly 
after this date. 

The second survey takes place during March. 
Our final semiconductor market share estimates 
are then published in greater depth in a refer
ence report (a Source: Dataquest document) 
by May 31. There is usually minimal difference 
between preliminary and final rankings, as 
Dataquest makes every effort to ensure 
preliminary estimates are as accurate as possi
ble. However, there will be occasions when 
some company results are revised according to 
unej^ected late billings or order cancellations 
in the final months of the calendar year being 
reported. 

The categories for which semiconductor 
revenue is reported are defined comprehen
sively for the purpose of clarity and guidance 
to survey participants. These definitions may 
occasionally be revised, altered or expanded 
to reflect changes in the industry. To sup
port these definitions, Dataquest will issue an 
annual survey guide to all participants in its 
semiconduaor market share survey program. 
This document comprises the 1991 survey 
guide. 
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chapter 2 

Semiconductor Companies Surveyed 
Worldwide 1991 

North American Companies 

Actel 
Advanced Micro Devices 
Allegro Microsystems 
Altera 
Analog Devices 
Appian Technology 
Applied Micro Circuits Corporation 
AT&T 
Atmel 
Brooktree 
Bxirr-Brown 
California Micro Devices 
Catalyst 
Cherry Semiconductor 
Chips & Technologies 
Cirrus Logic 
Comlinear 
Crystal 
Cj^ress Semiconductor 
Dallas Semiconductor 
Elantec 
Exar 
General Instrument 
Getmum 
Gould AMI 
Harris 
Hewlett-Packard 
Honeywell 
Hughes 
IMI 
Integrated Device Technology 
Intel 
International CMOS Technology 
International Microelectronic Products 
International Rectifier 
ITT 
Kulite 
Lattice 
Linear Technology 
LSI Logic 
Maxim 
Micro Linear 
Micro Power Systems 
Microchip Technology 

Micron Technology 
Microsemi 
Mitel 
MOSel 
Motorola 
National Semiconductor 
NCR 
Novasensor Inc. 
Optek 
Performance Semiconductor 
Powerex 
Quality Technologies 
Raytheon 
Rockwell 
SEEQ Technology 
Semtech 
Sierra Semiconductor 
Silicon General 
Silicon Systems 
Siliconix 
Sipex 
Solitron 
Standard Microsystems 
Supertex 
Tektronix 
Teledyne 
Texas Instruments 
TRW 
Unitrode 
Universal 
Vitelic 
VLSI Technology 
VTC 
WaferScale Integration 
Weitek 
Western Digital 
Xicor 
Xilinx 
ZUog 
Japanese Companies 
Fuji Electric 
Fujitsu 
Hitachi 
Matsushita 2-1 
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Mitsubishi 
NEC 
New JRC 
NMB Semiconductor 
Oki 
Ricoh 
Rohm 
Sanken 
Sanyo 
Seiko Epson 
Sharp 
Shindengen Electric 
Sony 
Toko 
Toshiba 
Yamaha 
European Companies 

ABB-HAFO 
ABB-DCYS 
Austria Mikro Systeme 
Ericsson 
Eupec 
European Silicon Structures 
Eurosil 
Fagor 
GEC Plessey 
Matra-MHS 
MEDL 
Mietec 
Philips Semiconductors 
Semikron 
SGS-Thomson 
Siemens 
STC 
TAG 
Telefunken Electronic 
TMS 
Zetex 

Asia/Pacific Companies 

Daewoo 
Goldstar 
Hualon Microelectronics Corporation 
Hyundai 
Korean Electronic Company 
MOSpec 
Samsung 
Silicon Integrated Systems 
United Microelectronics 
Winbond Electronics 
Summary 

83 North American Companies 
20 Japanese Companies 
21 European Companies 
10 Asia/Pacific Companies 
134 "Worldwide Companies 
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chapter 3 

General Sales Definitions 

1. Sales to customer. All sales are reported 
according to customer location, that is, the 
shipping destination. 

2. Finished semiconductor products. 
" Defined as assembled and tested semicon-

duaor products. Only count sales of fin
ished semiconductor products to distributors 
and equipment manufacturers. Do not 
include sales of finished semiconductors to 
other semiconductor vendors for value-
added resale. Resale revenue will be 
estimated separately for these companies. 

3. Unfinished semiconductor products. 
Defined as wafer and die foundry products. 
Only count sales of unfinished semiconduc
tor products to distributors and equipment 
manufacturers. Do not include sales of 
unfinished semiconductors to other semi
conductor vendors for resale. Resale 
revenue will be estimated separately for 
these companies. 

4. Internal semiconductor sales. Defined as 
revenue from finished or unfinished semi
conductor products from intracompany (in
ternal or in-house) transfers to divisions 
and subsidiaries of your parent company 
that manufacture end equipment. Include 
all such internal semiconductor sales at 
market price. 

5. Hyforid products. Defined as products that 
comprise a number of active semiconductor 
die and/or passive components in a single 
package. Only count sales of hybrid 
products that conform with definition 2 
or 3. 

6. Modules and board-level products. 
Defined as products that comprises a num
ber of active semiconductor and/or passive 
components mounted on a single printed 
circuit board (PCB). Only count sales of 
modules and board-level products that 
conform with definition 2 or 3. Only 
include the market value of the active 
semiconductors in the module or board-
level product. 

7. System-level products. Defined as 
products that comprise a number of 
module and/or board-level products 
amounting to a single system or sub
system. Examples indude development 
systems, hardware platforms, and box-level 
products. Do not include any sales from 
such system-level products. 

8. NRE charges. Defined as nonrecurring 
engineering charges made to customers as 
the result of costs incurred during the 
design or customizing of a semiconductor 
device for that customer. This occurs in the 
following product areas: 

• Design chaiges for ASICs including gate 
arrays, cell-based ICs, and full-custom 
ICs. 

• Mask charges that result from the cus
tomizing of a programmable array logic 
(PAL), when the customer's fuse pattern 
is masked into it to produce a hard
wired array logic (HAL). 

• Mask charges that result from the 
customizing of ROMs. 

• Mask charges that result fi-om the storage 
of the customer's microcode in a 
microcontroller. 

Only count revenue from NRE charges on 
active semiconductor products that conform 
with definition 2 or 5- Include these NRE 
charges as part of the revenue received 
from associated semiconductor product. Do 
not indude revenue from NRE charges 
incurred during research, feasibility studies, 
or facility rental to third parties. 

9. Electronic design automation CEDA) 
software. EDA software is used to auto
mate the design of semiconductors. Data-
quest indudes revenue from ASIC semicon
ductor vendors that also sell their own 
EDA software. Include any revenue derived 
from EDA software in the appropriate ASIC 
product category. The applicable categories 
are PLD, gate array, and cell-based IC. 

3-1 
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lO.IPR income. Defined as intellectual and dispute setdements. Do not include 
property rights, income from royalties, any such IPR income. 
licensing agreements, technology transfers, 
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Chapter 4 

Exchange Rate Definitions 

when converting a company's local currency 
sales into U.S. dollars, or vice versa, it is 
important to use the 1991 exchange rates 
provided below. This will prevent inconsisten
cies in the conversion of offshore sales 

between each company. These are the 
exchange rates that will be used in the final 
1991 semiconductor market share survey. 
Exchange rates for historical years are available 
on request. 

Average 1991 Exchange Rates against the U.S. Dollar 

Country 

Austria 

Belgium 

Denmark 

Unland 

France 

Germany 

Ireland 

Italy 

Japan 

Luxembourg 

Netherlands 

Norway 

Portugal 

South Korea 

Spain 

Sweden 

Switzerland 

Taiwan 

United Kingdom 

ECU 

1991 Rate 

11.67 

34.13 

6.39 
4.04 

5.64 

1.66 

0.62 

1,238.93 
134.68 

34.13 

1.87 

6.49 

144.02 

730.90 

1(B.81 

6.04 

1.43 
26.50 

0.57 

0.81 

Cxirrency 
Schillings/$ 

Belgian Francs/$ 

Danish Kroner/$ 

Markka/$ 

French Francs/$ 

Deutsche Marks/$ 

Pounds/$ 

Ijre/$ 

Yen/$ 
Luxem. Francs/$ 

Gulden/$ 

Norwegian Kroner/$ 

Escudos/$ 

•Won/$ 

Pesetas/$ 

Swedish Kronor/$ 

Swiss Francs/$ 

NT$/$ 

Pounds/$ 

ECU/$ 
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Chapter 5 

Semiconductor Product Category 
Hierarchy 

The following semiconductor product category 
hierarchy begins with total semiconductor, 
and indents each subcategory in the left-hand 
column according to its position in the hierar
chy. At each level in the hierarchy, all 

subcategories that contribute to this level are 
shown as a subcategory summation in the 
right-hand column. Any level in the hierarchy 
that does not depend on any subcategories is 
marked as a "Data Point." 

Total Semiconductor: 

Total Integrated Circuit: 

IC + Discrete -<• Optoelectronic 
Digital Monolithic Bipolar IC + Digital Monolithic MOS IC + Analog/ 

Mixed-Signal Monolithic IC + Hybrid IC 

Bipolar Digital IC: 1. Bipiolar Digital TTL/Other IC + Bipolar Digital ECL IC—technology 
split 

2. Bipolar Digital Memory IC + Bipolar Digital Microcomponent IC + 
Bipolar Digital ho^c—Junction sf^it 

Bipolar Digital TTL/Other IC: Data Point 

Bipolar Digital ECL IC: Data Point 

Bipolar Digital Memory IC: 

Bipolar Digital Micro IC: 

Bipolar Digital Logic IC: 

Bipolar Digital ASIC: 

Bipolar Digital GA: 

Bipolar Digital PLD: 

Bipolar Digital CBIC: 

Bipolar Digital FCIC: 

Bipolar Digital Standard Logic IC: 

Other Bipolar Digital Logic IC: 

MOS Digital IC: 

CMOS Digital IC: 

BiCMOS Digital IC: 

NMOS/Other Digital IC: 

Data Point 

Data Point 

Bipolar Digital Application-Specific IC + Bipolar Digital Standard Logic 

IC + Other Bipolar Digital Logic IC 

Bipolar Digital Gate Array + Bipolar Digital Programmable Logic 
Device + Bipolar Digital Cell-Based IC + Bipolar Digital Full-Custom 

IC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

1. CMOS Digital IC + BiCMOS Digital IC + NMOS/Other Digital IC— 
technology split 

2. MOS Memory IC + MOS Microcomponent IC + MOS Logic IC— 
Junction split 

Data Point 

Data Point 

Data Point 

5-1 
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MOS Digital Memory IC: 

DRAM: 

SRAM: 

EPROM: 

Other NV MOS Memory IC: 

Other MOS Memory IC: 

DRAM + SRAM + EPROM + Other Nonvolatile MOS Digital Memory 

IC + Other MOS Digital Memory IC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

MOS Digital Microcomponent IC; 

MOS Digital MRU: 

MOS Digital MCU: 

MOS Digital MPR: 

MOS Digital Microprocessor + MOS Digital Microcontroller + MOS 

Digital Microperipheral 

Data Point 

Data Point 

Data Point 

MOS Digital Logic IC: 

MOS Digital ASIC: 

MOS Digital GA: 

MOS Digital PLD: 

MOS Digital CBIC: 

MOS Digital FQC: 

MOS Digital Standard Logic IC: 

Other MOS Digital Logic IC: 

MOS Digital Application-Specific IC + MOS Digital Standard Logic IC 
+ 0 ± e r MOS Digital Logic IC 

MOS Digital Gate Array + MOS Digital Programmable Logic Device + 

MOS Digital Cell-Based IC + MOS Digital Full-Custom IC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Analog IC: Monolithic Analog IC + Hybrid IC 

Monolithic Analog IC: Linear IC + Mixed-Signal IC 

Linear IC: 

Amplifier IC: 

Voltage Regulator IC: 

Voltage Reference IC: 

Comparator IC: 

Special Function IC: 

Special Consumer IC: 

Special Automotive IC: 

Linear Array ASIC: 

Amplifier IC + Voltage Regulator IC + Voltage Reference IC + Compa
rator IC + Special Function IC + Special Consumer IC + Special 
Automotive IC + Linear Array ASIC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Mixed-Signal IC: Data Converter IC + Telecom IC + Interface IC + Switch/Multiplexer 
IC + Disk Drive IC + Mixed-Signal ASIC 

Data Converter IC: 

Telecom IC: 
Data Point 

Data Point 
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Interface IC: 

Switch/Multiplexer IC: 

Disk Drive IC: 

Mixed-Signal ASIC: 

Data Point 

Data Point 

Data Point 

Data Point 

Hybrid IC: Data Point 

Total Discrete: 

Transistor: 

Small-Signal Transistor: 

Power Transistor: 

Bipolar Power Transistor: 

MOS Power Transistor: 

Power IGBT: 

Transistor + Diode + Thyristor + Other Discrete 

Small-Signal Transistor + Power Transistor 

Data Point 

Bipolar Power Transistor + MOS Power Transistor + Power Insulated 

Gate Bipolar Transistor OGBT) 

Data Point 

Data Point 

Data Point 

Diode: 

Small-Signal Diode: 

Power Diode: 

Thyristor: 

Other Discrete: 

Small-Signal Diode + Power Diode 

Data Point 

Data Point 

Data Point 

Data Point 

Total Optodectronic: 

LED Lamp/Display: 

Optocoupler: 

CCD: 

Laser Diode: 

Photosensor: 

Solar Cell: 

UED Lamp/Display + Optocoupler + CCD + laser Diode + 

Photosensor + Solar Cell 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 
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Chapter 6 

Semiconductor Product Category 
Definitions 

The following semiconductor product category 
definitions begin with total semiconductor, 
and continue through each subcategory in die 
same order as shown in the preceding semi
conductor product category hierarchy. At each 

level in the hierarchy, all subcategories that 
contribute to this level are shown as a 
subcategory summation in the right-hand 
column. Comprehensive definitions are 
given at every level. 

Total Semiconduaor: 

Total Integrated Circuit: 

Bipolar Digital IC: 

Tnyother Bipolar Digital IC: 

ECL IC: 

Bipolar Digital Memory IC: 

(IC + Discrete + Optoelectronic.) Defined as an active semiconduc
tor product that contains semiconducting material (such as silicon, 
germanium, or gallium arsenide) and reacts dynamically to an input 
signal, either by modifying its shape or adding energy to it. Tliis 
definition excludes standalone passive components, such as capaci
tors, resistors, induaors, oscillators, crystals, transformers, and relays. 

(Digital Monolithic Bipolar IC + Digital Monolithic MOS IC + Analog 
Monolithic IC + Hybrid IC.) An IC is defined as a large number of 
passive and/or active discrete semiconductor circuits integrated into 
a single package. A monolithic IC is one in which discrete circuits 
are integrated onto a single die, while a hybrid IC is one in which 
discrete circuits are integrated onto a small number of die. 

1. technology 4p/«—(TlVOther Bipolar IC + ECL) 

2. function split—(3rpo\3i Digital Memory IC + Bipolar Digital 
Microcomponent IC + Bipolar Digital Logic l O 

A bipolar digital IC is defined as a monolithic semiconduaor pro-
dua in which 100 percent of the die area performs digital func
tions, and concurrently, 100 percent of the die area is manufactured 
using bipolar semiconduaor technology. A digital function is one in 
which data-carrying signals vary in discrete values. 

Defined as a bipolar digital IC manufactured using transistor-
transistor logic (TTL) semiconduaor technology. Other bipolar tech
nologies include resistor-transistor logic (RTL) and diode-transistor 
logic (DTL). 

Defined as a bipolar digital IC manufactured using emitter-coupled 
logic (ECL) semiconduaor technology. 

Defined as a bipolar digital semiconduaor produa in which binary 
data are stored and electronically retrieved. Includes ECL random-
access memory (RAM), read-only memory (ROM), programmable 
ROM (PROM), last-in/first-out (LIFO) memory, first-in/first-out (FIFO) 
memory. 

6-1 



6-2 Semiconductor Market Definitions Chapter 6 

Bipolar Digital Micro IC: 

Bipolar Digital Logic IC: 

Bipolar Digital ASIC: 

Bipolar Digital GA: 

Bipolar Digital PLD: 

Bipolar Digital CBIC: 

Bipolar Digital FQC: 

Bipolar Digital Standard Logic IC: 

Defined as a bipolar digital semiconductor product that contains a 
data processing unit or serves as an interface to such a unit 
Includes both complex-instruction-set computing (CISC) and 
reduced-instruction-set computing (RISC) processor architectures. 
Includes bipolar digital microprocessor (MPLO, bipolar digital 
microcontroller (MCU), and bipolar digital microperipheral (MPIO, 
where applicable. 

(Bipolar Digital ^plication-Specific IC + Bipolar Digital Standard 
Logic IC + Other Bipolar Digital Logic IC.) Defined as a bipolar 
digital semiconduaor product in which more than 50 percent of 
the die area performs logic functions. Excludes bipolar digital 
microcomponent ICs. 

(Bipolar Digital Gate Array + Bipolar Digital Programmable Logic 
Device + Bipolar Digital Cell-Based IC + Bipolar Digital Full-
Custom IC.) Defined as a single-user bipolar digital logic IC that is 
manufactured using vendor-supplied tools and/or libraries. Do not 
include bipolar digital ASICs incorporating microcontroller cells, as 
these should be reported in the bipolar digital microcontroller IC 
category. 

BifKDlar Digital Gate Array is defined as an ASIC device that is 
customized by the vendor to end-user specification using layers of 
intercotmea. Included in this category are generic or base wafers 
with embedded functions, for example, SRAM, EEPROM. 

Bipolar Digital Programmable Logic Device is defined as an ASIC 
device that is customized by the end user after assembly. Included 
in this category are bipolar field-programmable logic (bipolar FPL), 
bip>olar field programmable gate array (bipolar FPG^, bijxjlar 
programmable array logic (bipolar PAt), bipolar programmable logic 
array (bipolar PLA), bipolar electrically programmable logic device 
(bipolar EPLD), and bipolar programmable multilevel Ipgic device 
(bipolar PMD). 

Bipolar Digital Cell-Based IC is defined as an ASIC device that is 
produced from a library of standard circuits/cells to a single-user 
specification. This process involves automatic routing and place
ment of cells. Included in this definition is bipolar standard cell 
IC. Excluded from this definition are cell-based ICs with processor 
cores. These should be reported under bipolar digital micro-
components. 

Bipolar Digital Full-Custom IC is defined as an ASIC device that is 
produced for a single user vising a full set of masks. This manu
facturing process involves manual routing and placement of cells. 

Defined as commodity bipolar family logic with less than 150 gates. 
Sometimes referred to as glue logic. Examples include TTL, ECL 
and other family logic: TlX-compatible SSI, MSI, LSI; standard, AS, 
FAST, LS, ALS lines; ECL-compatible SSI, MSI, LSI. Also RTL and 
DTL. 

©1992 Dataquest Incorporated March—Reproduction Prohibited 



Chapter 6 Semiconductor Product Category- Definltiotis 6-3 

Other Bipolar Digital Logic IC: 

MOS Digital IC: 

CMOS Digital IC: 

BiCMOS Digital IC: 

NMOS/Other Digital IC: 

MOS Digital Memory IC: 

DRAM: 

SRAM: 

EPROM: 

Other NV MOS Memory IC: 

Defined as all other bipolar digital logic ICs not accounted for in 
the preceding categories. Includes bipolar commodity femily logic 
with 150 or more gates, and bipolar digital general-purpose logic 
not belonging to any families. 

1. technology split-<.CMOS + BiCMOS + NMOS/Other) 

2. function ^lit—QAOS Digital Memory IC + MOS Digital 
Microcomponent IC + MOS Digital Logic l O 

A MOS digital IC is defined as a monolithic semiconduaor produa 
in which 100 percent of the die area performs digital functions, and 
concurrently, any portion of die die area that is manufectured using 
metal oxide semiconduaor (MOS) technology. A digital function is 
one in which data-carrying signals vary in discrete values. Includes 
mixed technology manufacturing, such as BiMOS and BiCMOS, 
where there is some MOS technology employed. 

Defined as a MOS digital IC manufectured entirely in complemen
tary metal oxide semiconduaor (CMOS) technology. 

Defined as a MOS digital IC manufactured using bipolar and com
plementary metal oxide semiconduaor (CMOS) technologies. 

Defined as a MOS digital IC manufactured entirely in N-channel 
metal oxide semiconduaor (NMOS) technology. Other MOS technol
ogies include P-channel metal oxide semiconduaor (PMOS). 

(DRAM + SRAM + EPROM + Other Nonvolatile MOS Digital Mem
ory + Other MOS Digital Memory.) Defined as a MOS digital IC in 
which binary data are stored and electronically retrieved. 

Defined as Dynamic RAM, Multiport-DRAM (M-DRAM), and Video-
DRAM (V-DRAJVI). DRAMs have memory cells consisting of a single 
transistor, and require externally cycled memory cell refi^eshes on 
a regular basis. These are volatile memories and addressing is 
multiplexed. 

Defined as Static RAM, Multiport-SRAM (M-SRAM), Battery Backed-
Up SRAM (BB-SRAM), and Pseudo SRAM (PSRAM). SRAMs have 
memory cells consisting of a minimum of four transistors, except 
PSRAM, which has a memory cell consisting of a single transistor 
and is similar to DRAM. SRAMs do not require externally cycled 
memory cell refreshes. These are volatile memories and addressing 
is not multiplexed (except in the case of PSRAM). Note that color 
palette DACs are included in the mixed-signal data converter 
category. 

Defined as Erasable Programmable Read-Only Memory. Includes 
Ultraviolet EPROM (UV EPROM) and One-Time Programmable Read
only Memory (OTP ROM). EPROMs have memory cells consisting 
of a single transistor, and do not require any memory cell refiresh-
es. These are nonvolatile memories. 

Includes EEPROM, flash memory, and mask ROM. These are all 
nonvolatile memories. 
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EEPROM is defined as Electrically Erasable Programmable Read-Only 
Memory. Includes Serial EEPROM (S-EEPROM), Parallel EEPROM CP-
EEPROM), and Electrically Alterable Read-Only Memory CEAROM). 
EEPROMs have memory cells consisting of a minimum of two tran
sistors, and do not require memory cell refreshes. Includes Nonvola
tile RAM (NVRAM), also known as Shadow RAM. These semicon
ductor products are a combination of an SRAM and a P-EEPROM in 
each memory cell. The P-EEPROM functions as a shadow backup 
for the SRAM when power is losL 

Flash memory is defined as rapidly electrically erasable nonvolatile 
memory. Includes flash memory based on an EPROM cell structure 
(that is, single transistor) and flash memory based on an EEPROM 
cell structure (that is, minimum of two transistors), and does not 
require memory cell refreshes. Includes flash memory based on sin
gle- or dual-voltage supply. Mask ROM is defined as Mask-
Programmable Read-Only Memory. Specifically, a form of memory 
that is programmed by the manufacturer to a user specification 
using a mask step. Mask ROM is programmed in hardware ra±er 
than software. 

Other MOS Digital Memory IC: 

MOS Digital Microcomponent IC: 

MOS Digital MPU: 

MOS Digital MCU: 

Defined as all other MOS digital memory not already accounted for 
in the preceding categories. Includes MOS digital content addressa
ble memory (CAM), MOS digital cache-tag RAM, MOS digital first-in/ 
first-out memory (FIFO), MOS digital last-in/first-out (UFO) memory, 
ferroelectric memory. 

(MOS Digital Microprocessor + MOS Digital Microcontroller + MOS 
Digital Microperipheral.) Defined as a MOS digital IC that contains a 
data processing unit or serves as an interface to such a unit. 
Includes both complex-instruction-set computing (CISC) and 
reduced-instruction-set computing (RISC) processor architectures. 

Defined as a MOS Digital Microprocessor. A semiconductor product 
serving as the central processing unit (CPU) of a system. Consists 
of an instruction decoder, arithmetic logic imit (ALU), registers, and 
additional logic. An MPU performs general-purpose computing func
tions by executing external instructions and manipulating data held 
in external memory. Includes MOS digital MPUs incorporating or 
developed fi-om an ASIC design. 

Defined as a MOS Digital Microcontroller. A semiconductor produa 
serving as a dedicated, or embedded controller in a system. Con
sists of an integral MPU, some nonvolatile memory containing end-
user-specified instructions, and some volatile memory for temporary • 
storage of code or data. An MCU can perform basic computing 
functions without support form microperipheral (MPR) products. 
This category also contains members of miaocontroller product 
families that have had the on-chip nonvolatile memory removed 
and instead, access the end-user program contained in external 
nonvolatile memory. Includes MOS digital MCUs performing a 
standalone digital signal processing (DSP) function. Includes MOS 
digital MCUs incorporating or developed from an ASIC design. 
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MOS Digital MPR: 

MOS Digital Logic IC: 

MOS Digital ASIC: 

Defined as a MOS Digital Microperipheral. A semiconduaor produa 
serving as a logical support fiinction to an MPU or MCU in a sys
tem. An MPR provides enhancement of system performance and/or 
interface with external systems. Includes MOS digital MPRs compris
ing more than one device, such as PC chip sets. Examples of a 
MOS digital MPR indude: timer, interrupt control, DMA, MMU, 
peripheral controllers (for exan^le, disk, graphics display, CRT, key
board controllers), communications controllers (for example, UART), 
chip sets for microprocessor support, IAN coprocessors, accderator 
coprocessors (for example, floating-point tmit, graphics coprocessor, 
image processor). 

(MOS Digital Application-Specific IC + MOS Digital Standard Logic 
IC + Other MOS Digital Logic IC.) Defined as a MOS digital IC in 
which more than 50 percent of the die area performs logic func
tions. Excludes MOS digital microcoinponent ICs. 

(MOS Digital Gate Array + MOS Digital Programmable Logic 
Device + MOS Digital Cell-Based IC + MOS Digital Full-Custom IC.) 
Defined as a single-user logic IC that is manufactured using vendor-
supplied tools and/or libraries. Do not indude ASICs incorporating 
microcontroller cdls that should be induded in microcontroller 

MOS Digital GA 

MOS Digital PLD: 

MOS Digital CBIC: 

MOS Digital FQC: 

MOS Digital Standard Logic IC: 

MOS Digital Gate Array is defined as an ASIC device that is cus
tomized by the vendor to end-user specification using layers of 
interconnea. Induded in this category are generic or base wafers 
with embedded functions, for example, SRAM, EEPROM. 

MOS Digital Programmable Logic Device is defined as an ASIC 
device that is customized by the end user after assembly. Induded 
in this category are MOS fidd-programmable logic (MOS FPL), MOS 
field-programmable gate array (MOS EPGA), MOS programmable 
array logic (MOS PAL), MOS programmable logic array (MOS PLA), 
MOS electrically programmable logic device (MOS EPLD), and MOS 
programmable multilevel logic device (MOS PMD). 

MOS Digital Cell-Based IC is defined as an ASIC device that is 
produced firom a library of standard circuits/cells to a single-user 
sp)ecification. This process involves automatic routing and place
ment of cells. Induded in this definition is MOS standard cell IC. 
Exduded fi-om this definition are cell-based ICs with processor 
cores. These should be reported under MOS digital micro-
component. 

MOS Digital Full-Custom IC is defined as an ASIC device that is 
produced for a single user using a full set of masks. This process 
involves manual routing and placement of cells. 

Defined as commodity MOS family logic with less than 150 gates. 
Sometimes referred to as glue logic. Examples indude: HC, HCT, 
AC, ACT, FACT, and 74BC BiCMOS family logic. 
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Other MOS Digital Logic IC: 

Analog IC: 

Monolithic Analog IC: 

Monolithic Linear IC: 

Amplifier IC: 

Voltage Regulator IC: 

Voltage Reference IC: 

Defined as all other MOS digital logic ICs not accounted for in the 
preceding categories. Includes MOS commodity family logic with 
150 or more gates, and MOS digital general-purpose logic not 
belonging to any families. 

(Monolithic Analog IC + Hybrid IC.) 

A monolithic analog IC is a semiconductor product that deals in the 
realm of electrical signal processing, power control, or electrical 
drive capability. It is one in which some of the inputs or outputs 
can be defined in terms of continuously or linearly variable vol
tages, currents, or frequencies. Includes all monolithic analog ICs 
manufactured using bip>olar, MOS, or BiCMOS technologies. A 
monolithic IC is a single die contained in a single package. 
A hybrid IC is a semiconductor produa that consists of more than 
one die contained in a single package. A hybrid IC may perform 
100 percent linear, 100 percent digital, or mixed-signal (both linear 
and digital) functions. Note that hybrid digital ICs are reported in 
this category, and not under the earlier category of monolithic digi
tal ICs. Includes all hybrid ICs manufactured using bipolar, MOS, or 
BiCMOS technologies. 

(Monolithic Linear IC + Monolithic Mixed-Signal IC.) 
Monolithic linear IC is defined as an analog device that has only 
analog I/O, therefore its characteristics are inherently linear. 
Monolithic mixed-signal IC is defined as an analog device that has 
both analog and digital I/O (see mixed-signal IC definition). 

(Amplifier IC + Voltage Regulator IC + Voltage Reference IC + 
Comparator IC + Special Function IC + Special Consumer IC + 
Special Automotive IC + Linear Array ASIC.) Defined as an analog 
device that has 100 percent analog I/O. 

Defined as a general-purpose linear IC that provides a voltage or 
current gain to an input signal. Includes operational amplifiers 
(mono, dual, quad, and so on), instrumentation amplifiers, buffer 
amplifiers, and p>ower amplifiers. Consumer-dedicated an^lifier ICs 
are counted in special consumer IC. Amplifier ICs designed specifi
cally for one customer using vendor-supplied tools and/or libraries 
are counted in analog/mbced-signal ASIC. 

Defined as a general-purp>ose linear IC that outputs a variable cur
rent at a regulated DC voltage to other circuits from a variable cur
rent and voltage input. Regulator ICs are either linear regulators in 
which the device provides an input-to-output voltage drop, or 
switching regulators, in which the device provides switched quanti
ties of power to a smoothing circuit to gain higher efficiency and 
reduce power dissipation. 

Defined as a general-purpose linear IC that outputs a precise refer
ence voltage to other circuits from a variable voltage input. A refer
ence IC differs from a regulator IC in that it is not expeaed to 
power other circuits. In faa, voltage regulator ICs incorporate a 
voltage reference circuit. 
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Comparator IC: 

Special Function IC: 

Special Consumer IC: 

Special Automotive IC: 

Linear Array ASIC: 

Mixed-Signal IC: 

Defined as a general-purpose linear IC that compares two analog 
signal inputs and provides a single logic bit output. Although the 
output could be considered digital, these products are classed as 
linear ICs because they are specialty high-gain amplifiers, used in 
an open loop mode, and for which the output is constrained to 
only two states. By using a comparator, an unknown voltage can 
be compared with a known reference voltage. 

Etefined as either general-purpose linear ICs that do not fit into the 
other categories, or market/application-specific linear ICs for which 
a category does not yet exist. The main products that fall into 
this category include timers, phase-locked loops CPUs), voltage-
controlled oscillators (VCOs), signal/function generator ICs, and 
analog multipliers. Disk-drive analog ICs should be reported in 
their dedicated category under mixed-signal analog. 

Defined as a general-purpose linear IC that is dedicated to general 
consumer applications, but is not application-specific. Includes ana
log ICs implemented in audio, video, radio, speech synthesis and 
recognition, electronic games, personal and home af>pliances, and 
electronic cameras. Consumer ICs designed specifically for one 
customer using vendor-supplied tools and/or libraries are counted 
in linear array ASIC or mixed-signal ASIC. 

Defined as a linear IC that is used in the following applications: 
entertainment, engine control, safety, traction, and in-car electrical 
and suspension systems. 

Defined as a single-user linear IC that is manufactured using 
vendor-supplied tools and/or libraries. Linear arrays fall into one 
of three types, as follows: 

1. Arrays of discrete-level cells such as transistors, diodes, and 
transistors 

2. Arrays of discrete device combinations referred to as tiles 

3. Arrays of higher-level functional macro cells such as operational 
amplifiers, comparators, VCOs, references, and other analog 
functions. 

These arrays are interconnected with a metal mask or by means of 
some user-programmable intercoimea scheme. Unlike cell-based 
designs, they do not have a unique set of masks for all layers. 

(Data Converter IC + Telecom IC + Interfece IC + 
Switch/Multiplexer IC + Disk Drive IC + Mixed-Signal ASIC.) 
Defined as an analog IC that carries information in both digital (nu
meric) and signal/power forms. An IC is considered mixed-signal if 
it has both analog I/O and digital I/O pins. This definition is not 
based on the comparative size of the ICs analog and digital cir
cuitry. It is a definition based on external pin functionality. ICs that 
are mainly digital but have some nominal analog housekeeping 
functions such as voltage monitors, power-on reset, or dock oscilla
tors are not considered to be mixed-signal because there is no 
analog signal being received by or sent from the active component. 
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Data Converter IC: 

Telecom IC: 

Interface IC: 

Switch/Multiplexer IC: 

Defined as a general-purp)ose mixed-signal IC that converts an ana
log signal into a digital signal, or vice versa. Includes analog-to-
digital converters (ADCs), digital-to-analog conveitors (DACs), com
parators, sample-and-hold circuits (SHCs), voltage-to-frequency 
circuits (VFCs), frequency-to-voltage circuits (FVCs), synchro-to-digital 
circuits (SDCs), and digital-to-synchro circuits (pSCs). All these are 
general-purpose data convertor ICs. Also included in this category 
are color-palette DACs. Consumer-dedicated data converter ICs are 
counted in special consumer IC. Data converter ICs designed specif
ically for one customer using vendor-supplied tools and/or libraries 
are counted in analog/mixed-signal ASIC. 

Defined as a general-purpose mixed-signal IC used for voice band 
communication or data communication over voice band media. This 
category includes CODECS, combos and SLACs, SLICs, modem and 
fax/modem ICs, dialler and ringer ICs, repeaters, cellular communi
cations ICs, ISDN ICs, telecom filter ICs, and other tdecom-specific 
circuits. Telecoms ICs designed specifically for one customer using 
vendor-supplied tools and/or libraries are counted in linear array 
ASIC or mixed-signal ASIC. 

Defined as a general-purpose mixed-signal IC that serves as an 
interface between a digital system and other external nonsemicon-
ductor systems. Includes line drivers, peripherals drivers, display 
drivers, keyboard encoders, receivers, transmitters, and transceivers. 
Consumer-dedicated interface ICs are counted in special consumer 
ICs. Interface ICs designed specifically for one customer using 
vendor-supplied tools and/or libraries are counted in linear array 
ASIC or mixed-signal ASIC. 

Defined as a mixed-signal IC that digitally controls analog transmis
sion gates. These products connect or disconnect the analog signal 
path in analog circuits. Analog switches operate in a mode where 
each switch is ojjerated independently by a single logic bit. 
Multiplexers are multiple analog switches that are connected in 
a dependent manner, where only one signal path is conneaed 
through to the output depending on the state of a digital address 
word (greater than one bit). Thus, analog multiplexers are really 
addressable signal seleaor switches that selea one-out-of-many 
signals for further analog processing. Because these addressable 
analog switches were the key element in time-division multiplexing, 
the term "multiplexer" has remained. They are an important part of 
the data conversion product family in that they are used to provide 
time-division multiplexing of signal inputs to a fast analog-to-digital 
converter. 

Disk Drive IC: 

Mixed-Signal ASIC: 

Defined as a mixed-signal IC that is designed specifically for the 
rotating mass storage market. Applications include the read/write 
path from preamp up to the ENDEC, head positioning controller, 
and spindle motor control. 

Defined as a mixed-signal analog IC that is manufactured for a 
single user, using vendor-supplied tools and/or libraries. 
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Hybrid IC: 

Total Discrete: 

Transistor: 

Small-Signal Transistor: 

Power Transistor: 

Bipolar Power Transistor: 

MOS Power Transistor: 

IGBT Power Transistor: 

Diode: 

Small-Signal Diode: 

Power Diodes: 

Thyristor: 

Other Discrete: 

Defined as a semiconductor produa consisting of more than one 
die contained in a single package. May perform digital, analog, or 
mixed-signal functions. May be manufiactured using bipolar, MOS, or 
BiCMOS technology. Includes hybrid implementation of all 
monolithic IC functions described in the preceding categories. 

(Transistor + Diode + Thyristor + Other Discrete.) A discrete semi
conductor is defined as a unit building block performing a fun
damental semiconduaor function. 

(Small-Signal Transistor + Power Transistor) 

Defined as signal transistors, RF microwave transistors, dual transis
tors, MOS field-effect transistors (MOS-FETs), conductivity modulated 
field-effect transistors (COMFETs), insulated gate bipolar transistors 
(IGBTs), and MOS-bipolar transistors (MBTs). All rated below IW 
power dissipation, lA current rating, or lOOV operating voltage. 

(Bipolar Power Transistor + MOS Power Transistor + Power IGBT.) 
All rated IW power dissipation and above, lA current rating and 
above, or lOOV operating voltage and above. 

Defined as bipolar Darlington transistor, bipolar microwave transis
tor, bifxjlar radio frequency (Rp) transistor. 

Defined as MOS field-effect transistor (MOS-FED, MOS Darlington 
transistor, MOS microwave transistor, MOS radio frequency (RF) 
transistor. 

Defined as insulated gate bipolar transistor (IGBT). Also includes 
conductivity modulated field-effect transistor (COMFET), MOS-bipolar 
transistor (MBt), and GEMFET. 

(Small-Signal Diode + Power Diode) 

Defined as signal diodes, Schottky diodes, zener diodes, switching 
diodes, voltage reference diodes, voltage regulator diodes, and recti
fier diodes. All rated below O.IA. 

Defined as zener diodes and rectifier diodes. All rated O.IA and 
above. 

Defined as thyristors, silicon-controlled rectifiers (SCRs), diacs, and 
triacs. Also includes solid-state relays (SSRs) incorporating triacs, 
thyristors, resistors, and capacitors. 

Defined as all other discrete semiconduaor products not accounted 
for in the preceding categories. Includes microwave diodes, 
varaaors, tuning diodes, tunnel effect diodes, and selenivim 
rectifiers. 
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Total Optoelectronic: 

LED Lamp/Display: 

Optocoupler: 

(LED Lamp/Display + Optocoupler + CCD + Laser Diode + 
Photosensor + Solar Cell.) Defined as a semiconductor produa in 
which photons induce the flow of electrons, or vice versa. Other 
functions may also be integrated onto the product This category 
does not include LCD, incandescent displays, fluorescent displays, 
cathode ray tubes (CRTs), or plasma displays. 
LED Lamp + LED Di^lay. 

An LED lamp is defined as a light-emitting diode: a semiconductor 
produa consisting of a single die in which photons are emitted at 
frequencies dependent upon the semiconduaor material employed. 
An LED display is defined as an array of LEDs: a semiconduaor 
produa consisting of more than one die in which photons are 
emitted at frequencies dependent upon the semiconduaor material 
employed. 

Defined as an optocoupler or optoisolator. A semiconduaor produa 
consisting of an LED separated from a photosensor by a transpar
ent, insulating, dielectric layer. These are mounted inside an op>aque 
package. Includes optointerrupters, in 'wiiich the separation between 
LED and photosensor is large enough to allow external physical 
systems to influence the device. 

CCD: 

Laser Diode: 

Defined as a charge-coupled device. A semiconduaor produa con
sisting of an array of photodiodes, an analog CCD shift register, 
and an output circuit. Includes linear array CGDs with serial shifr 
registers and area array CCDs with parallel shift registers. Includes 
charge injection device (CID), chaige-coupled photodiode (CCP), 
charge-priming device (CPD), self-scanning photodiode (SSP). 

Defined as a diode that produces coherent light. A semiconduaor 
produa in which the heterojunction structure stimulates light 
amplification by stimulated emission of radiation (laser), resulting in 
coherent light. Includes Fabrey-Perot laser diodes, pulsed laser 
diodes, and phase-shifted laser diodes. 

Photosensor: 

Solar Cell: 

Photodiode + Phototransistor. Defined as a diode or transistor in 
which photons are used to affea current flow. 

Defined as photovoltaic or solar cells. A semiconductor device in 
which photons are used to generate current flow. 
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Chapter 7 

Worldwide Geographical Region 
Definitions 

North America 
Includes United States (50 states: Illinois, 
Indiana, Michigan, Ohio, Wisconsin, Alabama, 
Kentucky, Mississippi, Tennessee, Arizona, 
Colorado, Idaho, Montana, Nevada, New 
Mexico, Utah, Wyoming, New Jersey, New 
York, Pennsylvania, Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, 
Vermont, Alaska, California, Hawaii, Oregon, 
Washington, Delaware, Florida, Georgia, 
Maryland, North Carolina, South Carolina, 
Virginia, West Virginia, Iowa, Kansas, Minneso
ta, Missouri, Nebraska, North Dakota, South 
Dakota, Arkansas, Louisiana, Oklahoma, Texas), 
Puerto Rico, and Canada (12 provinces: New
foundland, Prince Edward Island, Nova Scotia, 
New Brunswick, Quebec, Ontario, Manitoba, 
Saskatchewan, Alberta, British Columbia, 
Labrador, Northwest Territories). 

Japan 
Includes Hokkaido, Tohoku, Kanto, Chubu, 
Kinki, Chugoku, Shihoku, and Kyushu. 

Europe 
Includes Benelux (Belgium, Netherlands, 
Luxembourg), France, Italy, Scandinavia 
(Denmark, Finland, Norway, Sweden, Iceland), 
United Kingdom and Eire (En^and, Wales, 
Scotland, Northern Ireland, Republic of Ire
land), Germany (including fonner east Germa
ny), and Rest of Europe (Austria, Gibraltar, 
Greece, Liechtenstein, Malta, Monaco, Portugal, 
San Marino, Spain, Switzerland, Turkey, Andor
ra, Vatican City). 

Asia/Pacific 
Includes East Asia (China, Hong Kong, Macau, 
North and South Korea, Taiwan), South Asia 
(Bangladesh, Myanmar, India, Nepal, Maldives, 

Pakistan, Sri Lanka, Bhutan), Southeast Asia 
(Brunei, Timor, Indonesia, Kampuchea, Laos, 
Malaysia, Philippines, Singapore, Thailand, 
Vietr^m, Borneo, Sumatra, Sulawesi, Java). 

Rest of World 
Includes Mexico, Arctic, Antarctica, Greenland, 
St. Pierre and Miquelon, Australia, New 
Zealand (North Island, South Island, Stewart 
Island), Tasmania, Christmas Island, Cocos 
Islands, New Zealand, Norfolk Island, Oceania 
(American Samoa, Canton and Enderbuiy 
Islands, Fiji, French Polynesia, Guam, Johnson 
Island, Kiribati, Midway Islands, Nauru, New 
Caledonia, Niue, Pacific Islands, Papua New 
Guinea, Pitcaim, Samoa, Solomon Islands, Toe-
lau, Tonga, Tu\^u, Vanuatu, Wake Island, Wal-
lis and Futuna Islands, New Britain, New Ire
land, Admiralty Islands), Africa (Algeria, Libya, 
Egypt, Morocco, Mauritania, Mali, Senegal, 
Guinea, Sierra Leone, Liberia, Ghana, Ivory 
Coast, Togo, Benin, Nigeria, Niger, Chad, 
Sudan, Ethiopia, Central African Republic, 
Somalia, Zimbabwe, Uganda, Gabon, Came
roon, Congo, Zaire, Tanzania, Zambia, Malawi, 
Kenya, Cabinda, Namibia, Botswana, Mozam
bique, Rwanda, Burundi, South Africa, 
Swaziland, Benin, Equatorial Guinea, Burkina 
Faso, Djibouti, Lesotho, Ciskei, Transkei, 
Bophuthatswana, Venda), Madagascar, Mauritius, 
Comores, Reunion, Central America 
(Nicaragua, Panama, Guatemala, El Salvador, 
Belize, Honduras, Granada, Costa Rica), South 
America (Brazil, Chile, Uruguay, Paraguay, 
Argentina, Colombia, Peru, Bolivia, Venezuela, 
Guyana, Surinam, French Guiana, Equador, 
Falkland Islands), Caribbean Islands (Cuba, 
Jamaica, Haiti, Dominican Republic, Anguilla, 
Montserrat, Trinidad, Tobago, Dominica, 
Guadeloupe, Saint Lucia, Barbados, Martinique, 
Grenadine Islands, Bermuda, Bahamas, New 
Providence, Saint Vincent and The Grenadines, 
Saint Croix, Antilles), Eastern Eurcpe (Albania, 
Bulgaria, Czechoslovakia, Hungary, Poland, 
Yugoslavia, Romania, Estonia, Latvia, Ukraine, 
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Belonjssia, Lithuania, Latvia, Georgia), Com- East (Bahrain, Cyprus, Democratic Yemen, 
montuealth of Independent States (formerly People's Republic of Yemen, Egypt, Gaza Strip, 
USSR: Russian Federation, Moldavia, Armenia, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, 
Azerbaijan, Kazakhstan, Uzbekistan, Tadjikistan, Oman, Qatar, Saudi Arabia, United Arab 
Kirghizia, Turkmenistan), Inner Asia (Af- Emirates, Syria). 
ghanistan, Bhutan, Mongolia, Pakistan), Middle 
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chapter 8 

Semiconductor Application Segment 
Definitions 

Data Processing 
Defined as computer systems, terminals, smart 
cards, data storage devices, input/output 
devices, and dedicated systems: 

• Computer systems includes supercomputers, 
mainfirame computers, superminicom
puters, minicomputers, microcomputers, 
workstations, persorxal computers. 

• Data storage detAces includes flexible/remov
able disk drives, fixed/rigid disk drives, 
optical disk drives, tape drives (streamers). 

• Terminals includes alphanumeric terminals, 
graphics terminals, point-of-sales terminals, 
funds transfer terminals. 

• Smart cards includes credit cards or credit 
card-size devices with one or more 
integrated circuits such as token cards, entry 
key cards, bank cards, medical cards, com
puter peripheral cards. 

• Input/output devices includes dot matrix 
printers, thermal printers, ink jet printers, 
fully formed printers, page printers, other 
input/output devices such as monitors, key-
entry equipment, media-to-media data con-

' version, magnetic ink character recognition, 
optical scanning equipment, plotters, voice 
recognition/synthesizer computer equipment, 
mice, keyboards, digitizers. 

• Dedicated systems includes office equipment 
such as copiers, duplicators, full-color copi
ers, electronic calculatois, dictating/transcrib
ing equipment, electronic typewriters, word 
processors, banking systems and cash 
registers, mailing/letter-handling/addressing 
equipment. 

Conununication 
Defined as premise telecom equipment, public 
telecom equipment, radio, and broadcast and 
studio: 

• Premise telecom equipment includes image 
and text communication such as facsimile, 
video conferencing, telex, videotex, CCTV; 
data communications equipment such as 
modems, statistical multiplexers, time-division 
multiplexers, local area networks CLANs), 
private packet data switching; PBX^key tele
phone systems; call processing equipment 
such as answering machines, attendant con
soles, automatic caSy distributors (ACDs), 
voice response units (VRUs), voice terminals, 
voice messaging systems, call management 
systems; desktop terminal equipment such 
as standard telephones, cordless telephones, 
cellular telephones, video telephones, 
answering machines. 

• Public telecom equipment includes transmis
sion equipment, central office switching, 
public packet switching, and mobile commu
nication such as mobile radio base stations, 
pagers, base stations. 

• Radio includes communications equipment 
transmitting and receiving sound dirough the 
use of electronic waves/signals. 

• Broadcast and studio includes all electronic 
equipment used to make information public 
by means of radio and television. 
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Consumer Appliances 
Defined as audio equipment, video equipment, 
personal electronics, and electronic/electrical: 

• Audio equipment includes compact disc 
players, radio combinations, stereo hi-fi 
components: amplifiers, preamplifiers, tuners, 
cassette decks, graphic equalizers, mmtables, 
speakers, and equipment used in studio, 
broadcast, and home environments (equip
ment that interprets ft'equencies correspond
ing to audible sound waves), mxisical 
instmments. 

• Video equipment includes video cameras, 
video camcorders, videocassette recorders, 
videotape recorders, color televisions, black-
and-white televisions. 

• Personal electronics includes watches, docks. 

• Electronic/electrical alliances includes air 
conditioners, microwave ovens, washers and 
dryers, reftigerators/freezers, dishwashers, 
ranges, ovens. 

Industrial 
Defined as security/alarm management, 
manufacturing systems, test equipment, process 
control equipment, robot systems, automated 
material handling, instrumentation, medical 
equipment, vending machines, laser equipment, 
power supply, traffic control, industrial and 
scientific research equipment, and other indus
trial electronic equipment such as vending 
machines, laser systems, teaching machines, 
and aids. 

Military and Civil Aerospace 
Defined as military electronic equipment and 
civil aerospace. This includes radar, military/ 
civil sonar, missile weapon, space military 
equipment, military/civil navigation, communi
cation, electronic warfare, recoimaissance, 
aircraft systems, military computer systems, 

military simulation and training, miscellaneous 
military equipment, civilian space, civil aircraft 
flight systems, and miscellaneous avionic 
equipment. 

Transportation 
Defined as in-car entertainment systems, body 
control electronics, driver information, power-
train, and safety and convenience electronics: 

• In-car entertainment includes FM/AM radio, 
cassette, compact disc player, radio cassette 
combination systems, two-way radio commu
nications systems, CB radio. 

• Body control electronics includes vehicle 
controls such as four-wheel steering control, 
2WD/4WD control, multiplex systems such 
as driver's door, auto-dimate control, door 
locks, windshidd wipers, heated rear win
dows, memory seats, remote security sys
tems, steering wheel, other multiplex sys
tems; lighting controls induding automatic 
headlight systems, timers, reminders, sequen
tial signal controls, other lighting controls; 
other body electronics induding aer
odynamic aid control, power roof/window 
controls, other body electronics. 

• Driver information indudes electronic dash
board/instrument dusters, analog or digital 
dusters, dectronic analog/digital docks and 
compasses, electronic thermometers, head-up 
displays, navigation and location systems, 
signal and warning lights. 

• Powertrain controls indude engine manage
ment systems, powertrain sensors, ignition 
control, fuel injection systems, fud flow, 
engine temperature, air temperature, coolant 
level, and wheel speed sensors. 

• Safety and convenience indudes air purifier 
sj^tems, airbag control systems, antilock 
braking systems (ABS), active suspension, 
collision avoidance systems, collision warn
ing systems, cruise control, suspension 
control and traction control; and other safety 
and convenience systems. 
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The 1991 Semiconductor Industry 
in Review 

Worldwide Semiconductor 
Industry Review 

Worldwide semiconductor revenue in 1991 was 
up only 9 percent, the result of the continua
tion of the protracted recession in the United 
States as well as the significant political tur
moil in Europe. This 9 percent growth rate 
was an increase over the anemic 1990 rate of 
0.4 percent. 

"Hie years 1990 and 1991 in the worldwide 
semiconductor industry have been very slow 
•when compared with the previous 10-year 
trend (1980 to 1990). Significant events 
occurring during 1990 and 1991 negatively 
impacted the industry. Some of these events 
are as follows: 

• Iraq's invasion of Kuwait took more than 
$40 billion out of the world electronics and 
semiconductor industries in 1990 and 1991. 

• Defense spending declined with the end of 
the cold war. The U.S. Department of 
Defense estimates that 300,000 directly and 
indirectly related jobs will disappear in 1992 
and at least a third of this number disap
peared in 1991. 

• U.S. business failures were 50 percent 
higher in 1991 than in 1990. 

• Japan's economy slid for most of 1991 and 
took a large drop in the fourth quarter. 
Many systems and semiconductor companies 
have reduced staff and restructured their 
organizations. Most economists believe that 
the first half of 1992 will continue to 
decline, fiarther exacerbating the Japanese 
electronics industry's already poor financial 
conditions. 

!* The Organization of Economic Communities 
and Development (OECD) posted a decline 
in GDP growth in 1991, relative to 1990. 
Current estimates are that the GDP for the 
OECD countries grew only 0.9 percent in 
1991. 

In 1991, the U.S.-based semiconductor compa
nies lost worldwide share; however, many of 

these companies continued to lead the world 
in microprocessors and design-intensive 
ASIC/ASSP chips. This leadership has enabled 
them to depend less on manufacturing strength 
vis-a-vis the Japanese companies and to be 
less vulnerable to price attrition. 

Last year, the Japanese continued their 
dominance of the DRAM industry but lost 
share to the Koreans. Samsung, largest by far 
of the Koreans, jumped into the No. 2 posi
tion in DRAMs behind Toshiba. 

The Europe-based semiconductor companies as 
a group lost share in the world market as the 
largest European company. Philips, continued a 
massive restructuring started in 1990. Siemens 
and SGS/Thomson also lost share because 
their product mixes were not in tune with 
1991 growth areas. 

Worldwide Market Share and 
Product Trends 
Table 1 shows Dataquest's final 1991 market 
share rankings. NEC still ranks No. 1, followed 
by Toshiba. Intel became the No. 3 supplier, 
overtaking Hitachi and Motorola based on its 
strength in microprocessors. The fourth-largest 
semiconductor supplier was Motorola, which 
passed Hitachi. Motorola's growth was fueled 
by its CMOS gate arrays, microprocessors, and 
customer-specific microcontroller products. 
Texas Instruments also changed ranking this 
year, moving up to No. 6, ahead of Fujitsu. 
TI's strength came from its applications-specific 
products and its digital signal processors. 

Table 2 shows that MOS micro was the 
product enjoying the most growth in 1991-
The explosive growth of the 386 family drove 
this category to a level of 23 percent growth 
over 1990. The category with the least growth 
was the digital bipolar family of devices, 
which declined by 13 percent. Even the dis
crete devices had a better year than digital 
bipolar, growing by 5 percent. MOS memory 
also had a sluggish year as a result of excess 
capacity and sluggish desktop PC sales. 
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Table 1 
1991 Top 10 Rankings in the Worldwide 
Semiconductor Market 

Company ($M) 

1. NEC 
2. Toshiba 

3. Intel 
4. Motorola 
5. Hitachi 
6. Texas Instruments 
7. Fujitsu 
8. Mitsubishi 

9. Matsushita 
10. Philips 

4,774 
4,579 
4,019 
3,802 
3,765 
2,738 
2,705 
2,303 
2,037 
2,022 

Source: Dataquest (June 1992) 

Table 2 
1991 Worldwide Semiconductor Market Summary, 
Growth and Revenue 

1991 
Growth (%) C$M) 

ICs 
MOS Memory 
MOS Micro 
MOS Logic 
Digital Bipolar 
Analog 

Discrete 
Optoelectronic 

Total 

10 
6 

23 
15 
•13 
8 
5 
16 

9 

48,855 
12,841 

11,774 

9,700 

3,628 

10,912 

8,035 
2,804 

59,694 

Source: Oataquest (June 1992) 

North American Semiconductor 
Industry Review 

For all but a few companies 1991 will be 
remembered as a year of flat revenue and 
little profit Intel and AMD were the note
worthy exceptions. These companies partici
pated in the explosive growth of the X86 
products, especially the 386. Intel had an 
incredible year, with sales in North America 
rising by 14 percent to $1,952 million. AMD 
revenue increased 6 percent in North America 
to $547 million, largely because of the success 
of its Am386DX and Am386SX. 

Although the North American market grew by 
3 percent, the region lost 1.6 percentage 
points of worldwide market share to the other 

faster-growing regions of the world. This is 
not too surprising, because it is coinmon 
knowledge that the manufacturing base in the 
United States is eroding. In the 1950s, 35 per
cent of the U.S. work force was employed in 
manufacturing. In the 1970s, 28 percent was 
in manufacturing. Today the figure is about 
17 percent. 

The principal applications (iriver in North 
America last year was undoubtedly portable 
electronics products and workstations. Net
working of office PCs also had a hand in this 
growth. Automotive and military electronics 
lagged. 

The past year saw several major changes in 
the market structure as well as changes with 
several major companies. These changes are as 
follows: 

• Intel saw several favorable court rulings, 
including dismissal of a major portion of the 
antitrust suit filed by AMD, two decisions 
preventing patent iiifringers from using 
licensed founders to avoid infringement, and 
dismissal of five separate antitmst suits. 

• Motorola formed a massive technology alli
ance with IBM and Apple to jointly design, 
manufacture, and market a family of RISC 
microprocessors called PowerPC. 

• Charlie Sporck of National Semiconduaor 
retired after 24 years of service and turned 
over the President and CEO roles to Gil 
Amelio. 

• The ACE consortium lost considerable 
ground as several key system players chose 
different strategic directions than they had 
planned earlier. Digital Equipment Corpora
tion aimovmced in the first quarter of 1992 
its own RISC chip called ALPHA; Compaq 
withdrew from the consortium in second 
quarter of 1992; and ACE members Convex 
and Group Bull left in favor of other RISC 
alliances. 

• Memory cards saw high growth paralleling 
the growth of palmtop and pen-based 
computers. 

• Three-volt devices were introduced as port
able systems grew in popularity. 

• Seeq joined the ranks of fabless semicon
ductor companies, putting its fab in moth
balls. 

©1992 Dataquest Incorporated June—Reproduction Prohibited 
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North American Market Share 
and Product Trends 
The No. 1 North American semiconductor sup
plier in 1991 was Intel, surpassing Motorola 
for the first time. Intel had domestic revenue 
of almost $2 billion, a growth rate of 14 per
cent. Motorola's estimated revenue was 
$1,883 million, a growth rate of 4 percent. 

Intel's X86 architecture is the standard for the 
principal desktop computing software environ
ment. In 1991 Microsoft (Windows/NT), Sun 
Microsystems (SunSoft Solaris 2.0), the new 
Apple/EBM joint venture (Taligent's operating 
system), and NeXT Inc. (NeXTstep/486) 
announced that their operating systems will be 
ported to the Intel architecture. Even though 
Intel's U.S. business grew 14 percent, its inter
national business exceeded its domestic sales 
for the first time. Another significant event was 
Intel's announcement, with IBM, of the forma
tion of the Robert N. Noyce Development 
Center in Boca Raton, Florida that will design 
"highly integrated" microprocessors. 

Motorola's broad spectrum of product technol
ogies and their ability to produce highly effi
cient customer solutions enabled the company 
to expand its customer base in 1991. Motorola 
is still the world's largest semiconductor 
supplier to the automotive electronics and 
industrial markets. It introduced several new 
products that received wide market accept
ance, including 10ns and 12ns, 256Kb, and 
1Mb BiCMOS fast static RAMs and the 88204 
cache memory management unit. Motorola's 
68040 microprocessor also achieved volume 
production. 

Table 3 shows the complete market share 
ranking for the top 10 companies in the North 
American market. 

Product trends in North America in 1991 were 
not much different from w^orldwide trends. 
Bipolar logic continued its long-term slide, 
declining 16 percent. MOS microcomponents 
were the product leader, growing 16 percent, 
followed by MOS logic. Clearly the PLD 
growth rate of 32 percent caused MOS logic 
to have a 7 percent growth. In 1991 we saw 
a fundamental change in design methodology 
as electronic manufacturers switched to high-
density PLDs in their systems. 

MOS memory had a lackluster year because of 
low desktop sales and price attrition. We esti
mate that diis category grew by only 4 per
cent. For many companies 1991 was a year 
for getting positioned for higher growth in 
1992, when the United States is expected to 
craw l̂ out of its recession. Flash memories 
received much attention because of their non
volatile properties and the growth of memory 
cards using this technology. In the hotly con
tested fast static RAM market. Motorola became 
the highest-ranking North American supplier. 
Table 4 shows our product market growth 
estimates. 

Table 3 
1991 Top 10 Raaldngs in the North American 
Semiconductor Market 

Company ($M) 

1. Intel 

2. Motorola 

3. Texas Instruments 

4. Toshiba 

5. National Semiconductor 

6. AT&T 

7. Advanced Micro Devices 

8. NEC 

9. Hitachi 

10. LSI Logic 

1,952 

1,883 

1,024 

934 

765 

607 

547 

546 

518 

453 

Source: Dataquest Q\me 1992) 

Table 4 
1991 North American Semiconductor Market 
Summary, Growth and Revenue 

1991 
Growth (%) ($M) 

ICs 

MOS Memory 

MOS Micro 

MOS Logic 

Digital Bipolar 

Analog 

Discrete 

Optoelectronic 

Total 

4 

4 

16 

7 
•16 

0 
•14 

6 

3 

15,269 

4,510 

3,916 

2,870 

1,331 

2,642 

1,389 

332 
16,990 

Source: Dataquest (June 1992) 
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Japanese Semiconductor 
Industry Review^ 
According to Dataquest's final 1991 semi
conductor market share estimates, the 
Japanese market represented $22,496 million 
(¥3,059.4 billion), or 38 percent of the world
wide market. On the basis of a dollar value 
calculation, the Japanese market grew 11 per
cent over 1990 (4.9 percent based on yen cal
culation). The major faaors affecting the semi
conductor industry's growth were as follows: 

• Total manufacturing and housing expendi
tures had negative growth. 

• Capital spending that used to be the driving 
force maintaining high Japanese economic 
growth lost momentum. 

well. Table 6 shows equipment growth by 
categories. 

Consumer electronic equipment production led 
total Japanese electronic equipment production. 
In particular, video cameras, air conditioners, 
and DAD players were the leading products in 
the market. Japanese video camera production 
exported to Europe grew in 1991. As a whole, 
Japanese electronic equipment had healthy 
growth in the first and second quarters, but 
declined in the third and fourth quarters. 

Switching our attention to the semiconductor 
markets, we saw continuation of price erosion 
in the memory market, which started in 1989. 
This resulted from the slow PC market and 
oversupply of 4Mb DRAMs (IMbxl). Because 
many Japanese semiconductor manufacturers 
are heavily dependent on the memory 

Japanese Market Share and 
Product Trends 
On the basis of a supplier's country of origin, 
North American companies increased their 
share of the Japanese market to 12.6 percent 
in 1991, up from 11.8 percent in 1990. This 
increase in market penetration was due to U.S. 
pressure on Japanese systems companies to 
purchase more devices, as called out in the 
Semiconductor Trade Agreement. The Japanese 
market decelerated dramatically in the fourth 
quarter; the deceleration still continues in 
1992. Table 5 lists the top 10 semiconduaor 
companies. 

The principal market driver last year in Japan 
was consumer electronics products, especially 
video cameras. However, as mentioned earlier, 
the consumer market turned sluggish in the 
fourth quarter, as did the other markets. 

As usual, the top 10 positions in the ranking 
of suppliers to the Japanese market were all 
occupied by Japanese companies. In spite of 
the many market and product dynamics, no 
change in the ranking was recorded in 1991. 

Companies with strong consumer products 
such as Sony, Rohm, Sharp, and Matsushita 
had double-digit growth despite the sluggish 
fourth-quarter consumer market. Companies 
with strong computer and industrial products 
such as Hitachi and Fujitsu did not fare as 

Table 5 
1991 Top 10 Rankings in the Japanese 
Semiconductor Market 

Company 

1. NEC 
2. Hitachi 
3. Toshiba 
4. Fujitsu 
3. Matsushita 
6. Mitsubishi 
7. Shaip 
8. Sanyo 
9. Sony 
10. Rohm 

($M) 
3,479 
2,566 
2,436 

1,975 
1,717 
1,512 
1,070 

974 

946 
760 

Source: Dataquest 0une 1992) 

Table 6 
1991 Equipment Groirth In Japan, by Cat^ory 

Cat^ory Growth (%) 
Data Processing 
Communication 
Industrial 
Consumer 
Transportation 

Total 

3.6 
1.5 
2.7 
7.0 

-0.4 
3.9 

Source: Dataquest Oune 1992) 
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products for their revenue, which were very 
soft, several Japanese companies lost market 
share. 

MOS memory sales of $4,228 million reflected 
growth of only 1.0 percent, with DRAMs and 
SRAMs declining by 2 percent and 3 percent, 
respectively. Nonvolatile memories grew 
9.4 percent, in part because of the large and 
growing video game market. MOS microcon
trollers, ASICs, and optoelectronic products 
also had high growth rates because of the 
strong consumer market in the first half. 

European Semiconductor 
Industry Review 
The European semiconductor market increased 
from $10,415 million in 1990 to $11,014 mil
lion in 1991, a 6 percent increase in dollars. 
Ho^wever, strengthening European currencies 
meant that the actual annual growth rate when 
measured in European currency units (ECXJs) 
was 8.8 percent. 

European Market Share and 
Product Trends 
While the big three Europeans continued to 
hold the top spots, the headlines went to 
Intel, which grew its European sales by 
23 percent through a substantial increase in 
microprocessor revenue as the PC migrated 
from lower-priced 80286s to the more expen
sive 80386s, and the 80486 established itself. 

Because Intel controls 60 percent of the 
European microprocessor market, it is easy to 
understand why last year microprocessor was 
the strongest market in Europe, and indeed 
worldwide. It should be noted, however, that 
Intel was not alone. Not surprisingly, AMD 
more than doubled its European microproces
sors sales. Table 7 shows the top 10 semicon
ductor rankings. 

A review^ of the behavior of various semi
conductor product and applications markets 
last year provides a valuable guide to the 
reason behind a company's performance. 
With the consumer market plagued with 
inventory problems, and the industrial market 
depressed by prevailing economic conditions, 
the discrete, microcontroller, and analog 

Table 7 
1991 Top 10 Rankings in the European 
Semiconductor Market 

Company ($M) 

1. Philips 
2. Siemens 
3. SGS-Thomson 
4. Motorola 

5. Intel 
6. Texas Instruments 
7. Toshiba 
8. NEC 

9. National Semiconduaor 
10. Advanced Micro Devices 

1,144 

970 

855 

776 

765 

632 

441 

405 

400 

294 

Source: Dataquest Qane 1992) 

markets achieved very little growth, as 
reflected in the flat sales performances of 
Philips, SGS-Thomson, Motorola, and National 
Semiconductor. 

There were a few bright spots in the EDP 
segment, but overall a slowing PC market 
and continued restructuring among the big 
customers in Europe led to slow demand. This 
resulted in continued price erosion, particularly 
in memories, as reflected in the sales of 
Siemens, Texas Instruments, Toshiba, and NEC, 
which rely on memories for a significant 
proportion of their revenue. 

Major industry events in and about Europe last 
year included the following: 

• The extension of an IBM and Siemens 
relationship over DRAM, as the companies 
agreed to cooperate over manufacturing and 
marketing IBM's 16Mb DRAM. 

• The growing reality of how bankrupt the 
Eastern European states are. This led to a 
rapid reduction of interest from electronics 
and semiconductor companies in investment 
and marketing into the region. 

• Fujitsu and TI each completed large 4Mb 
DRAM fabs, while NEC and Motorola 
upgraded existing facilities in order to 
increase local DRAM production. Intel began 
construction of a $600 million fab project in 
Ireland, intended to produce state-of-the-art 
processors by 1994. 

Table 8 shows our product market growth 
estimates. 
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Table 8 
1991 European Semiconductor Market Summary, 

Growth and Revenue 

1991 
Growth (%) ($M) 

ICs 
MOS Memory 
MOS Micro 
MOS Logic 
Digital BifKjlar 

Analog 
Discrete 
Optoelectronic 

Total 

7 
4 
16 
20 
-14 
2 
-4 
20 
6 

8,701 

2,129 
2,082 

1,642 

486 
2,362 

1,828 

485 
11,014 

Source: Dataquest 0une 1992) 

Asia/Pacific-Rest of World 
Semiconductor Industry Review 
The results of Dataquest's worldwide semicon
ductor vendor market share survey indicate 
that the Asia/Pacific-Rest of World market 
expanded by 25 percent in 1991 over the 
previous year and grew to $9,194 billion. 

Asia/Pacific-ROW Market Share 
and Product Trends 

In 1991, North American companies competed 
very successfully and increased market share 
from 36.6 percent in 1990 to 37.8 in 1991. 
The less numerous Asia/Pacific companies 
have made impressive strides in market share, 
growing from 15-8 percent in 1990 to 17.4 in 
1991. European companies have faced severe 
competition and have been less successful in 
responding to the Asia/Pacific market forces. 

The top-ranking company in the region was 
Intel, which grew an incredible 75 percent. 
This high growth was attributed to the explo
sive growth of microprocessor sales. The 
No. 2 supplier was Toshiba, which had an 
excellent year with growth of 31 percent. 
Because of its fast-growing sales of DRAMs, 
Samsung grew 14 percent. But this was not 
good enough in 1991, as it slipped to the 
No. 3 position. Motorola recorded sales of 
$651 rnillion, which landed it in fourth place. 

Philips had sales of $406 million and came 
in fifth in this region. Table 9 shows the top 
10 ranking and our revenue estimates. 

During the past two years, the MOS micro-
component product family has replaced MOS 
memory as the key growth driver and in 1991 
it was the largest revenue producer. Also, 
while memory growth and prices have had 
wild swings over the last three years, MOS 
micros have been holding relatively stable but 
at a very high level. For example, MOS 
memory's growth from 1987 to 1990 has been 
136.2 percent, 168.4 percent, negative 1.9 per
cent, and 26.8 percent, respectively. MOS 
micros' growth was 57 percent in 1990 and 
55 percent in 1991. Overall the market grew 
by only 26 percent. Table 10 shows our esti
mates for the products in this region. 

Table 9 
1991 Top 10 Rankii^s in the Asia/Pacific-ROW 
Semiconductor Market 

Company C$M) 

1. Intel 
2. Toshiba 
3. Samsung 
4. Motorola 
5. Philips 
6. Hitachi 
7. Texas Instruments 
8. NEC 
9. Sanyo 
10. National Semiconduaor 

832 

768 

713 

651 

406 

405 

352 

344 

317 

291 

Source: Dataquest 0<>ne 1992) 

Table 10 
1991 Asia/Pacific-ROW Semiconductor Market 

Summary, Growth and Revenue 

1991 
Growth (%) ($M) 

ICs 
MOS Memory 
MOS Micro 
MOS Logic 
Digital Bipolar 
Analog 

Discrete 
Optoelectronic 

Total 

28 
27 
54 
25 
-7 
18 
16 
0 
25 

7,608 

1,974 

2,197 
1,114 

369 
1,954 

1,386 

200 
9,194 

Source: Dataquest Qxme 1992) 
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Final Worldwide Semiconductor 
Market Share 

Introduction 

This document contains detailed information 
on Dataquest's view of the semiconductor 
market. Included in this document are the 
following: 

• 1989-1991 market share estimates 

• 1989-1991 market share rankings 

Analyses of market share by company provide 
insight into high-technology markets and rein
force estimates of consumption, production, 
and company revenue. 

Worldwide market share estimates combine 
data from many countries, each of which 
has a different and fluctuating exchange rate. 
Estimates of non-U.S. market consumption or 
revenue are based on the average exchange 
rate for the given year. Refer to the section 
entitled "Exchange Rates" for more information 
regarding these average rates. As a rule, Data-
quest's estimates are calculated in local curren
cies and then converted to U.S. dollars. 

More detailed data on this market may be 
requested through Dataquest's client inquiry 
service. Qualitative analysis of these data is 
provided in the Dataquest Perspectives located 
in the binder of the same name. 

Segmentation 

This section outlines the market segments that 
are specific to this document. Dataquest's 
objective is to provide data along lines of seg
mentation that are logical, appropriate to the 
industry in question, and immediately useful to 
clients. 

For a detailed explanation of Dataquesfs mar
ket segmentation, refer to the Dataquest 
Research and Forecast Methodology document 
located in the Dataquest binder. For a com
plete listing of all market segments tracked by 
Dataquest, please refer to the Dataqtiest High-
Technology Guide: Segmentation and Glossary. 

Dataquest defines the semiconductor industry 
as the group of competing companies primar
ily engaged in manufacturing semiconduaors 
and related solid-state devices. Important 
products of the semiconductor industry include 
integrated circuits, discrete devices, and opto
electronic devices. 

For market share purposes, Dataquest defines 
the semiconductor market according to the fol
lowing functional segmentation scheme: 

Total Semiconductor 
Total Integrated Circuit 

Bipolar Digital IC 
Bipolar Digital Memory 
Bipolar Digital Microcomponent 
Bipolar Digital Logic 

MOS Digital IC 
MOS Digital Memory 
MOS Digital Microcomponent 
MOS Digital Logic 

Analog IC 
Monolithic Analog 
Hybrid Analog 

Discrete Semiconductor 
Optoelectronic Semiconductor 

Definitions 
This section lists the definitions that are used 
by Dataquest to present the data in this docu
ment Complete definitions for all terms 
associated with Dataquest's segmentation of the 
high-technology marketplace can be found in 
the Dataquest High-Technology Guide: Segmen
tation and Glossary. 

Product Definitions 

Total Semiconduaor (Total IC + Discrete + 
Optoelectronic). Any active semiconductor 
produrt that contains semiconducting material 
(such as silicon, germanium, or gallium 
arsenide) and reacts dynamically to an input 
signal, either by modifying its shape or adding 
energy to it. This definition excludes stand
alone passive components, such as capacitors, 
resistors, inductors, oscillators, crystals, trans
formers, and relays. 

7 



Seniiconductor Procuremeat 

Total Integrated Circuit (Bipolar Digital IC + 
MOS Digital IC + Monolithic Analog + Hybrid 
Analog). An IC is defined as a large number 
of passive and/or active discrete semiconductor 
circuits integrated into a single package. A 
monolithic IC is one in which discrete circuits 
are integrated onto a single dice, while a 
hybrid IC is one in which discrete circuits are 
integrated onto a small number of die. 

Bipolar Digital IC (Bipolar Digital Memory + 
Bipolar Digital Microcomponent + Bipolar Digi
tal Logic). A bipolar digital IC is defined as a 
monolithic semiconductor product in which 
100 percent of the die area performs digital 
functions, and concurrently, 100 percent of the 
die area is manufactured using bipolar semi
conductor technology. A digital function is one 
in which data carrying signals vary in discrete 
values. 

Bipolar Digital Memory. Defined as a bipolar 
digital semiconductor product in which binary 
data are stored and electronically retrieved. 
Includes ECL random-access memory (RAM), 
read-only memory (ROM), programmable ROM 
(PROM), last-in/first-out (LIFO) memory, first-
in/first-out (FIFO) memory. 

Bipolar Digital Microcomponent. Defined as 
a bipolar digital semiconductor product that 
contains a data processing unit or serves as 
an interface to such a unit. Includes both 
complex-instruction-set computing (CISC) and 
reduced-instruction-set computing (RISC) pro
cessor architectures. Includes bipolar digital 
microprocessor (MPU), bipolar digital 
microcontroller (MCU), and bipolar digital 
microperipheral (MPR), where applicable. 

Bipolar Digital Logic (Bipolar Application-
Specific IC + Bipolar Digital Standard Logic + 
Other Bipolar Logic). Defined as a bipolar dig
ital semiconductor product in which more than 
50 percent of the die area performs logic 
functions. Excludes bipolar digital microcompo
nent ICs. 

MOS Digital IC (MOS Digital Memory + MOS 
Digital Microcomponent + MOS Digital Logic). 
Defined as a monolithic semiconductor product 
in which 100 percent of the die area performs 
digital functions, and concurrendy, where any 
portion of the die area is manufactured using 
metal oxide semiconductor (MOS) technology. 

A digital function is one in which data carry
ing signals vary in discrete values. Includes 
mixed technology manufaOuring, such as 
BiMOS and BiCMOS, where there is some 
MOS technology employed. 

MOS Digital Memory IC (DRAM + SRAM + 
EPROM + Other Nonvolatile MOS Digital 
Memory + Other MOS Digital Memory). 
Defined as a MOS digital IC in which binary 
data are stored and electronically retrieved. 

MOS Digital Microcomponent (MOS Digital 
Microprocessor + MOS Digital Microcontroller + 
MOS Digital Microperipheral). Defined as a 
MOS digital IC that contains a data processing 
unit or serves as an interface to such a unit. 
Includes both CISC and RISC. 

MOS Digital Logic (MOS Digital Application-
Specific IC + MOS Digital Standard Logic + 
Other MOS Logic). Defined as a MOS digital 
semiconductor p rodua in which more than 
50 percent of the die area performs logic 
functions. Excludes MOS digital microcompo
nent ICs. 

Analog IC (Monolithic Analog + Hybrid 
Analog). 

Monolithic Analog. A monolithic analog IC is a 
semiconductor product associated with electri
cal signal processing, power control, or electri
cal drive capability. Some of its inputs or out
puts can be defined in terms of continuously 
or linearly variable voltages, currents, or fi-e-
quencies. Includes all monolithic analog ICs 
manufactured using bipolar, MOS, or BiCMOS 
technologies. A monoUthic IC is a single dice 
contained in a single package. 

Hybrid Analog. A hybrid analog IC is a semi
conductor product that consists of more than 
one dice contained in a single package. A 
hybrid IC may perform 100 percent linear, 
100 percent digital, or mixed-signal (both 
linear and digital) functions. Note that hybrid 
digital ICs are reported in this category, and 
not under monolithic digital ICs. Includes all 
hybrid ICs manufectured using bipolar, MOS, 
or BiCMOS technologies. Only those hybrids 
are included that are made in the division or 
other organization whose primary product is 
semiconductors. Several major manufacturers 
also manufacture hybrids in other divisions; 
where we have identified these manufacturers, 
they are excluded. 
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Total Discrete (Transistor + Diode + Thyristor 
+ Other Discrete). Defined as a unit building 
block performing a fundamental semiconductor 
function. 

Total Optoelectronic (LED Lamp/Display + 
Optocoupler + CCD + Laser Diode + Photo
sensor + Solar Cell). Defined as a semiconduc
tor product in which photons induce the flow 
of electrons, or vice versa. Other functions 
may also be integrated into the product. This 
category does not include LCD, incandescent 
displays, fluorescent displays, cathode ray 
tubes (CRTs), or plasma displays. 

Merchant versus Captive Consumption. Data-
quest includes all revenue, both merchant and 
captive, for semiconductor suppliers selling to 
the merchant market. The data exclude com
pletely captive suppliers where devices are 
manufactured solely for the company's own 
use. A product that is used internally is valued 
at market price rather than at transfer or fac
tory price. 

Regional Definitions 

North America: Includes United States and 
Canada 

Europe: Western Europe 

Japan: Japan 

Asia-Pacific/Rest of World: All other countries 

Line Item Definitions 

Factory revenue is defined as the amount of 
money received by a semiconductor vendor 
for its goods. Revenue fi-om the sale of semi
conductors sold either as finished goods, die, 
or w^afers to another semiconductor vendor for 
resale is attributed to the semiconductor ven
dor that sells the product to a distributor or 
equipment manufacturer. 

Market Share Methodology 
Dataquest utilizes both primary and secondary 
sources to produce market statistics data. In 
the fourth quarter of each year, Dataquest sur
veys all major participants within each indus
try. Selected companies are resurveyed during 

the first quarter of the following year to verify 
final aimual results. This primary research is 
supplemented with additional primary research 
and secondary research to verify market size, 
shipment totals, and pricing information. 
Sources of secondary data utilized by 
Dataquest include: 

• Information published by major industry 
participants 

• Estimates made by knowledgeable and reli
able industry spokespersons 

• Goverrunent data or trade association data 

• Published product literature and price lists 

• Interviews with knowledgeable manufactur
ers, distributors, and users 

• Relevant economic data 

• Information and data from online and 
CD-ROM data banks 

• Articles in both the general and trade press 

• Reports from financial analysts 

• End-user surveys 

Dataquest believes that the estimates presented 
in this document are the most accurate and 
meaningful statistics available. 

Despite the care taken in gathering, analyzing, 
and categorizing the data in a meaningful w ây, 
careful attention must be paid to the defini
tions and assumptions used herein when inter
preting the estimates presented in this docu
ment. Various companies, government agencies, 
and trade associations may use slightly differ
ent definitions of product categories and 
regional groupings, or they may include differ
ent companies in their summaries. These 
differences should be kept in mind when 
making comparisons between data and num
bers provided by Dataquest and those pro
vided by other suppliers. 

Notes on Market Share 
In the process of conducting data collection 
and preparing market statistics information, 
Dataquest will sometimes consolidate or revise 
the numbers of a particular company, model, 
series, or indxistry. In this section, any such 
changes contained within this document are 
outiined for your reference. 
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10 Semiconductor Procurement 

Notes to Market Share Tables 

1. AAB-HAFO was formerly known as ASEA 
Brown Boveri. 

2. ABB-EKYS was formerly the Germany-based 
power semiconductor division of ASEA 
Brown Boveri. 

3. Allegro Microsystems was formerly known 
as Sprague Technologies. 

4. Analog Devices revenue includes Precision 
Monolithics revenue from 1991 forward. 

5. Appian Technology was formerly known as 
ZyMOS. 

6. In 1989, AT&T revenue previously classi
fied as MOS Logic was reclassified as 
Analog. 

7. Ericsson was known as Rifa prior to 
March 1, 1988. 

8. GEC Plessey revenue includes MEDL and 
Plessey revenue firom 1990 forward. 

9. Harris revenue includes GE Solid State 
revenue from 1989 forward. 

10. Inmos revenue is included in SGS-
Thomson revenue from 1989 forward. 

11. Macronix revenue is included imder 
Asia/Pacific Companies fi^om 1989 forward. 

12. Other North American Companies and 
Other Asia/Pacific Companies revenue has 
been restated to reflect the fewer number 
of companies published in 1991. 

13. Philips revenue includes Signetics revenue. 

14. Vertex (formerly known as Integrated 
CMOS Systems) revenue is included in 
Toshiba revenue from 1991 forward. 

Exchange Rates 
Dataquest uses an average annual exchange 
rate in converting revenue to U.S. dollar 
amounts. The following outlines these rates for 
1989 through 1991. 

1989 1990 1991 
Japan CVenAJ.S.$) 

France (FrancAJ.S.$) 

Germany (Deutsche 

Mark/U.S.$) 

United Kingdom 
(U.S.$/Pound Sterling) 

138 144 136 

6.39 5.44 5.64 

1.88 1.62 1.66 

1.50 1.79 1.77 
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Section 1: Final 1991 Worldwide Semiconductor Market Share 

Table 1-1 
Each Company's Factory Revenue from Shipments of Semiconductors to the World 
(MiUions of U.S. Dollars) 

Total Market 

North American Companies 

Actel 

Advanced Micro Devices 

Allegro Microsystems 

Altera 

Analog Devices 

Appian Technology 

Applied Micro Circuits Coip. 

AT&T 

Atmel 

Brooktree 

Burr-Brown 

Catalyst 

Cherry Semiconductor 

Chips & Technologies 

Cirrus Logic 

Comlinear 

Crystal 

Cypress Semiconduaor 

Dallas Semiconductor 

Elantec 

Exar 

General Instrument 

Gennum 

Gould AMI 

Harris 

Hewlett Packard 

Honeywell 

Hughes 

IMI 

Integrated Device Technology 

Intel 

Int'l Microelectronic Prod. 

International Rectifier 

ITT 

Kulite 

1989 

54,339 

19,515 

7 

1,100 

137 

59 

357 

37 

22 

753 

94 

52 

141 

31 

32 

240 

29 

10 

12 

196 

13 

12 

49 

170 

20 

68 

830 

235 

56 

37 

15 

204 

2,430 

46 

190 

390 

25 

Revenue 

1990 

54,545 

21,047 

21 

1,053 

116 

78 

381 

50 

28 

737 

123 

70 

145 

36 

36 

265 

130 

13 

15 

223 

17 

13 

75 

214 

18 

52 

800 

445 

49 

44 

15 

199 

3,171 

40 

225 

371 

28 

1991 

59,694 

22,940 

37 

1,226 

104 

107 

464 

15 

38 

713 

120 

84 

152 

32 

37 

181 

152 

14 

22 

281 

75 

16 

107 

200 

23 

54 

623 

442 

45 

40 

17 

204 

4,019 

32 

238 

340 

26 

1989 

100.0 

35.9 

.0 

2.0 

.3 

.1 

.7 

.1 

.0 

1.4 

.2 

.1 

.3 

.1 

.1 

.4 

.1 

.0 

.0 

.4 

.0 

.0 

.1 

.3 

.0 

.1 

1.5 

.4 

.1 

.1 

.0 

.4 

4.5 

.1 

.3 

.7 

.0 

Market Share (%] 

1990 

100.0 

38.6 

.0 . 

1.9 

.2 

.1 

.7 

.1 

.1 

1.4 

.2 

.1 

.3 

.1 

.1 

.5 

.2 

.0 

.0 

.4 

.0 

.0 

.1 

.4 

.0 

.1 

1.5 

.8 

.1 

.1 

.0 

.4 

5.8 

.1 

.4 

.7 

.1 

1 

1991 

100.0 

38.4 

.1 

2.1 

.2 

.2 

.8 

.0 

.1 

1.2 

.2 

.1 

.3 

.1 

.1 

.3 

.3 

.0 

.0 

.5 

.1 

.0 

.2 

.3 

.0 

.1 

1.0 

.7 

.1 

.1 

.0 

.3 

6.7 

.1 

.4 

.6 

.0 
(Continued) 
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12 Semiconductor Procurement 

Table 1-1 (Continued) 
Each Company's Factory Revenue from Shipments of Semiconductors to the World 
(Millions of U.S. Dollars) 

Lattice 

Linear Technology 

LSI Logic 

Ma^dm 

Microchip Technology 

Micro Linear 

Micron Technology 

Micro Power Systems 

Microsemi 

Mitel 

MOSel 

Motorola 

NCR 

National Semiconduaor 

Optek 

Performance Semiconduaor 

Powerex 

Precision Monolidiics 

Quality Technologies 

Raytheon 

Rockwell 

SEEQ Technology 

Semtech 

Sierra Semiconduaor 

Silicon General 

Siliconix 

Silicon Systems 

Sipex 

Solitron 

Standard Microsystems 

Supertex 

Tektronix 

Teledyne 

Texas Instruments 

TRW 

Unitrode 

Universal 

Vitelic 

VLSI Technology 

VTC 

1989 

31 
70 

512 

43 

124 

28 

395 

21 

NA 

54 

20 

3,183 

120 

1,552 

77 

32 

85 

88' 

38 

96 

165 

53 

NA 

55 

36 

121 

112 

22 

37 

42 

23 

NA 

23 

2,787 

27 

109 

13 
(£ 

286 

44 

Revenue 

1990 

62 

83 

598 

65 

85 

45 

286 

24 

50 

47 

31 

3,539 

145 

1,653 

(£ 

51 

92 

91 

34 

84 

200 

45 

18 

61 

36 

116 

165 

21 

33 

49 

27 

40 

25 

2,574 

28 

104 

14 

64 

324 

40 

1991 
68 

107 

670 

80 

81 

36 

455 

26 

71 

50 

75 

3,802 

145 

1,602 

52 

54 

78 

0 

34 

85 

185 

47 

27 

86 

32 

140 

184 

21 

30 

45 

27 

70 

24 

2,738 

28 

80 

14 

85 

414 

20 

1989 
.1 

.1 

.9 

.1 

.2 

.1 

.7 

.0 

NA 

.1 

.0 

5.9 
.2 

2.9 
.1 

.1 

.2 

.2 

.1 

.2 

.3 

.1 

NA 

.1 

.1 

.2 

.2 

.0 

.1 

.1 

.0 

NA 

.0 

5.1 
.0 
.2 

.0 

.1 

.5 

.1 

Market Share (%) 

1990 

.1 

.2 

1.1 

.1 

.2 

.1 

.5 

.0 

.1 

.1 

.1 

6.5 

.3 
3.0 

.1 

.1 

.2 

.2 

.1 

.2 

.4 

.1 

.0 

.1 

.1 

.2 

.3 

.0 

.1 

.1 

.0 

.1 

.0 

4.7 
.1 
.2 

.0 

.1 

.6 

.1 

1991 
.1 

.2 

1.1 

.1 

.1 

.1 

.8 

.0 

.1 

.1 

.1 

6.4 

.2 

2.7 

.1 

.1 

.1 

.0 

.1 

.1 

.3 

.1 

.0 

.1 

.1 

.2 

.3 

.0 

.1 

.1 

.0 

.1 

.0 

4.6 

.0 

.1 

.0 

.1 

.7 

.0 
(ConUnuecD 
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Table 1-1 (Continued) 
Each Company's Factory Revenue from Shipments of Semiconductors to the World 
(Millions of U.$. Dollars) 

WaferScale Integration 

Weitek 

Western Digital 

Xjcor 

Xilinx 

Zilog 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

NMB Semiconductor 

Oki 

Ricoh 

Rohm 

Sanken 

Sanyo 

Seiko Epson 

Sharp 

Shindengen Electric 

Sony 

Toko 

Toshiba 

Yamaha 

Other Japanese Companies 

European Companies 

ABB-HAFO 

ABB-KYS 

Austria Mikro Systeme 

Ericsson 

Eupec 

European Silicon Structures 

Eurosil 

Fagor 

1989 

35 

49 

135 

90 

44 

99 

374 

27,510 

310 

2,770 

3,622 

1,804 

2,500 

4,489 

171 

127 

1,083 

84 

723 

381 

1,197 

359 

1,107 

163 

996 

50 

4,310 

133 

1,131 

5,300 

37 

50 

56 

54 

NA 

18 

30 

29 

Revenue 

1990 

33 

58 

148 

71 

84 

100 

142 

25,278 

319 

2,599 

3,516 

1,826 

2,108 

4,322 

140 

96 

954 

89 

759 

399 

1,196 

196 

1,194 

159 

1,010 

60 

4,202 

134 

0 

6,108 

42 

58 

59 

56 

96 

27 

39 

30 

1991 

33 

39 

209 

94 

130 

110 

177 

27,684 

319 

2,705 

3,765 

2,037 

2,303 

4,774 

151 

60 

981 

97 

934 

451 

1,362 

220 

1,318 

184 

1,196 

64 

4,579 

158 

26 

6,336 

38 

54 

70 

74 

93 

28 

29 

29 

1989 

.1 

.1 

.2 

.2 

.1 

.2 

.6 

50.6 

.6 

5.1 

6.7 

3.3 

4.6 

8.3 

.3 

.2 

2.0 

.2 

1.3 

.7 

2.2 

.7 

2.0 

.3 

1.8 

.1 

7.9 

.2 

2.1 

9.8 

.1 

.1 

.1 

.1 

NA 

.0 

.1 

.1 

Market Share (%) 

1990 

.1 

.1 

.3 

.1 

.2 

.2 

.3 

46.3 

.6 

4.8 

6.4 

3.3 

3.9 

7.9 

.3 

.2 

1.7 

.2 

1.4 

.7 

2.2 

.4 

2.2 

.3 

1.9 

.1 

7.7 

.2 

.0 

11.2 

.1 

.1 

.1 

.1 

.2 

.0 

.1 

.1 

1991 

.1 

.1 

.4 

.2 

.2 

.2 

.3 

46.4 

.5 

4.5 

6.3 

3.4 

3.9 

8.0 

.3 

.1 

1.6 

.2 

1.6 

.8 

2.3 

.4 

2.2 

.3 

2.0 

.1 

7.7 

.3 

.0 

10.6 

.1 

.1 

.1 

.1 

.2 

.0 

.0 

.0 
(Continued) 
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Table 1-1 (Continued) 
Each Company's Factory Revenue from Shipments of Semiconductors to the World 
(Millions of U.S. Dollars) 

GEO Plessey 

Matra MHS 

MEDL 

Mietec 

Philips 

Plessey 

Semikron 

SGS-Tliomson 

Siemens 

STC 

TAG 

Telefunken Electronic 

TMS 

Zetex 

Other European Companies 

Asia/Pacific Companies 

Daewoo 

Dongsung Semiconductor 

Goldstar 

Hualon Microelectronics Corp. 

Hyundai 

Korean Electronic Co. 

Macronix 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

Winbond Electronics 

Other Asia/Pacific Companies 

1989 
0 

85 

60 

52 

1,643 

240 

95 

1,271 

1,154 

19 

22 

299 

45 

NA 

41 

2,014 

10 

NA 

148 

NA 

210 

105 

31 

1,260 

NA 

210 

NA 

40 

Revenue 

1990 

390 

100 

0 

92 

1,955 

• 0 

106 

1,441 

1,204 

24 

25 

295 

45 

24 

0 

2,112 

12 

NA 

163 

50 

115 

114 

7 

1,315 

33 

150 

50 

103 

1991 
392 

104 

0 

105 

2,022 

0 

108 

1,436 

1,263 

18 

30 

300 

51 

26 

(£ 

2,734 

20 

30 

307 

71 

248 

136 

31 

1,473 

28 

200 

84 

106 

1989 
.0 
.2 

.1 

.1 

3.0 

.4 

.2 

2.3 

2.1 

.0 

.0 

.6 

.1 

NA 

.1 

3.7 
.0 

NA 

.3 
NA 

.4 

.2 

.1 

2.3 

NA 

.4 

NA 

.1 

Market Share (%) 

1990 

.7 

.2 

.0 

.2 

3.6 

.0 

.2 

2.6 

2.2 

.0 

.0 

.5 

.1 

.0 

.0 

3.9 

.0 

NA 

.3 

.1 

.2 

.2 

.0 

2.4 

.1 

.3 

.1 

.2 

1991 
.7 

.2 

.0 

.2 

3.4 

.0 

.2 

2.4 

2.1 

.0 

.1 

.5 

.1 

.0 

.1 

4.6 

.0 

.1 

.5 

.1 

.4 

.2 

.1 

2.5 

.0 

.3 

.1 

.2 

NAi - Not availaUe 
Source: Dataquest Qxxas 1992) 
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Table 1-2 
Each Company's Factory Revenue from Shipments of Integrated Circuits to the World 

(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Actel 

Advanced Micro Devices 

Allegro Microsystems 

Altera 

Analog Devices 

Appian Technology 

Applied Micro Circuits Corp. 

AT&T 

Atmel 

Brooktree 

Burr-Brown 

Catalyst 

Cherry Semiconductor 

Chips & Technologies 

Cirrus Logic 

Comlinear 

Crystal 

Cypress Semiconductor 

Dallas Semiconductor 

Elantec 

Exar 

Gennum 

Gould AMI 

Harris 

Hewlett Packard 

Honeywell 

Hughes 

IMI 

Integrated Device Technology 

Intel 

Int'l Microelectronic Prod. 

International Rectifier 

ITT 

Kulite 

Lattice 

Linear Technology 

LSI Logic 

1989 

44,613 

17,000 

7 

1,100 

114 

59 

357 

37 

22 

596 

94 

52 

141 

31 

32 

240 

29 

10 

12 

196 

13 

12 

49 

20 

68 

692 

NA 

25 

37 

15 

204 

2,430 

46 

3 

235 

25 

31 

70 

512 

Revenue 

1990 

44,459 

18,450 

21 

1,053 

98 

78 

380 

50 

28 

593 

123 

70 

145 

36 

36 

265 

130 

13 

15 

223 

17 

13 

75 

18 

52 

655 

200 

24 

42 

15 

199 

3,171 

40 

1 

210 

28 

62 

83 

598 

1991 

48,855 

20,572 

37 

1,226 

93 

107 

464 

15 

38 

681 

120 

84 

152 

32 

37 

181 

152 

14 

22 

281 

75 

16 

107 

23 

54 

507 

206 

20 

40 

17 

204 

4,019 

32 

1 

230 

26 

68 

107 

670 

1989 

100.0 

38.1 

.0 

2.5 

.3 

.1 

.8 

.1 

.0 

1.3 

.2 

.1 

.3 

.1 

.1 

.5 

.1 

.0 

.0 

.4 

.0 

.0 

.1 

.0 

.2 

1.6 

NA 

.1 

.1 

.0 

.5 

5.4 

.1 

.0 

.5 

.1 

.1 

.2 

1.1 

Market Share (%) 

1990 

100.0 

41.5 

.0 

2.4 

.2 

.2 

.9 

.1 

.1 

1.3 

.3 

.2 

.3 

.1 

.1 

.6 

.3 

.0 

.0 

.5 

.0 

.0 

.2 

.0 

.1 

1.5 

.4 

.1 

.1 

.0 

.4 

7.1 

.1 

.0 

.5 

.1 

.1 

.2 

1.3 

1991 

100.0 

42.1 

.1 

2.5 

.2 

.2 

.9 

.0 

.1 

1.4 

.2 

.2 

.3 

.1 

.1 

.4 

.3 

.0 

.0 

.6 

.2 

.0 

.2 

.0 

.1 

1.0 

.4 

.0 

.1 

.0 

.4 

8.2 

.1 

.0 

.5 

.1 

.1 

.2 

1.4 
(Continued) 
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16 Semiconductor Procurement 

Table 1-2 (Continued) 
Each Company's Factory Revenue from Shipments of Integrated Circuits to the World 
(MilUons of U.S. Dollars) 

Maxim 

Microchip Technology 

Micro Linear 

Micron Technology 

Micro Power Systems 

Mitel 

MOSel 

Motorola 

NCR 

National Semiconduaor 

Performance Semiconductor 

Precision Monolithics 

Raytheon 

Rockwell 

SEEQ Technology 

Semtech 

Sierra Semiconductor 

Silicon General 

SUiconix 

Silicon Systems 

Sipex 

Solitron 

Standard Microsystems 

Supertex 

Tektronix 

Teledyne 

Texas Instruments 

TRW 

Unitrode 

Universal 

Vitelic 

VLSI Technology 

VTC 

WaferScale Integration 

Weitek 

Western Digital 

Xicor 

Xilinx 

Zilog 

Other North American Companies 

1989 

43 

124 

28 

395 

21 

54 

20 

2,392 

120 

1,482 

32 

88 

82 

165 

53 

NA 

55 

3 6 -

54 

112 

22 

10 

42 

15 

NA 

23 

2,691 

27 

50 

13 

66 

286 

44 

35 

49 

135 

90 

44 

99 

287 

Revenue 

1990 

65 

85 

45 

286 

"24 

47 

31 

2,714 

145 

1,583 

51 

91 

74 

200 

45 

2 

61 

36 

54 

165 

21 

9 

49 

19 

35 

22 

2,488 

28 

50 

14 

64 

324 

40 

33 

57 

148 

71 

84 

100 

130 

1991 

80 

81 

36 

455 

26 

50 

75 

2,980 

145 

1,542 

54 

0 

77 

185 

47 

6 

86 

32 

64 

184 

21 

9 

45 

17 

65 

21 

2,652 

28 

41 

14 

85 

414 

20 

33 

39 

209 

94 

130 

110 

162 

1989 

.1 

.3 

.1 

.9 

.0 

.1 

.0 

5.4 

.3 

3.3 

.1 

.2 

.2 

.4 

.1 

NA 

.1 

.1 

.1 

.3 

.0 

.0 

.1 

.0 

NA 

.1 

6.0 

.1 

.1 

.0 

.1 

.6 

.1 

.1 

.1 

.3 

.2 

.1 

.2 

.6 

Market Share (%) 

1990 

.1 

.2 

.1 

.6 

.1 

.1 

.1 

6.1 

.3 

3.6 

.1 

.2 

.2 

.4 

.1 

.0 

.1 

.1 

.1 

A 

.0 

.0 

.1 

.0 

.1 

.0 

5.6 

.1 

.1 

.0 

.1 

.7 

.1 

.1 

.1 

.3 

.2 

.2 

.2 

.3 

1991 

.2 

.2 

.1 

.9 

.1 

.1 

.2 

6.1 

.3 

3.2 

.1 

.0 

.2 

.4 

.1 

.0 

.2 

.1 

.1 

.4 

.0 

.0 

.1 

.0 

.1 

.0 

5.4 

.1 

.1 

.0 

.2 

.8 

.0 

.1 

.1 

.4 

.2 

.3 

.2 

.3 
(Continued) 
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Table 1-2 (Continued) 
Each Company's Factory Revenue from Shipments of Int^rated Circuits to the World 
(MlUlons of U.S. Dollars) 

Japanese Comjsanies 

Fuji Sectric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

NMB Semiconductor 

Oki 

Ricoh 

Rohm 

Sanken 

Sanyo 

Seiko Epson 

Sharp 

Shindengen Electric 

Sony 

Toko 

Toshiba 

Yamaha 

Other Japanese Companies 

European Companies 

ABB-HAFO 

Austria Mikro Systeme 

Ericsson 

European Silicon Structures 

EurosU 

GEC Plessey 

Matra MHS 

MEDL 

Mietec 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

Telefunken Electronic 

1989 

22,001 

66 

2,563 

2,966 

1,203 

2,136 

3,893 

154 

127 

1,044 

84 

333 

153 

862 

359 

815 

33 

679 

45 

3,329 

133 

1,024 

3,772 

23 

56 

54 

18 

30 

0 

85 

39 

52 

1,177 

240 

989 

807 

17 

126 

Revenue 

1990 

19,801 

70 

2,384 

2,878 

1,206 

1,768 

3,735 

123 

96 

917 

89 

343 

159 

850 

196 

891 

26 

699 

54 

3,183 

134 

0 

4302 

24 

59 

56 

27 

39 

354 

100 

0 

92 

1,417 

0 

1,126 

817 

22 

141 

1991 

21,396 

55 

2,426 

3,099 

1,340 

1,953 

4,109 

134 

60 

942 

97 

438 

171 

919 

220 

956 

50 

826 

33 

3,409 

158 

1 

4,414 

24 

70 

74 

28 

29 

357 

104 

0 

105 

1,455 

0 

1,137 

829 

16 

137 

1989 

49.3 

.1 

5.7 

6.6 

2.7 

4.8 

8.7 

.3 

.3 

2.3 

.2 

.7 

.3 

1.9 

.8 

1.8 

.1 

1.5 

.1 

7.5 

.3 

2.3 

8.5 

.1 

.1 

.1 

.0 

.1 

.0 

.2 

.1 

.1 

2.6 

.5 

2.2 

1.8 

.0 

.3 

Market Share (%) 

1990 

44.5 

.2 

5.4 

6.5 

2.7 

4.0 

8.4 

.3 

.2 

2.1 

.2 

.8 

.4 

1.9 

.4 

2.0 

.1 

1.6 

.1 

7.2 

.3 

.0 

9.7 

.8 

.2 

.0 

.2 

3.2 

.0 

2.5 

1.8 

.0 

.3 

1991 

43.8 

.1 

5.0 

6.3 

2.7 

4.0 

8.4 

.3 

.1 

1.9 

.2 

.9 

.4 

1.9 

.5 

2.0 

.1 

1.7 

.1 

7.0 

.3 

.0 

9.0 

.0 

.1 

.2 

.1 

.1 

.7 

.2 

.0 

.2 

3.0 

.0 

2.3 

1.7 

.0 

.3 
(Continued) 
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Table 1-2 (Continued) 
Each Company's Factory Revenue from Shipments of Integrated Circuits to the World 
(Millions of U.S. Dollars) 

TMS 

Other European Companies 

Asia/Pacific Companies 

Daewoo 

Goldstar 

Hualon Microelectronics Corp. 

Hyundai 

Korean Electronic Co. 

Macronix 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

Winbond Electronics 

Other Asia/Pacific Companies 

1989 

33 

26 

1,840 

10 

147 

NA 

210 

24 

31 

1,182 

NA 

210 

NA 

26 

Revenue 

1990 

28 

0 

1,906 

12 

163 

50 

115 

28 

7 

1,238 

33 

150 

50 

60 

1991 

33 

16 

2,473 

20 

307 

71 

248 

33 

31 

1,381 

28 

200 

84 

70 

1989 

.1 

.1 

4.1 

.0 

.3 

NA 

.5 

.1 

.1 

2.6 

NA 

.5 

NA 

.1 

Market Share (%) 

1990 

.1 

.0 

4.3 

.0 

.4 

.1 

.3 

.1 

.0 

2.8 

.1 

.3 

.1 

.1 

1991 

.1 

.0 

5.1 

.0 

.6 

.1 

.5 

.1 

.1 

2.8 

.1 

.4 

.2 

.1 

NA - Not available 

Source: DaUquest Qxme 1992) 
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Table 1-3 
Each Company's Factory Revenue from Shipments of Bipolar Distal ICs to the World 
(MiUions Of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

Applied Micro Circuits Corp. 

AT&T 

Atmel 

Chips & Technologies 

Harris 

Integrated Device Technology 

Intel 

Motorola 

National Semiconduaor 

Raytheon 

Teledyne 

Texas Instruments 

TRW 

Other North American Companies 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Rohm 

Sanyo 

Sony 

Toshiba 

European Companies 

GEC Plessey 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

1989 
4,314 

2,204 

474 

20 

56 

8 

24 

50 

0 

10 

369 

441 

55 

3 

671 

7 

16 

1,612 

590 

447 

13 
122 

245 

1 

46 

1 

56 

0 

91 

466 

0 

270 

122 

7 

54 

4 

Revenue 

1990 

4,173 

2,134 

407 

24 

59 

14 

25 

60 

0 

5 

406 

405 

54 

3 

663 

8 

1 

1,627 

634 

452 

12 

92 

240 

1 

41 

1 

59 

0 

95 

386 

66 

250 

0 

9 

43 

11 

1991 
3,628 

1,806 

300 

32 

48 

1 

16 

35 

3 

4 

380 

324 

53 

3 

583 

7 

17 

1,454 

509 

461 

13 

81 

244 

1 

39 

0 

0 

1 

105 

346 

41 

245 

0 

1 
41 

7 

1 

1989 
100.0 

51.1 

11.0 

.5 

1.3 

.2 

.6 

1.2 

.0 

.2 

8.6 

10.2 

1.3 

.1 

15.6 

.2 

.4 

37.4 

13.7 

10.4 

.3 

2.8 

5.7 

.0 

1.1 

.0 

1.3 

.0 

2.1 

10.8 

.0 

6.3 

2.8 

.2 

1.3 

.1 

Market Share (%] 

1990 
100.0 

51.1 

9.8 

.6 

1.4 

.3 

.6 

1.4 

.0 

.1 

9.7 

9.7 

1.3 

.1 

15.9 

.2 

.0 

39.0 

15.2 

10.8 

.3 

2.2 

5.8 

.0 

1.0 

.0 

1.4 

.0 

2.3 

9.2 

1.6 

6.0 

.0 

.2 

1.0 

.3 

1 

1991 
100.0 

49.8 

8.3 

.9 

1.3 

.0 

.4 

1.0 

.1 

.1 

10.5 

8.9 

1.5 

.1 

16.1 

.2 

.5 

40.1 

14.0 

12.7 

.4 

2.2 

6.7 

.0 

1.1 

.0 

.0 

.0 

2.9 

9.5 

1.1 

6.8 

.0 

.0 

1.1 

.2 
(Continued) 
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Table 1-3 (Continued) 
Each Company's Factory Revenue from Shipments of Bipolar D ^ t a l ICs to the World 
(Millions of U.S. Dollars) 

Tdefunken Electronic 

Other European Companies 

Asia/Pacific Companies 

Goldstar 

1989 

5 
4 

32 

32 

Revenue 

1990 

7 
0 

26 

26 

1991 

7 
4 

22 

22 

1989 
.1 

.1 

.7 

.7 

Market Share (%) 

1990 

.2 

.0 

.6 

.6 

1991 
.2 

.1 

.6 

.6 

Source: Dataquest Quite 1992) 
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Table 1-4 
Each Company's Factory Revenue from Shipments of TTL/Other Bipolar Digital ICs to the World 
(MilUons of U.S. Dollars) 

Total Market 

North American Comp>anies 

Advanced Micro Devices 

AT&T 

Chips & Technologies 

Harris 

Intel 

Motorola 

National Semiconductor 

Raytheon 

Teledyne 

Texas Instruments 

Other North American Companies 

Japanese Comp>anies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Rohm 

Sanyo 

Toshiba 

European Companies 

GEC Plessey 

Philips 

Plessey 

SGS-lliomson 

Siemens 

Telefunken Electronic 

Other European Companies 

Asia/Pacific Companies 

Goldstar 

1989 
3,204 

1,777 

401 

44 

24 

50 

10 

184 

343 

47 

3 

671 

0 

1,028 

252 

308 

9 

122 

163 

1 

41 

1 

56 

75 

367 

0 

254 

82 

7 

16 

5 

3 

32 

32 

Revenue 

1990 

2,968 

1,653 

306 

46 

25 

60 

5 
174 

319 

52 

3 

663 

0 

1,005 

272 

308 

8 

92 

160 

1 

37 

1 

59 

67 

284 

20 

236 

0 

9 

12 

7 

0 

26 

26 

1991 

2,543 

1,449 

294 

29 

16 

35 
4 

156 

271 

50 

3 

583 

8 

812 

201 

250 

8 

81 

161 

1 

35 

0 

0 

75 

260 

5 

229 

0 

1 

14 

7 

4 

22 

22 

1989 
100.0 

55.5 

12.5 

1.4 

.7 

1.6 

.3 

5.7 

10.7 

1.5 

.1 

20.9 

.0 

32.1 

7.9 

9.6 

.3 

3.8 

5.1 

.0 

1.3 

.0 

1.7 

2.3 

11.5 

.0 

7.9 

2.6 

.2 

.5 

.2 

.1 

1.0 

1.0 

Market Share (%] 

1990 

100.0 

55.7 

10.3 

1.5 

.8 

2.0 

.2 

5.9 

10.7 

1.8 

.1 

22.3 

.0 

33.9 

9.2 

10.4 

.3 

3.1 

5.4 

.0 

1.2 

.0 

2.0 

2.3 

9.6 

.7 

8.0 

.0 

.3 

.4 

.2 

.0 

.9 

.9 

» 

1991 
100.0 

57.0 

11.6 

1.1 

.6 

1.4 

.2 

6.1 

10.7 

2.0 

.1 

22.9 

.3 

31.9 

7.9 

9.8 

.3 

3.2 

6.3 

.0 

1.4 

.0 

.0 

2.9 

10.2 

.2 

9.0 

.0 

.0 

.6 

.3 

.2 

.9 

.9 

Souice: Dataquest Qvine 19920 
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Table 1-5 
Each Company's Factory Revenue from Shipments of ECL Bipolar Digital ICs to the World 
(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

Applied Micro Circuits Corp. 

AT&T 

Atmel 

Integrated Device Technology 

Motorola 

National Semiconductor 

Raytheon 

TRW 

Other North American Companies 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

NEC 

Oki 

Sony 

Toshiba 

European Companies 

GEC Plessey 

Philips 

Plessey 

Siemens 

STC 

Other European Companies 

1989 

1,110 

427 

73 

20 

12 

8 

0 

185 

98 

8 

7 

16 

584 

338 

139 

4 

82 

5 

0 

16 

99 
0 

16 

40 

38 

4 

1 

Revenue 

1990 

1,205 

481 

101 

24 

13 

14 

0 

232 

•86 

2 

8 

1 

622 

362 

144 

4 

80 

4 

0 

28 

102 

46 

14 

0 

31 
11 

0 

1991 

1,085 

357 

6 

32 

19 
1 

3 

224 

53 

3 

7 

9 

642 

308 

211 

5 

83 

4 

1 

30 

86 

36 

16 

0 

27 

7 

0 

1989 

100.0 

38.5 

6.6 

1.8 

1.1 

.7 

.0 

16.7 

8.8 

.7 

.6 

1.4 

52.6 

30.5 

12.5 

.4 

7.4 

.5 

.0 

1.4 

8.9 
.0 

1.4 

3.6 

3.4 

.4 

.1 

Market Share (%) 

1990 

100.0 

39.9 

8.4 

2.0 

1.1 

1.2 

.0 

19.3 

7.1 

.2 

.7 

.1 

51.6 

30.0 

12.0 

.3 

6.6 

.3 

.0 

2.3 

8.5 
3.8 

1.2 

.0 

2.6 

.9 

.0 

1991 
100.0 

32.9 

.6 

2.9 

1.8 

.1 

.3 

20.6 

4.9 

.3 

.6 

.8 

59.2 

28.4 

19.4 

.5 

7.6 

.4 

.1 

2.8 

7.9 

3.3 

1.5 

.0 

2.5 

.6 

.0 

Source: Dataquest Quite 1992) 
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Table 1-6 
Each Company's Factory Revenue from Shipments of Bipolar Memory ICs to the World 
(MiUions of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

Harris 

Integrated Device Technology 

Motorola 

National Semiconductor 

Raytheon 

Texas Instruments 

Other North American Companies 

Japanese Companies 

Fujitsu 

Hitachi 

NEC 

Eurofjean Companies 

Philips 

SGS-Thomson 

i^m 
460 

160 

85 

0 

0 

4 

49 

12 

10 

0 

253 

135 

97 
21 

47 

47 
0 

Revenue 

1990 

431 

126 

65 

5 
0 

3 

25 

18 

10 

0 

259 

144 

95 

20 

46 

45 
1 

1991 

356 

89 
52 

2 

3 

3 

13 

8 

3 
5 

231 

113 

99 

19 

36 

36 

0 

1989 

100.0 

34.8 

18.5 

.0 

.0 

.9 

10.7 

2.6 

2.2 

.0 

55.0 

29.3 

21.1 

4.6 

10.2 

10.2 

.0 

Market Share (%) 

1990 

100.0 

29.2 

15.1 

1.2 

.0 

.7 

5.8 

4.2 

2.3 

.0 

60.1 

33.4 

22.0 

4.6 

10.7 

10.4 

.2 

1991 

100.0 

25.0 

14.6 

.6 

.8 

.8 

3.7 
2.2 

.8 
1.4 

64.9 

31.7 

27.8 

5.3 

10.1 

10.1 

.0 

Souice: Dataquest Q\me 1992) 
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Table 1-7 
Each Company's Factory Revenue from Shipments of Bipolar Logic ICs to the World 
(MilUons of U.S. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

Total Market 3,854 3,633 3,179 100.0 100.0 100.0 

North American Companies 

Advanced Micro Devices 

Applied Micro Circuits Corp. 

AT&T 

Aimel 

Chips & Technologies 

Harris 

Intel 

Motorola 

National Semiconductor 

Raytheon 

Teledyne 

Texas Instruments 

TRW 

Other North American Companies 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Rohm 

Sanyo 

Sony 

Toshiba 

European Companies 

GEC Plessey 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

Telefunken Electronic 

Other European Companies 

2,044 

389 

20 

56 

8 

24 

50 

10 

365 

392 

43 

3 

661 

7 

16 

1,359 

455 

350 

13 

122 

224 

1 

46 

1 

56 

0 

91 

419 

0 

223 

122 

7 

54 

4 

5 

4 

1,900 

302 

24 

59 

14 

25 

55 

5 

403 

313 

36 

3 

653 

8 

0 

1,368 

490 

357 

12 

92 

220 

1 

41 

1 

59 

0 

95 

339 

66 
204 

0 

8 

43 

11 

7 

0 

1,624 

227 

32 

48 

1 

16 

33 

4 

377 

256 

45 

3 

570 

7 

5 

1,223 

396 

362 

13 

81 

225 

1 

39 

0 

0 

1 

105 

310 

41 

209 

0 

1 

41 

7 

7 

4 

53.0 

10.1 

.5 

1.5 

.2 

.6 

1.3 

.3 

9.5 

10.2 

1.1 

.1 

17.2 

.2 

.4 

35.3 

11.8 

9.1 

.3 

3.2 

5.8 

.0 

1.2 

.0 

1.5 

.0 

2.4 

10.9 

.0 

5.8 

3.2 

.2 

1.4 

.1 

.1 

.1 

52.3 
8.3 

.7 

1.6 

.4 

.7 

1.5 

.1 

11.1 

8.6 

1.0 

.1 

18.0 

.2 

.0 

37.7 

13.5 

9.8 

.3 

2.5 

6.1 

.0 

1.1 

.0 

1.6 

.0 

2.6 

9.3 

1.8 

5.6 

.0 

.2 

1.2 

.3 

.2 

.0 

51.1 

7.1 

1.0 

1.5 

.0 

.5 

1.0 

.1 

11.9 

8.1 

1.4 

.1 

17.9 

.2 

.2 

38.5 

12.5 

11.4 

.4 

2.5 

7.1 

.0 

1.2 

.0 

.0 

.0 

3.3 

9.8 

1.3 

6.6 
.0 

.0 

1.3 

.2 

.2 

.1 
(Continued) 
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Table 1-7 (Continued) 
Each Company's Factory Revenue from Shipments of Bipolar Logic ICs to the World 
(Millions of U.S. Dollars) 

Revenue Market Share (%) 

1989 1990 1991 1989 1990 1991 

Asia/Pacific Companies 32 26 22 .8 .7 .7 

Goldstar 32 26 22 .8 7 7 

Source: Dataquest Quae 1992) 
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Table 1-8 
Each Company's Factory Revenue from Shipments of MOS Digital ICs to the World 
(MlUlons of U.S. Dollars) 

Total Market 

Nordi American Companies 

Actel 

Advanced Micro Devices 

Allegro Microsystems 

Altera 

Analog Devices 

Appian Technology 

Applied Micro Circuits Corp. 

AT&T 

Atmel 

Catalyst 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Dallas Semiconductor 

Exar 

Gould AMI 

Harris 

Hewlett Packard 

Honeywell 

Hughes 

IMI 

Integrated Device Technology 

Intel 

Int'l Microelectronic Prod. 

ITT 

Lattice 

LSI Logic 

Microchip Technology 

Micron Technology 

MOSel 

Motorola 

NCR 

National Semiconductor 

Performance Semiconductor 

Rockwell 

SEEQ Technology 

Sierra Semiconductor 

1989 

31,140 

10,940 

7 

549 

16 

59 

20 

37 

2 

291 

73 

31 

216 

29 

196 

10 

3 ' 

52 

362 

NA 

4 

37 

15 

203 

2,420 

33 

185 

31 

512 

124 

395 

20 

1,587 

94 

513 

32 

42 

53 

27 

Revenue 

1990 

30,152 

12,030 

21 

570 

2 

78 

20 

50 

4 

337 

98 

35 

240 

129 

223 

14 

0 

39 

335 

200 

4 

34 

14 

196 

3,157 

28 

107 

62 

596 

85 

286 

31 

1,826 

115 

585 

51 

40 

45 

6 

1991 

34,315 

14,377 

37 

832 

2 

107 

20 

15 

6 

391 

118 

32 

165 

151 

281 

62 

0 

40 

246 

206 

0 

32 

14 • 

198 

4,006 

26 

195 

68 

670 

81 

455 

75 

2,144 

117 

589 

54 

20 

39 

7 

1989 

100.0 

35.1 

.0 

1.8 

.1 

.2 

.1 

.1 

.0 

.9 

.2 

.1 

.7 

.1 

.6 

.0 

.0 

.2 

1.2 

NA 

.0 

.1 

.0 

.7 

7.8 

.1 

.6 

.1 

1.6 

.4 

1.3 

.1 

5.1 

.3 

1.6 

.1 

.1 

.2 

.1 

Market Share (%) 

1990 

100.0 

39.9 

.1 

1.9 

.0 

.3 

.1 

.2 

.0 

1.1 

.3 

.1 

.8 

.4 

.7 

.0 

.0 

.1 

1.1 

.7 

.0 

.1 

.0 

.7 

10.5 

.1 

.4 

.2 

2.0 

.3 

.9 

.1 

6.1 

.4 

1.9 

.2 

.1 

.1 

.0 

1991 

100.0 

41.9 

.1 

2.4 

.0 

.3 

.1 

.0 

.0 

1.1 

.3 

.1 

.5 

.4 

.8 

.2 

.0 

.1 

.7 

.6 

.0 

.1 

.0 

.6 

11.7 

.1 

.6 

.2 

2.0 

.2 

1.3 

.2 

6.2 

.3 

1.7 

.2 

.1 

.1 

.0 
(Continued) 
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Table 1-8 (Continued) 
Each Company's Factory Revenue from Shipments of MOS D^tal ICs to the World 
(MllUons of U.S. Dollars) 

Standard Microsystenos 

Sujjertex 

Texas Instalments 

TRW 

Universal 

Vitelic 

VLSI Technology 

VTC 

WaferScale Integration 

Weitek 

Western Digital 

Xicor 

Xilinx 

Zilog 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

NMB Semiconduaor 

Oki 

Ricoh 

Rohm 

Sanyo 

Seiko Epson 

Sharp 

Sony 

Toshiba 

Yamaha 

Other Japanese Companies 

European Companies 

ABB-HAFO 

Austria Mikro Systeme 

Ericsson 

1989 

42 

0 

1,603 

5 

9 

66 

286 

17 

35 

49 

135 

87 

44 

99 

183 

16,535 

26 

1,822 

2,210 

832 

1,628 

3,271 

34 

127 

966 

84 

59 

339 

345 

756 

346 

2,729 
121 

840 

2,028 

23 

47 

7 

Revenue 

1990 

49 
6 

1367 

6 

10 

64 

324 

7 

33 

57 

148 

68 

84 

100 

44 

14,389 

25 

1,602 

2,113 

798 

1,263 

3,118 

8 

96 

845 

89 

69 
324 

185 

826 

348 

2,553 

127 

0 

2,082 

24 

37 

8 

1991 

45 

5 

1,630 

7 

10 

85 

414 

0 

33 

39 

209 

91 

130 

110 

68 

15,615 

24 

1,738 

2,280 

915 

1,395 

3,443 

11 

60 

871 

91 

97 

320 

208 

890 

431 

2,692 

148 

1 

2,130 

24 

39 
16 

1989 

.1 

.0 

5.1 

.0 

.0 

.2 

.9 

.1 

.1 

.2 

.4 

.3 

.1 

.3 

.6 

53.1 

.1 

5.9 

7.1 

2.7 

5.2 

10.5 

.1 

.4 

3.1 

.3 

.2 

1.1 

1.1 

2.4 

1.1 

8.8 

.4 

2.7 

6.5 
.1 

.2 

.0 

Market Share (%) 

1990 

.2 

.0 

4.5 

.0 

.0 

.2 

1.1 

.0 

.1 

.2 

.5 

.2 

.3 

.3 

.1 

47.7 

.1 

5.3 

7.0 

2.6 

4.2 

10.3 

.0 

.3 

2.8 

.3 

.2 

1.1 

.6 

2.7 

1.2 

8.5 

.4 

.0 

6.9 
.1 

.1 

.0 

1991 
.1 

.0 

4.8 

.0 

.0 

.2 

1.2 

.0 

.1 

.1 

.6 

.3 

.4 

.3 

.2 

45.5 

.1 

5.1 

6.6 

2.7 

4.1 

10.0 

.0 

.2 

2.5 

.3 

.3 

.9 

.6 

2.6 

1.3 

7.8 

.4 

.0 

6.2 

.1 

.1 

.0 
(Continued) 
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Table 1-8 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Digital ICs to the World 

(MilUons of U.S. Dollars) 

Eurojjean Silicon Structures 

Eurosil 

GEO Plessey 

Matra MHS 

MEDL 

Mietec 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

Telefunken Electronic 

TMS 

Other European Companies 

Asia/Pacific Companies 

Daewoo 

Goldstar 

Hualon Microelectronics Corp. 

Hyundai 

Macronix 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

Winbond Electronics 

Other Asia/Pacific Companies 

1989 

18 

30 

0 

85 

35 

52 

385 

83 

589 

601 

8 

20 

26 

19 

1,637 

0 

106-

NA 

210 

31 

1,066 

NA 

210 

NA 

14 

Revenue 

1990 

27 

39 

115 

96 

0 

20 

514 

0 

563 

592 

5 

23 

19 

0 

1,651 

1 

117 

49 

115 

7 

1,146 

33 

150 

32 

1 

1991 

28 

22 

131 

99 

0 

22 

546 

0 

558 

607 

4 

12 

22 

0 

2,193 

6 

273 

70 

248 

31 

1,269 

28 

200 

68 

0 

1989 

.1 

.1 

.0 

.3 

.1 

.2 

1.2 

.3 

1.9 

1.9 

.0 

.1 

.1 

.1 

5.3 

.0 

.3 

NA 

.7 

.1 

3.4 

NA 

.7 

NA 

.0 

Market Share (%) 

1990 

.1 

.1 

.4 

.3 

.0 

.1 

1.7 

.0 

1.9 

2.0 

.0 

.1 

.1 

.0 

5.5 

.0 

.4 

.2 

.4 

.0 

3.8 

.1 

.5 

.1 

.0 

1991 

.1 

.1 

.4 

.3 

.0 

.1 

1.6 

.0 

1.6 

1.8 

.0 

.0 

.1 

.0 

6.4 

.0 

.8 

.2 

.7 

.1 

3.7 

.1 

.6 

.2 

.0 

NA - Not available 

Source: Dataquest Oune 1992) 
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Table 1-9 
Each Company's Factory Revenue from Shipments of N/PMOS Digital ICs to the World 
(MilUons of U^. Dollars) 

Total Market 

North American Conqsanies 

Advanced Micro Devices 

Allegro Microsystems 

AT&T 

Gould AMI 

Harris 

Hughes 

Intel 

Int"! Microelectronic Prod. 

rrr 
Microchip Technology 

Micron Technology 

Motorola 

NCR 

National Semiconduaor 

Rockwell 

SEEQ Technology 

Standard Microsystems 

Texas Instruments 

Xicor 

Zilog 

Other North American Companies 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Oki 

Ricoh 

Rohm 

Sanyo 

Sharp 

Sony 

Toshiba 

Yamaha 

Other Japanese Companies 

1989 

9,663 

3,634 

327 

4 

39 

32 

13 

1 

1,276 

6 
80 

55 

298 

197 

14 

54 

42 

11 

10 

1,048 

68 

55 

4 

4,846 

377 

446 

324 

870 

948 

319 

34 

1 

74 

193 

49 

811 

1 

399 

Revenue 

1990 

6,547 

2,233 

252 

0 

48 

7 

2 

1 

1,104 

4 

43 

24 

71 

66 

9 

68 

40 

5 

9 

371 

53 

56 

0 

3,616 

330 

426 

290 

623 

841 

208 

32 

2 

28 

209 

37 

590 

0 

0 

1991 

6,005 

1,860 

158 

0 

40 

0 

0 

1 

1,180 

4 

70 

18 

0 

152 

1 

37 

20 

4 

5 

99 

36 

35 

0 

3,492 

320 

437 

304 

603 

729 

189 

29 
2 

16 

230 

41 

592 

0 

0 

1989 
100.0 

37.6 

3.4 

.0 

.4 

.3 

.1 

.0 

13.2 

.1 

.8 

.6 

3.1 

2.0 

.1 

.6 

.4 

.1 

.1 

10.8 

.7 

.6 

.0 

50.2 

3.9 

4.6 

3.4 

9.0 

9.8 

3.3 

.4 

.0 

.8 

2.0 

.5 
8.4 

.0 

4.1 

Market Share (%) 
1990 

100.0 

34.1 

3.8 

.0 

.7 

.1 

.0 

.0 

16.9 

.1 

.7 

.4 

1.1 

1.0 

.1 

1.0 

.6 

.1 

.1 

5.7 

.8 

.9 

.0 

55.2 

5.0 

6.5 

4.4 

9.5 

12.8 

3.2 

.5 

.0 

.4 

3.2 

.6 

9.0 

.0 

.0 

1991 
100.0 

31.0 

2.6 

.0 

.7 

' .0 

.0 

.0 

19.7 

.1 

1.2 

.3 

.0 

2.5 

.0 

.6 

.3 

.1 

.1 

1.6 

.6 

.6 

.0 

58.2 

5.3 

7.3 

5.1 

10.0 

12.1 

3.1 

.5 

.0 

.3 

3.8 

.7 

9.9 

.0 

.0 
(Continued) 
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Table 1-9 (Continued) 
Each Company's Factory Revenue £rom Shipments of N/PMOS Digital ICs to the World 

(Millions of U.S. Dollars) 

European Companies 

Austria Mikro Systeme 

GEC Plessey 

Mietec 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

Telefunken Electronic 

TMS 

Other Eurofjean Companies 

Asia/Pacific Companies 

Goldstar 

Hualon Microelectronics Corp. 

Hyundai 

Macronix 

Samsung 

United Microelectronics 

1989 

627 

11 

0 

7 

93 

12 

228 

242 

2 

20 

5 

7 

556 

32 

NA 

1 

31 

422 

70 

Revenue 

1990 

593 

11 

15 

7 

94 

0 

204 

235 

0 

23 

4 

0 

105 

6 

0 

0 

7 

42 

50 

1991 

569 

17 

11 

3 

106 

0 

183 

233 

0 

12 

4 

0 

84 

2 

10 

0 

0 

41 

31 

1989 

6.5 

.1 

.0 

.1 

1.0 

.1 

2.4 

2.5 

.0 

.2 

.1 

.1 

5.8 

.3 

NA 

.0 

.3 

4.4 

.7 

Market Share (%) 

1990 

9.1 

.2 

.2 

.1 

1.4 

.0 

3.1 

3.6 

.0 

.4 

.1 

.0 

1.6 

.1 

.0 

.0 

.1 

.6 

.8 

1991 

9.5 

.3 

.2 

.0 

1.8 

.0 

3.0 

3.9 

.0 

.2 

.1 

.0 

1.4 

.0 

.2 

.0 

.0 

.7 

.5 

NA - Not available 
Source: Dataquest Oune 1992) 
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Table 1-10 
Each Company's Factory Revenue from Shipments of CMOS Digital ICs to the World 
(Millions of U.S. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

Total Market 20,905 23,179 27,749 10.0 100.0 100.0 

North American Companies 

Actel 

Advanced Micro Devices 

Allegro Microsystems 

Altera 

Analog Devices 

^ p i a n Technology 

AT&T 

Atmel 

Catalyst 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconduaor 

Dallas Semiconductor 

Exar 

Gould AMI 

Harris 

Hewlett Packard 

Honeywell 

Hughes 

IMI 

Integrated Device Technology 

Intel 

Int'l Microelectronic Prod. 

rrr 
Lattice 

LSI Logic 

Microchip Technology 

Micron Technology 

MOSel 

Motorola 

NCR 

National Semiconductor 

Performance Semiconductor 

SEEQ Technology 

Sierra Semiconduaor 

Standard Microsystems 

Supertex 

7,197 

7 

222 

4 

59 

20 

37 

252 

73 

31 

216 

29 

195 

10 

3 

20 

340 

NA 

4 

36 

15 

202 

1,144 

27 

105 

31 

507 

69 

97 

20 

1,387 

80 

429 

32 

42 

27 

32 

0 

9,694 

21 

318 

2 

78 

20 

50 

289 

98 

35 

240 

129 

222 

14 

0 

32 

318 

200 

4 

33 

14 

191 

2,053 

24 

64 
62 

591 

61 

215 

31 

1,737 

106 

483 

51 

40 

6 

40 

6 

12,353 

37 

674 

2 

107 

20 

15 

343 

118 

32 

165 

151 

271 

62 

0 

40 

231 

206 

0 

31 

14 

191 

2,826 

22 

125 

68 

665 

63 

455 

75 

1,954 

116 

501 

54 

35 

7 

40 

5 

34.4 

.0 

1.1 

.0 

.3 

.1 

.2 

1.2 

.3 

.1 

1.0 

.1 

.9 

.0 

.0 

.1 

1.6 

NA 

.0 

.2 

.1 

1.0 

5.5 

.1 

.5 

.1 

2.4 

.3 

.5 

.1 

6.6 
A 
2.1 

.2 

.2 

.1 

.2 

.0 

41.8 

.1 

1.4 

.0 

.3 

.1 

.2 

1.2 

.4 

.2 

1.0 

.6 
1.0 

.1 

.0 

.1 

1.4 

.9 

.0 

.1 

.1 

.8 

8.9 

.1 

.3 

.3 

2.5 

.3 

.9 

.1 

7.5 

.5 

2.1 

.2 

.2 

.0 

.2 

.0 

44.5 

.1 

2.4 

.0 

' .4 

.1 

.1 

1.2 

.4 

.1 

.6 

.5 
1.0 

.2 

.0 

.1 

.8 

.7 

.0 

.1 

.1 

.7 

10.2 

.1 

.5 

.2 

2.4 

.2 

1.6 

.3 

7.0 

.4 

1.8 

.2 

.1 

.0 

.1 

.0 
(Continued) 
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Table 1-10 (Continued) 
Each Company's Factory Revenue from Shipments of CMOS Digital ICs to the World 

(MiUions of U.S. Dollars) 

Texas Instruments 

TRW 

Universal 

Vitelic 

VLSI Technology 

VTC 

WafetScale Integration 

Weitek 

Western Digital 

Xicor 

Xilinx 

Zilog 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

NMB Semiconductor 

Oki 

Ricoh 

Rohm 

Sanyo 

Seiko Epson 

Sharp 

Sony 

Toshiba 

Yamaha 

Other Japanese Companies 

European Companies 

ABB-HAFO 

Austria Mikro Systeme 

Ericsson 

European Silicon Structures 

Eurosil 

1989 

539 

5 

9 

66 

286 

17 

35 

49 

135 

19 

44 

44 

145 

11,276 

23 

1,342 

1,665 

508 

758 

2,242 

34 

127 

585 

49 

58 

265 

345 

563 

297 

1,854 

120 

441 

1,365 

23 

36 

7 

18 

30 

Revenue 

1990 

980 

6 
10 

64 

324 

7 

33 

57 

148 

15 

84 

44 

44 

10,467 

22 

1,182 

1,591 

508 

640 

2,188 

8 

96 
613 

56 

67 

296 

185 

617 

308 

1,963 

127 

0 

1,472 

24 

26 

8 

27 

39 

1991 

1,507 

7 

10 

85 

414 

0 

33 

39 

209 

55 

130 

75 

68 

11,741 

22 

1,311 

1,728 

611 

792 

2,600 

11 

60 

656 

61 

95 

301 

208 

660 

386 

2,090 

148 

1 

1,547 

24 

22 

16 

28 

22 

1989 

2.6 

.0 

.0 

.3 

1.4 

.1 

.2 

.2 

.6 

.1 

.2 

.2 

.7 

53.9 

.1 

6.4 

8.0 

2.4 

3.6 

10.7 

.2 

.6 
2.8 

.2 

.3 

1.3 

1.7 

2.7 

1.4 

8.9 

.6 

2.1 

6.5 
.1 

.2 

.0 

.1 

.1 

Market Share (%) 

1990 

4.2 

.0 

.0 

.3 

1.4 

.0 

.1 

.2 

.6 

.1 

.4 

.2 

.2 

45.2 

.1 

5.1 

6.9 

2.2 

2.8 

9.4 

.0 

.4 

2.6 

.2 

.3 

1.3 

.8 

2.7 

1.3 

8.5 

.5 

.0 

6.4 

.1 

.1 

.0 

.1 

.2 
(Cont 

1991 

5.4 

.0 

.0 

.3 

1.5 

.0 

.1 

.1 

.8 

.2 

.5 

.3 

.2 

42.3 

.1 

4.7 

6.2 

2.2 

2.9 

9.4 

.0 

.2 

2.4 

.2 

.3 

1.1 

.7 

2.4 

1.4 

7.5 

.5 

.0 

5.6 

inued) 
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Table 1-10 (Continued) 
Each Company's Factory Revenue from Shipments of CMOS Dista l ICs to the World 
(Millions of U.S. Dollars) 

1989 
Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

GEC Plessey 

Matra MHS 

MEDL 

Mietec 

Philips 

Plessey 

SOS-lhomson 

Siemens 

STC 

TMS 

Other European Companies 

Asia/Pacific Companies 

Daewoo 

Goldstar 

Hualon Microelectronics Corp. 

Hyundai 

Macronix 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

Winbond Electronics 

Other Asia/Pacific Companies 

0 
85 

35 
22 

292 

71 

351 

359 

3 
21 

12 

1,067 

0 

74 

NA 

209 
0 

644 

NA 

140 

NA 

0 

100 
96 

0 

13 
420 

0 

347 

357 

0 

15 
0 

1,546 

1 

111 

49 

115 
0 

1,104 

33 

100 

32 

1 

120 
99 
0 

19 
440 

0 

361 

374 

4 

18 

0 

2,108 

6 

271 
60 

248 

31 
1,228 

28 

169 

67 

0 

.0 

.4 

.2 

.1 

1.4 

.3 

1.7 

1.7 

.0 

.1 

.1 

5.1 

.0 

.4 

NA 

1.0 

.0 

3.1 

NA 

.7 

NA 

.0 

.4 

.4 

.0 

.1 

1.8 

.0 

1.5 

1.5 
.0 

.1 

.0 

6.7 

.0 

.5 

.2 

.5 

.0 

4.8 

.1 

.4 

.1 

.0 

.4 

.4 

.0 

.1 

1.6 

.0 

1.3 

1.3 
.0 

.1 

.0 

7.6 

.0 

1.0 

.2 

.9 

.1 

4.4 

.1 

.6 

.2 

.0 

NA - Not available 

Source: Dataquest 0"ne 1992) 
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Table 1-11 
Each Company's Factory Revenue from Shipments of BiCMOS Digital ICs to the World 

(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Allegro Microsystems 

Applied Micro Circuits Corp. 

AT&T 

Cypress Semiconductor 

Harris 

Integrated Device Technology 

LSI Logic 

Motorola 

National Semiconductor 

Texas Instruments 

Other North American Companies 

Japanese Conpanies 

Fuji Electric 

Fujitsu 

Hitachi 

NEC 

Oki 

Ricoh 

Sanyo 

Sony 

Toshiba 

European Companies 

Mietec 

SGS-Thomson 

STC 

Asia/Pacific Companies 

Winbond Electronics 

Other Asia/Pacific Companies 

1989 

572 

109 

8 

2 

0 

1 

9 

1 

5 

3 

30 

16 

34 

413 

3 

103 

99 

81 

62 

1 

0 

0 

64 

36 

23 

10 

3 

14 

NA 

14 

Revenue 

1990 

426 

103 

0 

4 

0 

1 

15 

5 

5 

23 

34 

16 

0 

306 

3 

90 

96 

89 

24 

1 

0 

3 

0 

17 

0 

' 12 

5 

0 

0 

0 

1991 

561 

164 

0 

6 

8 

10 

15 

7 

5 

38 

51 

24 

0 

382 

2 

107 

115 

114 

26 

1 

3 

4 

10 

14 

0 

14 

0 

1 

1 

0 

1 9 ^ 

100.0 

19.1 

1.4 

.3 

.0 

.2 

1.6 

.2 

.9 

.5 

5.2 

2.8 

5.9 

72.2 

.5 

18.0 

17.3 

14.2 

10.8 

.2 

.0 

.0 

11.2 

6.3 

4.0 

1.7 

.5 

2.4 

NA 

2.4 

Market Share (%) 

1990 

100.0 

24.2 

.0 

.9 

.0 

.2 

3.5 

1.2 

1.2 

5.4 

8.0 

3.8 

.0 

71.8 

.7 

21.1 

22.5 

20.9 

5.6 

.2 

.0 

.7 

.0 

4.0 

.0 

2.8 

1.2 

.0 

.0 

.0 

1991 

100.0 

29.2 

.0 

1.1 

1.4 

1.8 

2.7 

1.2 

.9 

6.8 

9.1 

4.3 

.0 

68.1 

.4 

19.1 

20.5 

20.3 

4.6 

.2 

.5 

.7 

1.8 

2.5 

.0 

2.5 

.0 

.2 

.2 

.0 

NA - Not available 
Source: Dataquest 0"ne 1992) 
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Table 1-12 
Each Company's Factory Revenue from Shipments of MOS Memory ICs to the World 
(MlUlons of U.S. Dollars) 

Total Market 

North American Companies 

Ad'vanced Micro Devices 

AT&T 

Atmel 

Catalyst 

Cypress Semiconduaor 

Dallas Semiconductor 

Gould AMI 

Harris 

Honeywell 

Integrated Device Technology 

Intel 

Intl Microelectronic Prod. 

rrr 
Microchip Technology 

Micron Technology 

MOSel 

Motorola 

NCR 

National Semiconduaor 

Performance Semiconductor 

SEEQ Technology 

Texas Instruments 

•VTitelic 

VLSI Technology 

WaferScale Integration 

Xicor 

Other North American Companies 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

NMB Semiconduaor 

Oki 

Ricoh 

1989 

15,405 

3,651 

258 

13 

47 

31 

149 

10 

25 

37 

2 

158 

433 

17 

10 

94 

395 

20 

407 

8 

132 

16 

40 

1,095 

66 

23 

28 

87 

50 

9,678 

1,188 

1,396 

362 

1,117 

1,594 

127 

441 

28 

Revenue 

1990 

12,128 

2,977 

253 

13 

54 

35 

166 

14 

14 

24 

2 

132 

371 

8 

0 

60 

286 

31 

395 

4 

137 

19 

33 
741 

64 

8 

27 

68 

18 

7,095 

913 

1,224 

265 

745 

1,233 

96 

350 

26 

1991 

12,841 

3,298 

270 

4 

78 

32 

186 

21 

11 

23 

0 

128 

395 

6 

10 

57 

455 

75 
412 

3 

112 

18 

33 

738 

85 

0 

23 

91 

32 

7,141 

909 
1,330 

217 
762 

1,242 

60 

380 

8 

1989 
100.0 

23.7 

1.7 

.1 

.3 

.2 

1.0 

.1 

.2 

.2 

.0 

1.0 

2.8 

.1 

.1 

.6 

2.6 

.1 

2.6 

.1 

.9 

.1 

.3 

7.1 

.4 

.1 

.2 

.6 

.3 

62.8 

7.7 

9.1 

2.3 

7.3 

10.3 

.8 

2.9 

.2 

Market Share (%) 

1990 

100.0 

24.5 

2.1 

.1 

.4 

.3 

1.4 

.1 

.1 

.2 

.0 

1.1 

3.1 

.1 

.0 

.5 

2.4 

.3 

3.3 
.0 

1.1 

.2 

.3 

6.1 

.5 

.1 

.2 

.6 

.1 

58.5 

7.5 

10.1 

2.2 

6.1 

10.2 

.8 

2.9 

.2 

1991 
100.0 

25.7 

2.1 

.0 

.6 

.2 

1.4 

.2 

.1 

.2 

.0 

1.0 

3.1 

.0 

.1 

.4 

3.5 

.6 

3.2 

.0 

.9 

.1 

.3 

5.7 

.7 

.0 

.2 

.7 

.2 

55.6 

7.1 

10.4 

1.7 

5.9 

9.7 

.5 

3.0 

.1 
(Continued) 

©1992 Dataquest Incorporated June—Reproduction Prohibited 



36 Semiconductor Procurement 

Table 1-12 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Memory ICs to the World 
(MiUlons of U.S. Dollars) 

Rohm 

Sanyo 

Seiko Epson 

Sharp 

Sony 

Toshiba 

Yamaha 

Other Japanese Companies 

Eurojjean Companies 

Eurosil 

GEC Plessey 

Matra iVIHS 

MEDL 

Philips 

Plessey 

SGS-Thomson 

Siemens 

Asia/Pacific Companies 

Goldstar 

Hualon Microelectronics Corp. 

Hyundai 

Macronix 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

"Winbond Electronics 

1989 

5 

118 

137 

434 

215 

1,681 

0 

835 

716 

0 

0 

31 

7 

60 

3 

239 

376-

1,360 

82 

NA 

210 

31 

935 

NA 

102 

NA 

Revenue 

1990 

13 

86 

55 

454 

204 

1,431 

0 

0 

731 

0 

8 

37 

0 

96 

0 

278 

312 

1,325 

96 

39 

115 

7 

971 

17 

66 

14 

1991 
28 

82 

37 

476 

183 

1,425 
2 

0 

682 

1 

0 

35 

0 

75 

0 

273 

298 

1,720 

249 

27 

248 

31 

1,066 

15 

58 

26 

1989 
.0 

.8 

.9 
2.8 

1.4 

10.9 

.0 

5.4 

4.6 

.0 

.0 

.2 

.0 

.4 

.0 

1.6 

2.4 

8.8 

.5 
NA 

1.4 

.2 

6.1 

NA 

.7 

NA 

Market Share (%) 

1990 

.1 

.7 

.5 

3.7 

1.7 

11.8 

.0 

.0 

6.0 

.0 

.1 

.3 

.0 

.8 

.0 

2.3 

2.6 

10.9 

.8 

.3 

.9 

.1 

8.0 

.1 

.5 

.1 

1991 
.2 

.6 

.3 

3.7 

1.4 

11.1 

.0 

.0 

5.3 

.0 

.0 

.3 

.0 

.6 

.0 

2.1 

2.3 

13.4 

1.9 

.2 

1.9 
.2 

8.3 
.1 

.5 

.2 

NA - Not availaUe 

Source: DaUquest Qxme 1992) 
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Table 1-13 
Each Company's Factory Revenue from Shipments of MOS Mlcrocomponent ICs to the World 
(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

Analog Devices 

Appian Technology 

AT&T 

Atmel 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Dallas Semiconductor 

Harris 

Hughes 

Integrated Device Technology 

Intel 

ITT 

LSI Logic 

Microchip Technology 

Motorola 

NCR 

National Semiconductor 

Performance Semiconductor 

Rockwell 

SEEQ Technology 

Sierra Semiconductor 

Standard Microsystems 

Supertex 

Texas Instruments 

TKW 

VLSI Technology 

WaferScale Integration 

Weitek 

Western Digital 

Zilog 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

1989 
7,808 

4,367 

172 

20 

30 

21 

0 

216 

29 
11 

0 

115 

2 

13 

1,929 

25 

67 

18 

767 

22 

169 

13 

42 

0 

1 

34 

0 

252 

5 

94 

2 

49 

135 

99 

15 

2,955 

0 

197 

Revenue 

1990 

9,584 

5,743 

178 

20 

38 

21 

0 

240 

129 

15 

0 

110 

2 

20 

2,726 

28 

93 

16 

970 

31 

242 

24 

40 

12 

1 

40 

0 

320 

6 

105 

2 

57 

148 

100 

9 

3,236 

1 

213 

1991 
11,774 

7,256 

395 

20 

8 

33 
2 

165 

151 

48 

41 

65 

2 

20 

3,578 

35 

115 

15 

1,171 

39 

286 

28 

20 

6 

1 

40 

2 

419 

7 

165 

7 

39 

209 

110 

14 

3,824 

1 

244 

1989 
100.0 

55.9 

2.2 

.3 

.4 

.3 

.0 

2.8 

.4 

.1 

.0 

1.5 

.0 

.2 

24.7 

.3 

.9 

.2 

9.8 

.3 

2.2 

.2 

.5 

.0 

.0 

.4 

.0 

3.2 

.1 

1.2 

.0 

.6 

1.7 

1.3 
.2 

37.8 

.0 

2.5 

Market Share (%) 

1990 

100.0 

59.9 

1.9 

.2 

.4 

.2 

.0 

2.5 

1.3 
.2 

.0 

1.1 

.0 

.2 

28.4 

.3 

1.0 

.2 

10.1 

.3 

2.5 

.3 

.4 

,1 

.0 

.4 

,0 

3.3 

.1 

1.1 

.0 

.6 

1.5 

1.0 

,1 

33.8 

.0 

2.2 

1991 
100,0 

61.6 

3.4 

.2 

.1 

.3 

.0 

1.4 

1.3 

.4 

.3 

.6 

.0 

.2 

30.4 

.3 

1.0 

.1 

9.9 

.3 

2.4 

.2 

.2 

.1 

.0 

.3 

.0 

3.6 

.1 

1.4 

.1 

.3 

1.8 

.9 

.1 

32.5 

.0 

2.1 
CContinued) 
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Table 1-13 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponent ICs to the World 
(MiUions of U.S. Dollars) 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Oki 

Ricoh 

Rohm 

Sanyo 

Seiko Epson 

Sharp 

Sony 

Toshiba 

Other Japanese Companies 

European Companies 

Eurosil 

GEC Plessey 

Matra MHS 

MEDL 

Philips 

Plessey 

SGS-Thomson 

Siemens 

TMS 

Asia/Pacific Companies 

Goldstar 

Hualon Microelectronics Corp. 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

Winbond Electronics 

1989 

505 

218 

431 

841 

142 

21 

17 

63 
11 

104 

43 
361 

1 

433 
2 

0 

28 

3 

131 

3 
161 

92 

13 

53 
2 

NA 

8 

NA 

43 
NA 

Revenue 

1990 

546 

250 

441 

981 

131 
22 

17 

71 

10 

124 

43 

386 

0 

538 

4 

8 

33 

0 

192 

0 

175 

116 

10 

67 

3 
0 

22 

3 

39 
0 

1991 

583 
321 

543 

1,149 

137 

62 

23 

69 

16 

134 

88 

454 

0 

567 

0 

5 

37 

0 

212 

0 

167 

134 

12 

127 

11 

9 

27 

4 

62 

14 

1989 

6.5 
2.8 

5.5 

10.8 

1.8 

.3 

.2 

.8 

.1 

1.3 

.6 

4.6 

.0 

5.5 
.0 

.0 

.4 

.0 

1.7 

.0 
2.1 

1.2 

.2 

.7 

.0 

NA 

.1 

NA 

.6 

NA 

Market Share (%) 

1990 

5.7 

2.6 

4.6 

10.2 

1.4 

.2 

.2 

.7 

.1 

1.3 
.4 

4.0 

.0 

5.6 

.0 

.1 

.3 

.0 

2.0 

.0 

1.8 

1.2 

.1 

.7 

.0 

.0 

.2 

.0 

.4 

.0 

1991 
5.0 

2.7 

4.6 

9.8 

1.2 

.5 

.2 

.6 

.1 

1.1 

.7 

3.9 
.0 

4.8 

.0 

.0 

.3 

.0 

1.8 

.0 

1.4 

1.1 

.1 

1.1 

.1 

.1 

.2 

.0 

.5 

.1 

NA - Not available 
Sourcet Dataquest Qune 1992) 
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Table 1-14 
Each Company's Factory Revenue from Shipments of MOS Logic ICs to the World 
(MiUions of U.S. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

Total Market 7,927 8,440 9,700 100.0 100.0 100.0 

North American Companies 

Aael 

Advanced Micro Devices 

Allegro Microsystems 

Altera 

Appian Technology 

Applied Micro Circuits Corp. 

AT&T 

Atmel 

Cypress Semiconduaor 

Exar 

Gould AMI 

Harris 

Hewlett Packard 

Honeywell 

Hughes 

IMI 

Integrated Device Technology 

Intel 

Int'l Microelectronic Prod. 

rrr 
Lattice 

LSI Logic 

Microchip Technology 

Motorola 

NCR 

National Semiconduaor 

Performance Semiconduaor 

SEEQ Technology 

Sierra Semiconduaor 

Standard Microsystems 

Supertex 

Texas Instruments 

Universal 

VLSI Technology 

VTC 
WaferScale Integration 

Xilinx 

Other North American Companies 

2,922 

7 

119 

16 

59 

7 

2 

257 

26 

36 

3 

27 

210 

NA 

2 

35 

15 

32 

58 

16 

150 

31 

445 

12 

413 

64 
212 

3 

13 

26 

8 

0 

256 

9 

169 

17 

5 

44 

118 

3,310 

21 

139 

2 

78 

12 

4 

303 

44 

42 

0 

25 

201 

200 

2 

32 

14 

44 

60 

20 

79 

62 

503 

9 

461 

80 

206 

8 

0 

5 

9 

6 

306 

10 

211 

7 

4 

84 

17 

3,823 

37 

167 

2 

107 

7 

6 
354 

38 

47 

0 

29 

158 

206 

0 

30 

14 

50 

33 

20 

150 

68 

555 

9 

561 

75 

191 

8 

0 

6 

5 

3 

473 

10 

249 

0 

3 

130 

22 

36.9 

.1 

1.5 

.2 

.7 

.1 

.0 

3.2 

.3 

.5 

.0 

.3 

2.6 

NA 

.0 

.4 

.2 

.4 

.7 

.2 

1.9 

.4 

5.6 

.2 

5.2 

.8 

2.7 

.0 

.2 

.3 

.1 

.0 

3.2 

.1 

2.1 

.2 

.1 

.6 

1.5 

39.2 

.2 

1.6 

.0 

.9 

.1 

.0 

3.6 

.5 

.5 

.0 

.3 

2.4 

2.4 

.0 

.4 

.2 

.5 

.7 

.2 

.9 

.7 

6.0 

.1 

5.5 

.9 

2.4 

.1 

.0 

.1 

.1 

.1 

3.6 

.1 

2.5 

.1 

.0 

1.0 

.2 

39.4 

.4 

1.7 

.0 

1.1 

.1 

.1 

3.6 

.4 

.5 

.0 

.3 
1.6 

2.1 

.0 

.3 

.1 

.5 

.3 

.2 

1.5 

.7 

5.7 

.1 

5.8 

.8 

2.0 

.1 

.0 

.1 

.1 

.0 

4.9 

.1 

2.6 

.0 

.0 

1.3 
.2 

(Continued) 
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Table 1-14 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Logic ICs to the World 
(MilUons of U.S. Dollars) 

Japanese Companies • 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Ricoh 

Rohm 

Sanyo 

Seiko Epson 

Sharp 

Sony 

Toshiba 

Yamaha 

Other Japanese Companies 

European Companies 

ABB-HAFO 

Austria Mikro Systeme 

Ericsson 

Exiiopean Silicon Structures 

Eurosil 

GEC Plessey 

Matra MHS 

MEDL 

Mietec 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

Telefunken Electronic 

TMS 
Other European Companies 

1989 

3,902 

26 

437 

309 
252 

80 

836 

34 

383 

35 

37 

158 

197 

218 

88 

687 

. 121 

4 

879 

23 
47 

7 

18 

28 

0 

26 

25 
52 

194 

77 

189 

133 
8 

20 

13 

19 

Revenue 

1990 

4,058 

24 

476 

343 

283 

77 

904 

8 

364 

41 

39 
167 

120 

248 

101 

736 

127 

0 

813 

24 

37 

8 

27 

35 

99 
26 

0 

20 

226 

0 

110 

164 

5 

23 

9 
0 

1991 

4,650 

23 

585 

367 

377 

90 

1,052 

11 

354 

21 

46 

169 

155 
280 

160 

813 
146 

1 

881 

24 

39 
16 

28 

21 

126 

27 

0 

22 

259 
0 

118 

175 
4 

12 

10 

0 

1989 

49.2 

.3 

5.5 

3.9 
3.2 

1.0 

10.5 
.4 

4.8 
.4 

.5 
2.0 

2.5 
2.8 
1.1 

8.7 

1.5 
.1 

11.1 

.3 

.6 

.1 

.2 

.4 

.0 

.3 

.3 

.7 
2.4 

1.0 

2.4 

1.7 

.1 

.3 

.2 

.2 

Market Share (%) 

1990 

48.1 

.3 
5.6 

4.1 

3.4 

.9 
10.7 

.1 

4.3 

.5 

.5 
2.0 
1.4 

2.9 
1.2 

8.7 

1.5 
.0 

9.6 

.3 

.4 

.1 

.3 

.4 

1.2 

.3 

.0 

.2 

2.7 
.0 

1.3 

1.9 
.1 

.3 

.1 

.0 

1991 

47.9 
.2 

6.0 

3.8 

3.9 

.9 
10.8 

.1 
3.6 

.2 

.5 
1.7 
1.6 

2.9 
1.6 

8.4 

1.5 
.0 

9.1 
.2 
.4 
.2 

.3 

.2 

1.3 
.3 
.0 
.2 

2.7 
.0 

1.2 

1.8 

.0 

.1 

.1 

.0 
(Continued) 
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Table 1-14 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Logic ICs to the World 
(Millions of U.S. Dollars) 

Asia/Pacific Companies 

Daewoo 

Goldstar 

Hualon Microelectronics Corp. 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

•Winbond Sectronics 

Other Asia/Pacific Companies 

1989 

224 

0 

22 

NA 

123 
NA 

65 
NA 
14 

Revenue 

1990 

259 
1 

18 
10 

153 

13 
45 
18 
1 

1991 

346 

6 
13 
34 

176 

9 
80 
28 
0 

1989 

2.8 
.0 

.3 
NA 

1.6 
NA 

.8 
NA 

.2 

Market Share (%) 

1990 

3.1 
.0 
.2 

.1 
1.8 

. 2 • 

.5 

.2 

.0 

1991 

3.6 
.1 
.1 
.4 

1.8 
.1 

.8 

.3 

.0 

NA - Not availaUe 

Source: Dataquest Qvme 1992) 
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Table 1-15 
Each Company's Factoiy Revenue from Shipments of Analog ICs to the World 
(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

Allegro Microsystems 

Analog Devices 

AT&T 

Atmel 

Brooktree 

Burr-Brown 

Catalyst 

Cherry Semiconduaor 

Cirrus Logic 

Comlinear 

Crystal 

Dallas Semiconduaor 

Elantec 

Exar 

Gennum 

Gould AMI 

Harris 

Honeywell 

Hughes 

IMI 

Integrated Device Technology 

Intel 

Int'l Microelectronic Prod. 

International Rectifier 

ITT 

Kulite 

Linear Technology 

LSI Logic 

Maxim 

Micro Linear 

Micro Power Systems 

Mitel 

Motorola 

NCR 

National Semiconductor 

Precision Monolithics 

1989 

9,159 

3,856 

77 

98 

337 

249 

13 

52 

141 

0 

32 

0 

10 

12 

3 

12 

46-

20 

16 

280 

21 

0 

0 

1 

0 

13 

3 

50 

25 
70 

0 

43 
28 

21 

54 

436 

26 

528 

88 

Revenue 

1990 

10,134 

4.286 

76 

96 

360 

197 

11 

70 

145 

1 

36 

1 

13 

15 

3 

13 

,75 

18 

13 

260 

20 

8 

1 

3 

9 

12 

1 

103 

28 

83 
2 

65 

45 

24 

47 

482 

30 

593 

91 

1991 
10,912 

4,389 

94 

91 

444 

242 

1 

84 

152 

0 

37 

1 

14 

22 

13 

16 

107 

23 

14 

226 

20 

8 

3 

3 

9 

6 

1 

35 

26 

107 

0 

80 

36 

26 

50 

456 

28 

629 

0 

1989 
100.0 

42.1 

.8 

1.1 

3.7 

27 

.1 

.6 

1.5 

.0 

.3 

.0 

.1 

.1 

.0 

.1 

.5 

.2 

.2 

3.1 
.2 

.0 

.0 

.0 

.0 

.1 

.0 

.5 

.3 

.8 

.0 

.5 

.3 

.2 

.6 

4.8 

.3 

5.8 

1.0 

Market Share (%] 

1990 

100.0 

42.3 

.7 

.9 

3.6 

1.9 

.1 

.7 

1.4 

.0 

.4 

.0 

.1 

.1 

.0 

.1 

.7 

.2 

.1 

2.6 

.2 

.1 

.0 

.0 

.1 

.1 

.0 

1.0 

.3 

.8 

.0 

.6 

.4 

.2 

.5 

4.8 

.3 

5.9 

.9 

> 

1991 
100.0 

40.2 

.9 

.8 

4.1 

2.2 

.0 

.8 

1.4 

.0 

.3 

.0 

.1 

.2 

.1 

.1 

1.0 

.2 

.1 

2.1 

.2 

.1 

.0 

.0 

.1 

.1 

.0 

.3 

.2 

1.0 

.0 

.7 

.3 

.2 

.5 
4.2 

.3 

5.8 

.0 
(Continued) 
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Table 1-15 (Continued) 
Each Company's Factory Revenue from Shipments of Analog ICs to the World 
(Millions of U.$. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

Raytheon 

Rockwell 

SEEQ Technology 

Semtech 

Sierra Semiconduaor 

Saicon General 

SUiconix 

Silicon Systems 

Sipex 

Solitron 

Supertex 

Tektronix 

Teledyne 

Texas Instruments 

TRW 

Unitrode 

Universal 

VTC 

Xicor 

Other North American Con^anies 

Japanese Companies 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Ricoh 

Rohm 

Sanken 

Sanyo 

Seiko Epson 

Sharp 

Shindengen Electric 

Sony 

Toko 

Toshiba 

27 

123 

0 

NA 

28 

36 

54 

112 

22 

10 

15 

NA 

20 

417 

15 

50 

4 

27 

3 

88 

3,854 

40 

151 

309 

358 

386 

377 

119 

32 

0 

273 

153 

467 

14 

59 

33 

333 

45 

509 

20 

160 

0 

2 

55 

36 

54 

165 

21 

9 

13 

35 

19 

458 

14 

50 

4 

33 

3 

85 

3,785 

45 

148 

313 

396 

413 

377 

114 

31 

0 

273 

159 

467 

11 

65 

26 

351 

54 

535 

24 

165 

8 

6 

79 

32 

64 

184 

21 

9 

12 

65 

18 

439 

14 

41 

4 

20 

3 

77 

4,327 

31 

179 

358 

412 

477 

422 

122 

32 

6 
341 

171 

599 

12 

66 
50 

394 

33 

612 

.3 

1.3 

.0 

NA 

.3 

.4 

.6 

1.2 

.2 

.1 

.2 

NA 

.2 

4.6 

.2 

.5 

.0 

.3 

.0 

1.0 

42.1 

.4 

1.6 

3.4 

3.9 
4.2 

4.1 

1.3 

.3 

.0 

3.0 

1.7 

5.1 
.2 

.6 

.4 

3.6 

.5 
5.6 

.2 

1.6 

.0 

.0 

.5 

.4 

.5 

1.6 

.2 

.1 

.1 

.3 

.2 

4.5 

.1 

.5 

.0 

.3 

.0 

.8 

37.3 

.4 

1.5 

3.1 

3.9 

4.1 

3.7 

1.1 

.3 

.0 

2.7 

1.6 

4.6 
.1 

.6 

.3 

3.5 

.5 

5.3 

.2 

1.5 

.1 

.1 

.7 

.3 

.6 

1.7 

.2 

.1 

.1 

.6 

.2 

4.0 

.1 

.4 

.0 

.2 

.0 

.7 

39.7 

.3 

1.6 
3.3 

3.8 

4.4 

3.9 

1.1 

.3 

.1 

3.1 

1.6 

5.5 

.1 

.6 

.5 

3.6 

.3 

5.6 
(ContinuecO 
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Table 1-15 (Continued) 
Each Company's Factory Revenue from Shipments of Analog ICs to the World 
(Millions of U.S. Dollars) 

Yamaha 

Other Japanese Companies 

European Companies 

Austria Mikro Systeme 

Ericsson 

Eurosil 

GEC Plessey 

Matta MHS 

MEDL 

Mietec 

Philips 

Plessey 

SGS-Thomson 

Siemens 

STC 

Telefunken Electronic 

TMS 

Other European Companies 

Asia/Pacific Companies 

Daewoo 

Goldstar 

Hualon Microelectronics Corp. 

Korean Electronic Co. 

Samsung 

Winbond Electronics 

Other Asia/Pacific Companies 

NA - Not available 

Source: Dataquest Qune 1992) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

12 

184 

1,278 

9 
47 

0 

0 

0 

4 

0 

522 

35 

393 

152 

5 

101 

7-

3 

171 

10 

9 

NA 

24 

116 

NA 

12 

7 

0 

1,834 

22 

48 

0 

173 

4 

0 

72 

653 

0 

554 

182 

6 

111 

9 

0 

229 

11 

20 

1 

28 

92 

18 

59 

10 

0 

1,938 

31 

58 

7 

185 

5 

0 

83 

664 

0 

578 

181 

5 

118 

11 

12 

258 

14 

12 

1 

33 

112 

16 

70 

.1 

2.0 

14.0 

.1 

.5 

.0 

.0 

.0 

.0 

.0 

5.7 

.4 

4.3 

1.7 

.1 

1.1 

.1 

.0 

1.9 

.1 

.1 

NA 

.3 

1.3 

NA 

.1 

.1 

.0 

18.1 

.2 

.5 

.0 

1.7 

.0 

.0 

.7 

6.4 

.0 

5.5 

1.8 

.1 

1.1 

.1 

.0 

2.3 

.1 

.2 

.0 

.3 

.9 

.2 

.6 

.1 

.0 

17.8 

.3 

.5 

.1 

1.7 

.0 

.0 

.8 

6.1 

.0 

5.3 

1.7 

.0 

1.1 

.1 

.1 

2.4 

.1 

.1 

.0 

.3 

1.0 

.1 

.6 
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Table 1-16 
Each Company's Factory Revenue from Shipments of Discrete Semiconductors to the World 
OfiUions of U.S. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

Total Market 7,320 7,674 8,035 100.0 100.0 100.0 

North American CortJpanies 

Allegro Microsystems 

Analog Devices 

AT&T 

General Instrument 

Harris 

Hewlett Packard 

International Rectifier 

mr 
Microsemi 

Motorola 

National Semiconduaor 

Paweiex. 

Raytheon 

Semtech 

Siliconix 

Solitron 

Sup>ertex 

Teledyne 

Texas Instruments 

Unitrode 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Rohm 

Saiiken 

Sanyo 

Shindengen Electric 

Sony 

Toko 

2,091 

23 

0 

147 

170 

120 

56 

187 

155 

NA 

766 

70 

85 

14 

NA 

67 

27 

8 

0 

60 

59 

77 

3,778 

243 

100 

594 

314 

337 

489 

4 

9 

297 

211 

199 

130 

89 

5 

2,174 

17 

1 

130 

214 

130 

56 
224 

161 

50 

799 

70 

92 

10 

16 

62 

24 

8 

3 

53 

54 

0 

3,783 

248 

107 

575 

339 

311 

479 

4 

9 

314 

221 

197 

133 

76 

6 

1,919 

11 

0 

0 

200 

107 

45 

237 

110 

71 

794 

60 

78 

8 

21 

76 

21 

10 

3 

28 

39 

0 

4,296 

263 

152 

598 

379 

325 

544 

3 

9 

374 

259 

250 

134 

91 

31 

28.6 

.3 

.0 

2.0 

2.3 

1.6 

.8 

2.6 

2.1 

NA 

10.5 

1.0 

1.2 

.2 

NA 

.9 

.4 

.1 

.0 

.8 

.8 

1.1 

51.6 

3.3 

1.4 

8.1 

4.3 

4.6 

6.7 

.1 

.1 

4.1 

2.9 

2.7 
1.8 

1.2 

.1 

28.3 

.2 

.0 

1.7 

2.8 

1.7 

.7 

2.9 

2.1 

.7 

10.4 

.9 

1.2 

.1 

.2 

.8 

.3 

.1 

.0 

.7 

.7 

.0 

49.3 

3.2 

1.4 

7.5 

4.4 
4.1 

6.2 

.1 

.1 

4.1 

2.9 

2.6 

1.7 

1.0 

.1 

23.9 

.1 

.0 

.0 

2.5 

1.3 

.6 
2.9 

1.4 

.9 

9.9 

.7 

1.0 

.1 

.3 

.9 

.3 

.1 

.0 

.3 

.5 

.0 

53.5 

3.3 

1.9 

7.4 

4.7 

4.0 

6.8 

.0 

.1 

4.7 

3.2 

3.1 

1.7 

1.1 

.4 
(Continued) 

©1992 Dataquest Incorporated June—Reproduction Prohibited 



46 Semiconductor Procurement 

Table 1-16 (Continued) 
Each Company's Factory Revenue frota Shipments of Discrete Semiconductors to the World 
(MiUlons of U.S. Dollars) 

Toshiba 

Other Japanese Companies 

European Companies 

ABB-HAFO 

ABB-rXYS 

Eupec 

Fagor 

GEC Plessey 

MEDL 

Philips 

Semikron 

SGS-Thomson 

Siemens 

STC 

TAG 

Telefunken Electronic 

TMS 

Zetex 

Other European Companies 

Asia/Pacific Companies 

Dongsung Semiconductor 

Goldstar 

Korean Electronic Co. 

Samsung 

Other Asia/Pacific Companies 

1989 
724 

33 

1,284 

5 

50 

NA 

29 

0 

21 

442 

95 

282 

232 

2 

22 

95 

2 

NA 

7 

167 

NA 

1 

74 

78 

14 

Revenue 

1990 

764 

0 

1,539 

8 

58 

96 

30 

36 

0 

507 

106 

315 

256 

2 

25 

76 

1 

23 

0 

178 

NA 

0 

79 

77 

22 

1991 
884 

0 

1,588 

6 

54 

93 

29 

35 

0 

531 

108 

299 

245 

2 

30 

89 

1 

25 

41 

232 

30 

0 

95 

92 

15 

1989 

9.9 

.5 

17.5 

.1 

.7 
NA 

.4 

.0 

.3 
6.0 

1.3 

3.9 
3.2 

.0 

.3 

1.3 
.0 

NA 

.1 

2.3 
NA 

.0 

1.0 

1.1 

.2 

Market Share (%) 

1990 

10.0 

.0 

20.1 

.1 

.8 

1.3 
.4 

.5 

.0 

6.6 

1.4 

4.1 

3.3 

.0 

.3 

1.0 

.0 

.3 

.0 

2.3 

NA 

.0 

1.0 

1.0 

.3 

1991 
11.0 

.0 

19.8 

.1 

.7 
1.2 

.4 

.4 

.0 
6.6 

1.3 

3.7 

3.0 

.0 

.4 

1.1 

.0 

.3 

.5 

2.9 
.4 

.0 

1.2 

1.1 

.2 

NA - Not availaUe 

Souice: Dataquest Oune 1992) 
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Table 1-17 
Each Company's Factory Revenue from Shipments of Optoelectronic Semiconductors to the World 
(MiUions of U.S. Dollars) 

Total Market 

North American Companies 

Allegro Microsystems 

AT&T 

Harris 

Hewlett Packard 

Honeywell 

Hughes 

Motorola 

Optek 

Quality Technologies 

Tektronix 

Texas Instruments 

Weitek 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

New JRC 

Oki 

Rohm 

Sanken 

Sanyo 

Sharp 

Sony 

Toshiba 

Other Japanese Companies 

Europ>ean Companies 

ABB-HAFO 

Philips 

Siemens 

Telefunken Electronic 

TMS 

1989 

2,406 

424 

0 

10 

18 

179 

31 

0 

25 

77 

38 

NA 

36 

0 

10 

1,731 

1 

107 

62 

287 

27 

107 

13 

30 

93 

17 

136 

292 

228 

257 

74 

244 

9 

24 

115 

78 

10 

R e v e n u e 

1990 

2,412 

423 

1 

14 

15 

189 

25 

2 

26 

66 

34 

5 

33 

1 

12 

1,694 

1 

108 

63 

281 

29 

108 

13 

28 

102 

19 

149 

303 

235 

255 

0 

267 

10 

31 

131 

78 

16 

1991 

2,804 

449 

0 

32 

9 

191 

25 

0 

28 

52 

34 

5 

58 

0 

15 

1,992 

1 

127 

68 

318 

25 

121 

14 

30 

122 

21 

193 

362 

279 

286 

25 

334 

8 

36 

189 

74 

17 

1989 

100.0 

17.6 

.0 

.4 

.7 

7.4 

1.3 

.0 

1.0 

3.2 

1.6 

NA 

1.5 

.0 

.4 

71.9 

.0 

4.4 

2.6 

11.9 

1.1 

4.4 

.5 

1.2 

3.9 

.7 

5.7 

12.1 

9.5 

10.7 

3.1 

10.1 

.4 

1.0 

4.8 

3.2 

.4 

Market Share (%) 

1990 

100.0 

17.5 

.0 

.6 

.6 

7.8 

1.0 

.1 

1.1 

2.7 

1.4 

.2 

1.4 

.0 

.5 

70.2 

.0 

4.5 

2.6 

11.7 

1.2 

4.5 

.5 

1.2 

4.2 

.8 

6.2 

12.6 

9.7 

10.6 

.0 

11.1 

.4 

1.3 

5.4 

3.2 

.7 

1991 

100.0 

16.0 

.0 

1.1 

.3 

6.8 

.9 

.0 

1.0 

1.9 

1.2 

.2 

2.1 

.0 

.5 

71.0 

.0 

4.5 

2.4 

11.3 

.9 

4.3 

.5 

1.1 

4A 

.7 

6.9 

12.9 

10.0 

10.2 

.9 

11.9 

.3 

1.3 

6.7 

2.6 

.6 
(Continued) 
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Table 1-17 (Continued) 
Each Company's Factory Revenue from Shipments of Optoelectronic Semiconductors to the World 
CMiUioos of U.S. Dollars) 

Zetex 

Other European Companies 

Asia/Pacific Companies 

Korean Sectronic Co. 

Other Asia/Pacific Companies 

1989 
NA 

8 

7 

7 

0 

Revenue 

1990 

1 

0 

28 

7 
21 

1991 
1 

9 

29 
8 

21 

1989 
NA 

.3 

.3 

.3 

.0 

Market Share (%) 

1990 

.0 

.0 

1.2 

.3 

.9 

1991 
.0 

.3 

1.0 

.3 

.7 

NA - Not available 

Source: Dataquest (June 1992) 
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Section 2: Final 1991 Worldwide Semiconductor Market Share 
Rankings 
Table 2-1 
Top 40 Companies' Factory Revenue £rom Shipments of Semiconductors to the World 
(Millions of U.S. Dollars) 

1991 
S a n k 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

1990 
Rank 

1 

2 

5 

3 

4 

7 

6 

8 

10 

9 

11 

13 

12 

15 

16 

14 

17 

18 

19 

21 

22 

23 

20 

27 

32 

25 

24 

29 

26 

28 

30 

41 

31 

35 

53 

34 

NEC 

Toshiba 

Intel 

Motorola 

Hitachi 

Texas Instruments 

Fujitsu 

Mitsubishi 

Matsushita 

Philips 

National Semiconductor 

Samsung 

SGS-Thomson 

Sanyo 

Sharp 

Siemens 

Advanced Micro Devices 

Sony 

Oki 

Rohm 

AT&T 

LSI Logic 

Harris 

Analog Devices 

Micron Technology 

Sanken 

Hewlett Packard 

VLSI Technology 

GEC Plessey 

ITT 

Fuji Electric 

Goldstar 

Telefunken Electronic 

Cypress Semiconduaor 

Hyundai 

International Rectifier 

1990 
Revenue 

4,322 

4,202 

3,171 

3,539 

3,516 

2,574 

2,599 

2,108 

1,826 

1,955 

1,653 

1,315 

1,441 

1,196 

1,194 

1,204 

1,053 

1,010 

954 

759 

737 

598 

800 

381 

286 

399 

445 

324 

390 

371 

319 

163 

295 

223 

115 

225 

1991 
Revenue 

4,774 

4,579 

4,019 

3,802 

3,765 

2,738 

2,705 

2303 

2,037 

2,022 

1,602 

1,473 

1,436 

1,362 

1,318 

1,263 

1,226 

1,196 

981 

934 

713 

670 

623 

464 

455 

451 

442 

414 

392 

340 

319 

307 

300 

281 

248 

238 

Percent 
C h a i s e 

10 

9 

27 

7 

7 

6 

4 

9 

12 

3 

-3 

12 

-0 

14 

10 

5 

16 

18 

3 

23 

-3 

12 

-22 

22 

59 

13 

-1 

28 

1 

-8 

0 

88 

2 

26 

116 

6 

1991 
IVIarket 

Share 

(%) 

8.0 

7.7 

6.7 

6.4 

6.3 

4.6 

4.5 

3.9 

3.4 

3.4 

2.7 

2.5 

2.4 

2.3 

2.2 

2 1 

2.1 

2.0 

1.6 

1.6 

1.2 

1.1 

1.0 

.8 

.8 

.8 

.7 

.7 

.7 

.6 

.5 

.5 

.5 

.5 

.4 

.4 
(Continued) 
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Table 2-1 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of Semiconductors to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

37 

38 

39 
40 

40 

1990 
Rank 

39 

44 

38 

36 

43 

Seiko Epson 

Western Digital 

Integrated Device Technology 

General Instrument 

United Microelectronics 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

196 

148 

199 

214 

150 

- 5,976 

21,047 

25,278 

6,108 

2,112 

1991 
Revenue 

220 

209 

204 

200 

200 

6,469 

22,940 

27,684 

6,336 

2,734 

Percent 
Change 

12 

41 

3 

-7 

33 

8 

9 
10 

4 

29 

1991 
Market 

Share 
(%) 

.4 

.4 

.3 

.3 

-3 

10.8 

38.4 

46.4 

10.6 

4.6 

Total Market 54,545 59,694 100.0 

Source: E>aUquest Qvate 1992) 
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Table 2-2 
Top 40 Companies' Factory Revenue £rom Shipments of Integrated Circuits to the World 
(MiUlons of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

3 
2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

13 

16 

15 

17 

18 

19 
22 

21 

20 

23 

27 

25 
26 

24 

36 

29 

47 

30 

34 

39 

32 

33 

38 

31 

35 

NEC 

Intel 

Toshiba 

ffitachi 

Motorola 

Texas Instruments 

Fujitsu 

Mitsubishi 

National Semiconductor 

Philips 

Samsung 

Matsushita 

Advanced Micro Devices 

SGS-Thomson 

Sharp 

Oki 

Sanyo 

Siemens 

Sony 

AT&T 

LSI Logic 

Harris 

Analog Devices 

Micron Technology 

Rohm 

VLSI Technology 

GEC Plessey 

Goldstar 

Cypress Semiconductor 

Hyundai 

rrr 
Seiko Epson 

Western Digital 

Hewlett Packard 

Integrated Device Technology 

United Microelectronics 

Rockwell 

Silicon Systems 

1990 
Revenue 

3,735 

3,171 

3,183 

2,878 

2,714 

2,488 

2,384 

1,768 

1,583 

1,417 

1,238 

1,206 

1,053 

1,126 

891 

917 

850 

817 

699 

593 
598 

655 

380 

286 

343 
324 

354 

163 

223 

115 

210 

196 

148 

200 

199 

150 

200 

165 

1991 
Revenue 

4,109 

4,019 

3,409 

3,099 

2,980 

2,652 

2,426 

1,953 

1,542 

1,455 

1,381 

1,340 

1,226 

1,137 

956 

942 

919 

829 

826 

681 

670 

507 

464 

455 

438 

414 

357 

307 

281 

248 

230 

220 

209 

206 

204 

200 

185 

184 

Percent 
Change 

10 

27 

7 

8 

10 

7 

2 

10 

-3 

3 
12 

11 

16 

1 

7 

3 
8 
1 

18 

15 
12 

-23 
22 

59 

28 

28 

1 

88 

26 

116 

10 

12 

41 

3 

3 

33 

-8 

12 

1991 
Market 

Share 
(%) 
8.4 

8.2 

7.0 

6.3 

6.1 

5.4 

5.0 

4.0 

3.2 

3.0 

2.8 

2.7 

2.5 

2.3 

2.0 

1.9 

1.9 

1.7 

1.7 

1.4 

1.4 

1.0 

.9 

.9 

.9 

.8 

.7 

.6 

.6 

.5 

.5 

.5 

.4 

.4 

.4 

.4 

.4 

.4 
(Continued) 
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Table 2-2 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of Integrated Circuits to the World 
(MiUioos of U.S. Dollars) 

1991 
Bank 

39 
40 

1990 
Rank 

28 

37 

Chips & Technologies 

Sanken 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

265 

159 

4,415 

18,450 

19,801 

4,302 

1,906 

1991 
Revenue 

181 

171 

4,843 

20,572 

21,396 

4,414 

2,473 

Percent 
Chaise 

-32 

8 

10 

12 

8 

3 
30 

1991 
Market 

Share 
(%) 

A 

A 

9.9 

42.1 

43.8 

9.0 

5.1 

Total Market 44,459 48,855 10 100.0 

Source: Dataquest (June 1992) 
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Table 2-3 
Top 20 Companies' Factory Revenue £rom Shipments of Bipolar Digital ICs to the World 
(MlUions of U.S. Dollars) 

1991 
Bank 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

13 

15 

16 

17 

18 

19 

20 

1990 
Rank 

1 

2 

3 

5 

6 

4 

7 

8 

9 

10 

15 

14 

11 

16 

17 

12 

20 

18 

19 

22 

Texas Instruments 

Fujitsu 

Hitachi 

Motorola 

National Semiconductor 

Advanced Micro Devices 

Philips 

NEC 

Toshiba 

Mitsubishi 

Raytheon 

AT&T 

GEC Plessey 

Siemens 

Oki 

Harris 

Applied Micro Circuits Corp. 

Goldstar 

Chips & Technologies 

Matsushita 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

663 

634 

452 

406 

405 

407 

250 

240 

95 

92 

54 

59 

66 

43 
.. 41 

60 

24 

26 

25 

12 

119 

2,134 

1,627 

386 

26 

1991 
Revenue 

583 

509 

461 

380 

324 

300 

245 

244 

105 

81 

53 

48 

41 

41 

39 

35 

32 

22 

16 

13 

56 

1,806 

1,454 

346 

22 

Percent 
Change 

-12 

-20 

2 

-6 

-20 

-26 

-2 

2 

11 

-12 

-2 

-19 
-38 

-5 

-5 
-42 

33 

-15 

-36 

8 

-53 

-15 
-11 

-10 

-15 

1991 
Market 

Share 
C»/.) 
16.1 

14.0 

12.7 

10.5 

8.9 

8.3 

6.8 

6.7 

2.9 

2.2 

1.5 

1.3 
1.1 

1.1 

1.1 

1.0 

.9 

.6 

.4 

.4 

.6 

49.8 

40.1 

9.5 

.6 

Total Market 4,173 3,628 -13 100.0 

Source: Dataquest Qune 1992) 
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Table 2-4 
Top 10 Companies' Factory Revenue Crom Shipments of Bipolar Memory ICs to the World, 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 
8 

8 

8 

1990 
Rank 

1 

2 

3 

4 

6 

5 

7 

8 

10 

NM 

Fujitsu 

Hitachi 

Advanced Micro Devices 

Philips 

NEC 

National Semiconductor 

Raytheon 

Texas Instruments 

Motorola 

Integrated Device Technology 

All Others 

North American Companies 

Japanese Companies 

Eurof>ean Companies 

Asia/Pacific Companies 

1990 
Revenue 

144 

95 

65 

45 

20 

25 

18 

10 

3 

0 

« 

126 

259 

46 

0 

1991 
Revenue 

H3 

99 
52 

36 

19 

13 

8 

3 

3 

3 

7 

89 

231 

36 

0 

Percent 
Change 

-22 

4 

-20 

-20 

-5 
-48 

-56 

-70 

0 

NM 

17 

-29 
-11 

-22 

0 

1991 
Market 

Share 
(%) 

31.7 

27.8 

14.6 

10.1 

5.3 

3.7 

2.2 

.8 

.8 

.8 

2.0 

25.0 

64.9 

10.1 

.0 

Total Market 431 356 -17 100.0 

NM - Not meaningful 

Source: Dataquest Qxme 1992) 
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Table 2-5 
Top 20 Companies' Factory Revenue from Shipments of Bipolar Logic ICs to the World 
(MUUons of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

13 

15 

16 

17 

18 

19 

20 

1990 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

13 

17 

11 

15 

16 

14 

20 

18 

19 

22 

Texas Instruments 

Fujitsu 

Motorola 

Hitachi 

National Semiconductor 

Advanced Micro Devices 

NEC 

Philips 

Toshiba 

Mitsubishi 

AT&T 

Raytheon 

GEC Plessey 

Siemens 

Oki 

Harris 

Applied Micro Qrcuits Corp. 

Goldstar 

Chips & Technologies 

Matsushita 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

653 

490 

403 

357 

313 

302 

220 

204 

95 

92 

59 

36 

(i(> 

43 

41 

55 

24 

26 

25 

12 

117 

1,900 

1,368 

339 

26 

1991 
Revenue 

570 

396 

377 

362 

256 

227 

225 

209 

105 

81 

48 

45 

41 

41 

39 

33 

32 

22 

16 

13 

41 

1,624 

1,223 
310 

22 

Percent 
Chaise 

-13 

-19 

-6 

1 

-18 

-25 

2 

2 

11 

-12 

-19 

25 

-38 

-5 

-5 

-40 

33 

-15 

-36 

8 

-65 

-15 

-11 

-9 

-15 

1991 
Market 

Share 
(%) 

17.9 

12.5 

11.9 

11.4 

8.1 

7.1 

7.1 

6.6 

3.3 

2.5 

1.5 

1.4 

1.3 

1.3 

1.2 

1.0 

1.0 

.7 

.5 

.4 

1.3 

51.1 

38.5 

9.8 

.7 

Total Market 3,633 3,179 -12 100.0 

Source: Dataquest (June 1992) 
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Table 2-6 
Top 40 Companies' Factory Revenue from Shipments of MOS Digital ICs to the World 
(MiUlons of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 
12 

11 

10 

16 

13 

14 

15 

17 

18 

24 

19 
22 

20 

23 

26 

34 

36 

21 

31 

29 

27 

30 

28 

38 

25 

32 

33 

37 

45 

Intel 

NEC 

Toshiba 

Hitachi 

Motorola 

Fujitsu 

Texas Instruments 

Mitsubishi 

Samsung 

Matsushita 

Sharp 

Oki 

Advanced Micro Devices 

LSI Logic 

Siemens 

National Semiconductor 

SGS-Thomson 

Philips 

Micron Technology 

Sony 

VLSI Technology 

AT&T 

Sanyo 

Cypress Semiconductor 

Goldstar 

Hyundai 

Harris 

Western Digital 

Seiko Epson 

Hewlett Packard 

United Microelectronics 

Integrated Device Technology 

nr 
Chips & Technologies 

Cirrus Logic 

Yamaha 

GEC Plessey 

Xilinx 

1990 
Revenue 

3,157 

3,118 

2,553 

2,113 

1,826 

1,602 

1,367 

1,263 

1,146 

798 

826 

845 

570 

596 

592 

585 

563 

514 

286 

348 

324 

337 

324 

223 

117 

115 

335 

148 

185 

200 

150 

196 

107 

240 

129 

127 

115 

84 

1991 
Revenue 

4,006 

3,443 

2,692 

2,280 

2,144 

1,738 

1,630 

1,395 

1,269 

915 

890 

871 

832 

670 

607 

589 

558 

546 

455 

431 

414 

391 

320 

281 

273 
248 

246 

209 

208 

206 

200 

198 

195 

165 

151 

148 

131 

130 

Percent 
Change 

27 

10 

5 

8 

17 

8 

19 

10 

11 

15 

8 

3 

46 

12 

3 

1 

-1 

6 

59 

24 

28 

16 

-1 

26 

133 
116 

-27 

41 

12 

3 

33 

1 

82 

-31 

17 

17 

14 

55 

1991 
Market 

Share 
(%) 

11.7 

10.0 

7.8 

6.6 

. 6.2 

5.1 

4.8 

4.1 

3.7 

2.7 

2.6 

2.5 

2.4 

2.0 

1.8 

1.7 

1.6 

1.6 

1.3 

1.3 
1.2 

1.1 

.9 

.8 

.8 

.7 

.7 

.6 

.6 

.6 

.6 

.6 

.6 

.5 

.4 

.4 

.4 

.4 
(Continued) 
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Table 2-6 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of MOS Digital ICs to the World 
(MiUions of U.S. Dollars) 

1991 
Rank 

39 
40 

1990 
Rank 

40 

35 

Amiel 

NCR 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

98 

115 

1,815 

12,030 

14,389 
2,082 

1,651 

1991 
Revenue 

118 

117 

2,005 

14,377 

15,615 

2,130 

2,193 

Percent 
Change 

20 

2 

10 

20 

9 
2 

33 

1991 
Market 

Share 
(%) 

.3 

.3 

5.8 

41.9 

45.5 

6.2 

6.4 

Total Market 30,152 34,315 14 100.0 

Source: Dataquest (June 1992) 
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Table 2-7 
Top 40 Companies' Factory Revenue from Shipments of MOS Memory ICs to the World 
(MllUons of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 

27 

27 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

3 

2 

4 

5 

6 

7 

8 

13 

9 

10 

11 

12 

14 

16 

24 

21 

15 

18 

17 

20 

19 

26 

28 

25 

31 

22 

36 

23 

27 

29 

30 

33 

35 

34 

50 

45 

32 

Toshiba 

Hitachi 

NEC 

Samsung 

Fujitsu 

Mitsubishi 

Texas Itistmments 

Sharp 

Micron Technology 

Motorola 

Intel 

Oki 

Siemens 

SGS-Thomson 

Advanced Micro Devices 

Goldstar 

Hyundai 

Matsushita 

Cypress Semiconduaor 

Sony 

Integrated Device Technology 

National Semiconduaor 

Xicor 

Vitelic 

Sanyo 

Atmel 

Philips 

MOSel 

NMB Semiconduaor 

United Microelectronics 

Microchip Technology 

Seiko Epson 

Matra MHS 

SEEQ Technology 

Catalyst 

Macronix 

Rohm 

Hualon Microelectronic Corp. 

1990 
Revenue 

1,431 

1,224 

1,233 

971 

913 

745 

741 

454 

286 

395 

371 

350 

• 312 

278 

253 

96 

115 

265 

166 

204 

132 

137 

68 

64 

86 

54 

96 

31 

96 

66 

60 

55 

37 

33 

35 

7 

13 

39 

1991 
Revenue 

1,425 

1,330 

1,242 

1,066 

909 
762 

738 

476 

455 

412 

395 

380 

298 

273 

270 

249 

248 

217 

186 

183 

128 

112 

91 

85 
82 

78 

75 

75 

60 

58 

57 

37 

35 

33 

32 

31 
28 

27 

Percent 
Change 

-0 

9 

1 

10 

-0 

2 

-0 

5 

59 

4 

6 

9 

-4 

-2 

7 

159 

116 

-18 

12 

-10 

-3 

-18 

34 

33 

-5 

44 

-22 

142 

-38 

-12 

-5 

-33 

-5 

0 

-9 

343 

115 

-31 

1991 
Market 

Share 
(•A) 

11.1 

10.4 

9.7 

8.3 

7.1 

5.9 

5.7 

3.7 

3.5 

3.2 

3.1 

3.0 

2.3 

2.1 

2.1 

1.9 

1.9 

1.7 

1.4 

1.4 

1.0 

.9 

.7 

.7 

.6 

.6 

.6 

.6 

.5 

.5 

.4 

.3 

.3 

.3 

.2 

.2 

.2 

.2 
(Continued) 
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Table 2-7 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of MOS Memory ICs to the World 
(Millions of U^. Dollars) 

1991 
Rank 

39 
40 

40 

1990 
Rank 

42 

37 

39 

Winbond 

Waferscale Integration 

Harris 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

14 

27 

24 

151 

2,977 

7,095 

731 

1,325 

1991 
Revenue 

26 

23 

23 

131 

3,298 

7,141 

682 

1,720 

Percent 
Change 

86 

-15 

-4 

-13 

11 

1 

-7 

30 

1991 
Market 

Share 
(%) 

.2 

.2 

.2 

1.0 

25.7 

55.6 

5.3 

13.4 

Total Market 12,128 12,841 100.0 

Source: Dataquest (June 1992) 
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Table 2-8 
Top 40 Companies' Factory Revenue firom Shipments of MOS Microcomponent ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

15 

17 

18 

19 

19 

21 

22 

23 

24 

25 

26 

26 

28 

29 

30 

31 

31 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

3 

2 

4 

5 

6 

7 

13 

8 

9 

11 

12 

15 

14 

10 

21 

17 

16 

18 

19 

23 

22 

26 

24 

20 

29 

36 

42 

NM 

27 

25 

32 

31 

33 

37 

34 

35 

40 

Intel 

Motorola 

NEC 

Hitachi 

Mitsubishi 

Toshiba 

Texas Instruments 

Advanced Micro Devices 

Matsushita 

National Semiconduaor 

Fujitsu 

Philips 

Western Digital 

SGS-Thomson 

Chips & Technologies 

VLSI Technology 

Cirrus Logic 

Oki 

Sharp 

Siemens 

LSI Logic 

Zilog 

Sony 

Sanyo 

Harris 

United Microelectronics 

Ricoh 

Cypress Semiconduaor 

Dallas Semiconductor 

Standard Microsystems 

Weitek 

NCR 

Matra MHS 

ITT 

AT&T 

Performance Semiconductor 

Samsung 

Rohm 

1990 

Revenue 

2,726 

970 

981 

546 

441 

386 

320 

178 

250 

242 

213 

192 

148 

175 

240 

105 

129 

131 

124 

116 

93 

100 

43 

71 

110 

39 

22 

15 

0 

40 

57 

31 

33 

28 

21 

24 

22 

17 

1991 
Revenue 

3,578 

1,171 

1,149 

583 

543 

454 

419 

395 

321 

286 

244 

212 

209 

167 

165 

165 

151 

137 

134 

134 

115 

110 

88 

69 

65 

62 

62 

48 

41 

40 

39 

39 

37 

35 

33 

28 

27 

23 

Percent 
Change 

31 

21 

17 

7 

23 

18 

31 

122 

28 

18 

15 

10 

41 

-5 

-31 

57 

17 

5 

8 

16 

24 

10 

105 

-3 

-41 

59 

182 

220 

NM 

0 

-32 

26 

12 

25 

57 

17 

23 

35 

1991 
Market 

Share 

(%) 

30.4 

9.9 

9.8 

5.0 

4.6 

3.9 

3.6 

3.4 

2.7 

2.4 

2.1 

1.8 

1.8 

1.4 

1.4 

1.4 

1.3 

1.2 

1.1 

1.1 

1.0 

.9 

.7 

.6 

.6 

.5 

.5 

.4 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.2 

.2 

.2 
(Continued) 
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Table 2-8 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of MOS Mlcrocomponent ICs to the World 
(MilUons of U.S. Dollars) 

1991 
Rank 

39 

39 

39 

1990 
Rank 

28 

39 

38 

Rockwell 

Analog Devices 

Integrated Device Technology 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

40 

20 

20 

125 

5,743 

3,236 

538 

67 

1991 
Revenue 

20 

20 

20 

136 

7,256 

3,824 

567 

127 

Percent 
Change 

-50 

0 

0 

9 

26 

18 

5 

90 

1991 
Market 

Share 
(%) 

.2 

.2 

.2 

1.2 

61.6 

32.5 

4.8 

1.1 

Total Market 9,584 11,774 23 100.0 

NM - Not meaningful 

Souice: Dataquest Qune 1992) 
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Table 2-9 
Top 40 Companies' Factory Revenue from Shipments of MOS Logic ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 

8 

9 

9 
11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

2 

4 

5 

3 

8 

10 

7 

6 

9 

11 

12 

13 

16 

14 

19 

18 

17 

20 

24 

15 

22 

28 

21 

26 

25 

23 

29 

30 

33 

27 

31 

34 

36 

38 

39 

35 

48 

NEC 

Toshiba 

Fujitsu 

Motorola 

LSI Logic 

Texas Instruments 

Matsushita 

Hitachi 

Oki 

AT&T 

Sharp 

Philijjs 

VLSI Technology 

Hewlett Packard 

National Semiconductor 

Samsung 

Siemens 

Sanyo 

Advanced Micro Devices 

Sony 

Harris 

Seiko Epson 

m 
Yamaha 

XUinx 

GEC Plessey 

SGS-Thomson 

Altera 

Mitsubishi 

United Microelectronics 

NCR 

Lattice 

Integrated Device Technology 

Cypress Semiconduaor 

Rohm 

Austria Mikro Systeme 

Atmel 

Actel 

1990 
Revenue 

904 

736 

476 

461 

503 

306 

283 

343 

364 

303 

248 

226 

211 

200 

206 

153 
164 

167 

139 

101 

201 

120 

79 

127 

84 

99 

110 

78 

77 

45 
80 

62 

44 

42 

39 

37 

44 

21 

1991 
Revenue 

1,052 

813 

585 

561 

555 

473 

377 

367 

354 

354 

280 

259 

249 

206 

191 

176 

175 

169 

167 

160 

158 

155 

150 

146 

130 

126 

118 

107 

90 

80 

75 

68 

50 

47 

46 

39 
38 

37 

Percent 
Change 

16 

10 

23 
22 

10 

55 

33 

7 

-3 
17 

13 

15 

18 

3 
-7 

15 

7 

1 

20 

58 

-21 

29 

90 

15 

55 

27 

7 

37 

17 

78 

-6 

10 

14 

12 

18 

5 
-14 

76 

1991 
Market 

Share 
(%) 
10.8 

8.4 

6.0 

5.8 

• 5.7 

4.9 

3.9 

3.8 

3.6 

3.6 

2.9 

2.7 

2.6 

2.1 

2.0 

1.8 

1.8 

1.7 

1.7 

1.6 

1.6 

1.6 

1.5 

1.5 

1.3 

1.3 
1.2 

1.1 

.9 

.8 

.8 

.7 

.5 

.5 

.5 

.4 

.4 

.4 
(Continued) 
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Table 2-9 (Continued) 
Top 40 Companies' Factory Revenue £rom Shipments of MOS Logic ICs to the World 
(MiUions of U.S. Dollars) 

1991 
Rank 

39 

40 

1990 
Rank 

57 

32 

Hualon Microelectronic Corp. 

Intel 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

10 

60 

487 

3,310 

4,058 

813 

259 

1991 
Revenue 

34 

33 

450 

3,823 

4,650 

881 

346 

Percent 
Change 

240 

-45 

-8 

15 

15 
8 

34 

1991 
Market 

Share 
C%) 

.4 

.3 

4.6 

39.4 

47.9 

9.1 

3.6 

Total Market 8,440 9,700 15 100.0 

Source: Dataquest Q>me 1992) 
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Table 2-10 
Top 40 Companies' Factory Revenue from Shipments of Analog ICs to the World 
(Millions of U^. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 

25 

26 

27 

27 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

2 

4 

6 

3 

8 

5 

11 

7 

10 

9 

12 

13 

14 

16 

15 

18 

19 

17 

22 

21 

20 

23 

24 

25 

28 

30 

32 

31 

27 

34 

33 

36 

37 

35 

47 

39 
41 

Philips 

National Semiconductor 

Toshiba 

Sanyo 

SGS-Thomson 

Mitsubishi 

Motorola 

Analog Devices 

Texas Instruments 

NEC 

Matsushita 

Sony 

Hitachi 

Rohm 

AT&T 

Harris 

GEC Plessey 

Silicon Systems 

Siemens 

Fujitsu 

Sanken 

Rockwell 

Burr-Brown 

New JRC 

Telefunken Electronic 

Samsung 

Linear Technology 

Exar 

Advanced Micro Devices 

Allegro Microsystems 

Brooktree 

Mietec 

Maxim 

Sierra Semiconduaor 

Sharp 

Tektronix 

Siliconix 

Ericsson 

1990 
Revenue 

653 

593 

535 

467 

554 

413 

482 

360 

458 

377 

396 

351 

313 

273 

197 

260 

173 

165 

182 

148 

159 

160 

145 

114 

111 

92 

83 

75 

76 

96 

70 

72 

65 

55 

65 

35 

54 

48 

1991 
Revenue 

664 

629 

612 

599 

578 

477 

456 

444 

439 

422 

412 

394 

358 

341 

242 

226 

185 

184 

181 

179 

171 

165 

152 

122 

118 

112 

107 

107 

94 

91 

84 

83 
80 

79 
66 

65 

64 

58 

Percent 
Change 

2 

6 

14 

28 

4 

15 

-5 

23 

•4 

12 

4 

12 

14 

25 

23 

-13 

7 

12 

-1 

21 

8 

3 

5 

7 

6 

22 

29 

43 

24 

-5 

20 

15 

23 
44 

2 

86 

19 
21 

1991 
Market 

Share 
(%) 
6.1 

5.8 

5.6 

5.5 

5.3 

4.4 

4.2 

4.1 

4.0 

3.9 

3.8 

3.6 

3.3 

3.1 

2.2 

2.1 

1.7 

1.7 

1.7 

1.6 

1.6 

1.5 

1.4 

1.1 

1.1 

1.0 

1.0 

1.0 

.9 

.8 

.8 

.8 

.7 

.7 

.6 

.6 

.6 

.5 
CContinuecO 
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Table 2-10 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of Analog ICs to the World 
(MiUlons of U.S. Dollars) 

1991 
Bank 

39 

39 

1990 
Rank 

42 

53 

Mitel 

Shindengen Electric 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Comp>anies 

1990 
Revenue 

47 

26 

1,136 

4,286 

3,785 

1,834 

229 

1991 
Revenue 

50 

50 

972 

4,389 

4,327 

1,938 

258 

Percent 
Change 

6 

92 

-14 

2 

14 

6 

13 

1991 
Market 

Share 
(%) 

.5 

.5 

8.9 

40.2 

39.7 

17.8 

2.4 

Total Market 10,134 10,912 100.0 

Source: Dataquest Qune 1992) 
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Table 2-11 
Top 40 Comipanies' Factory Revenue from Shipments of Discrete Semiconductors to the World 
(Millions of U.S. Dollars) 

1991 
Rajik 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

32 

33 

34 

35 

35 

37 

38 

1990 
Rank 

2 

1 

3 

5 

4 

6 

8 

9 

7 

11 

13 

15 

10 

12 

14 

20 

17 

16 

21 

18 

24 

22 

25 

27 

26 

23 

29 

34 

28 

30 

31 

32 

35 

46 

37 

NM 

36 

33 

Toshiba 

Motorola 

Hitachi 

NEC 

Philips 

Matsushita 

Rohm 

Mitsubishi 

SGS-Thomson 

Fuji Electric 

Sanken 

Sanyo 

Siemens 

International Rectifier 

General Instrument 

Fujitsu 

Shindengen Electric 

ITT 

Semikron 

Harris 

Korean Electronic Co. 

Eupec 

Samsung 

Sony 

Telefunken Electronic 

Powerex 

Siliconix 

Microsemi 

National Semiconductor 

ABB-rXYS 

Hewlett Packard 

Unitrode 

GEC Plessey 

Toko 

TAG 

Dongsung Semiconductor 

Fagor 

Texas Instruments 

1990 
Revenue 

764 

799 

575 

479 

507 

339 

314 

311 

315 

248 

221 

197 

256 

224 

214 

107 

133 

161 

106 

130 

79 

96 

77 

76 

76 

92 

62 

50 

70 

58 

56 

54 

36 

6 

25 

NA 

30 

53 

1991 
Revenue 

884 

794 

598 

544 

531 

379 

374 

325 

299 

263 

259 

250 

245 

237 

200 

152 

134 

110 

108 

107 

95 

93 
92 

91 

89 
78 

76 

71 

60 

54 

45 

39 

35 

31 
30 

30 

29 

28 

Percent 
Chaise 

16 

-1 

4 

14 

5 
12 

19 

5 

-5 

6 

17 

27 
-4 

6 

-7 
42 

1 

-32 

2 

-18 

20 

-3 

19 

20 

17 

-15 

23 
42 

-14 

-7 
-20 

-28 

-3 
417 

20 

NM 

-3 
-47 

1991 
Market 

Share 
(%) 
11.0 

9.9 

7.4 

6.8 

6.6 

4.7 

4.7 

4.0 

3.7 

3.3 

3.2 

3-1 
3.0 

2.9 

2.5 

1.9 

1.7 

1.4 

1.3 

1.3 
1.2 

1.2 

1.1 

1.1 

1.1 

1.0 

.9 

.9 

.7 

.7 

.6 

.5 

.4 

.4 

.4 

.4 

.4 

.3 
CContinued) 
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Table 2-11 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of Discrete Semiconductors to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

39 

40 

40 

1990 
Rank 

39 

38 

41 

Zetex 

Solitron 

Semtech 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

23 

24 

16 

215 

2,174 

3,783 

1,539 

178 

1991 
Revenue 

25 

21 

21 

109 

1,919 

4,296 

1,588 

232 

Percent 
Change 

9 

-13 

31 

-49 

-12 

14 

3 
30 

1991 
Market 

Share 
(%) 

.3 

.3 

.3 

1.4 

23.9 

53.5 

19.8 

2.9 

Total Market 7,674 8,035 100.0 

NA - Not available 

NM - Not meaningful 

Source: Dataquest Qvine 1992) 
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Table 2-12 
Top 20 Companies' Factory Revenue £rom Shipments of Optoelectronic Semiconductors to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 
16 

17 

18 

19 

20 

20 

1990 
Rank 

1 

2 

3 

4 

6 

5 

7 

9 

10 

8 

11 

13 

15 

12 

16 

14 

24 

18 

19 

17 

20 

Sharp 

Matsushita 

Toshiba 

Sony 

Sanyo 

Hewlett Packard 

Siemens 

Fujitsu 

Rohm 

NEC 

Telefiinken Electronic 

Hitachi 

Texas Instruments 

Optek 

Philips 

Quality Technologies 

AT&T 

Oki 

Motorola 

Mitsubishi 

Honeywell 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

303 

281 

255 

235 

149 

189 

131 

108 

102 

108 

78 

63 

33 

66 

31 

34 

14 

28 

26 

29 

25 

124 

423 
1,694 

267 

28 

1991 
Revenue 

362 

318 

286 

279 

193 

191 

189 

127 

122 

121 

74 

68 

58 

52 

36 

34 

32 

30 

28 

25 

25 

154 

449 
1,992 

334 

29 

Percent 
Change 

19 

13 
12 

19 

30 

1 

44 

18 

20 

12 

-5 
8 

76 

-21 

16 

0 

129 

7 
8 

-14 

0 

24 

6' 

18 

25 
4 

1991 
Market 

Share 
(%) 

12.9 

11.3 
10.2 

10.0 

^ 6.9 

6.8 

6.7 

4.5 

4.4 

4.3 

2.6 

2.4 

2.1 

1.9 

1.3 

1.2 

1.1 

1.1 

1.0 

.9 

.9 

5.5 

16.0 

71.0 

11.9 

1.0 

Total Market 2,412 2,804 16 100.0 

Source: Dataquest 0une 1992) 
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(Millicents per Gate) (Package: 84-Pin PLCC for <10K Gates; l60-Pin PQFP for 10K-29.9K; 
208-Pin PQFP for >30K) (Based on Utilized Gates Only; Volume: 10,000 per Year; 
NRE = Netlist to Prototypes) (Includes Standard Commercial Test and Excludes Special 
Tfest) 19 

19 Estimated CMOS PLD Price per Unit—^North American Bookings 
(Volume: 10,000 per Year; Package: PDIP or PLCC; Dollars) 20 

20 Estimated Long-Range CMOS PLD Price per Unit—^North American Bookings 
(Volume: 10,000 per Year; Package: PDIP or PLCC; Dollars) 21 

21 Estimated Analog IC Price Trends—^North American Bookings 
(Volume: 100,000 per Year; DoUars) 22 

22 Estimated Long-Range Analog IC Price Trends—^North American Bookings 
(Volume: 100,000 per Year; Dollars) 23 

23 Estimated Discrete Semiconductor Price Trends—^North American Bookings 
(Volume: 100,000 per Year; Dollars) 24 

24 Estimated Long-Range Discrete Semiconductor Price Trends—^North American Bookings 
(Volume: 100,000 per Year; Dollars) 25 

Note: Ail tables show estimated data. 



North American Semiconductor Price 
Outlook: First Quarter 1993 

Methodology aad Sources 
This Source: Dataquest document provides 
information on and forecasts for the North 
American bookings prices of more than 
200 semiconductor devices. Dataquest collects 
price information on a quarterly basis from 
North American suppliers and major buyers 
of these products. North American bookings 
price information is analyzed by Semiconductor 
Procurement (SP) service analysts for consis
tency and reconciliation. The information 
finally is rationalized with worldwide billings 
price data in association with product analysts, 
resulting in the current forecast This document 
includes associated long-range forecasts. 

For SP clients that use the SP online service, 
the prices presented here correlate with the 

quarterly and long-range price tables dated 
December 1992 in the SP online service. For 
additional product coverage and more detailed 
product specifications, please refer to those 
sources. 

Price Variations 

Actual negotiated market prices may vary from 
these prices because of manufacturer-specific 
factors such as product quality, special fea
tures, service, delivery performance, volume 
discount, or other factors that may enhance or 
detract from the value of a company's product. 
These prices are intended for use as price 
guidelines. 



Semiconductor Procurement 

Table 1 
Estixoated Standard Logic Price Trends—North American Bookings 
(Volume: 100,000 per Year; Padu^e: FLCC; Dollars) 

Product 

74LS TTL 

74LS00 

74LS74 

74LS138 

74LS244 

74AC 

74AC0O 

74AC74 

74AC138 

74AC244 

74F TIL 

74F00 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

74ALS TIL 

74ALS0O 

74ALS74 

74ALS138 

74ALS244 

74AS TIL 

74AS00 

74AS74 

74AS138 

74AS244 

74BC 

74BC00 

74BC244 

74BC373 

1992 

Year 

0.105 

0.117 

0.155 

0.215 

0.173 

0.233 

0.278 

0.405 

0.099 

0.120 

0.153 

0.215 

0.108 

0.123 

0.159 

0.235 

0.117 

0.136 

0.255 

0.328 

0.160 

0.180 

0.421 

0.723 

0.284 

0.686 

0.687 

91 

0.105 

0.110 

0.145 

0.200 

0.165 

0.200 

0.265 

0.360 

0.095 

0.120 

0.150 

0.210 

0.110 

0.125 

0.160 

0.235 

0.115 

0.135 

0.250 

0.310 

0.160 

0.180 

0.420 

0.720 

0.260 

0.620 

0.630 

1993 
Q2 

0.105 

0.110 

0.145 

0.200 

0.165 

0.200 

0.265 

0.360 

0.095 

0.120 

0.150 

0.200 

0.110 

0.125 

0.160 

0.235 

0.115 

0.135 

0.250 

0.310 

0.160 

0.180 

0.420 

0.720 

0.260 

0.620 

0.630 

Q3 

0.100 

0.110 

0.145 

0.195 

0.165 

0.195 

0.265 

0.355 

0.095 

0.115 

0.145 

0.195 

0.110 

0.125 

O.16O 

0.235 

0.110 

0.135 

0.250 

0.300 

0.160 

0.180 

0.420 

0.720 

0.260 

0.620 

0.630 

Q4 

0.095 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.260 

0.620 

0.630 

1993 
Year 

0.101 

0.110 

0.144 

0.196 

0.165 

0.196 

0.265 

0.356 

0.095 

0.116 

0.146 

0.199 

0.110 

0.125 

0.160 

0.235 

0.113 

0.134 

0.250 

0.304 

0.160 

0.180 

0.420 

0.720 

0.260 

0.620 

0.630 

Q i 

0.095 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.240 

0.590 

0.600 

1994 
Q2 

0.095 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.240 

0.590 

0.600 

Q3 

0.095 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.240 

0.590 

0.600 

Q4 

0.095 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

O.16O 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.240 

0.590 

0.600 

1994 
Year 

0.095 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.240 

0.590 

0.600 

Current 
Lead 
Hme 

CWeeks) 

6-12 

6-10 

6-10 

6-10 

6-10 

8-10 

4-8 

•Pricing for 74BC excludes 74ABT, 74BCr. 

Note: Actual negotiated market prices may vary ^ m these prices because of manu&cturer-spediic factors such as quality, service, and volume 

discoxint. These prices are intended for use as price guidelines. 

Source: Dataquest (December 1992) 
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Nordi American Semlcondoctor Price Outlook: First Quarter 1993 

Table 2 
Estimated Long-Range Standard Logic Price Trends—North American Bookii^s 
CVohime: 100,000 per Year; Package: PLCC; Dollars) 

Product 1993 1994 1995 1996 1997 

74LS TTL 

74LS00 

741S74 

74LS138 

74LS244 

74AC 

74AC00 

74AC74 

74AC138 

74AC244 

74F TTL 

74F00 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

74ALS TTL 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS00 

74AS74 

74AS138 

74AS244 

74Be 

74BC00 

74BC244 

74BC373 

•Pricing for 74BC excludes 74ABT, 74BCT. 

Note: Actual negotiated maiket prices may vsty from these prices because of manufacturer-specific £actois such as quality, service, and volume 

discount. These prices ate intended for use as price guidelines. 

Source: Dataquest (December 1992) 

0.101 

0.110 

0.144 

0.196 

0.165 

0.196 

0.265 

0.356 

0.095 
0.116 

0.146 

0.199 

0.110 

0.125 

0.160 

0.235 

0.113 
0.134 

0.250 

0.304 

0.160 

0.180 

0.420 

0.720 

0.260 

0.620 

0.630 

0.095 
0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.130 

0.250 

0.295 

0.160 

0.180 

0.420 

0.720 

0.240 

0.590 

0.600 

0.100 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 

0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.125 

0.249 

0.295 

0.155 

0.179 

0.400 

0.690 

0.220 

0.560 

0.570 

0.100 

0.110 

0.140 

0.190 

0.165 

0.190 

0.265 
0.350 

0.095 

0.110 

0.140 

0.190 

0.110 

0.125 

0.160 

0.235 

0.110 

0.125 

0.249 

0.295 

0.155 

0.179 

0.400 

0.690 

0.220 

0.560 

0.570 

0.105 
0.118 

0.151 
0.204 

0.165 

0.190 

0.265 

0.350 

0.100 

0.116 

0.147 

0.198 

0.116 

0.131 

0.168 

0.247 

0.115 

0.130 

0.255 

0.300 

0.160 

0.185 

0.410 

0.700 

0.220 

0.560 

0.570 

©1992 Dataquest Incoiporated December—Reproduction Prohibited 



Semicoaductor Procurement 

Table 3 
Estimated Microprocessor Price Trends—North American Bookings 
(Volume: 8- and l6-Bit—25,000 per Year; 32-Bit-—1,000 to 5,000 per Year; Dollars) 
(Package: 8/l6-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 

68000-12 

68EC0O0-8 

68EC000-16 PLCC 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 PQFP 

AM386^0 

386DX-25 PQFP 

80486SX-20 PQFP 

80486DX-25 

80486DX-33 

80486DX-50 

80486DX2-50 

29000-25' 

88IOO-25' 

R3OOO-25' 

SPARC-25' 

80960CA-25 

1992 

Year 

5.50 

2.89 

NA 

5.60 

9.35 

4.50 

7.64 

27.00 

16.06 

35.13 

19.99 

70.00 

108.75 

35.94 

418.52 

112.50 

47.46 

61.60 

69.02 

113.75 

102.50 

103.00 

157.75 

376.75 

376.75 

553.25 

502.75 

84.63 

68.00 

96.31 

71.00 

91.48 

Q l 
5.00 

2.75 

5.80 

5.50 

8.00 

3.75 

5.75 

21.00 

15.00 

33.00 

18.00 

60.00 

95.00 

34.00 

350.00 

95.00 

38.50 

42.50 

37.50 

60.00 

48.00 

65-00 

93.00 

288.00 

288.00 

375.00 

385.00 

78.00 

64.50 

87.00 

64.50 

88.35 

1993 
Q2 

5.00 

2.75 

5.80 

5.50 

8.00 

3.75 

5.50 

20.00 

14.20 

32.00 

18.00 

60.00 

93.00 

34.00 

350.00 

95.00 

36.00 

40.00 

35.00 

55.00 

46.00 

57.00 

90.00 

200.00 

200.00 

330.00 

265.00 

72.00 

62.50 

84.00 

63.00 

87.45 

Q3 

5.00 

2.75 

5.80 

5.50 

8.00 

3.75 

5.50 

19.50 

13.50 

31.50 

18.00 

60.00 

90.00 

34.00 

325.00 

90.00 

33.00 

34.00 

32.00 

50.00 

40.00 

52.00 

86.00 

180.00 

180.00 

300.00 

230.00 

69.00 

60.00 

81.00 

61.60 

84.30 

Q4 

5.00 

2.75 

5.65 

5.50 

8.00 

3.75 

5-25 

19.00 

13.00 

31.00 

18.00 

60.00 

90.00 

34.00 

325.00 

90.00 

33.00 

34.00 

32.00 

47.50 

37.00 

47.00 

82.00 

155.00 

155.00 

295.00 

220.00 

65.00 

58.00 

78.00 

60.60 

81.20 

1993 
Year 

5.00 

2.75 

5.76 

5.50 

8.00 

3.75 

5.50 

19.88 

13.93 

31.88 

18.00 

60.00 

92.00 

34.00 

337.50 

92.50 

35.13 

37.63 

34.13 

53.13 

42.75 

55.25 

87.75 

205.75 

205.75 

325.00 

275.00 

71.00 

61.25 

82.50 

62.43 

85.33 

Q l 
4.75 

2.35 

5.45 

5.30 

7.95 

3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

88.00 

33.00 

315.00 

90.00 

31.00 

31.00 

31.00 

47.00 

32.00 

48.00 

78.00 

125.00 

125.00 

175.00 

163.00 

63.00 

56.00 

78.00 

59.00 

79.00 

1994 

Q2 

4.55 

2.35 

5.30 

5.30 

7.25 

3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

86.70 

32.00 

308.00 

86.70 

28.50 

28.50 

28.50 

44.00 

30.00 

45.00 

75.00 

119.00 

119.00 

136.00 

124.00 

63.00 

56.00 

75.00 

59.00 

78.00 

Q3 

4.40 

2.35 

5.15 

5.30 

7.00 

3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

85.30 

32.00 

301.00 

85.30 

27.00 

27.00 

27.00 

42.00 

29.00 

43.00 

73.00 

108.00 

108.00 

122.00 

111.00 

63.00 

56.00 

73.00 

59.00 

76.00 

Q4 

4.30 

2.35 

5.10 

5.30 

6.80 

3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

84.00 

31.00 

296.00 

84.00 

25.50 

25.50 

25.50 

39.00 

29.00 

40.00 

70.00 

99.00 

99.00 

109.00 

98.00 

63.00 

56.00 

70.00 

59.00 

75.00 

1994 

Year 

4.50 

2.35 

5.25 

5.30 

7.25 

3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

86.00 

32.00 

305.00 

86.50 

28.00 

28.00 

28.00 

43.00 

30.00 

44.00 

74.00 

112.75 

112.75 

135.50 

124.00 

63.00 

56.00 

74.00 

59.00 

77.00 

Current 

Lead 

Hme 

CWteeks) 

4-8 

4-8 

8-12 

6-8 

5-8 

4-8 

3-10 

8-12 

8-12 

8-12 

8-12 

7-12 

5-10 

8-12 

4-8 

8-12 

8-10 

8-10 

8-12 

NA 

8-12 

8-12 

8-12 

8-12 

8-12 

8-12 

8-12 

7-12 

4-8 

4-12 

4-10 

2-6 

NA. - Not available 
1 
Pricing excludes accessory parts such as floating point and memory management. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-speciiic fectors such as quality, 

discount. These prices are intended for use as guidelines. 

Source: Dataquest CDecember 1992) 

service, and volume 
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North American Semiconductor Price Outlook: First Quarter 1993 

Table 4 
Estimated Long-Range Microprocessor Price Trends—North American Bookings 
(Volume: 8- and l6-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package: 8/l6-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 1993 1994 1995 1996 1997 

68000-12 

68EC00O^ 

68EC00O-16 PLCC 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 
386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

38651^25 PQFP 

AM386-40 

386DX-25 PQFP 

80486SX-20 PQFP 

80486DX-25 

80486DX-33 
80486DX-50 

80486DX2-50 

29000-25^ 

88100-25' 

R3000-25' 

SPARC-25' 

80960CA-25 

NA - Not available 
1 
Pricing excludes accessory pans such as floating point and memory management. 

Note: Actual negotiated maricet prices may vaiy from these prices because of manu&ctuter-speci&c factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (December 1992) 

5.00 

2.75 

5.76 

5.50 

8.00 

3.75 

5.50 

19.88 

13.93 
31.88 

18.00 

60.00 

92.00 

34.00 

337.50 

92.50 

35.13 

37.63 

34.13 

53.13 

42.75 

55.25 

87.75 

205.75 

205.75 

325.00 

275.00 

71.00 

61.25 

82.50 

62.43 

85.33 

4.50 

2.35 

5.25 

5.30 

7.25 
3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

86.00 

32.00 

305.00 

86.50 

28.00 

28.00 

28.00 

43.00 

30.00 

44.00 

74.00 

112.75 

112.75 

135.50 

124.00 

63.00 

56.00 

74.00 

59.00 

77.00 

400 

2.30 

4.95 

5.30 

6.75 

NA 

450 

17.00 

11.00 

31.00 

16.00 

58.00 

80.75 

30.12 

280.25 

81.00 

21.38 

21.38 

21.38 

33.00 

23.75 

36.50 

57.25 

84.89 

84.89 
90.40 

85.24 

57.00 

51.50 

62.50 

54.50 

75.16 

4.00 

2.30 

4.75 

5.30 

6.50 

NA 

NA 

17.00 

10.00 

31.00 

15.50 

53.00 

70.00 

30.00 

225.00 

70.00 

20.00 

20.00 

20.00 

27.00 

22.00 

34.00 

42.00 

65.00 

65.00 

65.00 

62.00 

45.50 

50.00 

49.00 

45.00 

70.00 

4.00 

2.30 

4.75 

5.30 

6.50 

NA 

NA 

17.00 

10.00 

31.00 

15.50 

50.00 

65.00 

30.00 

165.00 

62.00 

20.00 

20.00 

20.00 

27.00 

22.00 

34.00 

42.00 

65.00 

65.00 

65.00 

65.00 

42.50 

50.00 

45.00 

45.00 

70.00 
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Semicoaductor Procurement 

Table 5 
Estimated DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars) 

Product 
256Kxl DRAM 

80ns DIP 
64Kx4 VRAM 

120ns ZIP 
IMhxl DRAM 

70-80ns 
(DIP/SOJ) 

64Kxl6 DRAM 
80ns SOJ 

256Kx4 VRAM 
100ns ZIP 

128Kx8 VRAM 
100ns SOJ 

4Mbxl DRAM 
70-SOns SOJ 

lMbx4 DRAM 
60ns SOJ 

512Kx8 DRAM 
70ns 

256KX16 DRAM 

70ns SOJ 
256KX18 DRAM 

70-80ns SOJ 
lMhx8 SIMM 

100ns (2 pc) 
lMbx9 SIMM 

80ns (3 pc) 
256Kx9 SIMM 

100ns 
256KX36 SIMM 

80ns^ 
512KX36 SIMM 

80ns (24 pc) 
4MhK9 SIMM 

80ns (9pc) 
lMbx36 SIMM 

80ns (9pc) 
4Mbx4 DRAM 

70ns SOJ 
400 mil 

1992 
Year 

1.55 

2.76 

3.49 

5.06 

7.19 

7.46 

11.55 

12.36 

14.20 

14.58 

15.47 

26.81 

29-98 

12.72 

42.07 

77.79 

113.73 

115.81 

138.39 

Q i 

1.47 

2.65 

3.27 

4.45 

6.46 

6.67 

10.45 

10.99 

11.42 

12.60 

12.92 

24.17 

27.07 

13-50 

35.22 

70.86 

98.00 

100.00 

81.50 

1993 
Q2 

1.47 

2.65 

3-20 

4.25 

6-00 

6.40 

9.93 

10.45 

10.64 

12.00 

11.88 

22.63 

25.50 

13.50 

32.00 

65.05 

95.00 

98.17 

64.60 

Q3 

1.47 

2.60 

3.20 

4.10 

5.55 

6.05 

9.25 

9.74 

9.74 

11.00 

11.12 

20.40 

23.25 

13.00 

32.00 

64.00 

85.00 

88.00 

54.25 

Q4 

1.47 

2.60 

3.20 

4.10 

5.20 

5.70 

8.90 

9.25 

9.25 

10.31 

10.67 

19.40 

22.50 

12.50 

28.75 

58.00 

81.00 

83.00 

45.00 

1993 
Year 

1.47 

2.63 

3.22 

4.23 

5.80 

6.21 

9-63 

9.90 

10.26 

11.48 

11.65 

21.65 

24.58 

13.13 

31.99 

64.48 

89.75 

92.29 

61.34 

Q i 

1.45 

2.48 

3.20 

3-85 

5-05 

5.75 

8.50 

8.67 

8.55 

9.26 

10.16 

18.49 

21.00 

12.50 

24.50 

51-45 

79-00 

82.00 

40.80 

1994 
Q2 

1.45 

2.38 

3.20 

3.85 

5.05 

5.55 

7.90 

8.03 

8.00 

8.23 

9.45 

17.00 

19.00 

12.50 

23.75 

48.88 

76.50 

78.00 

37.13 

Q3 

1-45 

2-33 

3.20 

3.85 

4.98 

5.45 

7.25 

7.40 

7.31 

7.50 

8.93 

16.00 

18.00 

12.50 

23.00 

47.00 

71.50 

73-00 

33.35 

Q4 

1.45 

2.30 

3.20 

3.85 

4.92 

5.38 

6.50 

6.60 

6.55 

6.66 

8.15 

15.50 

17.00 

12.50 

21.85 

44.00 

67.50 

70.00 

28.93 

1994 
Year 

1.45 

2.37 

3.20 

3.85 

5.00 

5.53 

7.54 

7.67 

7.60 

7.91 

9.17 

16.75 

18.75 

12.50 

23.28 

47.83 

73.63 

75.75 

35.05 

Current 
Lead 
Time 

(Weeks) 

1-12 

3-10 

1-12 

4-9 

3-22 

5-15 

2-16 

2-16 

3-12 

3-12 

3-12 

1-8 

1-12 

2-8 

2-10 

4-12 

2-12 

4-12 

10-24 

Contract volume - at least 100,000 per order except VRAMs, 
Two-piece solution for 1993. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 
discoimt. These prices are intended for use as guidelines. 

Source: Dataquest (December 1992) 
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North American Semiconductor Price Outloak: First Quarter 1993 

Table 6 
Estimated Loi^-Rai^e DRAM Price Trends—North American Bookix^s 
(Contract Volume; Dollars) 

Product 1993 1994 1995 1996 1997 

256KX1 DRAM 80ns DIP 

64Kx4 VRAM 120ns ZIP 

IMbxl DRAM 70-80ns (DIP/SOJ) 

64Kxl6 DRAM 80ns SOJ 

256KX4 VRAM 100ns ZIP 

128Kx8 VRAM 100ns SOJ 

4Mbxl DRAM 70-80ns SOJ 

lMbx4 DRAM 6Qns SOJ 

512Kx8 DRAM 70ns 

256KX16 DRAM 70ns SOJ 

256KX18 DRAM 70-80ns SOJ 

lMbx8 SIMM lOOns (2 pc) 

lMbx9 SIMM 80ns (3 pc) 

256KX9 SIMM 100ns 

256Kx36 SIMM 80ns^ 

512KX36 SIMM 80ns (24 pc) 

4Mbx9 SIMM 80ns (9pc) 

lMbx36 SIMM 80ns (9pc) 

4Mbx4 DRAM 70ns SOJ 400 nal 

1.47 

2.63 
3.22 

4.23 

5.80 

6.21 

9.63 

9.90 

10.26 

11.48 

11.65 

21.65 

24.58 

13.13 

31.99 

64.48 

89.75 

92.29 

61.34 

1.45 

2.37 

3.20 

3.85 

5.00 

5.53 
7.54 

7.67 

7.60 

7.91 

9.17 

16.75 

18.75 

12.50 

23.28 

47.83 

73.63 

75.75 

35.05 

1.65 

2.30 

3.25 

3.80 

4.75 

5.05 

5.50 

5.61 

5.50 

5.72 

6.60 

15.25 

16.25 

13.00 

22.00 

44.00 

57.00 

59.25 

18.91 

1.85 

2.30 

3.30 

3.80 

4.75 

4.85 

5.50 

5.61 

5.50 

5.69 

6.88 

15.50 

16.25 

NA 

21.00 

42.00 

56.00 

57.50 

14.25 

1.90 

2.45 

3.45 

4.00 

4.85 

4.85 

5.60 

5.60 

5.60 

5.69 
7.00 

16.00 

17.00 

NA 

21.00 

42.00 

56.00 

57.50 

12.15 

NA - Not available 

Contract vcJume - at least 100,000 per order except VRAMs. 
2 
Two-piece solution for 1993. 

Note: Actual negotiated market prices may vary frora these prices because of manu&cturer-spedfic bctots such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (December 1999 

©1992 Dataquest Incorporated December—Reproduction Prohibited 



Semiconductor Procurement 

Table 7 
Estimated Static RAM Price Trends—North American Bookings 
CVolume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDIP; Dollars) 

Product 

4Kx4 25ns 

2Kx8 25ns 

64Kxl 25ns 

16KX4 25ns 

8KX8 25ns 

16KX4 35ns 

8Kx8 45ns 

8Kx8 100-120ns 

64Kx4 10ns 

64KX4 25ns 

32Kx8 12ns 

32Kx8 35ns 

32KK8 100ns SOJ 

256KX4 20ns 

128Kx8 20ns 

128Kx8 25ns 

128Kx8 100ns SOJ 

1992 

Year 

2.21 

2.25 

2.97 

2.43 

2.59 

2.38 

2.33 

1.80 

28.76 

6.32 

18.53 

5.84 

3.96 

42.74 

42.34 

33.02 

11.08 

Q i 
2.07 

2.05 

2.20 

2.17 

2.03 

2.10 

1.90 

1.65 

20.00 

4.95 

11.62 

4.80 

3.63 

26.21 

23.04 

20.98 

9.10 

1993 

Q2 

2.07 

2.00 

2.20 

2.06 

1.97 

2.00 

1.90 

1.60 

18.75 

4.58 

10.05 

4.44 

3.63 

23.93 

20.21 

19.42 

8.90 

Q3 

2.07 

2.00 

2.20 

1.90 

1.90 

1.90 

1.90 

1.60 

17.50 

4.43 

9.10 

4.27 

3.60 

22.50 

18.16 

18.00 

8.75 

Q4 

2.07 

2.00 

2.20 

1.90 

1.90 

1.90 

1.85 

1.60 

15.50 

4.38 

8.50 

4.15 

3.60 

21.00 

16.61 

16.25 

8.50 

1993 
Year 

2.07 

2.01 

2.20 

2.01 

1.95 

1.98 

1.89 

1.61 

17.94 

4.59 

9-82 

4.42 

3.61 

23.41 

19.51 

18.66 

8.81 

Q i 
1.90 

1.70 

2.10 

1.85 

1.85 

1.85 

1.80 

1.60 

10.00 

4.04 

7.80 

4.02 

3.20 

16.65 

14.09 

13.80 

7.25 

1994 

Q2 

1.90 

1.70 

2.10 

1.85 

1.85 

1.85 

1.80 

1.60 

7.50 

3.60 

6.50 

3.50 

3.20 

12.00 

9.95 

9.99 

6.50 

Q3 
1.90 

1.70 

2.10 

1.85 

1.85 

1.85 

1.80 

1.70 

5.50 

3.20 

5.00 

3.25 

3.20 

9.95 

8.77 

8.50 

6.15 

Q4 

1.90 

1.70 

2.10 

1.95 

1.85 

1.95 

1.80 

1.75 

4.75 

3.00 

4.75 

3.00 

3.20 

8.53 

7.93 

7.50 

6.00 

1994 

Year 

1.90 

1.70 

2.10 

1.88 

1.85 

1.88 

1.80 

1.66 

6.94 

3.46 

6.01 

3.44 

3.20 

11.78 

10.19 

9.95 

6.48 

Current 

Lead 

Time 

CWeeks) 

1-12 

1-13 

1-12 

1-13 

1-12 

1-13 

1-12 

3-10 

1-13 

1-13 

1-13 

1-13 

4-12 

1-12 

1-12 

1-12 

2-10 

Note: Actual negotiated market prices may vary 

discount These prices are intended for use as 

Source: Dataquest (December 1992) 

from these prices because of manufacturer-specific {actors such as quality, service, and volume 

price guidelines. 

©1992 Dataquest Incorporated December—Reproduction Prohibited 



North American Semiconductor Price Outlook First Quarter 1993 

Table 8 
Estimated Loi^-Range Static RAM Price Trends—North American B o o k i i ^ 
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Packs^e: PDIP; Dollars) 

Product 1993 1994 1995 1996 1997 

4Kx4 25ns 

2Kx8 23ns 

64Kxl 25ns 

16KX4 25ns 

8Kx8 25ns 

l6Kx4 35ns 

8Kx8 45ns 

8Kx8 100-120ns 

64Kx4 IQns 

64Kx4 25ns 

32Kx8 12ns 

32Kx8 35ns 

32Kx8 100ns SOJ 

256KX4 20ns 

128Kx8 20ns 

128Kx8 23ns 

128K:^ 100ns SOJ 

Note: Actual negotiated maiket prices may vaiy from these prices because of manuiacturer-spedfic hoots such as quality, service, and volume 

discount These prices are intended for rise as price guidelines. 

Source: Dataquest (December 1992) 

2.07 

2.01 

2.20 

2.01 

1.95 

1.98 

1.89 

1.61 

17.94 

4.59 

9.82 

4.42 

3.61 

23.41 

19.51 

18.66 

8.81 

1.90 

1.70 

2.10 

1.88 

1.85 

1.88 

1.80 

1.66 

6.94 

3.46 

6.01 

3.44 

3.20 

11.78 

10.19 

9.95 

6.48 

1.60 

1.40 

2.00 

1.85 

1.85 

1.85 

1.80 

1.70 

4.09 

3.00 

409 

3.00 

3.20 

7.00 

7.00 

7.00 

5.00 

1.35 

1.35 

2.35 

1.83 

1.85 

1.85 

1.80 

1.80 

3.60 

3.00 

3.43 

3.00 

3.00 

6.23 

6.29 

6.10 

4.30 

1.35 

1.35 

2.35 

1.85 

1.85 

1.85 

1.80 

1.80 

3.60 

3.00 

3.45 

3.00 

3.00 

6.25 

6.30 

6.10 

4.50 
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10 Seailconductor Procurement 

Table 9 

Estimated ROM Price Trends—North American Bookings 

(Speed/Package: ^IMb Density—150ns and Above; 28-pin PDIP; 

^2Mb Density—200ns and Above; 32-pin PDIP) 

(Volume: 50,000 per Year; Dollars) 

Product 

32Kx8 ROM 

64Kx8 ROM 

128Kx8 ROM 

64Kxl6 ROM 

256KX8 ROM 

512Kx8 ROM 

256Kxl6 ROM* 

lMhx8 ROM^ 

lMbxl6 ROM 

2Mbx8 ROM 

1992 

Year 

1.50 

1.83 

1.89 

2.00 

2.65 

3.69 

3.75 

5.93 

NA 

12.40 

Q i 

1.40 

1.70 

1.78 

1.80 

2.50 

3.44 

3.57 

5.48 

10.05 

10.12 

1993 

Q2 

1.35 

1.65 

1.75 

1.80 

2.50 

3.23 

3.35 

5.37 

9.68 

9.78 

Q3 

1.30 

1.60 

1.70 

1.80 

2.50 

3.20 

3.35 

5.32 

9.45 

9.53 

Q4 

1.25 

1.50 

1.60 

1.80 

2.50 

3.39 

3.57 

5.32 

9.34 

9.37 

1993 

Year 

1.33 

1.61 

1.71 

1.80 

2.50 

3.31 

3.46 

5.37 

9.63 

9.70 

Qi 

1.25 

1.50 

1.60 

1.70 

2.40 

3.08 

3.20 

5.00 

8.30 

8.30 

1994 

Q2 

1.25 

1.50 

1.60 

1.70 

2.40 

3.08 

3.13 

4.88 

8.00 

8.00 

Q3 

1.25 

1.50 

1.60 

1.70 

2.40 

3.08 

3.10 

4.80 

7.90 

7.90 

Q4 

1.25 

1.50 

1.60 

1.70 

2.40 

3.31 

3.31 

4.81 

7.75 

7.75 

1994 

Year 

1.25 

1.50 

1.60 

1.70 

2.40 

3.13 

3.18 

4.87 

7.99 

7.99 

Current 

Lead 

Time 

CWeeks) 

4-8 

4-8 

5-8 

5-8 

5-8 

5-8 

5-8 

5-8 

5-8 

4-8 

256Kxl6 ROM: 150ns and above; 40-jan PDIP. 
2 

IMbxS ROM: ISOns and above; 32-pin SOP. 

NA - Not available 

Note: Actual negotiated market prices may vary 

discount. These prices are intended for use as 

Source: Oataquest (December 1992) 

from these prices because of manufacturer-specific factors such as quality, service, and volume 

price guidelines. 
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North American Semicoaductor Price Outlook: First Quarter 1993 11 

Table 10 
Estimated Loi^-Rai^e ROM Price Trends—North American Bookings 
(Speed/Pack^e: £lMb Density—150ns and Above; 28-pin PDIP; 
^2Mb Density—200ns and Above; 32-pin PDIP) 
CVohmie: 50,000 per Year; Dollars) 

Product 1993 1994 1995 1996 1997 
32Kx8 ROM 
64Kx8 ROM 
128Kx8 ROM 
64Kxl6 ROM 
256Kx8 ROM 
512Kx8 ROM 
256KX16 ROM* 
lMbx8 ROM^ 
lMbxl6 ROM 
2Mbx8 ROM 

1.33 

1.61 

1.71 

1.80 

2.50 

3.31 

3.46 

5.37 

9.63 

9.70 

1.25 
1.50 

1.60 

1.70 

2.40 

3.13 

3.18 

4.87 

7.99 

7.99 

1.30 

1.65 

1.60 

1.70 

2.20 

2.50 

2.50 

4.50 

6.55 

6.55 

1.30 

1.70 

1.70 

1.70 

2.15 

2.25 

2.25 

4.25 

6.25 

6.35 

1.30 

1.75 

1.75 

1.75 

2.15 

2.25 

2.25 

4.25 

6.25 

6.35 

2S6KX16 ROM: 150ns and Above; 40-pin FDIP. 
2 

lMbx8 ROM: 130ns and Above; 32-pin SOP. 

Note: Actual negotiated maiicet prices may vary ftom these prices because of manuiacturer-specjfic factors such as quality, service, and volume 

discount. Hiese prices are intended for use as price guidelines. 

Source: Dataquest (December 1992) 
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12 Semiconductor Procurement 

Table H 
Estimated EPROM Price Trends—North American Bookie^ 

(Volume: 50,000 per Year; Package: Windcuwed CEBDIP; Speed: 150ns and Above; Dollars) 

Product 

16KX8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256KX8 EPROM 

128Kxl6 EPROM 

512Kx8 EPROM 

256KX16 EPROM 

1992 

Year 

1.74 

1.64 

2.36 

3.12 

6.66 

6.99 

11.85 

14.75 

Qi 

1.61 

1.60 

2.33 

2.96 

6.09 

6.14 

10.24 

12.38 

1993 

Q2 

1.72 

1.62 

2.28 

3.05 

6.07 

6.15 

10.08 

11.34 

Q3 

1.72 

1.62 

2.28 

3.02 

5.98 

6.05 

9.97 

10.65 

Q4 

1.69 

1.57 

2.36 

2.76 

5.80 

5.90 

9.38 

10.09 

1993 

Year 

1.68 

1.60 

2.31 

2.95 

5.99 

6.06 

9.92 

11.11 

Qi 

1.70 

1.63 

2.30 

2.75 

5.60 

5.70 

8.90 

9.74 

1994 

Q2 

1.70 

1.63 

2.30 

2.75 

5.60 

5.69 

8.60 

9.43 

Q3 

1.70 

1.63 

2.30 

2.75 

5.60 

5.69 

8.30 

9.21 

Q4 

1.59 

1.52 

2.32 

2.71 

5.60 

5.69 

8.20 

9.14 

1994 

Year 

1.67 

1.60 

2.31 

2.74 

5.60 

5.69 

8.50 

9.38 

Current 

Lead 

l i m e s 

CWeeks) 

2-8 

2-12 

2-10 

2-12 

2-12 

4-10 

4-14 

4-14 

Note: Actual negotiated maiicet prices may vary from these prices because of manufactuier-spedfic (actors stich as quality, service, and volume 

discount These prices are intended for use as price guidelines. 

Source: Dataquest (December 1992) 
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Table 12 
Estimated Long-Ras^ EPROM Price Trends—North American Bookii^^ 
CVolume: 50,000 per Year; Packi^e: Windowed CEBDIP; Speed: 150ns and Above; Dollars) 

Product 1993 1994 1995 1996 1997 

16KX8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256KX8 EPROM 

128Kxl6 EPROM 

512Kx8 EPROM 

256KX16 EPROM 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as price guidelines. 

Source Dataquest (December 1992) 

1.68 
1.60 

2.31 
2.95 
5.99 
6.06 
9.92 

11.11 

1.67 
1.60 

2.31 
2.74 
5.60 

5.69 
8.50 
9.38 

1.60 
1.52 
2.32 

2.58 

5.43 
5.49 
8.05 
8.56 

1.60 
1.52 
2.32 
2.60 
5.40 

5.48 
8.00 
8.50 

1.68 
1.58 

2.39 
2.65 
5.40 

5.48 
8.00 
8.50 
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14 Semiconductor Procurement 

Table 13 
Estimated OXP ROM Price Trends—North American Bookings 

CVolume: 50,000 per Year; Pack^e: PDIP; Speed: 150ns and Above; Dollars) 

Product 

l6Kx8 

32Kx8 

64Kx8 

128Kx8 

1992 

Year 

1.48 

1.56 

2.05 

2.75 

Qi 

1.34 

1.31 

1.95 

2.56 

1993 

Q2 

1.34 

1.31 

1.95 

2.48 

Q3 

1.34 

1.31 

1.95 

2.45 

Q4 

1.34 

1.31 

1.95 

2.39 

1993 

Year 

1.34 

1.31 

1.95 

2.47 

Qi 

NA 

1.31 

1.85 

2.20 

1994 

Q2 

NA 

1.31 

1.85 

2.20 

Q3 

NA 

1.31 

1.85 

2.20 

Q4 

NA 

1.31 

1.85 

2.20 

1994 

Year 

NA 

1.31 

1.85 

2.20 

Current 

Lead 

Time 

CWeeks) 

1-12 

2-12 

2-12 

6-12 

NA - Not availatrie 
Note: Actual negotiated maricet prices may vary ftom these prices because of manufecturer-spedfic bctois such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source Dataquest (December 1992) 
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Table 14 
Estitnated Long-Ran^e OTP ROM Price Trends—North American Bookii^s 
(Volume: 50,000 per Year; Pack^e: PDIP; Speed: 150ns and Above; Dollars) 

Product 1993 1994 1995 1996 1997 
16KX8 

32Kx8 
64Kx8 
128Kx8 
NA •• Not available 

Note: Actual negotiated maiket prices may vary £rom these prices because oF manufiicturer-spediic iactois such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (December 1992) 

1.34 

1.31 

1.95 
2.47 

NA 

1.31 

1.85 
2.20 

NA 

1.34 

1.97 

2.21 

NA 

1.34 

1.97 

2.21 

NA 

1.51 
2.20 

2.39 
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16 Semiconductor Procurement 

Table 15 
Estimated Flash Memory Price Trends—North American Bookix^ 
(12 VoUs; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 

32Kx8, PDIP/PLCC 

64Kx8, PDIP/PLCC 

128Kx8, PDIP/PLCC 

128Kx8, TSOP 

256KX8, TSOP 

1992 

Year 

5.36 

6.54 

7.73 

8.61 

13.99 

91 
4.79 

5.64 

6.97 

8.08 

13.(« 

1993 

Q2 

4.63 

5.45 

6.73 

7.80 

12.57 

Q3 

4.49 

5.35 

6.33 

7.44 

12.21 

Q4 

4.39 

5.20 

6.29 

7.26 

12.05 

1993 

Year 

4.57 

5.41 

6.58 

7.65 

12.46 

Qi 

3.71 

4.69 

5.48 

6.53 

9.43 

1994 

Q2 

3.49 

4.46 

4.97 

5.99 

8.46 

Q3 

3.39 

4.24 

4.63 

5.58 

7.95 

Q4 

3.30 

4.04 

4.25 

5.28 

6.30 

1994 

Year 

3.47 

4.36 

4.83 

5.85 

8.03 

Current 

Lead 

l i m e 

(Weeks) 

4-16 

4-16 

6-20 

6-20 

6-16 

Note: Actual negotiated market prices may vary iirom these prices because of manufacturer-specific haors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest (December 1992) 
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Table 16 
Estimated Long-Kange Flash Memoiy Price Trends—North American Bookings 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 1993 1994 1995 1996 1997 

32KXS, PDIP/PLCC 

64Kx8, PDIP/PLCC 

128Kx8, PDIP/PLCC 

128Kx8, TSOP 

256KX8, TSOP 

Note; Actual negotiated market prices may vary bom these prices because of manufetcturer-spedfic factois sudi as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (December 1992> 

4.57 
5.41 
6.58 

7.65 
12.46 

3.47 
4.36 

4.83 
5.85 

8.03 

3.12 
3.54 

3.95 
4.15 
5.90 

2.90 
3.25 
3.65 
3.78 

5.25 

2.90 
3.15 
3.25 
3.28 

6.25 
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Table 17 
Estimated Gate Array Pridx^—North American Production Bookings (Millicents per Gate) 
(Package: CMOS—84-pin PLCC for <10K gates, l60-pin PQFP for 10K-29.9K, 208-pin PQFP for ^30K gates; 
ECL—CQFP) 
(Based on Utilized Gates Only; Volume: 10,000 per Year; NRE = Netlist to Prototype) (Includes Standard 
Commercial Test and Excludes Special Test) 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NRE Charges i 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NRE Charges ( 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

0-1.99K Gates 

1992 

135 

120 

115 

NA 

4,850 

C$1,000) 

16.0 

13.0 

19.0 

NA 

30.0 

1993 

135 

115 

110 

NA 

4,268 

14.1 

12.4 

18.1 

NA 

27.0 

10-19.99K Gates 

1992 

95 

70 

68 

71 

3,300 

:$i,ooo) 

40.5 

40.0 

44.0 

50.2 

90.0 

1993 

95 

70 

62 

(£ 
2,790 

40.5 

38.0 

39.0 

45.0 

75-0 

2-4.99K Gates 

1992 

120 

85 

82 

90 

3,823 

21.0 

17.5 

21.3 

26.0 

45.0 

1993 

120 

88 

80 

85 

3,326 

20.0 

16.2 

23.0 

26.0 

40.5 

20-29.99K Gates 

1992 

90 

76 

67 

61 

3,200 

60.0 

58.0 

62.5 

67.5 

100.0 

1993 

77 

76 

62 

57 

2,784 

57.0 

55.1 

60.0 

67.0 

90.0 

5-9.99K Gates 

1992 

110 

75 

73 

75 

3,000 

26.0 

20.0 

27.0 

30.0 

50.0 

1993 

102 

75 

71 

65 

3,000 

25.0 

20.0 

27.0 

30.0 

45.0 

30-59.9K Gates 

1992 

92 

93 

70 

55 

3,050 

100.0 

102.0 

92.8 

100.0 

146.7 

1993 

85 

93 

62 

69 

2,654 

95.0 

96.9 

88.9 

99.7 

132.0 

60-lOOK Gates 

1992 

NA 

NA 

74 

69 

3,050 

NA 

NA 

133 

136 

120 

1993 

NA 

NA 

67 

56 

2,654 

NA 

NA 

130 

133 

115 

Current Lead 

l i m e (Weeks) 

Production: 

7-12 

8-12 

8-12 

10-15 

12 

Protot5rpes: 

3-5 

2-4 

2-4 

3-4 

14 

Current Lead 

Time (Weeks) 

Production: 

7-12 

9-12 

8-12 

8-16 

12 

Prototypes: 

3 ^ 

3-8 

2-5 

2-5 

12 

NA. - Not availaUe 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as piice guidelines. 

Source: Dataquest (December 1992) 
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Table 18 
Estimated CBIC Pricii^—North America Production Bookii^s (MlUlcents per Gate) 
CPack^e: 84-Pin PLCC for <10K Gates; l60-pin PQFP for 10K-29.9K; 208-pin PQFP for ^OK) 
(Based on Utilized Gates Only; Volume: 10,000 per Year; NKE «= Netllst to Prototypes) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

0-1.99K Gates 

1992 

115 

105 

110 

NA 

NRE Charges ($1,000) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

35.0 

32.0 

41.0 

NA 

1993 

105 

100 

99 

175 

33.3 

30.4 

40.0 

53.0 

10-19.99K Gates 

1992 

95 

70 

70 

70 

NRE Charges ($1,000) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

NA " Not available 

Note: Actual negotiated 

discount. These prices 

65.0 

58.5 

75.0 

85.0 

1993 

95 

70 

66 

65 

61.8 

55.6 

72.0 

77.3 

maricet prices may vaxy 

i are intended for use as 

Source: Oataquest (December 1992) 

2-4.99K Gates 

1992 

93 

85 

85 

90 

38.0 

35.0 

49.0 

55.0 

1993 

90 

80 

80 

88 

36.1 

33.3 

45.0 

50.0 

20-29.99K Gates 

1992 

90 

70 

65 

60 

85.0 

75.0 

95.0 

111.0 

from these prices 

price guidelines. 

1993 

77 

70 

62 

56 

80.8 

71.3 

86.7 

94.0 

5-9.99K Gates 

1992 

99 

77 

71 

75 

47.0 

43.5 

51.5 

59.0 

1993 

90 

72 

69 

65 

44.7 

41.3 

47.5 

55.0 

30-59.9K Gates 

1992 

92 

85 

65 

54 

110.0 

100.0 

116.7 

140.0 

t because of manufacturer-: 

1993 

85 

85 

61 

68 

103.4 

97.0 

113.5 

118.0 

60-lOOK Gates 

1992 

NA 

NA 

68 

68 

NA 

NA 

146.7 

154.3 

1993 

NA 

NA 

62 

55 

NA 

NA 

141.5 

139.8 

specific tutors such as quality, servict 

Current Lead 

l i m e (Weeks) 

Production: 

10-16 

10-16 

12-16 

13-14 

Prototypes: 

5-8 

5-8 

5-7 

7 

Current Lead 

Time (Weeks) 

Production: 

10-16 

10-16 

10-16 

12-16 

Prototypes: 

5-8 

5-8 

5-8 

6 ^ 

!, and volume 
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Table 19 
Estimated CMOS PLD Price per Unit—Morth American Bookings 
(Volume: 10,000 per Year; Package: PDDP or PLCC; Dollars) 

Product 

£20 

24 

24 (22V10) 

Speed* (ns) 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15 - <25 

^ 5 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15 - <25 

S25 

6.1-7.5 

7.6-10.0 

15 - <25 

25 - <35 

1992 

Year 

5.11 

2.46 

1.69 

0.75 

0.59 

7.77 

4.38 

2.59 

1.08 

0.91 

19.50 

10.85 

3.96 

2.26 

91 

4.60 

2.00 

1.58 

0.70 

0.56 

6.40 

3.59 

2.39 

1.00 

0.83 

18.00 

6.25 

3.48 

1.98 

1993 

Q2 

4.55 

1.95 

1.55 

0.68 

0.56 

6.33 

3.45 

2.29 

0.96 

0.85 

17.65 

6.11 

3.24 

1.85 

Q3 

4.45 

1.88 

1.53 

0.67 

0.53 

6.15 

3.39 

2.29 

0.95 

0.79 

17.35 

5.35 

3.14 

1.85 

Q4 

4.40 

1.83 

1.50 

0.64 

0.50 

6.00 

3.32 

2.23 

0.94 

0.78 

17.00 

4.95 

2.96 

1.75 

1993 
Year 

4.50 

1.92 

1.54 

0.67 

0.54 

6.22 

3.44 

2.30 

0.96 

0.81 

17.50 

5.66 

3.21 

1.86 

Q l 

4.10 

1.55 

1.30 

0.63 

0.49 

5.60 

2.80 

1.70 

0.90 

0.79 

16.00 

3.69 

2.70 

1.53 

1994 

Q2 

4.00 

1.50 

1.15 

0.63 

0.48 

5.30 

2.55 

1.50 

0.90 

0.77 

15.25 

3.39 

2.50 

1.53 

Q3 

3.95 

1.50 

1.12 

0.61 

0.47 

5.15 

2.38 

1.40 

0.90 

0.75 

14.50 

3.02 

2.30 

1.44 

Q4 

3.95 

1.45 

1.12 

0.60 

0.51 

5.00 

2.25 

1.40 

0.90 

0.75 

14.25 

2.95 

2.13 

1.50 

1994 

Year 

4.00 

1.50 

1.17 

0.62 

0.49 

5.26 

2.50 

1.50 

0.90 

0.77 

15.00 

3.26 

2.41 

1.50 

Current 

Lead 

Time 

(Weeks) 

1-18 

1-16 

1-12 

1-12 

1-12 

1-20 

1-20 

1-12 

1-12 

1-12 

1-4 

2-4 

1-8 

1-8 

*Nar>osecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market prices may vary bom these prices because of manu&cturer-spedfic factors such as quality, service, and volume 

price. These prices are intended as guidelines. 

Source: Daiaquest (December 1992) 
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Table 20 
Estimated Lofl^-Bange CMOS FLD Price per Unit—North American Bookings 
(Vohune: 10,000 per Yeai^ Pads^e: PDIP or PLCC; Dollars) 

Pin Count 

^ 0 

24 

24 C22V10) 

Speed* (ns) 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15 - <25 

S25 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15 - <25 

S25 

6.1-7.5 

7.6-10.0 

15 - <25 

25 - <35 

1993 1994 1995 1996 1997 

4.50 

1.92 

1.54 

0.67 

0.54 

6.22 

3.44 

2.30 

0.96 

0.81 

17.50 

5.66 

3.21 

1.86 

4.00 

1.50 

1.17 

0.62 

0.49 

5.26 

2.50 

1.50 

0.90 

0.77 

15.00 

3.26 

2.41 

1.50 

3.70 

1.38 

1.11 

0.55 

0.44 

4.50 

2.21 

1.38 

0.84 

0.75 

13.43 

2.70 

2.03 

1.50 

3.26 

1.25 

1.03 

0.52 

0.42 

4.05 

2.00 

1.26 

0.80 

0.75 

11.51 

2.62 

1.95 

1.50 

3.09 

1.25 

1.03 

0.52 

0.42 

3.85 

1.95 

1.26 

0.80 

0.75 

10.65 

2.60 

1.95 

1.50 

'Nanosecond speed is the TPD for the combinatorial device. 
Note: Actual negotiated maiket prices may vary from these prices because of manu&cturer-spedfic factors such as quality, service, and volume 

price. Hiese prices are intended as guiddines. 
Source: Oataquest (December 199?) 
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Table 21 
Estimated Analog IC Price Trends—North American Bookings 
CVolxmie: 100,000 per Year; I>oIlars) 

Product 

Voltage Regulators 

78L05 CTO-92) 

7805 (TO-220) 

Comparators 

LM339 

LM393 

Op Amps 

741 

3403P 

1741CP1 

Interfece ICs 

1488P 

3486P 

Telecom IC 

CODEC/FILTER #1 

CODEC/FILTER #2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35 MHz 

1992 

Year 

0.12 

0.14 

0.14 

0.13 

0.13 

0.18 

0.12 

0.15 

0.89 

1.81 

4.23 

3.55 

0.33 

1.75 

Qi 

0.12 

0.14 

0.13 

0.13 

0.13 

0.18 

0.12 

0.15 

0.88 

1.72 

3.91 

3.41 

0.32 

1.60 

1993 
Q2 

0.12 

0.14 

0.13 

0.13 

0.13 

0.18 

0.12 

0.15 

0.88 

1.72 

3.91 

3.41 

0.32 

1.60 

Q3 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.68 

3.72 

3.33 

0.31 

1.50 

Q4 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.68 

3.72 

3.33 

0.31 

1.50 

1993 
Year 

0.12 

0.14 

0.13 

0.13 

0.13 

0.18 

0.12 

0.15 

0.87 

1.70 

3.82 

3.37 

0.31 

1.55 

Qi 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.65 

3.72 

3.33 

0.31 

1.50 

1994 

Q2 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.65 

3.60 

3.20 

0.31 

1.45 

Q3 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.60 

3.48 

3.17 

0.30 

1.42 

Q4 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.57 

3.40 

3.10 

0.30 

1.40 

1994 

Year 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.62 

3.55 

3.20 

0.30 

1.44 

Current 

Lead 

l i m e 

CWeeks) 

10-12 

10-12 

10-12 

6-8 

6-8 

6-8 

Note: Actual negotiated market prices may vaiy ftom these prices because of manuiactuier-specific factors sudi as quality, service, and volume 

discount. These prices are intended for use as price guidelines. 

Source: Oataquest (December 1992) 
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Table 22 
Estimated Long-Range Analog IC Price Trends—North American Bookings 
CVolxmie: 100,000 per Year; Dollars) 

Product 1993 1994 1995 1996 1997 

Voltage Regulators 

78L05 CTO-92) 

7805 (TO-220) 

Comparators 

LM339 

LM393 

Op Amps 

741 

3403P 

1741CP1 

Interface ICs 

1488P 

3486? 

Telecom IC 

CODEC/FILTER #1 

CODEC/FILTER #2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35 MHz 1̂ 55 1̂ 44 139 137 1.37 

Note: Actual negotiated maiket prices may vaiy tern these prices because of manufactuier-spedfic factors such as quality, service, and volume 

discount These prices are intended for use as price guidelines. 

Source: Dataquest (December 1992) 

0.12 

0.14 

0.13 

0.13 

0.13 

0.18 

0.12 

0.15 

0.87 

1.70 

3.82 

3.37 

0.31 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.86 

1.62 

3.55 

3.20 

0.30 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.84 

1.54 

3.30 

3.07 

0.30 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.83 

1.50 

3.14 

2.95 

0.29 

0.12 

0.14 

0.13 

0.13 

0.13 

0.17 

0.12 

0.14 

0.83 

1.50 

3.14 

2.95 

0.29 
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Table 23 
Estimated Discrete Semiconductor Price Trends—North American Booklx^ 
(Volume: 100,000 per Year; Dollars) 

Product 

Small-Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transiston 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

IRF530 

IRF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

1992 

Year 

0.150 

0.030 

0.068 

0.050 

0.046 

1.040 

0.700 

0.235 

0.400 

1.000 

1.035 

0.415 

0.020 

0.046 

0.883 

7.105 

0.092 

1.165 

0.027 

0.027 

0.040 

0.617 

1.215 

0.699 

0.620 

2.270 

Q i 

0.150 

0.030 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.420 

1.000 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.090 

1.165 

0.030 

0.030 

0.040 

0.604 

1.186 

0.690 

0.583 

2.260 

1993 
Q2 

0.150 

0.030 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.420 

1.000 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.090 

1.165 

0.030 

0.030 

0.040 

0.604 

1.186 

0.690 

0.583 

2.260 

Q3 

0.150 

0.030 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.420 

1.000 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.090 

1.165 

0.030 

0.030 

0.040 

0.604 

1.186 

0.690 

0.583 

2.260 

Q4 

0.150 

0.030 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.420 

0.990 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.090 

1.165 

0.030 

0.030 

0.040 

0.604 

1.186 

0.690 

0.583 

2.260 

1993 
Year 

0.150 

0.030 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.420 

0.998 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.090 

1.165 

0.030 

0.030 

0.040 

0.604 

1.186 

0.690 

0.583 

2.260 

Q i 

0.150 

0.030 

0.064 

0.047 

0.045 

1.040 

0.680 

0.235 

0.400 

0.980 

1.022 

0.408 

0.020 

0.045 

0.870 

7.000 

0.090 

1.165 

0.030 

0.030 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

1994 

Q2 

0.150 

0.030 

0.064 

0.046 

0.045 

1.040 

0.680 

0.235 

0.400 

0.980 

1.022 

0.408 

0.020 

0.045 

0.870 

7.000 

0.090 

1.165 

0.030 

0.030 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

Q3 

0.150 

0.030 

0.062 

0.046 

0.045 

1.040 

0.680 

0.235 

0.400 

0.980 

1.022 

0.408 

0.020 

0.045 

0.864 

6.990 

0.090 

1.165 

0.030 

0.030 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

Q4 

0.150 

0.030 

0.062 

0.046 

0.045 

1.040 

0.680 

0.235 

0.400 

0.980 

1.022 

0.408 

0.020 

0.045 

0.864 

6.990 

0.090 

1.165 

0.030 

0.030 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

1994 

Year 

0.150 

0.030 

0.063 

0.046 

0.045 

1.040 

0.680 

0.235 

0.400 

0.980 

1.022 

0.408 

0.020 

0.045 

0.867 

6.995 

0.090 

1.165 

0.030 

0.030 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

Current 

Lead 

t i m e 

CWeeks) 

2-10 

3-10 

3-9 

1-10 

2-8 

1-10 

2-10 

Note: Actual negotiated market prices may vary ttom these prices because of manufacturer-specific fiactors such as quality, service, and volume 

discount. These prices are intended for use as price guidelines. 

Source: Dataquest (December 1992) 
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Table 24 

Estimated Loi^-Rao^e Discrete Semiconductor Price Trends—North American Bookii^s 
(Volume: 100,000 per Year; Dollars) 

Product 1993 1994 1995 1996 1997 

Small-Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

IRF530 

IBF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

NA - Not available 

Note: Actual negotiated maiket prices may vary from these prices because of manu&cturer-spedfic factors such as quality, service, and volume 

discount. These prices are intended for use as price guidelines. 

Source: Dataquest (December 1992) 

0.150 

0.030 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.420 

0.998 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.090 

1.165 

0.030 

0.030 

0.040 

0.604 

1.186 

0.690 

0.583 

2.260 

0.150 

0.030 

0.063 

0.046 

0.045 

1.040 

0.680 

0.235 

0.400 

0.980 

1.022 

0.408 

0.020 

0.045 

0.867 

6.995 

0.090 

1.165 

0.030 

0.030 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

0.150 

0.030 

0.061 

0.045 

0.045 

1.040 

0.670 

0.235 

0.356 

0.975 

1.020 

0.406 

0.020 

0.045 

0.860 

6.850 

0.089 

1.165 

0.026 

0.026 

0.039 

0.590 

1.155 

0.671 

0.556 

2.250 

0.150 

0.030 

0.061 

0.045 

0.045 

1.040 

0.670 

0.235 

0.350 

0.975 

1.020 

0.406 

0.020 

0.045 

0.860 

6.850 

0.089 

1.165 

0.025 

0.025 

0.039 

0.590 

1.155 

0.671 

0.556 

2.250 

0.150 

0.030 

0.061 

0.045 

0.045 

1.040 

0.670 

0.235 

0.350 

0.975 

1.020 

0.406 

0.020 

0.045 

0.860 

6.850 

0.089 

1.165 

0.025 

0.025 

0.039 

0.590 

1.155 

0.671 

0.556 

2.250 
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North American Semiconductor Price 
Outlook: Fourth Quarter 1992 

Methodology and Sources 
This Source: Dataquest document provides 
information on and forecasts for the North 
American bookings prices of more than 
200 semiconductor devices. Dataquest collects 
price information on a quarterly basis from 
North American suppliers and major buyers 
of these products. North American bookings 
price information is analyzed by Semiconduaor 
Procurement (SP) service analysts for consis
tency and reconciliation. The information 
finally is rationalized with worldwide billings 
price data in association with product analysts, 
resulting in the current forecast. This document 
includes associated long-range forecasts. 

For SP clients that use the SP online service, 
the prices presented here correlate with the 

quarterly and long-range price tables dated 
September 1992 in the SP online service. For 
additional product coverage and more detailed 
product specifications, please refer to those 
sources. 

Price Variations 

Actual negotiated market prices may vary from 
these prices because of manufacturer-specific 
factors such as product quality, special fea
tures, service, delivery performance, volume 
discount, or other factors that may enhance or 
detract from the value of a company's product. 
These prices are intended for use as price 
guidelines. 



Semiconductor Procurement 

Table 1 
Estimated Standard Logic Price Trends—North American Bookings 
(Volume: 100,000 per Year; Package: PLCC; Dollars) 

Product 
74LS m 

74LS00 

74LS74 

74LS138 

74LS244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

74AC CMOS 

74AC00 

74AC74 

74AC138 

74AC244 

74ALS TTL 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS00 

74AS74 

74AS138 

74AS244 

74BC* 

74BC00 

74BC244 

74BC373 

Ql 

0.105 

0.117 

0.155 

0.215 

0.100 

0.120 

0.155 

0.220 

0.105 

0.120 

0.158 

0.235 

0.180 

0.250 

0.295 

0.440 

0.120 

0.140 

0.260 

0.340 

0.160 

0.180 

0.425 

0.730 

0.297 

0.725 

0.726 

1992 

Q2 

0.105 

0.117 

0.155 

0.215 

0.100 

0.120 

0.155 

0.220 

0.105 

0.120 

0.158 

0.235 

0.175 

0.245 

0.280 

0.420 

0.118 

0.135 

0.260 

0.330 

0.160 

0.180 

0.420 

0.720 

0.286 

0.698 

0.700 

Q3 

0.110 

0.117 

0.155 

0.220 

0.100 

0.120 

0.155 

0.220 

0.110 

0.125 

0.160 

0.235 

0.170 

0.225 

0.280 

0.400 

0.115 

0.135 

0.250 

0.320 

0.160 

0.180 

0.420 

0.720 

0.279 

0.672 

0.674 

Q4 

0.110 

0.117 

0.155 

0.220 

0.100 

0.120 

0.155 

0.220 

0.110 

0.125 

0.160 

0.235 

0.170 

0.220 

0.280 

0.400 

0.115 

0.135 

0.250 

0.320 

0.160 

0.180 

0.420 

0.720 

0.272 

0.648 

0.649 

1992 

Year 

0.108 

0.117 

0.155 

0.217 

0.100 

0.120 

0.155 

0.220 

0.108 

0.123 

0.159 

0.235 

0.174 

0.235 

0.284 

0.415 

0.117 

0.136 

0.255 

0.328 

0.160 

0.180 

0.421 

0.723 

0.284 

0.686 

0.687 

Ql 

0.110 

0.117 

0.155 

0.220 

0.105 

0.115 

0.152 

0.220 

0.110 

0.130 

0.165 

0.237 

0.170 

0.210 

0.280 

0.390 

0.115 

0.135 

0.250 

0.310 

0.160 

0.180 

0.420 

0.700 

0.270 

0.645 

0.646 

1993 

Q2 

0.110 

0.117 

0.155 

0.220 

0.105 

0.115 

0.151 

0.220 

0.110 

0.130 

0.165 

0.237 

0.170 

0.210 

0.280 

0.390 

0.115 

0.135 

0.250 

0.310 

0.160 

0.179 

0.420 

0.700 

0.268 

0.641 

0.642 

Q3 

0.110 

0.110 

0.155 

0.200 

0.105 

0.115 

0.150 

0.210 

0.110 

0.130 

0.165 

0.239 

0.170 

0.204 

0.280 

0.360 

0.115 

0.135 

0.250 

0.300 

0.160 

0.179 

0.420 

0.700 

0.265 

0.638 

0.639 

Q4 

0.110 

0.110 

0.155 

0.200 

0.105 

0.115 

0.150 

0.210 

0.110 

0.130 

0.165 

0.239 

0.170 

0.200 

0.280 

0.360 

0.115 

0.135 

0.250 

0.300 

0.160 

0.179 

0.420 

0.700 

0.263 

0.636 

0.637 

1993 

Year 

0.110 

0.113 

0.155 

0.210 

0.105 

0.115 

0.151 

0.215 

0.110 

0.130 

0.165 

0.238 

0.170 

0.206 

0.280 

0.375 

0.115 

0.135 

0.250 

0.305 

O.I6O 

0.179 

0.420 

0.700 

0.267 

0.640 

0.641 

Current Lead 

Time CWeeks) 

6-12 

6-8 

6-8 

2-6 

6-10 

8-10 

4-8 

•Pricing for 74BC exdudes 74ABT, 74BCT. 

Note: Actiial negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (September 1992) 
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Table 2 
Estimated Long-Rai]^e Standard Logic Price Trends—North American Bookings 
CVoliune: 100,000 per Year; Pack^e: PLCC; Dollars) 

Product 1992 1993 1994 1995 1996 

74LS TTL 

74LS00 

74LS74 

74LS138 

74LS244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

74AC CMOS 

74AC00 

74AC74 

74AC138 

74AC244 

74A1S TTL 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS00 

74AS74 

74AS138 

74AS244 

74BC* 

74BC00 

74BC244 

74BC373 

•Pricing for 74BC excludes 74ABT, 74BCr. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. This forecast coordinates with Dataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

0.108 

0.117 

0.155 

0.217 

0.100 

0.120 

0.155 

0.220 

0.108 

0.123 

0.159 

0.235 

0.174 

0.235 

0.284 

0.415 

0.117 

0.136 

0.255 

0.328 

0.160 

0.180 

0.421 

0.723 

0.284 

0.686 

0.687 

0.110 

0.113 

0.155 

0.210 

0.105 

0.115 

0.151 

0.215 

0.110 

0.130 

0.165 

0.238 

0.170 

0.206 

0.280 

0.375 

0.115 

0.135 

0.250 

0.305 

0.160 

0.179 

0.420 

0.700 

0.267 

0.640 

0.641 

0.100 

0.110 

0.145 

0.195 

0.105 

0.110 

0.145 

0.205 

0.110 

0.128 

0.160 

0.239 

0.173 

0.200 

0.276 

0.370 

0.110 

0.125 

0.250 

0.305 

0.155 

0.179 

0.415 

0.700 

0.260 

0.611 

0.612 

0.100 

0.110 

0.140 

0.190 

0.105 

0.110 

0.145 

0.200 

0.110 

0.128 

0.160 

0.239 

0.170 

0.195 

0.270 

0.350 

0.110 

0.125 

0.249 

0.300 

0.155 

0.179 

0.400 

0.690 

0.242 

0.587 

0.588 

0.100 

0.110 

0.140 

0.190 

0.105 

0.110 

0.145 

0.200 

0.110 

0.128 

0.160 

0.239 

0.170 

0.195 

0.270 

0.350 

0.110 

0.125 

0.249 

0.300 

0.155 

0.179 

0.400 

0.690 

0.242 

0.587 

0.588 

©1992 Dataquest Incorporated September—Reproduction Prohibited 



Semiconductor Procurement 

Table 3 
Estimated Microprocessor Price Trends—North American Bookings 
(Volume: 8- and 16-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Paclcage: 8/l6-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 

68000-12 

68EC000-8 

68EC000-16 PLCC 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 PQFP 

AM386-40' 

386DX-25 PQFP' 

80486SX-20 PQFP' 

80486DX-25 

80486DX-33 

80486DX-50 

80486DX2-50 

29000-25' 

88100-25' 

R3000-25' 

SPARC-25' 

80960CA-25 

Q i 
5.50 

3.00 

NA 

5.75 

9.95 

5.00 

9.25 

29.00 

17.00 

36.00 

21.00 

76.00 

120.00 

37.00 

455.08 

125.00 

53.82 

81.41 

84.00 

178.00 

180.00 

148.00 

237.00 

409.00 

409.00 

610.00 

550.00 

92.00 

69.50 

105.00 

75.62 

95.30 

1992 

Q2 

5.50 

2.95 

NA 

5.65 

9.95 

4.75 

8.00 

29.00 

16.00 

36.00 

20.20 

70.00 

110.00 

36.50 

430.10 

115.00 

49.00 

59.00 

78.50 

122.00 

105.00 

99.00 

201.00 

405.00 

405.00 

565.00 

517.00 

85.50 

68.05 

96.00 

72.30 

91.30 

Q3 

5.50 

2.85 

NA 

5.50 

9.45 

4.50 

7.05 

27.00 

15.75 

34.50 

19.75 

68.00 

105.00 

35.25 

413.90 

110.00 

44.00 

53.00 

68.00 

90.00 

75.00 

74.00 

99.00 

365.00 

365.00 

536.00 

487.00 

81.00 

67.45 

94.00 

69.51 

90.30 

Q4 

5.50 

2.75 

6.00 

5.50 

9.25 

3.75 

6.25 

26.00 

15.50 

34.00 

19.00 

66.00 

100.00 

35.00 

375.00 

100.00 

42.00 

48.00 

57.00 

75.00 

65.00 

68.00 

96.00 

325.00 

325.00 

455.00 

425.00 

78.00 

67.00 

93.40 

66.55 

89.25 

1992 

Year 

5.50 

2.89 

NA 

5.60 

9.65 

4.50 

7.64 

27.75 

16.06 

35.13 

19.99 

70,00 

108.75 

35.94 

418.52 

112.50 

47.21 

60.35 

71.88 

116.25 

106.25 

97.25 

158.25 

376.00 

376.00 

541.50 

494.75 

84.13 

68.00 

97.10 

71.00 

91.54 

Q i 
5.00 

2.75 

5.80 

5.50 

9.00 

3.75 

5.75 

24.00 

15.00 

33.57 

18.00 

60.00 

95.00 

34.65 

350.00 

95.00 

39.00 

44.00 

47.00 

65.00 

55.00 

65.00 

93.00 

288.00 

288.00 

352.00 

375.00 

76.00 

64.50 

90.00 

64.50 

88.35 

1993 

Q2 

5.00 

2.65 

5.80 

5.50 

9.00 

3.75 

5.75 

24.00 

14.20 

33.25 

18.00 

60.00 

93.00 

34.30 

350.00 

95.00 

36.00 

40.00 

41.00 

59.00 

46.00 

63.00 

90.00 

200.00 

200.00 

329.00 

266.67 

71.00 

62.20 

87.00 

62.88 

87.45 

Q3 

5.00 

2.56 

5.80 

5.50 

8.75 

3.75 

5.75 

24.00 

13.50 

32.78 

18.00 

60,00 

90.00 

33.96 

325.00 

90.00 

35.00 

35.00 

35.00 

55.00 

40.00 

60.00 

86.00 

180.00 

180.00 

305.00 

236.25 

67.00 

60.20 

84.00 

61.60 

84.30 

Q4 

5.00 

2.50 

5.65 

5.50 

8.75 

3.75 

5.50 

23.00 

13.00 

32,40 

18.00 

60.00 

90.00 

33.79 

325.00 

90.00 

34.00 

34.00 

34.00 

50.00 

37.00 

57.00 

82.00 

155.00 

155.00 

295.00 

224.00 

65.10 

58.10 

81.00 

60,60 

81.20 

1993 

Year 

5-00 

2.62 

5.76 

5.50 

8,88 

3.75 

5.69 

23.75 

13.93 

33.00 

18.00 

60.00 

92.00 

34.18 

337.50 

92.50 

36.00 

38.25 

39.25 

57.25 

44.50 

61.25 

87.75 

205.75 

205.75 

320.25 

275.48 

69.78 

61.25 

85.50 

62.40 

85.33 

Current Lead 

Time (Weeks) 

4-8 

4-8 

8-12 

6-8 

5-8 

3-8 

2-10 

8-12 

4-8 

2-8 

2-4 

8-12 

5-10 

8-12 

4-8 

8-12 

2-6 

2-6 

2-6 

2-6 

6 

4-8 

4-8 

6-8 

6-8 

6-8 

6-8 

5-12 

4-8 

6-12 

NA 

1-2 

NA - Not available 

^timated but not by survey 

'CPGA for Ql-1992 

'Pricing excludes accessory parts such 

Note: Actual negotiated market prices 

discount. These prices are intended 

Source: DaUquest (September 1992) 

as floating point and memory management 

may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

for use as guidelines. 

©1992 Dataquest Incorporated September—Reproduction Prohibited 



North American Seoiiconductor Price Outlook: Fourth Quarter 1992 

Table 4 
Estimated Long-Raii^e Microprocessor Price Trends—North American B o o k i n g 
CVohime: 8- and 16-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package: 8/l6-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 1992 1993 1994 1995 1996 

68000-12 

68EC000-8 

68EC000-16 PLCC 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 CPGA 

AM386-40 

386DX-25 PQFP' 

80486SX-20 PQFP' 

80486DX-25 

80486DX-33 

80486DX-50 

80486DX2-50 

29000-25' 

88100-25' 

R3000-25' 

SPARC-25' 

80960CA-25 

NA - Not available 

'CPGA for Q H 9 9 2 

Pricing excludes accessory parts such as floating point and memory management. 

Note: Actual negotiated maiket prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast coordinates with Oataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

5.50 

2.89 

NA 

5.60 

9.65 

4.50 

7.64 

27.75 

16.06 

35.13 

19.99 

70.00 

108.75 

35.94 

418.52 

112.50 

47.21 

60.35 

71.88 

116.25 

106.25 

97.25 

NA 

376.00 

376.00 

541.50 

494.75 

84.13 

68.00 

97.10 

71.00 

91.54 

5.00 

2.62 

5.76 

5.50 

8.88 

3.75 

5.69 

23.75 

13.93 

33.00 

18.00 

60.00 

92.00 

34.18 

337.50 

92.50 

36.00 

38.25 

39.25 

57.25 

44.50 

61.25 

87.75 

205.75 

205.75 

320.25 

275.48 

69.78 

61.25 

85.50 

62.40 

85.33 

4.50 

2.35 

5.25 

5.30 

7.25 

3.50 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

86.00 

32.10 

305.00 

86.00 

28.00 

28.00 

28.00 

43.00 

30.00 

47.00 

74.00 

112.75 

112.75 

135.30 

124.03 

63.00 

56.00 

74.00 

59.00 

77.14 

4.00 

2.30 

4.95 

5.30 

6.75 

NA 

4.50 

17.00 

11.00 

31.00 

16.00 

58.94 

83.00 

30.50 

29.00 

83.00 

24.00 

24.00 

24.00 

37.00 

26.00 

40.00 

62.00 

94.86 

94.86 

109.09 

101.97 

58.00 

51.00 

65.00 

53.66 

75.21 

4.00 

2.30 

4.75 

5.30 

6.50 

NA 

NA 

17.00 

10.00 

31.00 

15.50 

58.94 

80.00 

30.00 

275.00 

80.00 

20.00 

20.00 

20.00 

31.00 

22.00 

34.00 

53.00 

80.19 

80.19 

84.19 

80.99 

55.00 

50.00 

60.00 

53.00 

75.21 
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Semiconductor Procurement 

Table 5 
Estimated DRAM Price Trends—North American Bookix^s 
(Contract Vohune; Dollars) ' 

Product Q l 

1992 1992 

Q2 Q3 Q4 Year _eL 
1993 1993 Current Lead 

Q2 Q3 CH Year "Rgte (Weeks) 

256KX1 DRAM 

80ns DIP 

64KX4 VRAM 

120ns ZIP 

IMhxl DRAM 

80ns (DIP/SOp 

6 4 K X 1 6 DRAM 

80ns SOJ 

256KX4 VRAM 

100ns ZIP 

128Kx8 VRAM 

100ns SOJ 

4Mhxl DRAM 

80ns SOJ 

lMbx4 DRAM 

60ns SOJ 

512Ks8 DRAM 70ns 

256KX16 DRAM 

70ns SOJ 

256Kxl8 DRAM 

80ns SOJ 

lMbx8 SIMM 

100ns (2 pc) 

lMhx9 SIMM 

80ns (3 pc) 

256KX9 SIMM 100ns 

256Kx36 SIMM 80ns' 

512Kx36 SIMM 
80ns (24 pc) 

4Mbx9 SIMM 
80ns (9pc) 

lMbx36 SIMM 

80ns (12 pc) 

4Mbx4 DRAM 
70ns SOJ 

1.60 1.60 1.50 1.50 1.55 1.40 1.40 1.40 1.40 1.40 

2.95 2.70 2.70 2.70 2.76 2.65 2.65 2.65 2.65 2.65 

3.80 3.50 3.35 3.20 3.46 3.20 3.20 3.20 3.20 3.20 

5.65 5.19 4.93 4.67 5.11 4.49 4.33 4.22 4.13 4.29 

7.75 7.30 6.85 6.60 7.13 6.18 5.95 5.55 5.25 5.73 

8.05 7.65 7.25 6.91 7.47 6.58 6.50 6.40 6.30 6.45 

13.13 12.05 10.80 9.85 11.46 9.00 8.25 7.60 7.20 8.01 

14.45 12.95 11.34 10.34 12.27 9.00 8.54 7.83 7.42 8.20 

NA 15.08 13.25 12.36 NA 11.23 10.56 9.89 9.27 10.24 

16.00 15.50 13.60 12.40 14.38 10.35 9.49 8.51 7.92 9.07 

17.07 16.75 14.36 12.75 15.23 11.45 10.25 9.25 8.60 9.89 

30.00 27.00 24.98 24.00 26.49 22.00 20.90 20.18 19.25 20.58 

33.27 30.45 27.85 26.00 29.39 25.00 23.77 22.00 20.75 22.88 

12.70 12.53 12.65 12.50 12.59 12.50 12.50 12.50 12.50 12.50 

47.00 44.40 41.00 38.00 42.60 32.68 31.11 29.85 28.75 30.60 

82.00 80.40 77.75 72.00 78.04 67.00 63.00 60.00 57.50 61.88 

130.2 116.8 107.0 98.25 113.0 92.25 87.00 82.00 77.00 84.56 

131.0 122.0 107.0 100.0 115.0 94.00 87.00 80.00 76.00 84.25 

180.0 149.0 119.6 95.0 135.9 74.00 58.00 48.00 42.00 55.50 

1-8 

3-10 

1-6 

4-8 

3-20 

6-16 

2-12 

2-12 

3-12 

3-8 

3-6 

1-8 

1-8 

2-8 

2-8 

4-8 

2-8 

4-8 

12-24 

NA - Not available 

'Contract volume - at least 100,000 per order except VRAMs 

"Z-piece solution for 1993 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. 

Source: Dataquest (September 1992) 
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North American Semiconductor Price Outlook: Fourth Quarter 1992 

Table 6 
Estimated Long-Ran^e DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars)* 

Product 1992 1993 1994 1995 1996 

256J&C1 DRAM 80ns DIP 

64Kx4 VRAM 120ns ZIP 

IMbxl DRAM 80ns (pIP/SOJ) 

64Kxl6 DRAM 80ns SOJ 

256KX4 VRAM 100ns ZIP 

128JCx8 VRAM 100ns SOJ 

4Mbxl DRAM 80ns SOJ 

lMbx4 DRAM 60ns SOJ 

512Kx8 DRAM 70ns 

256KX16 DRAM 70ns SOJ 

256Kxl8 DRAM 80ns SOJ 

lMhx8 SIMM 100ns (2 pc) 

lMbx9 SIMM 80ns (3 pc) 

256KX9 SIMM 100ns 

256KX36 SIMM 80ns^ 

512Kx36 SIMM 80ns (24 pc) 

4Mbx9 SIMM 80ns (9pc) 

lMbx36 SIMM 80ns (12 pc) 

4Mbx4 DRAM 70ns SOJ 400 mil 

1.55 

2.76 

3.46 

5.11 

7.13 

7.47 

11.46 

12.27 

NA 

11.46 

15.23 

26.49 

29.39 

12.59 

42.60 

78.04 

.13.04 

115.0 

135.9 

1.40 

2.65 
3.20 

4.29 

5.73 

6.45 

8.01 

8.20 

10.24 

9.07 

9.89 

20.58 

22.88 

12.50 

30.60 

61.88 

84.56 

84.25 

55.50 

1.55 
2.24 

3.20 

4.12 

5.00 

5.50 

6.06 

6.15 

6.21 

6.36 

6.54 

15.44 

16.44 

12.00 

23.71 

46.41 

59.19 

58.98 

27.00 

1.65 

2.40 

3.30 

4.12 

4.75 

5.15 

5.50 

5.56 

5.69 
5.72 

5.91 

15.00 

16.00 

NA 

21.50 

43.00 

55.43 

57.75 

18.00 

1.80 

2.40 

3.55 

4.15 

4.75 

5.15 

5.50 

5.55 

5.60 

5.72 

5.90 

14.00 

15.00 

NA 

21.00 

42.00 

56.00 

56.10 

14.00 

NA - Not available 

'Contract volume - at least 100,000 per order except VRAMs 

'2-piece solution for 1993 

Note: Actual negotiated market prices may vary from these prices because of manubcturer-spedfic factors sxjch as quality, service, 

discount These prices are intended for use as guidelines. This information coordinates with Dataquest's quarterly forecast dated 

Source: Dataquest (September 1992) 

and voltime 

September 1992. 

©1992 Dataquest Incorporated Septeinber—Reproduction Prohibited 



Semiconductor Procurement 

Table 7 
Esdmated Static RAM Price Trends—North American Bookings 
CVoltime: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year) (Package: PDIP; Dollars) 

Product 

4Kx4 25ns 

2Kx8 25ns 

64Kxl 25ns 

16KX4 25ns 

8Kx8 25ns 

l6Kx4 35ns 

8Kx8 45ns 

8Kx8 100-120ns 

64Kx4 10ns 

64Kx4 25ns 

32Kx8 12ns 

32Kx8 35ns 

32Kx8 100ns SOJ 

256KX4 20ns 

128Kx8 20ns 

128Kx8 25ns 

128Kx8 100ns SOJ 

Q i 
2.30 

2.40 

3.55 

2.70 

3.30 

2.60 

2.55 

2.05 

36.90 

7.50 

23.58 

6.28 

4.05 

58.83 

58.64 

44.00 

13.50 

1992 

Q2 

2.25 

2.35 

3.20 

2.50 

2.60 

2.40 

2.45 

1.85 

32.80 

6.50 

21.53 

6.10 

4.05 

51.04 

50.16 

37.50 

11.55 

Q3 

2.18 

2.20 

2.80 

2.25 

2.35 

2.25 

2.35 

1.65 

24.84 

6.04 

16.54 

5.75 

3.95 

32.77 

34.00 

27.08 

10.00 

Q4 

2.18 

2.15 

2.30 

2.25 

2.15 

2.25 

2.15 

1.65 

22.00 

5.50 

14.80 

5.50 

3.90 

30.50 

30.94 

23.50 

9.20 

1992 

Year 

2.23 

2.28 

2.96 

2.43 

2.60 

2.38 

2.38 

1.80 

29.14 

6.39 

19.11 

5.91 

3.99 

43.28 

43.43 

33.02 

11.06 

Q i 

2.05 

2.05 

2.20 

2.00 

2.00 

2.00 

2.00 

1.55 

20.00 

5.00 

13.61 

5.10 

3.85 

27.83 

27.87 

21.75 

9.00 

1993 

Q2 

2.05 

2.00 

2.20 

2.00 

2.00 

2.00 

2.00 

1.55 

18.75 

4.65 

12.00 

4.74 

3.75 

26.50 

26.12 

19.42 

8.85 

Q3 

2.05 

2.00 

2.10 

1.90 

1.90 

1.90 

1.90 

1.55 

17.50 

4.45 

11.45 

4.49 

3.75 

24.50 

24.50 

18.00 

8.65 

Q4 

2.05 

2.00 

2.10 

1.90 

1.90 

1.90 

1.90 

1.55 

15.50 

4.39 

10.95 

4.43 

3.75 

23.33 

23.33 

16.25 

8.45 

1993 

Year 

2.05 

2.01 

2.15 

1.95 

1.95 

1.95 

1.95 

1.55 

17.94 

4.62 

12.00 

4.69 

3.78 

25.54 

25.45 

18.85 

8.74 

Current Lead 

Time (Weeks) 

1-12 

1-13 

1-12 

1-10 

1-10 

1-10 

1-10 

1-10 

1-12 

1-12 

1-10 

1-12 

4-9 

1-12 

1-12 

1-12 

2-10 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as price guidelines. 

Source: Dataquest (September 1992) 
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North American Semiconductor Price Outlook: Fourth Quarter 1992 

Table 8 
Estimated Loi^-Range Static RAM Price Trends—North American Bookings 
CVohime: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Pack^e: PDIP; Dollars) 

Product 1992; 1993 1994 1995 1996 

4Kx4 25ns 

2Kx8 25ns 

64Kxl 25ns 

l6Kx4 25ns 

8Kx8 25ns 

16KX4 35ns 

8Kx8 45ns 

8Kx8 100-120ns 

64K3c4 10ns 

64Kx4 25ns 

32Kx8 12ns 

32Kx8 35ns 

32Kx8 100ns SOJ 

256Kx4 20ns 

128Kx8 20ns 

128Kx8 25ns 

128Kx8 100ns SOJ 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific foctors such as quaUty, service, and volume 

discount These prices are intended for use as price guidelines. This forecast coordinates with Dataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

2.23 

2.28 

2.96 

2.43 

2.60 

2.38 

2.38 

1.80 

29.14 

6.39 

19.11 

5.91 

3.99 

43.28 

43.43 

33.02 

11.06 

2.05 

2.01 

2.15 

1.95 

1.95 

1.95 

1.95 

1.55 

17.94 

4.62 

12.00 

4.69 

3.78 

'25.54 

25.45 

18.85 

8.74 

1.70 

1.70 

1.90 

1.85 

1.85 

1.85 

1.85 

1.35 

8.25 

3.95 

7.25 

3.98 

3.50 

11.25 

11.25 

9.70 

6.50 

1.50 

1.50 

1.80 

1.60 

1.60 

1.60 

1.55 

1.35 

5.95 

3.45 

5.50 

3.45 

3.00 

7.75 

7.75 

7.25 

5.50 

1.35 

1.35 

1.70 

1.50 

1.50 

1.50 

1.50 

1.65 

4.50 

2.99 

4.00 

2.95 

3.00 

6.25 

6.25 

6.20 

5.25 
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Table 9 

Estimated ROM Price Trends—North American Bookii^ 

(Speed/Package: £lMb Density—150ns and above; 28-Pin PDIP; 

^2Mb Density—200ns and above; 32-Pin PDff) 

(Volume: 50,000 per Year; Dollars) 

Product 

CMOS 

32Kx8 ROM 

64Kx8 ROM 

128Kx8 ROM 

64Kxl6 ROM 

256KX8 ROM 

512Kx8 ROM 

256KX16 ROM' 

lMbx8 ROM^ 

lMbxl6 ROM 

2Mbx8 ROM 

Q i 

1.50 

1.90 

2.01 

2.20 

2.76 

3.95 

4.05 

6.33 

NA 

15.25 

1992 

Q2 

1.50 

1.85 

1.95 

2.20 

2.73 

3.79 

3.86 

6.20 

NA 

13.00 

Q3 

1.50 

1.80 

1.80 

1.80 

2.55 

3.50 

3.50 

5.65 

10.55 

10.90 

Q4 

1.50 

1.75 

1.80 

1.80 

2.55 

3.35 

3.50 

5.60 

10.30 

10.50 

1992 

Year 

1.50 

1.83 

1.89 

2.00 

2.65 

3.65 

3.73 

5.95 

NA 

12.41 

Q i 

1.40 

1.70 

1.80 

1.80 

2.50 

3.30 

3.50 

5.55 

10.00 

10.10 

1993 

Q2 

1.35 

1.65 

1.75 

1.80 

2.50 

3.25 

3.50 

5.50 

9.75 

9.95 

Q3 

1.30 

1.60 

1.70 

1.80 

2.50 

3.20 

3.50 

5.45 

9.50 

9.65 

Q4 

1.25 

1.50 

1.60 

1.80 

2.50 

3.20 

3.50 

5.40 

9.25 

9.30 

1993 

Year 

1.33 

1.61 

1.71 

1.80 

2.50 

3-24 

3.50 

5.48 

9.63 

9.75 

Current Lead 

Time CWeeks) 

4-8 

4-8 

5-8 

5-8 

5-8 

5-8 

5-8 

5-8 

5-8 

4-8 

NA - Not available 

'256KX16 ROM: 150ns and above; 40-Pin PDIP 

"iMbxS ROM: 150ns and above; 32-Pin SOP 

Note: Actual negotiated market prices may vary 

discount. These prices are intended for use as 

Source: Dataquest (September 1992) 

from these prices because of manufactuFer-spedfic factors such as quality, service, and volume 

guidelines. 
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Table 10 
Estimated Long-Ran^ ROM Price Trends—North American Bookli^s 
(Speed/Package: <lMb Density—^150ns and above; 28-Pin PDIP; 
^2Mb Density^-200ns and above; 32-Pin PDIP) 
CVolume: 50,000 per Year; Dollars) 

Product 1992 1993 
CMOS 

32Kx8 ROM 
64Kx8 ROM 
128Kx8 ROM 
64Kxl6 ROM 
256KX8 ROM 

512Kx8 ROM 
256KX16 ROM' 

IMbxS ROM^ 
lMbxl6 ROM 
2Mbx8 ROM 

1994 1995 1996 

1.50 

1.83 

1.89 

2.00 

2.65 

3.65 

3.73 

5.95 

NA 

12.41 

1.33 

1.61 

1.71 

1.80 

2.50 

3.24 

3.50 

5.48 

9.63 

9.75 

1.25 

1.50 

1.60 

1.70 

2.40 

3.10 

3.20 

5.00 

8.00 

8.00 

NA 

1.60 

1.60 

1.70 

2.34 

3.05 

3.10 

4.50 

6.55 

6.55 

NA 

NA 

1.70 

1.70 

2.34 

3.00 

3.05 

4.15 

6.35 

6.35 

NA - Not available 
'256KX16 ROM: 150ns and above; 40-Pin PDIP 

'lMbx8 ROM: 150ns and above; 32-Pin SOP 

Note: Actual negotiated maifcet prices may vary firom these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast coordinates to Dataquest's quatteriy forecast dated September 1992. 

Source: Dataquest (September 1992) 

Table 11 
Estimated Programmable ROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; PDIP; Dollars) 

Product 

TTL 

4K PROM PDIP 

16K PROM PDIP 

32K PROM PDIP 

64K PROM PDIP 

Qi 

1.00 

2.40 

4.70 

6.62 

1992 

Q2 

1.00 

2.40 

4.60 

6.47 

93 

1.00 

2.40 

4.50 

6.36 

Q4 

1.00 

2.40 

4.50 

6.23 

1992 

Year 

1.00 

2.40 

4.58 

6.42 

Qi 

1.00 

2.40 

4.50 

6.05 

1993 
Q2 

1.00 

2.40 

4.50 

5.93 

Q3 

1.00 

2.40 

4.50 

5.85 

Q4 

1.00 

2.40 

4.50 

5.83 

1993 
Year 

1.00 

2.40 

4.50 

5.92 

Current Lead 

Time CWeeks) 

6-8 

6-8 

6-8 

6-8 

Note: Actual negotiated maifcet prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest (September 1992) 
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Table 12 
Estimated Long-Range Programinable ROM Price Trends—North American Bookix^ 
CVolume: 50,000 per Year; PDEP; Dollars) 

Product 1992 1993 1994 1995 1996 

TTL 

4K PROM 

I6K PROM 

32K PROM 

64K PROM 

1.00 

2.40 

4.58 

6.42 

1.00 

2.40 

4.50 

5.92 

NA 

NA 

4.50 

5.54 

NA 

NA 

NA 

5.45 

NA 

NA 

NA 

5.45 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discoimt. These prices are intended for use as guidelines. This price forecast coordinates to Dataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

Table 13 
Estimated EPROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; Pack^e: Windowed CERDIP; Speed: 150ns and above; Dollars) 

Family/Product 

8Kx8 EPROM 

l6Kx8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256KX8 EPROM 

128Kxl6 EPROM 

512Kx8 EPROM 

256KX16 EPROM 

Q i 

1.75 

1.83 

1.80 

2.37 

3.25 

7.27 

7.90 

14.00 

15.50 

1992 

Q2 

1.67 

1.75 

1.62 

2.36 

3.15 

6.68 

7.11 

11.75 

15.00 

Q3 

1.60 

1.75 

1.57 

2.34 

3.03 

6.49 

6.61 

11.05 

14.50 

Q4 

1.55 

1.75 

1.53 

2.31 

3.00 

6.10 

6.22 

10.70 

14.00 

1992 

Year 

1.64 

1.77 

1.63 

2.34 

3.11 

6.64 

6.96 

11.88 

14.75 

Q i 

1.45 

1.60 

1.45 

2.20 

2.80 

6.00 

6.09 

10.06 

12.00 

1993 

Q2 

1.45 

1.60 

1.45 

2.20 

2.70 

5.90 

5.99 

9.70 

10.72 

Q3 

1.45 

1.60 

1.45 

2.20 

2.65 

5.75 

5.89 

9.36 

10.34 

Q4 

1.45 

1.60 

1.45 

2.20 

2.60 

5.60 

5.80 

9.00 

9.98 

1993 

Year 

1.45 

1.60 

1.45 

2.20 

2.69 

5.81 

5.94 

9.53 

10.76 

Current Lead 

Time "Weeks 

2-12 

2-8 

2-12 

2-10 

2-12 

2-12 

4-8 

4-14 

4-14 

Note: Actual negotiated madcet prices 

discount These prices are intended 

Source: Dataquest (September 1992) 

may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

for use as guidelines. 
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Table 14 
Estimated Long-Range EPROM Pricing—North American Bookings 
(Volume: 50,000 per Year; Packi^e: Windowed CEKDIP; Speed: 150ns and above; Dollars) 

Product 1992 1995 1994 1995 1996 

8Kx8 EPROM 

16KX8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256K3C8 EPROM 

128Kxl6 EPROM 

512KX8 EPROM 

256Kxl6 EPROM 

1.64 

1.77 

1.63 

2.34 

3.11 

6.64 

6.96 

11.88 

14.75 

1.45 

1.60 

1.45 

2.20 

2.69 

5.81 

5.94 

9.53 

10.76 

1.45 

1.60 

1.45 

2.20 

2.60 

5.60 

5.69 

8.60 

9.50 

1.50 

1.60 

1.45 

2.20 

2.60 

5.40 

5.48 

8.00 

8.60 

1.50 

1.60 

1.50 

2.30 

2.65 

5.40 

5.48 

7.80 

8.25 

Note: Actual negotiated market prices may vary from these prices because of manufactuier-spedfic bctors such as quality, service, and volume 

discount This forecast coordinates with Dataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

Table 15 
Estimated OTP ROM Price Trends-North American Bookings 
(Volume: 50,000 per Year; Paclo^e: PDIP; Speed: 150ns and above; Dollars) 

Product 

l6Ks:8 

32Kx8 

64Kx8 

128Kx8 

Qi 
1.49 

1.56 

2.19 

2.85 

1992 

Q2 

1.49 

1.56 

2.10 

2.76 

Q3 

1.49 

1.56 

2.01 

2.73 

Q4 

1.49 

1.56 

1.98 

2.70 

1992 

Year 

1.49 

1.56 

2.07 

2.76 

Qi 
1.34 

1.31 

1.95 

2.56 

1993 

Q2 

1.34 

1.31 

1.95 

2.48 

Q3 
1.34 

1.31 

1.95 

2.45 

Q4 

1.34 

1.31 

1.95 

2.39 

1993 

Year 

1.34 

1.31 

1.95 

2.47 

Current Lead 

H m e (Weeks) 

1-12 

2-12 

2-12 

6-12 

Note: Actual negotiated maiket prices may vaiy from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended as guidelines. 

Source: Dataquest (September 1992) 
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Table 16 
Estimated Long-Rax^e OTP ROM Prices-North American Bookings 
(Volume: 50,000 per Year; Package: PDIP; Speed: 150ns and above; Dollars) 

Product 1992 1993 1994 1995 1996 

I6KX8 

32Kx8 

64Kx8 

128Kx8 

1.49 

1.56 

2.07 

2.76 

1.34 

1.31 

1.95 

2.47 

1.34 

1.31 

1.85 

2.20 

NA 

NA 

1.80 

2.10 

NA 

NA 

1.80 

2.00 

NA " Not available 

Note: Actual negotiated market prices may vary fiom these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended as guidelines. These prices coordinate with Dataquest's quaiteriy forecast dated September 1992-

Source: Dataquest (September 1992) 

Table 17 
Estimated Flash Memory Price Trends—North American Bookings 
(12 Volts; Vohmxe: 10,000 per Year; Speed: 150ns; Dollars) 

Product 

32Kx8, PDIP 

64Kx8, PDIP 

128Kx8, PDIP 

128Kx8, TSOP 

256Kx8, TSOP 

Ql 

5.80 

7.15 

8.50 

9.18 

15.00 

1992 

Q2 Q3 

5.50 5.20 

6.80 6.30 

8.00 7.50 

8.86 8.25 

14.00 13.50 

Q4 

4.94 

6.00 

7.00 

7.56 

13.10 

1992 

Year 

5.36 

6.56 

7.75 

8.46 

13.90 

Q i 

4.75 

5.60 

6.75 

7.22 

12.55 

1993 

Q2 Q3 

4.56 4.40 

5.35 5.25 

6.55 6.35 

6.94 6.73 

12.15 11.80 

Q4 

4.30 

5.05 

6.05 

6.41 

11.60 

1993 

Year 

4.50 

5.31 

6.43 

6.83 

12.03 

Current Lead 

H m e CWeeks) 

4-8 

4-8 

6-10 

6-10 

6-10 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (September 1992) 

Table 18 
Estimated Long-Range Flash Memory Price Trends—North American Bookings 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 1992 1993 1994 1995 1996 

32Kx8, PDIP 

64Kx8, PDIP 

128Kx8, PDIP 

128Kx8, TSOP 

256KX8, TSOP 

5.36 

6.56 

7.75 

8.46 

13.90 

4.50 

5.31 

6.43 

6.83 

12.03 

3.24 

4.06 

4.50 

4.68 

6.70 

3.02 

3.52 

3.90 

4.06 

5.90 

2.90 

3.25 

3.65 

3.80 

5.00 

Note: Actual negotiated market prices may vary horn these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast coordinates with Dataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

©1992 Dataquest Incorporated September—Reproduction Prohibited 



North American Semiconductor Price Outlook Fourth Quarter 1992 15 

Table 19 
Estimated Gate Array Pricing—North American Production Bookings 
(Millicents per Gate) (Pack^e: CMOS—S4-Pin PLCC for <10K gates, 160-Pin PQFP for 10K-29.9K, 
208-Pin PQFP for S30K Gates; ECI^—CQFP) (Based on Utilized Gates Only; NRE = Netllst to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Count 

Tecbnoiogy 
0-1.99K 

1992 

Gates 

1993 

2-4.99K Gates 

1992 1993 

5-9.99K Gates 

1992 1993 

Current Lead 

Time (Weeks) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

135 

120 

115 

NA 

4850 

NRE Charges ($l,OOOs) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

16.0 

13.0 

19.0 

NA 

30.0 

135 

115 

110 

NA 

4268 

15.2 

12.4 

18.1 

NA 

27.0 

120 

90 

85 

87 

3823 

21.0 

17.0 

24.0 

26.0 

45.0 

120 

88 

78 

79 

3326 

20.0 

16.2 

24.0 

26.0 

40.5 

110 

75 

70 

70 

3000 

26.0 

20.0 

28.0 

30.0 

50.0 

110 

75 

62 

62 

3000 

24.7 

20.0 

28.0 

30.0 

45.0 

Production: 

10-12 

8-12 

8-12 

10-16 

12 

Prototypes: 

3-5 

2-4 

2-4 

3-5 

14 

Gate Count 

Technology 

10-19.99K Gates 

1992 1993 

20-29.99K Gates 

1992 1993 

30-59.9K Gates 

1992 1993 

60-lOOK Gates 

1992 1993 

Current Lead 

l i m e (Weeks) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

100 

65 

65 

65 

3300 

NRE Charges ($l,0OOs) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NA •• Not available 

Note: Actual negotiated 

discount. These prices 

40.5 

40.0 

44.0 

51.7 

70.0 

100 

65 

60 

58 

2790 

40.0 

38.0 

42.9 

50.4 

65.0 

90 

76 

69 

65 

3200 

60.0 

58.0 

60.0 

65.0 

100.0 

market prices may vary from these prices 

are intended for use 35 guidelines. 

78 

76 

59 

58 

2784 

57.0 

55.1 

57.0 

64.0 

90.0 

95 

93 

73 

72 

3050 

100.0 

102.0 

96.7 

105.0 

146.7 

because of manufacturer-

95 

93 

63 

62 

2654 

95.0 

96.9 

90.9 

104.5 

132.0 

NA 

NA 

79 

77 

3050 

NA 

NA 

140.0 

142.0 

NA 

specific ibctois such as 

NA 

NA 

70 

66 

2654 

NA 

NA 

135.0 

137.0 

NA 

quality, service, 

Production: 

10-12 

8-12 

10-12 

10-16 

12 

Prototypes: 

3-6 

3 ^ 

3-5 

3-5 

14 

and volume 

Source: Dataquest (September 1992) 
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Table 20 
Estimated CBIC Pricing—North America Production Bookings 
(MilUcents per Gate) (Package: 84-Pin PLCC for <10K Gates; 160-Pin PQFP for 10K-29.9K; 
208-Pin PQFP for 230K) (Based on Utilized Gates Only; Volume: 10,000 per Year; 
NRE = Netlist to Prototypes) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Count 
Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

0-1.99K Gates 
1992 

112 

100 

110 

NA 

NRE Charges ($l,OOOs) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

35.0 

32.0 

42.0 

NA 

1993 

100 

100 

100 

NA 

33.3 

30.4 

41.2 

NA 

10-19.99K Gates 

1992 

105 

70 

69 

69 

NRE Charges ($l,000s) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

65.0 

58.5 

77.50 

95.0 

1993 

105 

70 

66 

63 

61.8 

55.6 

77.50 

85.0 

2-4.99K Gates 
1992 

90 

90 

90 

91 

38.0 

35.0 

49.00 

75.00 

1993 

88 

80 

85 

85 

36.1 

33.3 

45.00 

55.00 

20-29.99K Gates 

1992 

95 

77 

68 

67 

85.0 

75.0 

100.0 

125-0 

1993 

80 

76 

62 

60 

80.8 

71.3 

90.0 

105.0 

5-9.99K Gates 
1992 

107 

79 

70 

70 

• 47.0 

43.5 

53.00 

77.00 

1993 

107 

77 

69 

65 

44.7 

41.3 

47.50 

57.00 

30-59.9K Gates 

1992 

99 

95 

75 

74 

110.0 

100.0 

125.0 

155.0 

1993 

96 

95 

67 

65 

103.4 

97.0 

115.0 

133.0 

60-lOOK Gates 

1992 

NA 

NA 

73 

75 

NA 

NA 

155.0 

159.0 

1993 

NA 

NA 

62 

61 

NA 

NA 

140.0 

143.5 

Current Lead 

n m e (Weeks) 

Production: 

10-14 

8-15 

10-16 

13-16 

Protypes: 

5-8 

5-8 

5-8 

6-8 

Current Lead 

n m e (Weeks) 

Production: 

10-14 

9-15 

10-16 

13-16 

Protypes: 

5-8 

5-8 

5-8 

6-8 

NA " Not available 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (September 1992) 
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Table 21 
Estimated TTL PLD Price per Unit—North American Bookings 
CVolume: 10,000 per Year; Package: PDIP or PLCC; Dollars) 

Pin Count 

^ 0 

24 

Speed* 
Cns) 

<6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

^25 

<6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

^25 

1992 
HI 

6.25 

2.35 

1.35 

1.27 

0.60 

0.46 

9.20 

4.35 

2.60 

2.43 

1.00 

0.72 

1992 
H2 

5.85 

2.10 

1.20 

1.15 

0.57 

0.43 

8.80 

4.06 

2.50 

2.18 

0.96 

0.71 

1995 
HI 

5.50 

2.00 

1.15 

1.05 

0.55 

0.42 

7.25 

3.60 

2.15 

2.09 

0.94 

0.68 

1993 
H2 

5.15 

1.85 

1.05 

1.05 

0.55 

0.42 

6.95 

3.25 

2.05 

1.99 

0.90 

0.66 

Current Lead 
l i m e (Weeks) 

2-10 

2-12 

2-12 

2-8 

2-4 

2-4 

2-12 

2-12 

2-12 

3-6 

2-4 

2-4 

24 

22V10 
15 - <25 

25 - <35 

4.00 

2.15 

3.80 

1.90 

3.30 

1.60 

3.10 

1.50 

3-8 

2-« 

•Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated maiket prices may vary from these prices because of manufacturer-specific foctors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Sotiree: Dataquest (September 1992) 
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Table 22 
Estimated Loi^-Range TTL I>LD Price Trends—North American Bookings 
(Volume: 10,000 per Year; Pack^e: PDIP or PLCC; Dollars) 

Pin Count 
<20 

24 

Speed*(ns) 

<6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

^25 

<6 
6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

^ 5 

1992 

6.05 

2.23 

1.28 

1.21 

0.59 

0.45 

9.00 

4.20 

2.55 

2.30 

0.98 

0.72 

1993 

5.33 

1.93 

1.10 

1.05 

0.55 

0.42 

7.10 

3.43 

2.10 

2.04 

0.92 

0.67 

1994 

4.79 

1.76 

0.99 

1.05 

0.51 

0.40 

6.00 

3.15 

1.89 

1.95 

0.90 

0.65 

1995 

4.55 

1.73 

0.94 

1.00 

0.50 

0.40 

5.50 

3.00 

1.84 

1.90 

0.87 

•0.65 

1996 

4.44 

1.70 

0.89 

1.00 

0.50 

0.40 

5.45 

2.85 

1.81 

1.90 

0.85 

0.65 

24 

22V10 
15 - <25 

25 - <35 

3.90 

2.03 

3.20 

1.55 

2.88 

1.43 

2.74 

1.40 

2.67 

1.40 

•Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market prices may vary from these prices because of manuEacturer-.specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast coordinates with Oataquest's quatteriy forecast dated September 1992. 

Source: Oataquest (September 1992) 
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Table 23 
Estimated CMOS PIX> Price per Unit—North American Bookings 
(Volume: 10,000 per Year; Packi^e: PDIP or PLCC; Dollars) 

Pin Count 

^ 0 

24 

Speed* 

tns) 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

^ 5 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

2:25 

1992 

HI 

5.50 

3.05 

1.75 

0.78 

0.61 

9.07 

5.25 

2.70 

1.15 

0.95 

H2 

4.95 

2.20 

1.66 

0.73 

0.58 

6.50 

3.85 

2.54 

0.99 

0.90 

1993 

HI 

4.65 

2.00 

1.58 

0.70 

0.56 

6.63 

3.48 

2.39 

0.94 

0.94 

H2 

4.35 

1.83 

1.50 

0.68 

0.55 

5.75 

3.18 

2.23 

0.94 

0.94 

Current Lead 

l i m e CWeeks) 

1-18 

1-12 

1-8 

1-8 

1-8 

1-20 

1-18 

1-6 

1-8 

1-6 

24 

22V10 
6.1 - 7.5 

7.6 - 10.0 

15 - <25 

25 - <35 

20.00 
14.00 

4.25 
2.47 

19.00 
10.50 

3.63 

1.95 

18.00 
7.25 
3.00 
1.70 

17.00 
6.00 
2.63 
1.60 

1-4 
2-4 
1-6 
1-6 

•Nanosecond speed is the TPD for flie combinatorial device. 

Note: Actual negotiated maiket prices may vary bom these prices because of manu&ctuicr-specific ibctors such as quality, service, and volume 

discount. These prices are intended as guidelines. 

Source: Dataquest (September 1992) 
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Table 24 
Estimated Long-Range CMOS PU> Price Trends—North American Bookings 
(Volume: 10,000 per Year; Pack^e: PDIP or PLCC; Dollars) 

Pin Count 
^ 0 

24 

Speed' (ns) 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

S25 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

>25 

1992 

5.23 

2.63 

1.70 

0.75 

0.60 

7.79 

4.55 

2.62 

1.07 

0.92 

1993 

4.50 

1.91 

1.54 

0.69 

0.55 

6.19 

3.33 

2.31 

0.94 

0.94 

1994 

4.00 

1.50 

1.17 

0.60 

0.44 

5.25 

2.50 

1.50 

0.90 

0.90 

1995 

3.75 

1.40 

1.12 

0.56 

0.42 

4.95 

2.25 

1.40 

0.85 

0.85 

1996 

3.54 

1.32 

1.06 

0.52 

0.42 

4.50 

2.10 

1.30 

0.80 

0.80 

24 

22V10 
6.1 - 7.5 

'.6 - 10.0 

15 - <25 

25 - <35 

19.50 

12.25 

3.94 

2.21 

17.50 

6.63 

2.81 

1.65 

15.30 

6.00 

2.25 

1.60 

13-77 

5.50 

2.05 

1.50 

13.08 

5.15 

1.95 

1.50 

•Nanosecond speed is the TPD for the comlanatorial device. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic factors such as quality, service, and volume 

discount. These prices are intended as guidelines. This forecast coordinates with Dataquest's quarteriy forecast dated September 1992. 

Source: Dataquest (September 1992) 
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Table 25 
Estimated Analc^ IC Price Trends—North American Bookings 
(Vohmie: 100,000 per Year; Dollars) 

Product 
1992 

HI 
1992 

H2 
1993 

HI 
1993 

H2 
Current Lead 

Time (Weeks) 

Voltage Regulators 

78L05 CrO-92) 

7805 (TO-220) 

Comparators 

LM339 

LM393 

Op Amps 

741 

3403P 

1741CP1 

Interface ICs 

1488P 

3486P 

Telecom IC 

CODEC/FILTER #1 

CODEC/FILTCR #2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35MHZ 

0.120 

0.138 

0.137 

0.129 

0.130 

0.182 

0.124 

0.150 

0.895 

1.850 

4.330 

3.600 

0.330 

0.118 

0.137 

0.137 

0.127 

0.125 

0.178 

0.120 

0.150 

0.885 

1.776 

4.121 

3.500 

0.320 

0.117 

0.137 

0.132 

0.127 

" 0.128 

0.176 

0.119 

0.146 

0.880 

1.723 

3.915 

3.413 

0.315 

0.117 

0.137 

0.130 

0.127 

0.128 

0.174 

0.117 

0.144 

0.860 

1.680 

3.719 

3.327 

0.305 

1.800 1.700 1.600 1.500 

10-12 

10-12 

10-12 

6-8 

6-8 

NA 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manu&cturer-specific faaors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (September 1992) 
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Table 26 ' 
EstLoaated Long-Range Analog IC Price Trends—North American B o o k i i ^ 
(Volume: 100,000 per Year; Dollars) 

Product 1992 1993 1994 1995 1996 

Voltage Regulators 

78L05 (TO-92) 

7805 (TO-220) 

Comparators 

LM339 

LM393 

Op Amps 

3403P 

1741CP1 

Interface ICs 

1488P 

3486P 

Telecom IC 

CODEC/FILTER 1 

CODEC/FILTER 2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35MH2 1750 1.550 1.440 1.390 1.370 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast coordinates with Oataquest's quarterly forecast dated September 1992. 

Source: Dataquest (September 1992) 

0.119 

0.138 

0.137 

0.128 

0.180 

0.122 

0.150 

0.890 

1.813 

4.225 

3.550 

0.325 

0.117 

0.137 

0.131 

0.127 

0.175 

0.118 

0.145 

0.870 

1.701 

3.817 

3.370 

0.310 

0.117 

0.137 

0.130 

0.127 

0.174 

0.117 

0.144 

0.860 

1.616 

3.550 

3.201 

0.305 

0.116 

0.137 

0.130 

0.126 

0.171 

0.116 

0.137 

0.840 

1.535 

3.301 

3.073 

0.298 

0.116 

0.137 

0.130 

0.126 

0.171 

0.116 

0.137 

0.830 

1.500 

3.136 

2.950 

0.290 
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Table 27 
Estimated Discrete Semiconductor Price Trends—North American Booking 
(Volume: 100,000 per Year; Dollars) 

Product 

Small-Signal Transistors 

2N2222A. 

2N3904 

2N2907A 

IVIPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

IRF530 

IRF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

H I 

0.140 

0.030 

0.068 

0.052 

0.046 

1.040 

0.700 

0.235 

0.400 

1.000 

1.040 

0.416 

0.020 

0.047 

0.888 

7.120 

0.095 

1.165 

0.026 

0.026 

0.040 

0.625 

1.230 

0.708 

0.620 

2.275 

1992 

H2 

0.140 

0.030 

0.068 

0.049 

0.045 

1.040 

0.700 

0.235 

0.380 

1.000 

1.030 

0.414 

0.020 

0.046 

0.878 

7.090 

0.094 

1.165 

0.025 

0.025 

0.039 

0.610 

1.200 

0.690 

0.620 

2.265 

H I 

0.139 

0.029 

0.066 

0.048 

0.045 

1.040 

0.690 

0.235 

0.370 

0.990 

1.029 

0.411 

0.020 

0.045 

0.875 

7.070 

0.093 

1.165 

0.025 

0.025 

0.039 

0.608 

1.192 

0.690 

0.593 

2.270 

1993 

H2 

0.139 

0.029 

0.066 

0.046 

0.045 

1.040 

0.690 

0.235 

0.370 

0.990 

1.027 

0.409 

0.020 

0.045 

0.871 

6.999 

0.092 

1.165 

0.025 

0.025 

0.039 

0.600 

1.180 

0.690 

0.573 

2.250 

Current Lead 

B m e CWeeks) 

2-8 

3-8 

3-8 

1-8 

2-8 

2-8 

2-8 

Note: Actual negotiated maifcet prices 

discount. These prices are intended 

Source: Dataquest CSeptember 1992) 

may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

for use as guidelines. 
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Table 28 
Estimated Long-Range Discrete Setaiconductor Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Product 

Small-Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

IKF530 

IRF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

1992 

0.140 

0.030 

0.068 

0.050 

0.046 

1.040 

0.700 

0.235 

0.390 

1.000 

1.035 

0.415 

0.020 

0.046 

0.883 

7.105 

0.094 

1.165 

0.026 

0.026 

0.040 

0.617 

1.215 

0.699 

0.620 

2.270 

1993 

0.139 

0.029 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.370 

0.990 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.092 

1.165 

0.025 

0.025 

0.039 

0.604 

1.186 

0.690 

0.583 

2.260 

1994 

0.138 

0.028 

0.062 

0.046 

0.045 

1.040 

0.680 

0.235 

0.360 

0.980 

1.022 

0.408 

0.020 

0.045 

0.864 

6.990 

0.090 

1.165 

0.025 

0.025 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

1995 

0.138 

0.028 

0.061 

0.045 

0.045 

1.040 

0.670 

0.235 

0.350 

0.975 

1.020 

0.406 

0.020 

0.045 

0.860 

6.850 

0.089 

1.165 

0.025 

0.025 

0.039 

0.590 

1.155 

0.671 

0.556 

2.250 

1996 

0.138 

0.028 

0.060 

0.045 

0.045 

1.040 

0.670 

0.235 

0.350 

0.970 

1.018 

0.405 

0.020 

0.045 

0.858 

6.800 

0.088 

1.165 

0.025 

0.025 

0.039 

0.585 

1.150 

0.665 

0.556 

2.250 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast coordinates with Dataquest's quaiteiiy forecast dated September 1992-

Source: Dataquest (September 1992) 
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North American Semiconductor Price 
Outlook: Third Quarter 1992 

Methodology and Sources 
This Source: Dataquest document provides 
information on and forecasts for the North 
American bookings prices of more than 
200 semiconductor devices. Dataquest collects 
price information on a quarterly basis from 
North American suppliers and major buyers 
of these products. North American bookings 
price information is analyzed by Semiconductor 
Procurement (SP) service analysts for con
sistency and reconciliation. ITie information 
finally is rationalized with worldwide billings 
price data in association with product analysts, 
resulting in the current forecast. This document 
includes associated long-range forecasts. 

For SP clients that use the SP online service, 
the prices presented here correlate with the 

quarterly and long-range price tables dated 
June 1992 in the SP online service. For addi
tional product coverage and more detailed 
product specifications, please refer to those 

sources. 

Price Variations 

Actual negotiated market prices may vary from 
these prices because of manufacturer-specific 
factors such as product quality, special fea
tures, service, delivery performance, volume 
discount, or other factors that may enhance or 
detract from the value of a company's product. 
These prices are intended for use as price 
guidelines. 



Semiconductor Procurement 

Table 1 
Estimated Standard Lc^c Price Trends—North American Bookings 
(Volume: 100,000 per Year; Package: PLCC; Dollars) 

Product 

74LS TTL 

74LS00 

74LS74 

74LS138 

74LS244 

74S TTL 

74S00 

74S74 

74S138 

74S244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

1991 
Year 

0.100 

0.115 

0.150 

0.215 

0.140 

0.174 

0.259 

0.505 

0.100 

0.118 

0.165 

0.228 

0.105 

0.120 

0.156 

0.230 

Q i 

0.105 

0.117 

0.155 

0.215 

0.145 

0.170 

0.260 

0.500 

0.100 

0.120 

0.155 

0.220 

0.105 

0.120 

0.158 

0.235 

1992 
Q2 

0.105 

0.117 

0.155 

0.215 

0.145 

0.170 

0.260 

0.500 

0.100 

0.120 

0.155 

0.220 

0.105 

0.120 

0.158 

0.235 

Q3 

0.110 

0.117 

0.155 

0.220 

0.145 

0.175 

0.260 

0.500 

0.100 

0.120 

0.155 

0.220 

0.110 

0.125 

0.160 

0.235 

Q4 

0.110 

0.117 

0.155 

0.220 

0.145 

0.175 

0.260 

0.500 

0.100 

0.120 

0.155 

0.220 

0.110 

0.125 

0.160 

0.235 

1992 
Year 

0.108 

0.117 

0.155 

0.217 

0.145 

0.173 

0.260 

0.500 

0.100 

0.120 

0.155 

0.220 

0.108 

0.123 

0.159 

0.235 

Q i 

0.110 

0.117 

0.160 

0.220 

0.150 

0.175 

0.260 

0.500 

0.105 

0.115 

0.152 

0.220 

0.110 

0.130 

0.165 

0.237 

1993 
Q2 

0.110 

0.117 

0.160 

0.220 

0.150 

0.175 

0.260 

0.500 

0.105 

0.115 

0.151 

0.220 

0.110 

0.130 

0.165 

0.237 

Q3 

0.110 

0.110 

0.150 

0.200 

0.150 

0.175 

0.260 

0.500 

0.105 

0.115 

0.150 

0.210 

0.110 

0.130 

0.165 

0.239 

Q4 

0.110 

0.110 

0.150 

0.200 

0.150 

0.175 

0.260 

0.500 

0.105 

0.115 

0.150 

0.210 

0.110 

0.130 

0.165 

0.239 

1993 Current Lead 

Year Time CWeeks) 

0.110 

0.113 

0.155 

0.210 

0.150 

0.175 

0.260 

0.500 

0.105 

0.115 

0.151 

0.215 

0.110 

0.130 

0.165 

0.238 

6 

« 

4 

4 

Note: Actual negotiated market prices may vary from these prices because of manu&cturer-spedfic factors such as quality, service, and volume 

discount These prices are intended for tjse as guidelines. 

Source: Dataquest Qvme 1992) 
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Table 2 
Estimated Long-Rai^e Standard Logic Price Trends—North American Booki i^s 
(Volume: 100,000 per Year; Package: PLCC; Dollars) 

Product 1992 1993 1994 1995 1996 

74LS TTL 

74LS00 

74LS74 

74LS13S 

74LS244 

74S TTL 

74S00 

74S74 

74S138 

74S244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

Note: Actual negotiated maiket prices may vary from these i»ices because of manufocturer-spedfic factors such as quality, service, and volume 

discount Ihese prices are intended for use as guidelines. This information coordinates with Dataquest's quatteiiy forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest (June 1992) 

0.108 

0.117 

0.155 

0.217 

0.145 

0.173 

0.260 

0.500 

0.100 

0.120 

0.155 

0.220 

0.108 

0.123 

0.159 

0.235 

0.110 

0.113 

0.155 

0.210 

0.150 

0.175 

0.260 

0.500 

0.105 

0.115 

0.151 

0.215 

0.110 

0.130 

0.165 

0.238 

0.100 

0.110 

0.145 

0.195 

0.145 

0.174 

0.259 

0.495 

0.105 

0.110 

0.145 

0.205 

0.110 

0.128 

0.160 

0.239 

0.100 

0.110 

0.140 

0.190 

0.145 

0.174 

0.259 

0.495 

0.105 

0.110 

0.145 

0.200 

0.110 

0.128 

0.160 

0.239 

0.100 

0.110 

0.140 

0.190 

0.145 

0.174 

0.259 

0.495 

0.105 

0.110 

0.145 

0.200 

0.110 

0.128 

0.160 

0.239 
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Semiconductor Frocureoaent 

Table 3 
Estimated Standard Logic Price Trends—North American Bookli^s 
(Volume: 100,000 per Year; Package: PLCC; Dollars) 

Product 

74AC CMOS 

74AC00 

74AC74 . 

74AC138 

74AC244 

74ALS r a 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS0O 

74AS74 

74AS138 

74AS244 

74BC» 

74BC00 

74BC244 

74BC373 

lOKH ECL 

10H102 

10H173 

1991 
Year 

0.192 

0.263 

0.334 

0.484 

0.128 

0.154 

0.278 

0.382 

0.170 

0.180 

0.460 

0.755 

0.328 

0.796 

0.799 

0.490 

1.200 

Q i 

0.180 

0.250 

0.295 

0.440 

0.120 

0.140 

0.260 

0.340 

0.160 

0.180 

0.425 

0.730 

0.297 

0.725 

0.726 

0.490 

1.100 

1992 
Q2 

0.175 

0.245 

0.280 

0.420 

0.118 

0.135 

0.260 

0.330 

0.160 

0.180 

0.420 

0.720 

0.286 

0.698 

0.700 

0.490 

1.100 

Q3 

0.170 

0.225 

0.280 

0.400 

0.115 

0.135 

0.250 

0.320 

0.160 

0.180 

0.420 

0.720 

0.279 

0.672 

0.674 

0.490 

1.100 

Q4 

0.170 

0.220 

0.280 

0.400 

0.115 

0.135 

0.250 

0.320 

0.160 

0.180 

0.420 

0.720 

0.272 

0.648 

0.649 

0.490 

1.100 

1992 
Year 

0.174 

0.235 

0.284 

0.415 

0.117 

0.136 

0.255 

0.328 

0.160 

0.180 

0.421 

0.723 

0.284 

0.686 

0.687 

0.490 

1.100 

Q i 

0.170 

0.210 

0.280 

0.390 

0.115 

0.135 

0.250 

0.310 

0.160 

0.180 

0.420 

0.700 

0.270 

0.645 

0.646 

0.490 

1.100 

1993 
Q2 

0.170 

0.210 

0.280 

0.390 

0.115 

0.135 

0.250 

0.310 

0.160 

0.179 

0.420 

0.700 

0.268 

0.641 

0.642 

0.490 

1.100 

Q3 

0.170 

0.204 

0.280 

0.360 

0.115 

0.135 

0.250 

0.300 

0.160 

0.179 

0.420 

0.700 

0.265 

0.638 

0.639 

0.490 

1.100 

94 

0.170 

0.200 

0.280 

0.360 

0.115 

0.135 

0.250 

0.300 

0.160 

0.179 

0.420 

0.700 

0.263 

0.636 

0.637 

0.490 

1.100 

1993 
Year 

0.170 

0.206 

0.280 

0.375 

0.115 

0.135 

0.250 

0.305 

O.I6O 

0.179 

0.420 

0.700 

0.267 

0.640 

0.641 

0.490 

1.100 

Current Lead 
Time CWeeks) 

2-6 

^ 

i 

4-8 

« 

•Pricing for 74BC exdudes 74ABT, 74BCr. 

Note: Actual negotiated market prices may vary firom these prices because of manu&cturer-specific Cactois such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source Dataquest Qune 1992) 
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North American Semiconductor Price Outlook: Third Quarter 1992 

Table 4 
Estimated Ix>i^-Range Standard Logic Price Trends—North American 
Bookings (Volume: 100,000 per Year; Paclu^e; PLCC; Dollars) 

Product 1992 1993 1994 1995 1996 

74AC CMOS 

74AC00 

74AC74 

74AC138 

74AC244 

74ALS TTL 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS0O 

74AS74 

74AS138 

74AS244 

74BC* 

74BC00 

74BC244 

74BC373 

lOKH ECL 

10H102 

10H173 

•Pridng for 74BC ewdudes 74ABT, 74BCr. 

Note: Actual negotiated maricet prices may vary Crom these prices because of manu&cturer-spedfic fiactois such as quality, service, and volume 

discount. Ihese prices are intended for use as guidelines. This information coordinates with Dataquest's quaiteily forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest Quae 1992) 

0.174 

0.235 

0.284 

0.415 

0.117 

0.136 

0.255 

0.328 

0.160 

0.180 

0.421 

0.723 

0.284 

0.686 

0.687 

0.490 

1.100 

0.170 

0.206 

0.280 

0.375 

0.115 

0.135 

0.250 

0.305 

0.160 

0.179 

0.420 

0.700 

0.267 

0.640 

0.641 

0.490 

1.100 

0.173 

0.200 

0.276 

0.370 

0.110 

0.125 

0.250 

0.305 

0.155 

0.179 

0.415 

0.700 

0.260 

0.611 

0.612 

0.490 

1.100 

0.170 

0.195 

0.270 

0.350 

0.110 

0.125 

0.249 

0.300 

0.155 

0.179 

0.400 

0.690 

0.242 

0.587 

0.588 

0.490 

1.100 

0.170 

0.195 

0.270 

0.350 

0.110 

0.125 

0.249 

0.300 

0.155 

0.179 

0.400 

0.690 

0.242 

0.587 

0.588 

0.490 

1.100 
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Semiconductor Frocurement 

Table 5 
Estimated Microprocessor Price Trends—North American Booking 
CVolume: 8- and l6-Bit—25,000 per Year; 32-Blt—1,000 to 5,000 per Year; Dollars) 
(Package. 8/l6-Bit Devices—FDH^ 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 
68000-12 

68EC000-8 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC04O-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 CPGA 

AM386-40 

386DX-25 PQFP' 

80486SX-20 PQFP' 

80486DX-25^ 

80486DX-50 

80486DX2-50 

29000-25' 

88100-25' 

R3000-25' 

SPARC-25' 

80960CA-25 

NA - Not available 

1991 
Year 

5.58 

NA 

6.33 

NA 

6.54 

13.50 

35.69 

NA 

NA 

NA 

NA 

161.00 

NA 

Ql 
5.50 

3.00 

5.75 

9.95 

5.00 

9.25 

29.00 

17.00 

36.00 

21.00 

76.00 

120.00 

37.00 

1992 
Q2 

5.50 

2-95 

5.65 

9.95 

4.75 

8.00 

29.00 

16.00 

36.00 

20.20 

70.00 

110-00 

36.50 

Q3 

5.50 

2.85 

5-50 

9-45 

4-50 

7-05 

27.00 

15.75 

34.50 

19.75 

68.00 

105.00 

35.25 

Q4 

5.50 

2.75 

5.50 

9.25 

3.75 

6.25 

26.00 

15.50 

34-00 

19-00 

66-00 

100-00 

35.00 

1992 
Year 

5.50 

2.89 

5-60 

9-65 

4.50 

7.64 

27.75 

16.06 

35.13 

19.99 

70.00 

108.75 

35.94 

Ql 
5.00 

2.75 

5.50 

9.00 

3.75 

5.75 

24.00 

15.00 

33.57 

18.00 

60.00 

95-00 

34.65 

1993 
Q2 

5.00 

2.65 

5.50 

9.00 

3.75 

5.75 

24.00 

14.20 

33-25 

18.00 

60.00 

95.00 

34.30 

0 3 

5.00 

2-56 

5-50 

8-75 

3.75 

5.75 

24.00 

13-50 

32.78 

18.00 

60.00 

95.00 

33.96 

Q4 

5.00 

2.50 

5.50 

8.75 

3.75 

5.50 

23.00 

13.00 

32.40 

18.00 

60.00 

95.00 

33.79 

1993 
Year 

5.00 

2.62 

5.50 

8.88 

3-75 

5-69 

23.75 

13-93 

33-00 

18-00 

60-00 

95.00 

34.18 

538.85 455.08 430.10 413.90 400.90 425.00 388.00 376.00 364.00 352.00 370.00 

NA 

57.74 

89.21 

NA 

NA 

NA 

157.61 

125.00 

53.82 

81.41 

84.00 

178.00 

180.00 

148.00 

NA 237.00 

115.00 

49.00 

59.00 

78.50 

122.00 

150.00 

99.00 

201.00 

110.00 

45.12 

55.60 

68.99 

90.00 

92.50 

74.00 

99.00 

108.00 

42.00 

51.00 

57.75 

79.00 

78.20 

68.00 

114.50 

47.49 

61.75 

72.31 

117.25 

125.18 

97.25 

96.00 158-25 

97.00 

39-00 

44.00 

47.00 

69.00 

69-88 

65.00 

93.00 

97-00 

36-00 

40-00 

41.00 

59-00 

66.15 

63.00 

90.00 

97.00 

35.00 

35.00 

35.00 

56.00 

62.10 

60.00 

86.00 

97.00 

34.00 

34.00 

34.00 

53.00 

58.43 

57.00 

82.00 

97.00 

36-00 

38.25 

39-25 

59-25 

64.14 

61.25 

87.75 

533.75 409.00 405-00 365.00 325.00 376.00 300.00 200.00 180.00 160.00 210.00 

NA 

NA 

111.25 

76.06 

131.75 

88.74 

NA 

'cPGA for 1991, Ql-1992. 

Pricing for 80486DX-33 

610.00 565.00 505.00 455.00 533.75 357.18 339.32 325.00 305.00 331.62 

550.00 517.00 465.00 415.00 486.75 375.00 266.67 236.25 224.00 275-48 

92.00 

69.50 

105.00 

75-62 

95.30 

85.50 

68.05 

96.00 

72.30 

91.30 

81-00 

67.45 

94.00 

69.51 

90.30 

78.00 

67.00 

93.40 

66.55 

89.25 

84.13 

68.00 

97.10 

71.00 

91-54 

is the same as the 25-MHz version, except for 1991 

76.00 

64.50 

90.00 

64.50 

88.35 

71-00 

62.20 

87.00 

62.88 

87.45 

67.00 

60.20 

84-00 

61-60 

84.30 

65-10 

58-10 

81.00 

60.60 

81.20 

69.78 

61.25 

85.50 

62.40 

85.33 

Current Lead 
l i m e CWeeks) 

2-4 

4-8 

6-8 

5-8 

3-10 

2-10 

2-4 

4-8 

2-8 

2-4 

2-8 

5-10 

4-8 

4-8 

4-8 

2-6 

2-6 

2-6 

2-6 

6 

4-8 

4-8' 

6-8 

6-8 

6-8 

5-12 

4-8 

6-9 

NA 

1-2 

^Pricing exdudes accessory parts such as floating point and memory management 

Note: Actual negotiated nuirket prices may vary from these prices becatise of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: DaUquest Qune 1992) 
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North American Semiconductor Price Outlook: Third Quarter 1992 

Table 6 
Estimated Loi^-Rai^e Microprocessor Price Trends—North American Bookings 
(Volume: 8- and l6-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package 8/l6-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

1992 1993 1994 1995 1996 
Product Year Year Year Year Year 

68000-12 

68EC000-8 

80186^ PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 CPGA 

AM386-40 

386DX-25 PQFP' 

80486SX-20 PQFP' 

80486DX-25 

80486DX-33 

80486DX-50 

80486DX2-50 

29000-25* 

88100-25' 

R3000-25' 

SPARC-25' 

80960CA-25 

5.50 

2.89 

5.60 

9.65 

4.50 

7.64 

27.75 

16.06 

35.13 

19.99 

70.00 

108.75 

35.94 

425.00 

114.50 

47.49 

61.75 

72.31 

117.25 

125.18 

97.25 

158.25 

376.00 

376.00 

533.75 

486.75 

84.13 

68.00 

97.10 

71.00 

91.54 

5.00 

2.62 

5.50 

8.88 

3.75 

5.69 

23.75 

13.93 

33.00 

18.00 

60.00 

95.00 

34.18 

370.00 

97.00 

36.00 

38.25 

39.25 

59.25 

64.14 

61.25 

87.75 

210.00 

210.00 

331.62 

275.48 

69.78 

61.25 

85.50 

62.40 

85.33 

4.50 

2.35 . 

5.30 

7.25 

NA 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

94.00 

32.10 

332.50 

92.00 

28.00 

28.00 

28.00 

43.00 

47.00 

47.00 

74.00 

112.75 

112.75 

135.30 

124.03 

63.00 

56.00 

74.00 

59.00 

77.14 

4.00 

2.30 

5.30 

6.75 

NA 

4.50 

17.00 

11.00 

31.00 

16.00 

58.94 

94.09 

30.50 

325.00 

87.00 

24.00 

24.00 

24.00 

37.00 

40.00 

40.00 

62.00 

94.86 

94.86 

109.09 

101.97 

58.00 

51.00 

65.00 

53.66 

75.21 

4.00 

2.30 

5.30 

6.50 

NA 

NA 

17.00 

10.00 

31.00 

15.50 

58.94 

93.15 

30.00 

325.00 

83.00 

20.00 

20.00 

20.00 

31.00 

34.00 

34.00 

53.00 

80.19 

80.19 

84.19 

80.99 

55.00 

50.00 

60.00 

53.00 

75.21 

NA - Not available 

'CPGA for 1991, Ql-1992. 

'Pricing excludes accessory parts such as floating point and memory management. 

Note: Actual negotiated maiket prices may vary firom these prices because of manuiacturer-spedfic such as quality, service, and volume discount 

These prices are intended for use as guiddines. This forecast correlates with Daiaquest's quaiteriy forecast for 1992-1993 dated June 1992. 

Source: Dataquest Qune 1992) 
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Table 7 
Estimated DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars)' 

Product 
1991 1992 1992 1993 
Year Ql Q2 Q3 Q4 Year Ql Q2 Q3 

1993 Current Lead 
Q 4 Year Time (Weeks) 

256Kxl DRAM 

80ns DIP 

64Kx4 VRAM 

120ns ZIP 

IMhxl DRAM 

80ns (DIP/SOJ) 

64Kxl6 DRAM 

80ns SOJ 

256Kx4 VRAM 

100ns ZIP 

128Kx8 VRAM 

100ns SOJ 

4Mbxl DRAM 

80ns SOJ 

lMtK4 DRAM 

60ns SOJ 

512Kx8 DRAM 70ns 

256Kxl6 DRAM 

70ns SOJ 

256KX18 D R A M 

80ns SOJ 

lMhx8 SIMM 

100ns (2 pc) 

lMbx9 SIMM 

80ns (3 pc) 

256Kx9 SIMM 100ns 

256KX36 SIMM 80ns* 

512Kx36 SIMM 
80ns (24 pc) 

4MtK9 SIMM 

80ns (9pc) 

lMbx36 SIMM 

80ns (9pc) 

4Mbx4 DRAM 
70ns SOJ 400 mil 

1.75 1.60 1.60 1.50 1.50 1.55 1.50 1.50 1.50 

3.20 2.95 2.70 2.70 2.70 2.76 2.65 2.65 2.65 

4.35 3.80 3.50 3.45 3.40 3.54 3.40 3.40 3.40 

6.90 5.65 5.19 4.93 4.67 5.11 4.49 4.33 4.22 

9.31 7.75 7.30 6.85 6.56 7.12 6.18 5.95 5.55 

10.01 8.05 7.65 7.25 6.91 7.47 6.58 6.30 5.90 

16.96 13.13 12.05 11.05 10.15 11.60 9.50 8.90 8.40 

NA 14.45 13.25 11.96 10.91 12.64 10.17 9.35 8.78 

NA NA 15.08 13.78 12.36 NA 11.23 10.56 9.89 

NA 16.00 15.50 13.99 12.79 14.57 11.75 11.00 10.30 

NA 17.07 16.75 15.55 14.70 16.02 13.75 13.00 12.40 

NA 30.00 27.00 24.98 24.00 26.49 22.00 20.90 20.18 

NA 33.27 30.45 28.79 27.72 30.06 25.00 23.77 22.00 

13.85 12.70 12.53 12.65 12.50 12.59 12.50 12.50 12.50 

49.86 47.00 44.40 42.20 40.00 43.40 37.17 35.50 34.30 

NA 82.00 80.40 77.75 75.39 78.88 73.00 71.00 69.00 

NA 130.2 116.8 112.5 107.4 116.7 96.35 88.00 82.00 

NA 131.0 122.0 107.0 100.0 115.0 97.00 87.00 80.00 

NA 180.0 149.0 119.6 95.0 135.9 83.25 74.18 66.09 

1.50 

2.65 

3.40 

4.13 

5.25 

5.60 

7.90 

8.18 

9.27 

9.75 

12.00 

19.25 

20.75 

12.50 

33.81 

68.00 

77.50 

76.00 

57.25 

1.50 

2.65 

3.40 

4.29 

5.73 

6.10 

8.68 

9.12 

10.24 

10.70 

12.79 

20.58 

22.88 

12.50 

35.19 

70.25 

85.96 

85.00 

70.19 

1-6 

5-10 

1-6 

4-8 

4-13 

2-8 

1-12 

2-9 

4-8 

4-8 

1-6 

1-8 

1-8 

1-8 

1-8 

2-8 

2-8 

2-8 

12-24 

NA. - Not available 

'Contract volume - at least 100,000 per order except VKAMs. 

*rwo-piece solution for 1993. 

Note: Actual negotiated market prices may vary from these prices because of manuiactuier-spedfic factors such as quality, service, and volume 

discount. These prices are intended for tjse as guidelines. 

Source: Dataquest Qune 1992) 
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North American Semiconductor Price Oudook: Third Quarter 1992 

Table 8 
Estimated loag-Basige DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars)* 

Product 
1992 
Year 

1993 
Year 

1994 
Year 

1995 
Year 

Year 
1996 

256KX1 DRAM 80ns DIP 

64Kx4 VRAM 120ns ZIP 

IMbxl DRAM 80ns (DIP/SOJ) 

64Kxl6 DRAM 80ns SOJ 

256Kx4 VRAM 100ns 23P 

128Kx8 VRAM 100ns SOJ 

4Mbxl DRAM 80ns SOJ 

lMbx4 DRAM 60ns SOJ 

512Kx8 DRAM 70ns 

2 5 6 K X 1 6 DRAM 70ns SOJ 

2 5 6 K X 1 8 DRAM 80ns SOJ 

lMbx8 SIMM 100ns (2 pc) 

lMbx9 SIMM 80ns (3 pc) 

256KX9 SIMM 100ns 

256KX36 SIMM 80ns^ 

512Kx36 SIMM 80ns (24 pc) 

4Mbx9 SIMM 80ns (9pc) 

lMbx36 SIMM 80ns (9pc) 

4Mbx4 DRAM 70ns SOJ 400 mil 

1.55 

2.76 

3.54 

5.11 

7.12 

7.47 

11.60 

12.64 

NA 

14.57 

16.02 

26.49 

30.06 

12.59 

43.40 

78.88 

116.71 

115.0 

135.9 

1.50 

2.65 

3.40 

4.29 

5.73 

6.10 

8.68 

9.12 

10.24 

10.70 

12.79 

20.58 

22.88 

12.50 

35.19 

70.25 

85.96 

85.00 

70.19 

1.65 

2.40 

3.55 

4.12 

5.00 

5.25 

6.06 

6.15 

6.21 

6.36 

6.54 

15.44 

16.44 

12.00 

27.28 

56.20 

60.17 

59.50 

30.00 

1.85 

2.40 

3.55 

4.12 

4.95 

5.15 

5.50 

5.56 

5.69 

5.72 

5.91 

15.00 

16.00 

NA 

23.07 

45.54 

56.35 

57.75 

18.50 

2.00 

2.40 

3.70 

4.15 

4.95 

5.15 

5.50 

5.55 

5.60 

5.72 

5.90 

14.00 

15.00 

NA 

20.91 

45.00 

56.00 

56.10 

14.00 

NA - Not available 

'Contract volume - at least 100,000 per order except VKAMs. 

*rwo-piece solution for 1993-1996. 

Note: Actual negotiated market prices may vary firom these prices because of manufacturer-specific factors stich as quality, service, and volume 

discount These prices are intended for use as guidelines. This information coordinates with Dataquest's quarterly forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest Qime 1992) 
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10 Semiconductor Procurement 

Table 9 
Estimated Static RAM Price Trends—North American Bookings 
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDIP; Dollars) 

Product 

4Kx4 25ns 

2Kx8 25ns 

64Kxl 25ns. 

16KX4 25ns 

8Kx8 25ns 

16KX4 35ns 

8Rx8 45ns 

8Kx8 100-120ns 

64Kx4 10ns 

64Kx4 25ns . 

32Kx8 12ns 

32Kx8 35ns 

32Kx8 100ns SOJ 

256Kx4 20ns 

128Kx8 20ns 

128Kx8 25ns 

128Kx8 100ns SOJ 

1991 
Year 

2.39 

2.49 

3.55 

3.52 

3.69 

3.13 

3.17 

2.01 

NA 

9.71 

NA 

8.54 

4.18 

NA 

NA 

67.53 

16.22 

Q i 
2.30 

2.40 

3.55 

2.70 

3.30 

2.60 

2.55 

2.05 

36.90 

7.50 

23.58 

6.28 

4.05 

58.83 

58.64 

44.00 

13.50 

1992 
Q2 

2.25 

2.35 

3.30 

2.50 

2.60 

2.40 

2.45 

1.85 

32.80 

6.50 

21.53 

6.10 

4.05 

51.04 

50.16 

37.50 

11.55 

Q3 
2.10 

2.20 

3.25 

2.38 

2.35 

2.37 

2.35 

1.65 

23.34 

6.04 

16.54 

5.75 

4.00 

37.30 

41.00 

31.75 

10.46 

Q4 
2.10 

2.20 

3.20 

2.32 

2.25 

2.33 

2.25 

1.65 

20.84 

5.67 

14.80 

5.60 

4.00 

34.50 

35.81 

27.00 

9.25 

1992 
Year 

2.19 

2.29 

3.33 

2.48 

2.63 

2.43 

2.40 

1.80 

28.47 

6.43 

19.11 

5.93 

4.03 

45.42 

46.40 

35.06 

11.19 

Q i 
2.00 

2.00 

3.00 

2.20 

2.17 

2.22 

2.15 

1.55 

18.80 

5.18 

13.61 

5.16 

4.00 

30.50 

30.60 

24.00 

9.00 

1993 
Q2 

2.00 

2.00 

3.00 

2.20 

2.17 

2.22 

2.15 

1.55 

17.04 

4.99 

12.50 

5.06 

4.00 

27.00 

27.35 

21.25 

8.85 

Q3 

2.00 

2.00 

3.00 

2.20 

2.17 

2.20 

2.15 

1.55 

15.42 

4.80 

11.31 

4.91 

4.00 

25.25 

25.50 

19.00 

8.65 

Q4 

2.00 

2.00 

3.00 

2.20 

2.17 

2.20 

2.15 

1.55 

14.02 

4.60 

10.60 

4.65 

4.00 

23.00 

23.25 

17.00 

8.45 

1993 Current Lead 
Year Time (Weeks) 

2.00 

2.00 

3.00 

2.20 

2.17 

2.21 

2.15 

1.55 

16.32 

4.89 

12.01 

4.95 

4.00 

26.44 

26.68 

20.31 

8.74 

3-12 

2-13 

3-12 

7-14 

1-10 

6-11 

8 

1-10 

2 

1-12 

2-10 

5-10 

4-9 

8-12 

8-12 

8-12 

2-10 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as price guidelines. 

Source: Dataquest Qune 1992) 
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Table 10 
Estimated Long-Rai^e Static RAM Price Trends—North American B o o k i n g 
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Paclc^e: PDIP; Dollars) 

Product 1992 1993 1994 1995 1996 

4Kx4 25ns 

2Kx8 25ns 

64Kxl 25ns 

16KX4 25ns 

8BCx8 25ns 

l6Kx4 35ns 

8Kx8 45ns 

SJCxS 100-120ns 

64Kx4 10ns 

64Kx4 25ns 

32Kx8 12ns 

32Kx8 35ns 

32Kx8 100ns SO] 

256Kx4 2Qns 

128Kx8 2Qns 

128Kx8 25ns 

128Kx8 100ns SOJ 

Note: Actual negotiated maifcet prices may vary from these prices because of mantx&cturer-specific foctors such as quality, service, and volume 

discount These prices are intended for use as price guidelines. This forecast correlates with Dataquest's quaitetly forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest Qvne 1992) 

2.19 

2.29 

3.33 

2.48 

2.63 

2.43 

2.40 

1.80 

28.47 

6.43 

19.11 

5.93 

4.03 

45.42 

46.40 

35.06 

11.19 

2.00 

2.00 

3.00 

2.20 

2.17 

2.21 

2.15 

1.55 

16.32 

4.89 

12.01 

4.95 

4.00 

26.44 

26.68 

20.31 

8.74 

1.70 

1.72 

2.67 

1.90 

1.87 

1.90 

1.85 

1.35 

9.25 

4.45 

8.60 

4.35 

3.50 

11.75 

11.95 

10.06 

5.75 

1.50 

1.51 

2.35 

1.60 

1.58 

1.60 

1.55 

1.35 

7.05 

3.68 

6.70 

3.63 

3.00 

9.00 

9.22 

8.00 

4.74 

1.35 

1.35 

2.35 

1.35 

1.33 

1.35 

1.33 

1.75 

5.20 

2.99 

5.00 

2.95 

3.00 

6.25 

6.30 

6.10 

4.25 
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Table 11 

Estimated ROM Price Trends—North American Bookii^s 

(Speed/Package: ^IMb Density—150ns and above, 28-Pin PDIP; 

^2Mb Density—^ZOOns and above, 32-Pin PDIP) 

(Volume: 50,000 per Year; Dollars) 

Product 

CMOS 

32Kx8 ROM 

64Kx8 ROM 

128Kx8 ROM 

64Kxl6 ROM 

256KX8 ROM 

512Kx8 ROM 

256KX16 ROM' 

lMbx8 ROM* 

lMbxl6 ROM 

2Mbx8 ROM 

1991 

Year 

1.59 

2.08 

2.26 

2.84 

3.18 

4.01 

5.01 

NA 

NA 

NA 

Q i 

1.50 

1.90 

2.01 

2.20 

2.76 

3.95 

4.05 

6.33 

NA 

15.25 

1992 

Q2 

1.50 

1.85 

1.95 

2.20 

2.73 

3.79 

3.86 

6.20 

NA 

13.00 

93 

1.50 

1.80 

1.80 

1.80 

2.55 

3.50 

3.50 

5.65 

10.65 

11.90 

Q4 

1.50 

1.75 

1.80 

1.80 

2.55 

3.50 

3.50 

5.60 

10.35 

11.50 

1992 

Year 

1.50 

1.83 

1.89 

2.00 

2.65 

3.69 

3.73 

5.95 

NA 

12.91 

91 

1.45 

1.80 

1.80 

1.80 

2.50 

3.50 

3.50 

5.55 

10.05 

11.15 

1993 

Q2 

1.45 

1.75 

1.80 

1.80 

2.50 

3.50 

3.50 

5.50 

9.80 

10.70 

Q3 

1.45 

1.75 

1.80 

1.80 

2.50 

3.50 

3.50 

5.45 

9.55 

9.75 

Q4 

1.45 

1.75 

1.75 

1.80 

2.50 

3.50 

3.50 

5.40 

9.30 

9.35 

1993 

Year 

1.45 

1.76 

1.79 

1.80 

2.50 

3.50 

3.50 

5.48 

9.68 

10.24 

Current Lead 

Time CWeeks) 

4-8 

4-8 

5-8 

5-8 

5-8 

5-8 

5-8 

6-8 

6 ^ 

4-8 

NA. - Not availaUe 

'150ns and above; 40-Pin PDIP. 

*150ns and above; 32-Pin SOP. 

Note: Actual negotiated market prices may vaiy from these prices because of manu&cturer-spedfic bctois such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest Qune 1992) 
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Table 12 
Estimated Los^-Range ROM Price Trends—North American Bookings 
(Speed/Pack^e: £lMb Density—150ns and above, 28-Pln PDIF; 
^2Mb Denslty^-200ns and above, 32-Pln PDIP) 
(Volume: 50,000 per Year; Dollars) 

Product 1992 1993 1994 1995 1996 

CMOS 
32Kx8 ROM 
64Kx8 ROM 
128Kx8 ROM 
64Kxl6 ROM 
256KX8 ROM 

512Kx8 ROM 
256KX16 ROM' 

IMbxS ROM* 
lMbxl6 ROM 
2Mbx8 ROM 

1.50 

1.83 

1.89 

2.00 

2.65 

3.69 

3.73 

5.95 

NA 

12.91 

1.45 

1.76 

1.79 

1.80 

2.50 

3.50 

3.50 

5.48 

9.68 

10.24 

1.45 

1.70 

1.70 

1.70 

2.40 

3.30 

3.32 

5.00 

8.00 

8.25 

NA 

1.70 

1.70 

1.70 

2.34 

3.10 

3.11 

4.50 

6.55 

6.75 

NA 

NA 

1.70 

1.70 

2.34 

3.05 

3.05 

4.15 

6.35 

6.50 

NA - Not available 

*lSOns and above; 40-Pin PDIP. 

"iSOns and above; 32-Pin SOP. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. This forecast correlates to Dataquest's quarterly forecast for 1992-1993 dated June 1992. 

Source: Dataquest Qvne 1992) 

Table 13 
Estimated Programmable ROM Price Trends—North American Bookl i^ 
(Volume: 50,000 per Year; PDIP; Dollars) 

Product 

TTL 

4K PROM PDIP 

16K PROM PDIP 

32K PROM PDIP 

64K PROM PDIP 

1991 
Year 

0.97 

2.26 

5.05 

6.95 

Qi 

1.00 

2.40 

4.70 

6.62 

1992 
Q2 

1.00 

2.40 

4.60 

6.47 

93 

1.00 

2.40 

4.50 

6.36 

Q4 

1.00 

2.40 

4.50 

6.23 

1992 
Year 

1.00 

2.40 

4.58 

6.42 

Qi 

1.00 

2.40 

4.50 

6.05 

1993 
Q2 

1.00 

2.40 

4.50 

5.93 

Q3 

1.00 

2.40 

4.50 

5-85 

Q4 

1.00 

2.40 

4.50 

5.83 

1993 Current Lead 
Year Time (Weeks) 

1.00 6-8 

2.40 6-« 

4.50 6 « 

5.92 6-8 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest (June 1992) 
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14 Semiconductor Procurement 

Table l4 

Estimated Long-Ran^ Programmable ROM Price Trends—North American Booldi^. 

(Volume: 50,000 per Year; FDIP; Dollars) 

Product 1992 1993 1994 1995 1996 

TTL 

4K PROM 

16K PROM 

32K PROM 

64K PROM 

1.00 

2.40 

4.58 

6.42 

1.00 

2.40 

4.50 

5.92 

NA 

NA 

4.50 

5.54 

NA 

NA 

NA 

5.45 

NA 

NA 

NA 

5.45 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manufictuier-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. Tliis price forecast correlates to Dataquest's quaiteriy forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest Qune 1992) 

Table 15 

Estimated EPROM Price Trends—North American Bookii^s 

(Volume; 50,000 per Year; Package: Windowed CERDEP; Speed: 150ns and above; Dollars) 

Product 

8Kx8 EPROM 

16KX8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256Kx8 EPROM 

128Kxl6 EPROM 

512Kx8 EPROM 

256KX16 EPROM 

1991 

Year 

1.73 

1.82 

1.91 

2.73 

4.41 

9.88 

NA 

NA 

NA 

Qi 

1.75 

1.83 

1.80 

2.37 

3.25 

7.27 

7.90 

14.00 

15.50 

1992 

Q2 

1.67 

1.75 

1.62 

2.36 

3.15 

6.68 

7.11 

11.75 

15.00 

93 
1.60 

1.75 

1.57 

2.34 

3.03 

6.49 

6.61 

11.05 

14.50 

Q4 

1.55 

1.75 

1.53 

2.31 

3.00 

6.10 

6.22 

10.70 

14.00 

1992 

Year 

1.64 

1.77 

1.63 

2.34 

3.11 

6.64 

6.96 

11.88 

14.75 

Q i 

1.45 

1.60 

1.50 

2.26 

2.80 

6.00 

6.09 

10.06 

12.00 

1993 

Q2 

1.45 

1.60 

1.48 

2.22 

2.70 

5.90 

5.99 

9.70 

10.72 

Q3 

1.45 

1.60 

1.43 

2.18 

2.65 

5.75 

5.89 

9.36 

10.34 

Q4 

1.45 

1.60 

1.40 

2.20 

2.60 

5.60 

5.80 

9.00 

9.98 

1993 Current Lead 

Year l i m e (Weeks) 

1.45 

1.60 

1.45 

2.21 

2.69 

5.81 

5.94 

9.53 

10.76 

2-12 

2-8 

2-8 

2-8 

2-8 

2-8 

4-8 

4-14 

4-14 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manuiacturer-speciiic factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest Qune 1992) 

©1992 Dataquest Incorporated June—Reproduction Prohibited 



North American Seoilcondactor Price Outlook: Third Quarter 1992 15 

Table l6 
Estimated Loi^-Range EPROM Pridi^—North American Bookings 
CVolume: 50,000 per Year; Backage: Windowed CERDIP; Speed; 150ns and above; Dollars) 

1992 1993 1994 1995 1996 
Product Year Year Year Year Year 
8Kx8 EPROM 

l6Kx8 EPROM 
32Kx8 EPROM 
64Kx8 EPROM 

128Kx8 EPROM 
256KX8 EPROM 
128Kxl6 EPROM 
512Kx8 EPROM 
256Kxl6 EPROM 

Note Actual negotiated maiket prices may vary from these prices because of manufacturer-specific factors stich as quality, service, and volume 

discount These prices are intended for use as guiddines. This forecast correlates -with Dataquest's quarterly forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest 0une 1992) 

Table 17 
Estimated DTP ROM Price Trends-North American Bookings 
(Volume: 50,000 per Year; Package: PDII^ Speed: 150ns and above; Dollars) 

1.64 

1.77 

1.63 

2.34 

3.11 

6.64 

6.96 

11.88 

14.75 

1.45 

1.60 

1.45 

2.21 

2.69 

5.81 

5.94 

9.53 

10.76 

1.45 

1.60 

1.40 

2.20 

2.60 

5.60 

5.69 

8.60 

9.75 

1.50 

1.60 

1.45 

2.25 

2.80 

5.40 

5.48 

8.00 

8.90 

1.50 

1.60 

1.50 

2.30 

2.85 

5.40 

5.48 

7.80 

8.25 

Product 

16KX8 

32Kx8 

64Kx8 

128KX8 

1991 
Year 

1.45 

1.51 

2.51 

4.23 

Q i 
1.49 

1.56 

2.19 

2.85 

1992 
Q2 

1.49 

1.56 

2.10 

2.76 

Q3 

1.49 

1.56 

2.01 

2.73 

Q4 
1.49 

1.56 

1.98 

2.70 

1992 
Year 

1.49 

1.56 

2.07 

2.76 

91 
1.34 

1.31 

1.95 

2.56 

1993 
Q2 

1.34 

1.31 

1.95 

2.48 

03 
1.34 

1.31 

1.95 

2.45 

Q4 

1.34 

1.31 

1.95 

2.39 

1993 Current Lead 

Year Time CWeeks) 

1.34 1-12 

1.31 2-12 

1.95 2-12 

2.47 6-12 

Note: Actual negotiated market prices may vary from these prices because of manufecturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest Qxme 1992) 
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Table 18 
Estimated Loi^-Rai^e OTP ROM Prices-North American Bookings 
(Volume: 50,000 per Year; Package: PDIP; Speed: 150ns and above; Dollars) 

Product 1992 1993 1994 1995 1996 

16KX8 

32Kx8 

64Kx8 

128K3C8 

1.49 

1.56 

2.07 

2.76 

1.34 

1.31 

1.95 

2.47 

1.34 

1.31 

1.85 

2.20 

NA 

NA 

1.80 

2.10 

NA 

NA 

1.80 

2.00 

NA •• Not available 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarteriy forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest (June 1992) 

Table 19 
Estimated EEPROM Price Trends—North American Bookings 
(Volume: 10,000 per Year; Package: CERDIP; Speed: 200ns and above; Dollars) 

Product 
1991 1992 1992 
Year Ql Q2 93 Q4 Year Ql 

1993 1993 Current Lead 
Q2 Q3 Q4 Year Time (Weeks) 

2Kx8 EEPROM 

8Kx8 EEPROM 

32Kx8 EEPROM 

64Kx8 EEPROM 

128Kx8 EEPROM 

3.09 

4.64 

19.80 

56.00 

127.50 

2.85 

4.00 

14.00 

21.25 

100.00 

2.60 

3.80 

12.40 

19.13 

87.00 

2.40 

3.61 

11.00 

17.21 

75.00 

2.30 2.54 2.00 1.90 1.85 1.80 1.89 

3.43 3.71 3.29 3.16 3.04 2.91 3.10 

9.78 11.80 9.25 9.01 8.78 8.50 8.89 

15.84 18.36 14.90 14.00 14.00 14.00 14.23 

1-5 

1-8 

1-4 

1-6 

5-12 

Note: Actual negotiated market prices may vary bom these prices because of manufacturer-spedfic factors such as quality, service, or vcdume 

discount These prices are intended for use as guidelines. 

Source: Dataquest Qune 1992) 

Table 20 
Estimated Long-Ran^e EEPROM Price Trends—North American Bookings 
(Volume: 10,000 per Year; Package: CERDIP; Speed: 200ns and above; Dollars) 

Product 1992 1993 1994 1995 1996 

2Ks8 EEPROM 

8Kx8 EEPROM 

32Kx8 EEPROM 

64Kx8 EEPROM 

128Kx8 EEPROM 

2.54 

3.71 

11.80 

18.36 

81.75 

1.89 

3.10 

8.89 

14.23 

49.88 

1.70 

2.60 

8.00 

12.00 

38.72 

1.70 

2.40 

7.00 

10.39 

34.46 

1.70 

2.25 

6.50 

9.80 

30.67 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic fitctors such as quality, service, or volume 

discount These prices are intended for use as guidelines. This forecast correlates to Datoquest's quarterly forecast for 1992-1993 dated June 1992. 

Source: Datoquest (June 1992) 
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Table 21 
Estimated Flash Memory Price Trends—North American Booki i^ 
(12 Vohs; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 

32K3«, PDIP 

64SSx8, PDIP 

128Kx8, PDIP 

128Kx8, TSOP 

256Kx8, TSOP 

1991 
Year 

6.08 

NA 

NA 

13.50 

24.88 

Q i 
5.80 

7.15 

8.50 

9.18 

15.00 

1992 

Q2 Q3 

5.50 5.20 

6.80 6.30 

8.00 7.50 

8.86 8.59 

14.00 13.50 

Q4 

4.94 

6.00 

7.00 

8.37 

13.10 

1992 
Year 

5.36 

6.56 

7.75 

8.75 

13.90 

Q i 
4.75 

5.60 

6.75 

8.08 

12.55 

1993 
Q2 

4.56 

5.25 

6.50 

7.86 

12.15 

Q3 

4.40 

5.10 

6.25 

7.64 

11.80 

Q4 

4.30 

4.95 

5.95 

7.44 

11.60 

1993 
Year 

4.50 

5.23 

6.36 

7.75 

12.03 

Current Lead 

l i m e (Weeks) 

4-8 

4-8 

4-8 

4-8 

4-8 

NA - Not available 
Note: Actual negotiated market prices may vary from these prices because of manufuturer-spedfic factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest Qune 1992) 

Table 22 
Estimated Long-Rai^e Flash Memory Price Trends—North American Booldi^s 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 
1992 
Year 

1993 
Year 

1994 
Year 

1995 
Year 

1996 
Year 

32Kx8, PDIP 
64K3^, PDIP 
128Kx8, PDIP 
128Kx8, TSOP 
256Kx8, TSOP 

5.36 

6.56 

7.75 

8.75 

13.90 

4.50 

5.23 

6.36 

7.75 

12.03 

3.60 

4.18 

4.26 

4.65 

7.22 

3.24 

3.76 

4.13 

4.25 

6.70 

3.08 

3.57 

3.72 

4.22 

6.54 

Note: Actual negotiated market prices may vary from these prices because of manufocturer-spedfic foctots such as quality, service, and volume 

discount. These prices ate intended for use as guidelines. Tliis forecast corrdates to Dataquest's quatteriy forecast for 1992-1993 dated June 1992. 

Source: I>ataquest Qxme 1992) 
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Table 23 
Estimated Gate Array Pricing—North American Production Bookii^s 
(Millicents per Gate) (Pack^e: CMOS—84-Pin PLCC for <10K gates, l60-Pin PQPP for 10K-29.9K, 
208-Pin PQFP for ^OK gates; ECL—CQFP) (Based on Utilized Gates Only; NRE = Netlist to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) (Volume: 10,000 per Year/CMOS; 
5,000 per Year/ECL) 

Gate Count 
Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

0-l,99K Gates 

1992 

135 

120 

115 

NA 

4850 

NRE Charges ($l,OOOs) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

16.0 

13.0 

19.0 

NA 

30.0 

1993 

135 

115 

110 

NA 

4268 

15.2 

12.4 

18.1 

NA 

27.0 

10-19.99K Gates 

1992 

100 

65 

65 

65 

3300 

NRE Charges ($l,000s) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

40.5 

40.0 

44.0 

51.7 

70.0 

1993 

100 

65 

60 

58 

2790 

40.0 

38.0 

42.9 

50.4 

65.0 

2-4.99K Gates 

1992 

120 

90 

85 

87 

3823 

21.0 

17.0 

24.0 

26.0 

45.0 

1993 

120 

88 

78 

79 

3326 

20.0 

16.2 

24.0 

26.0 

40.5 

20-29.99K Gates 

1992 

90 

76 

69 

65 

3200 

60.0 

58.0 

60.0 

65.0 

100.0 

1993 

78 

76 

59 

58 

2784 

57.0 

55.1 

57.0 

64.0 

90.0 

5-9.99K Gates 
1992 

110 

75 

70 

70 

3000 

26.0 

20.0 

28.0 

30.0 

50.0 

1993 

110 

75 

62 

62 

3000 

24.7 

20.0 

28.0 

30.0 

45.0 

30-59.9K Gates 

1992 

95 

93 

73 

72 

3050 

100.0 

102.0 

96.7 

105.0 

146.7 

1993 

95 

93 

63 

62 

2654 

95.0 

96.9 

90.9 

104.5 

132.0 

60-lOOK Gates 

1992 

NA 

NA 

79 

77 

3050 

NA 

NA 

140.0 

142.0 

NA 

1993 

NA 

NA 

70 

66 

2654 

NA 

NA 

135.0 

137.0 

NA 

Current Lead 

n m e (Weeks) 

Production: 

10-12 

8-12 

8-12 

10-16 

12 

Prototypes: 

3-5 

2-4 

2-4 

3-5 

14 

Current Lead 

Time (Weeks) 

Production: 

10-12 

8-12 

10-12. 

10-16 

12 

Prototypes: 

3-6 

3-8 

3-5 

3-5 

14 

NA " Not available 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discounts. These prices are intended for use as guidelines. 

Source: Dataquest Qune 1992) 
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Table 24 
Estimated CBIC Pricing—North American Production Booking 
(MilUcents per Gate) (Pack^e: 84-Pin PLCC for <10K Gates; l60-Pin PQFP for 10K-29.9K; 208-Pin 
PQFP for ^OK) (Based on Utilized Gates Only; Volume: 10,000 per Year; NRE = NetUst to Prototypes) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Count 

Technolc^y 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

0-1.99K Gates 

1992 

112 

100 

110 

NA 

NRE Chai;ges ($l,OOOs) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

35.0 

32.0 

42.0 

NA 

1993 

100 

100 

100 

NA 

33.3 

30.4 

41.2 

NA 

10-19.99K Gates 

1992 

105 

70 

69 

69 

NEE Charges ($l,000s) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

65.0 

58.5 

77.5 

95.0 

1993 

105 

70 

66 

63 

61.8 

55.6 

77.5 

85.0 

2-4.99K Gates 

1992 

90 

90 

90 

91 

38.0 

35.0 

49.0 

75.0 

1993 

88 

80 

85 

85 

36.1 

33.3 

45.0 

55.0 

20-29.99K Gates 

1992 

95 

77 

68 

67 

85.0 

75.0 

100.0 

125.0 

1993 

80 

76 

62 

60 

80.8 

71.3 

90.0 

105.0 

5-9.99K Gates 

1992 

107 

79 

70 

70 

47.0 

43.5 

53.0 

77.0 

1993 

107 

77 

69 

65 

44.7 

41.3 

47.5 

57.0 

30-59.9K Gates 

1992 

99 

95 

75 

74 

110.0 

100.0 

125.0 

155.0 

1993 

96 

95 

67 

65 

103.4 

97.0 

115.0 

133.0 

60-lOOK Gates 

1992 

NA 

NA 

73 

75 

NA 

NA 

155.0 

159.0 

1993 

NA 

NA 

62 

61 

NA 

NA 

140.0 

143.5 

Current Lead 
Time (Weeks) 

Production: 

10-14 

8-15 

10-16 

13-16 

Prototypes: 

5-8 

5-8 

5-8 

6-8 

Current Lead 

n m e (Weeks) 

Production: 

10-14 

9-15 

10-16 

13-16 

Prototypes: 

5-8 

5-8 

5-8 

6-8 

NA - Not available 

Note: Actual negotiated maifcet prices may vary from these prices because of manuCacturer-speciAc foctors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest Qune 1992> 
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Table 25 
Estimated TTL PLD Price per Unit—North American Bookings 
(Volume: 10,000 per Year; Pack^e: PDIP or FLCC; Dollars) 

Pin Count 

<20 

•2A 

. . 

24 

22V10 

Speed* 
(ns) 

< or = 6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

< or = 6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

15 - <25 

25 - <35 

1992 
HI 

6.25 

2.35 

1.35 

1.27 

0.60 

0.46 

9.20 

4.35 

2.60 

2.43 

1.00 

0.72 

4.00 

2.15 

1992 
H2 

5.85 

2.10 

1.20 

1.15 

0.57 

0.43 

8.80 

4.06 

2.50 

2.18 

0.96 

0.71 

3.80 

1.90 

1993 
HI 

5.50 

2.00 

1.15 

1.05 

0.55 

0.42 

7.25 

3.60 

2.15 

2.09 

0.94 

0.68 

3.30 

1.60 

1993 
H2 

5.15 

1.85 

1.05 

1.05 . 

0.55 

0.42 

6.95 

3.25 

2.05 

1.99 

0.90 

0.66 

3.10 

1.50 

Current Lead 
l i m e CWeeks) 

2-10 

2-12 

2-12 

2-8 

2-4 

2-4 

2-12 

2-12 

2-12 

3-6 

2-4 

2-4 

3-8 

2-8 

•Nanosecond speed is the TPD for the combinatorial device. 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest Qune 199Z) 
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Table 26 
Estimated Lot^-Rai^e TTL FID Price Trends—North American Bookii^s 
CVohime: 10,000 per Year; Packs^e: PDIP or PLCQ Dollars) 

Pin Count 

^ 0 

.. 

24 

Speed* (ns) 

< or = 6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

< or = 6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

1992 

6.05 

2.23 

1.28 

1.21 

0.59 

0.45 

9.00 

4.20 

2.55 

2.30 

0.98 

0.72 

1993 

5.33 

1.93 

1.10 

1.05 

0.55 

0.42 

7.10 

3.43 

2.10 

2.04 

0.92 

0.67 

1994 

4.79 

1.76 

0.99 

1.05 

0.51 

0.40 

6.00 

3.15 

1.89 

1.95 

0.90 

0.65 

1995 

4.55 

1.73 

0.94 

1.00 

0.50 

0.40 

5.50 

3.00 

1.84 

1.90 

0.87 

0.65 

1996 

4.44 

1.70 

0.89 

1.00 

0.50 

0.40 

5.45 

2.85 

1.81 

1.90 

0.85 

0.65 

24 

22V10 
15 - <25 

25 - <35 

3.90 

2.03 

3.20 

1.55 

2.88 

1.43 

2.74 

1.40 

2.67 

1.40 

'Nanosecond speed is the TPD for die combinatorial device. 

Note: Actual negotiated maricet prices may vary from these prices because of manuiacturer-spedfic &ctofs such as quality, service, aixl volume 

discoxint These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarterly forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest Qune 1992) 

Table 27 
Estimated ECL FLD Price per Unit—North American Bookings 
(Volume: 10,000 per Year; Dollars) 

Pin Cotmt 

24 

Speed* (ns) 

<2.0 

2.01-4.0 

4.1-6.0 

6.1-15.0 

1992 
HI 

30.00 

27.90 

5.80 

5.80 

1992 
H2 

28.00 

25.00 

5.71 

5.71 

1993 
HI 

25.00 

23.00 

5.58 

5.58 

1993 
H2 

23.00 

21.00 

5.50 

5.50 

Current Lead 
Time (Weeks) 

4 

4 

4 

4 

'Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market prices may vary (com these prices because of manufacturer-spediic factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest <June 1992) 
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Table 28 
Estimated Loi^-Range ECL PLD Price Trends—North American Bookings 
CVolume: 10,000 per Year; Dollars) 

Pin Count 

24 

>. 

Speed* (ns) 

22.0 

2.01-4.0 

4.1-6.0 

6.1-15.0 

1992 

29.00 

26.45 

5.76 

5.76 

1993 

24.00 

22.00 

5.54 

5.54 

1994 

22.00 

21.00 

5.40 

5.40 

1995 

20.00 

19.00 

5.30 

5.30 

1996 

19.00 

18.00 

5.20 

5.20 

'Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market prices may vary irom these prices becatise of manubcturer-spedfic factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarterly forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest (June 1992) 

Table 29 
Estimated CMOS FID Price per Unit—North American Bookings 
CVolume: 10,000 per Year; Pack;^: PDIP or PLCC; Dollars) 

Pin Count 

^ 0 

24 

Speed* (ns) 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

1992 
HI 

5.50 

3.05 

1.75 

0.78 

0.61 

9.07 

5.25 

2.70 

1.15 

0.95 

1992 
H2 

4.95 

2.20 

1.66 

0.73 

0.58 

6.50 

3.85 

2.54 

0.99 

0.90 

1993 
HI 

4.65 

2.00 

1.58 

0.70 

0.56 

6.63 

3.48 

2.39 

0.94 

0.94 

1993 
H2 

4.35 

1.83 

1.50 

0.68 

0.55 

5.75 

3.18 

2.23 

0.94 

0.94 

Current Lead 
Time CWeeks) 

1-18 

1-12 

1-6 

1-6 

1-6 

1-20 

1-18' 

1-6 

1-8 

1-6 

24 

22V10 
6.1 - 7.5 

7.6 - 10.0 

15 - <25 

25 - <35 

20.00 

14.00 

4.25 

2.47 

19.00 

10.50 

3.63 

1.95 

18.00 

7.25 

3.00 

1.70 

17.00 

6.00 

2.63 

1.60 

1-4 
2-4 
1-4 
1-4 

'Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market prices may vary firom these prices because of mantifacturer-specific factois such as quality, service, and volume 

price. These prices are intended as guidelines. 

Source: Dataquest (June 1992) 
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Table 30 

Estimated Loi^-Rax^ CMOS PLD Price Trends—North American Bookii^s 

(Volume: 10,000 per Yeaî  Packi^e: PDIP or PLCC; Dollars) 

Pin Count 

^ 0 

• • ! • 

24 

Speed* (ns) 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

1992 

5.23 

2.63 

1.70 

0.75 

0.60 

7.79 

4.55 

2.62 

1.07 

0.92 

1993 

4.50 

1.91 

1.54 

0.69 

0.55 

6.19 

3.33 

2.31 

0.94 

0.94 

1994 

4.00 

1.50 

1.17 

0.60 

0.44 

5.25 

2.50 

1.50 

0.90 

0.90 

1995 

3.75 

1.40 

1.12 

0.56 

0.42 

4.95 

2.25 

1.40 

0.85 

0.85 

1996 

3.54 

1.32 

1.06 

0.52 

0.42 

4.50 

2.10 

1.30 

0.80 

0.80 

24 

22V10 

6.1 - 7.5 

7.6 - 10.0 

15 - <25 

25 - <35 

19.50 

12.25 

3.94 

2.21 

17.50 

6.63 

2.81 

1.65 

15.30 

6.00 

2.25 

1.60 

13.77 

5.50 

2.05 

1.50 

13.08 

5.15 

1.95 

1.50 

'Nanosecond speed is the TPD for die combinatorial device. 

Note: Actual negotiated maricet prices may vary from these prices because of manufacturer-specific factors such as quality, service, atxi volume 

price. These prices are intended as guidelines. This forecast correlates with Dataquesfs quarteriy forecast for 1992-1993 dated June 1992. 

Source: Dataquest Oune 1992) 
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Table 31 
Estimated Analog IC Price Trends—North American Bookii^s 
(Volume: 100,000 per Year; Dollars) 

Product 

Voltage Regulators 

78L05 (TO-92) 

7805 (TOr220) 

Conqjarators 

LM339 

LM393 

Op Amps 

741 

3403P 

1741CP1 . . 

Interface ICs 

1488P 

3486P 

Telecom IC 

CODEC/FILTER #1 

CODEC/FILTER #2 

XR-T5683 

• 34017P 

Video DAC 

IMSG171D-35 MHz 

1992 
H I 

0.120 

0.138 

0.137 

0.129 

0.130 

0.182 

0.124 

0.150 

0.895 

1.850 

4.330 

3.60 

0.330 

1.800 

1992 
H2 

0.118 

0.137 

0.137 

0.127 

0.125 

0.178 

0.120 

0.150 

0.885 

1.776 

4.121 

3.50 

0.320 

1.700 

1993 
HI 

0.117 

0.137 

0.132 

0.127 

0.128 

0.176 

0.119 

0.146 

0.880 

1.723 

3.915 

3.41 

0.315 

1.600 

1993 
H2 

0.117 

0.137 

0.130 

0.127 

0.128 

0.174 

0.117 

0.144 

0.860 

1.680 

3.719 

3.33 

0.305 

1.500 

Current Lead 
l i m e s CWeeks) 

10-12 

10-12 

10-12 

6-8 

6 ^ 

NA 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic &ctoi5 such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest Qxme 199^ 
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Table 32 
Estimated Loî -Range Analog IC Price Trends—North American Bookings 
CVohime: 100,000 per Year; Dollars) 

Product 

Voltage Regulators 

78L05 CrO-92) 

7805 aO-220) 

Comparators 

LM339 

LM393 

Op Amps 

741 

3403P 

1741CP1 

Interface ICs 

1488P 

3486P 

Telecom IC 

CODEC/FILTER 1 

CODEC/FILTER 2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35 MHz 

1992 

0.119 

0.138 

0.137 

0.128 

0.128 

0.180 

0.122 

0.150 

0.890 

1.813 

: 4.225 

3.550 

0.325 

1.750 

1993 

0.117 

0.137 

0.131 

0.127 

0.128 

0.175 

0.118 

0.145 

0.870 

1.701 

3.817 

3.370 

0.310 

1.550 

1994 

0.117 

0.137 

0.130 

0.127 

0.128 

0.174 

0.117 

0.144 

0.860 

1.616 

3.550 

3.201 

0.305 

1.440 

1995 

0.116 

0.137 

0.130 

0.126 

0.128 

0.171 

0.116 

0.137 

0.840 

1.535 

3.301 

3.073 

0.298 

1.390 

1996 

0.116 

0.137 

0.130 

0.126 

0.128 

0.171 

0.116 

0.137 

0.830 

1.500 

3.136 

2.950 

0.290 

1.370 

Note: Actual negotiated market prices may vary from these prices because of manufecturer-spedfic faaots such as quality, service, and volume 

discount lliese prices are intended for use as guidelines. This forecast corrdates with Dataquest's quarterly forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest (June 1992) 
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Table 33 
Estimated Discrete Semiconductor Price Trends—Nortli American Bookings 
(Volume: 100,000 per Year; Dollars) 

Product 

Small-Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

IRF530 

IRF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N64O0 

2N4186 

1992 
HI 

0.140 

0.030 

0.068 

0.052 

0.046 

1.040 

0.700 

0.235 

0.400 

1.000 

1.040 

0.416 

0.020 

0.047 

0.888 

7.120 

0.095 

1.165 

0.026 

0.026 

0.040 

0.625 

1.230 

0.708 

0.620 

2.275 

1992 
H2 

0.140 

0.030 

0.068 

0.049 

0.045 

1.040 

0.700 

0.235 

0.380 

1.000 

1.030 

0.414 

0.020 

0.046 

0.878 

7.090 

0.094 

1.165 

0.025 

0.025 

0.039 

0.610 

1.200 

0.690 

0.620 

2.265 

1993 
HI 

0.139 

0.029 

0.066 

0.048 

0.045 

1.040 

0.690 

0.235 

0.370 

0.990 

1.029 

0.411 

0.020 

0.045 

0.875 

7.070 

0.093 

1.165 

0.025 

0.025 

0.039 

0.608 

1.192 

0.690 

0.593 

2.270 

1993 
H2 

0.139 

0.029 

0.066 

0.046 

0.045 

1.040 

0.690 

0.235 

0.370 

0.990 

1.027 

0.409 

0.020 

0.045 

0.871 

6.999 

0.092 

1.165 

0.025 

0.025 

0.039 

0.600 

1.180 

0.690 

0.573 

2.250 

Current Lead 
l i m e (Weeks) 

2-8 

3 ^ 

3-8 

1-8 

2-8 

2-8' 

2-8 

Note: Actual negotiated market prices 

discount. These prices are intended 

Source: Dataquest Qune 1992> 

may vaiy from these prices because of manufactuner-spedfic factors such as quality, service, and volume 

for use as guidelines. 
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Table 34 
Estimated Loi^-Rai^e Discrete Semiconductor Price Trends—North American Bookings 
(Vohime: 100,000 per Year; Dollars) 

Product 

Small-Signal Transistois 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055 

2N6107 

Power MOSFET 

IEF530 

IRF540 

IRF9531 

IRF9520 

Sinall-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Tliyristors 

2N6400 

2N4186 

1992 

0.140 

0.030 

0.068 

0.050 

0.046 

1.040 

0.700 

0.235 

0.390 

1.000 

1.035 

0.415 

0.020 

0.046 

0.883 

7.105 

0.094 

1.165 

0.026 

0.026 

0.040 

0.617 

1.215 

0.699 

0.620 

2.270 

1993 

0.139 

0.029 

0.066 

0.047 

0.045 

1.040 

0.690 

0.235 

0.370 

0.990 

1.028 

0.410 

0.020 

0.045 

0.873 

7.035 

0.092 

1.165 

0.025 

0.025 

0.039 

0.604 

1.186 

0.690 

0.583 

2.260 

1994 

0.138 

0.028 

0.062 

0.046 

0.045 

1.040 

0.680 

0.235 

0.360 

0.980 

1.022 

0.408 

0.020 

0.045 

0.864 

6.990 

0.090 

1.165 

0.025 

0.025 

0.039 

0.595 

1.160 

0.681 

0.562 

2.250 

1995 

0.138 

0.028 

0.061 

0.045 

0.045 

1.040 

0.670 

0.235 

0.350 

0.975 

1.020 

0.406 

0.020 

0.045 

0.860 

6.850 

0.089 

1.165 

0.025 

0.025 

0.039 

0.590 

1.155 

0.671 

0.556 

2.250 

1996 

0.138 

0.028 

0.060 

0.045 

0.045 

1.040 

0.670 

0.235 

0.350 

0.970 

1.018 

0.405 

0.020 

0.045 

0.858 

6.800 

0.088 

1.165 

0.025 

0.025 

0.039 

0.585 

1.150 

0.665 

0.556 

2.250 

Note: Actual negotiated market prices 

discount. These prices are intended 

June 1992. 

Source: Dataquest Qvae 1992) 

may vary from these prices because of manufacturer-spedftc factors such as quality, service, and volume 

for use as guidelines. This forecast correlates with Dataquest's quarteriy forecast for 1992-1993 dated 
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Table 35 
Estimated Optoelectronic IC Price Trends—North American B o o k i n g 
CVotume: 100,000 per Year; Dollars) 

Product 

Round LED Lamps 

Tl STD RED 

Tl 3/4 STD RED 

Tl 3/4 H.EF.RED 

Mold Frame LED 

0.3 Digital Display 

0.6 Digital Display 

Optical Ojuplers 

4N25 

4N36 

1992 
HI 

0.052 

0.052 

0.065 

0.490 

0.500 

0.160 

0.200 

1992 
H2 

0.052 

0.052 

0.065 

0.480 

0.500 

0.160 

0.200 

1993 
HI 

0.050 

0.052 

0.063 

0.475 

0.480 

0.159 

0.200 

1993 
H2 

0.049 

0.050 

0.063 

0.470 

0.470 

0.158 

0.200 

Current Lead 
l i m e CWeeks) 

6 

6 

8-10 

Note: Actual negotiated market prices may vary Grom these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest Oune 1992) 

Table 36 
Estimated Loi^-Rai^e Optoelectronic IC Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

1992 1993 1994 1995 1996 
Optoelectronic 

Round LED Lamps 

Tl STD RED 

Tl 3/4 STD RED 

Tl 3/4 H.EF.RED 

Mold Frame LED 

0.3 Digital Display 

0.6 Digital Display 

Optical Couplers 

4N25 

4N36 

0.052 

0.052 

0.065 

0.485 

0.500 

0.160 

0.200 

0.050 

0.051 

0.063 

0.473 

0.475 

0.159 

0.200 

0.048 

0.050 

0.062 

0.467 

0.470 

0.158 

0.200 

0.047 

0.048 

O.O6I 

0.460 

0.465 

0.156 

0.200 

0.047 

0.048 

0.060 

0.460 

0.462 

0.155 

0.200 

Note: Actual negotiated market prices may vary fipom these prices because of manu&cturer-spedfic foctois such as qijality, service, and volume 

discount These prices are intended for use as guidelines. This forecast correlates with Oataquest's qiiarteiiy forecast for 1992-1993 dated 

June 1992. 

Source: Dataquest Qvne 1992) 
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North American Semiconductor Price 
Outlook: Second Quarter 1992 

Methodology aad Sources 
This Source: Dataquest document provides 
information on and forecasts for the North 
American bookings prices of more than 
200 semiconductor devices. Dataquest collects 
price information on a quarterly basis from 
North American suppliers and major buyers 
of these products. North American bookings 
price information is analyzed by Semiconductor 
Procurement (SP) service analysts for con
sistency and reconciliation. The information 
finally is rationalized with worldwide billings 
price data in association with product analysts, 
resulting in the current forecast. This document 
includes associated long-range forecasts. 

For SP clients that use the SP online service, 
the prices presented here correlate with the 

quarterly and long-range price tables dated 
March 1992 in the SP onUne service. For addi
tional product coverage and more detailed 
product specifications, please refer to those 
sources. 

Price Variations 

Actual negotiated market prices may vary from 
these prices because of manufacturer-specific 
factors such as product quality, special fea
tures, service, delivery performance, volume 
discount, or other factors that may enhance or 
detract from the value of a company's product. 
These prices are intended for use as price 
guidelines. 
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Table 1 
Estimated Standard Logic Price Trends—North American Bookii^s 
(Voltune: 100,000 per Year; Package: PLCC; Dollars) 

Product 

74LS TIX 

74LS0O 

74LS74 

74LS138 

74LS244 

74S TTL 

74S00 

74S74 

74S138 

74S244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

1991 
Year Ql 

1992 
Q2 Q3 

1992 
Q4 Year Ql 

1993 1993 Current Lead 
Q2 Q3 Q 4 Year Time (Weeks) 

1-6 

.100 .105 

.115 .117 

.150 .155 

.215 .215 

.140 

.174 

.259 

.505 

.145 

.170 

.259 

.500 

.100 .100 

.118 .120 

.165 .155 

.228 .218 

.105 .105 

.120 .120 

.156 .158 

.230 .235 

.105 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.105 

.120 

.158 

.235 

.110 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.110 

.125 

.158 

.235 

.110 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.110 

.125 

.158 

.235 

.108 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.108 

.123 

.158 

.235 

.110 .110 

.117 .117 

.155 .155 

.213 .213 

.150 

.174 

.259 

.495 

.110 

.128 

.160 

.237 

.150 

.174 

.259 

.495 

.101 .101 

.115 .115 

.152 .151 

.212 .212 

.110 

.128 

.160 

.237 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.101 

.115 

.150 

.212 

.110 

.128 

.160 

.239 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.103 

.115 

.150 

.212 

.110 

.128 

.160 

.239 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.102 

.115 

.151 

.212 

.110 

.128 

.160 

.238 

1-6 

1-6 

1-8 

Note: Actual negotiated market prices may vaiy from these prices because of manukcturer-spedfic fectors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 
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Table 2 
Estimated Long-Ras^e Standard Ijogic Price Trends—North American Bookii^s 
(Vohime: 100,000 per Year; Package: PLCC; Dollars) 

Product 1991 1992 1993 1994 1995 1996 

74LS TTL 

74LS00 

74LS74 

74LS138 

74LS244 

74S TTL 

74S00 

74S74 

74S138 

74S244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

Note: Actual negotiated market prices may vary fiom these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This information coordinates with Dataquest's quaiteriy forecast for 1992-1993 dated 

March 1992. 

Source: Dataquest (March 1992) 

.100 

.115 

.150 

.215 

.140 

.174 

.259 

.505 

.100 

.118 

.165 

.228 

.105 

.120 

,156 

.230 

.108 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.108 

.123 

.158 

.235 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.102 

.115 

.151 

.212 

.110 

.128 

.160 

.238 

.110 

.117 

.152 

.199 

.145 

.174 

.259 

.495 

.107 

.110 

.149 

.212 

.110 

.128 

.160 

.240 

.110 

.117 

.152 

.195 

.145 

.174 

.259 

.495 

.107 

.110 

.147 

.212 

.110 

.128 

.162 

.242 

.110 

.117 

.152 

.195 

.145 

.174 

.259 

.495 

.107 

.110 

.147 

.212 

.110 

.128 

.162 

.242 
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Table 3 
Estimated Standard Logic Price Trends—North American Bookings 
CVolume: 100,000 per Year; Package: PLCC; Dollars) 

Product 

74AC CMOS 

74AC00 

74AC74 

74AC138 

74AC244 

74ALS TTL 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS00 

74AS74 

74AS138 

74AS244 

74BC* 

74BC00 

74BC244 

74BC373 

lOKH ECL 

10H102 

10H173 

1991 

.192 

.263 

.334 

.484 

.128 

.154 

.278 

.382 

.170 

.180 

.460 

.755 

.328 

.796 

.799 

.490 

1.200 

Qi 

.183 

.255 

.305 

.455 

.120 

.140 

.260 

.345 

.160 

.180 

.430 

.740 

.297 

.725 

.726 

.490 

1.100 

1992 
Q2 

.182 

.254 

.300 

.445 

.118 

.135 

.260 

.345 

.160 

.180 

.430 

.740 

.286 

.698 

.700 

.490 

1.100 

Q3 

.181 

.253 

.295 

.435 

.115 

.135 

.260 

.345 

.160 

.180 

.430 

.740 

.279 

.672 

.674 

.490 

1.100 

Q4 

.180 

.253 

.290 

.425 

.115 

.135 

.260 

.345 

.160 

.180 

.430 

.740 

.272 

.648 

.649 

.490 

1.100 

1992 
Year 

.181 

.254 

.298 

.440 

.117 

.136 

.260 

.345 

.160 

.180 

.430 

.740 

.284 

.686 

.687 

.490 

1.100 

Q i 

.175 

.247 

.285 

.419 

.115 

.135 

.260 

.340 

.160 

.180 

.420 

.730 

.270 

.645 

.646 

.490 

1.100 

1993 
Q2 

.175 

.243 

.280 

.414 

.115 

.135 

.258 

.330 

.160 

.179 

.420 

.730 

.268 

.641 

.642 

.490 

1.100 

Q3 

.175 

.240 

.280 

.410 

.115 

.135 

.254 

.330 

.160 

.179 

.420 

.730 

.265 

.638 

.639 

.490 

1.100 

Q4 

.175 

.240 

.280 

.406 

.115 

.135 

.254 

.320 

.160 

.179 

.420 

.730 

.263 

.636 

.637 

.490 

1.100 

1993 
Year 

.175 

.243 

.281 

.412 

.115 

.135 

.257 

.330 

.160 

.179 

.420 

.730 

.267 

.640 

.641 

.490 

1.100 

Current Lead 
l i m e CWeeks) 

1-6 

1-6 

1-6 

4^ 

6 

•Pricing for 74BC ecdudes 74ABT, 74BCr. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific fiactors sudi as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: DaUquest (March 1992) 
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Table 4 
Estimated Long-Range Standard Logic Price 
(Volume: 100,000 per Year; Package: PLCC; 

Trends—North American Bookii^s 
Dollars) 

Product 1991 1992 1993 1994 1995 1996 

74AC CMOS 

74AC0O 

74AC74 

74AC138 

74AC244 

74ALS TTL 

74A1S00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS00 

74AS74 

74AS138 

74AS244 

74BC' 

74BC00 

74BC244 

74BC373 

lOKH ECL 

10H102 

10H173 

.192 

.263 

.334 

.484 

.128 

.154 

.278 

.382 

.170 

.180 

.460 

.755 

.328 

.796 

.799 

.490 

1.200 

.181 

.254 

.298 

.440 

.117 

.136 

.260 

.345 

.160 

.180 

.430 

.740 

.284 

.686 

.687 

.490 

1.100 

.175 

.243 

.281 

.412 

.115 

.135 

.257 

.330 

.160 

.179 

.420 

.730 

.267 

.640 

.641 

.490 

1.100 

.173 

.235 

.276 

.403 

.115 

.135 

.252 

.320 

.160 

.179 

.415 

.700 

.260 

.611 

.612 

.490 

1.100 

.170 

.225 

.270' 

.395 

.115 

.135 

.249 

.320 

.160 

.179 

.400 

.690 

.242 

.587 

.588 

.490 

1.100 

.170 

.225 

.270 

.395 

.115 

.135 

.249 

.320 

.160 

.179 

.400 

.690 

.242 

.587 

.588 

.490 

1.100 

•Pridng for 74BC excludes 74ABT, 74BCr. 

Note: Actual negotiated market prices may vary from these 

discount These prices are intended for use as guidelines. 

March 1992. 

Source: Dataquest (March 1992) 

prices because of manuiacturer-spedfic hoots such as quality, service, and volume 

This information coordinates with Dataquest's quartetiy forecast for 1992-1993 dated 
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Semiconductor Procurement 

Table 5 
Estimated Microprocessor and Peripheral Price Trends—North American Bookii^s 
(Volume: 8- and l6-Bit—25,000 per Year; 32-Bit—-1,000 to 5,000 per Year; Dollars) 
(Package: 8- and l6-Bit Devices—PDIF; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 

2S4C00-6 

68000-8 

68000-12 

68ECO0O-8 

68302-16 

80186-8 PLCC 

80C186-10 
PLCC 

80286-10 PLCC 

80286-12 PLCC 

80286-16 PLCC 

80287-12 

68020-16 PQFP 

68881-16 PLCC 

68EC020-16 
PQFP 

68020-25 PQFP 

68030-16 CQFP 

68882-16 

68030-25 CQFP 

68EC030-25 
PQFP 

68040-25 

68330-16 

68340-16 

1991 
Year 

.98 

3.81 

5.58 

NA 

NA 

6.33 

NA 

6.54 

6.87 

13.50 

NA 

35.69 

21.88 

NA 

NA 

NA 

50.00 

161.00 

NA 

538.85 

NA 

NA 

Q i 
.94 

3.50 

5.50 

3.00 

28.00 

5.75 

9.95 

5.25 

5.25 

9.25 

77.00 

29.00 

15.00 

17.00 

36.00 

76.00 

31.00 

120.00 

37.00 

455.08 

18.00 

24.00 

1992 
Q2 

.94 

3.50 

5.50 

2.95 

26.00 

5.65 

9.95 

4.75 

4.75 

8.00 

70.00 

29.00 

15.00 

16.00 

36.00 

75.00 

30.50 

118.00 

36.50 

430.10 

18.00 

23.25 

Q3 
.92 

3.30 

5.50 

2.85 

22.00 

5.50 

9.45 

4.50 

4.50 

7.05 

63.00 

27.00 

14.25 

15.75 

34.50 

74.00 

29.50 

116.00 

35.25 

413.90 

17.50 

22.50 

Q4 

.92 

3.25 

5.50 

2.75 

21.00 

5.50 

9.25 

4.00 

4.00 

6.25 

59.00 

26.00 

14.00 

15.50 

34.00 

73.00 

29.00 

115.00 

35.00 

400.90 

17.50 

22.25 

1992 
Year 

.93 

3.39 

5.50 

2.89 

24.25 

5.60 

9.65 

4.63 

4.63 

7.64 

67.25 

27.75 

14.56 

16.06 

35.13 

74.50 

30.00 

117.25 

35.94 

425.00 

17.75 

23.00 

Qi 
.92 

3.25 

5.45 

2.75 

21.00 

5.50 

9.00 

4.00 

4.00 

6.00 

59.00 

24.00 

13.50 

15.00 

33.57 

70.00 

28.72 

114.10 

34.65 

388.00 

17.50 

22.03 

1993 
Q2 

.92 

3.25 

5.45 

2.65 

20.69 

5.50 

9.00 

4.00 

4.00 

6.00 

59.00 

24.00 

13.00 

14.20 

33.25 

67.00 

28.57 

110.00 

34.30 

376.00 

16.00 

21.81 

Q3 

.92 

3.25 

5.45 

2.56 

20.48 

5.50 

8.75 

4.00 

4.00 

6.00 

59.00 

24.00 

12.50 

13.50 

32.78 

65.00 

28.37 

105.00 

33.96 

364.00 

15.00 

21.59 

Q4 

.92 

3.25 

5.45 

2.50 

20.27 

5.50 

8.75 

4.00 

4.00 

6.00 

59.00 

23.00 

12.00 

13.00 

32.40 

62.00 

28.33 

100.00 

33.79 

352.00 

14.00 

21.48 

1993 Ciurent Lead 
Year t ime (Weeks) 

.92 

3.25 

5.45 

2.62 

20.61 

5.50 

8.88 

4.00 

4.00 

6.00 

59.00 

23.75 

12.75 

13.93 

33.00 

66.00 

28.50 

107.28 

34.18 

370.00 

15.63 

21.73 

5-8 

2-4 

2-4 

4-8 

4-8 

6-8 

5-8 

3-10 

2-10 

2-10 

1-10 

2-4 

2-4 

4-8 

2-8 

2-8 

2-4 

5-10 

4-8 

4-8 

4-8 

2-4 
(Continued) 
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North American Semiconductor Price Outlook: Second Quarter 1992 

Table 5 (Continued) 
Estimated Microprocessor and Peripheral Price Trends—North American Booldngs 
(Volume: 8- and l6-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package: 8- and 16-Blt Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted) 

Product 

80386SX-16 

PQFP 

80386SX-20 

PQFP 

AM386-40 

80386-25 

80387-25* 

80486SX-20 

80486-25 

80486-50 

29000-25" 

88100-25" 

R3000-25" 

SPARC-25" 

80960CA-25 

1991 
Year 

57.74 

89.21 

NA 

157.61 

257.08 

NA 

533.75 

NA 

111.25 

76.06 

131.75 

88.74 

NA 

Q i 

53.82 

81.41 

216.00 

148.00 

189.00 

218.83 

405.00 

615.00 

92.00 

69.50 

112.00 

75.62 

95.30 

1992 
QZ 

49.24 

63.57 

205.00 

99.00 

183.33 

198.00 

390.00 

555.00 

88.00 

68.05 

106.00 

72.30 

91.30 

Q3 

49.12 

61.60 

195.00 

92.07 

178.75 

179.00 

375.00 

505.00 

84.00 

67.45 

100.00 

69.51 

90.30 

Q 4 

48.30 

60.00 

185.00 

85.63 

175.17 

150.00 

360.00 

465.00 

81.00 

67.00 

95.00 

66.55 

89.25 

1992 
Year 

50.12 

66.65 

200.25 

106.17 

181.56 

186.46 

382.50 

535.00 

86.25 

68.00 

103.25 

71.00 

91.54 

Q i 

47.84 

57.60 

176.00 

80.00 

171.67 

125.00 

355.00 

395.25 

79.00 

64.50 

91.50 

64.50 

88.35 

1993 
Q2 

47.84 

56.00 

167.00 

75.00 

168.24 

110.33 

350.00 

355.73 

77.40 

62.20 

88.76 

62.88 

87.45 

Q3 

47.38 

54.40 

159.00 

75.00 

164.87 

105.00 

350.00 

355.00 

76.70 

60.20 

86.52 

61.60 

84.30 

Q 4 

46.92 

52.00 

151.00 

75.00 

161.57 

100.00 

350.00 

355.00 

75.80 

58.10 

85.20 

60.60 

81.20 

1993 Current Lead 

Year Time (Weeks) 

47.50 

55.00 

163.25 

76.25 

166.59 

110.08 

351.25 

365.24 

77.23 

61.25 

88.00 

62.40 

85.33 

2-8 

2-8 

6 

6-8 

4-8 

12 

6 ^ 

6-8 

8 

4.8 

6-9 

NA 

1-2 

•Vcdume of <1,000 faeces for 8(^7-25 

"Pricing exdudes accessory parts such as floating point and memory management 

Note: Actual negotiated maiket jsices may vary ftom these prices because of manufoctuier-spedfic factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 
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Seoilconductor Procurement 

Table 6 
Estimated Long-Range Microprocessor and Peripheral Price Trends—North American Bookings 
(Volume: 8- and 16-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package: 8- and l6-Bit Devlces-^TOIP; 32-Bit Devices—Ceramic PGA; JExceptions Noted) 

Product 

284C00-6 

68000-8 

68000-12 

68EC000-8 

68302-16 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-12 PLCC 

80286-16 PLCC 

80287-12 

68020-16 PQFP 

68881-16 PLCC 

68EC020-16 PQFP 

68020-25 PQFP 

68030-16 PQFP 

68882-16 

68030-25 PQFP+ 

68EC030-25 PQFP 

68040-25 

68330-16 

68340-16 

80386SX-16 PQFP 

80386SX-20 PQFP 

AM386-40 

80386-25 

80387-25* 

80486SX-20' 

80486-25 

80486-50 

29000-25" 

88100-25*' 

R3000-25** 

SPARC-25** 

80960CA-25 

1991 
Year 

.98 

3.81 

5.58 

NA 

NA 

6.33 

NA 

6.54 

6.87 

13.50 

NA 

35.69 

21.88 

NA 

NA 

NA 

50.00 

161.00 

NA 

538.85 

NA 

NA 

57.74 

89.21 

NA 

157.61 

257.08 

NA 

533.75 

NA 

111.25 

76.06 

131.75 

88.74 

NA 

1992 
Year 

.93 

3.39 

5.50 

2.89 

24.25 

5.60 

9.65 

4.63 

4.63 

7.64 

67.25 

27.75 

14.56 

16.06 

35.13 

74.50 

30.00 

117.25 

35.94 

425.00 

17.75 

23.00 

50.12 

66.65 

200.25 

106.17 

181.56 

186.46 

382.50 

535.00 

86.25 

68.00 

103.25 

71.00 

91.54 

1993 
Year 

.92 

3.25 

5.45 

2.62 

20.61 

5.50 

8.88 

4.00 

4.00 

6.00 

59.00 

23.75 

12.75 

13.93 

33.00 

66.00 

28.50 

107.28 

34.18 

370.00 

15.63 

21.73 

47.50 

55.00 

163.25 

76.25 

166.59 

110.08 

351.25 

365.24 

77.23 

61.25 

88.00 

62.40 

85.33 

1994 

Year 

.89 

3.25 

5.45 

2.35 

19.46 

5.30 

8.31 

NA 

4.00 

5.00 

59.00 

22.00 

12.00 

12.00 

31.04 

60.14 

28.00 

97.00 

32.10 

332.50 

13.30 

20.62 

NA 

45.00 

140.00 

75.00 

161.57 

100.00 

350.00 

355.00 

74.50 

56.00 

84.50 

59.00 

77.14 

1995 
Year 

.88 

3.25 

5.45 

2.30 

18.97 

5.30 

8.15 

NA 

NA 

4.50 

59.00 

21.00 

12.00 

11.00 

31.00 

58.94 

27.75 

94.09 

30.50 

325.00 

12.97 

20.11 

NA 

45.00 

134.00 

75.00 

161.57 

99.00 

350.00 

350.00 

70.00 

51.00 

79.90 

53.66 

75.21 

1996 
Year 

.88 

3.25 

5.45 

2.30 

18.97 

5.30 

8 1 5 

NA 

NA 

NA 

59.00 

21.00 

12.00 

10.00 

31.00 

58.94 

27.75 

93.15 

30.00 

325.00 

12.97 

20.00 

NA 

NA 

134.00 

75.00 

161.57 

99.00 

350.00 

350.00 

68.00 

50.00 

77.00 

53.00 

75.21 

NA - Not available 

+CPGA for 1991. 

•Volume of <1,000 pieces for 80387-25 and 80486SX-20. 

"Pricing excludes accessory parts such as floating point and memory management. 

Notes: Actual negotiated market prices may vary from these prices because of manii^cturer-spediic such as quality, service, and volume discount. 

These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarterly forecast for 1992-1993 dated March 199Z 

Source: Dataquest (March 1992) 
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North American Semiconductor Price Outlook: Second Quarter 1992 

Table 7 
Estimated DRAM Price Trends—North American Bookings 
(Contract Voltmie; Dollars) 

1992 1992 1993 1993 Current Lead 
Product 1991 Q l Q2 Q3 Q4 Year Q l Q2 Q3 Q4 Year Time (Weeks) 

256Kxl DRAM 
80ns DIP 1.75 1.60 1.60 1.50 1.50 1.55 1.50 1.50 1.50 1.50 1.50 1-6 

64Kx4 VRAM 
120ns ZIP 3.20 2.95 2.70 2.70 2.70 2.76 2.48 2.48 2.48 2.48 2.48 5-10 

IMbxl DRAM 
80ns (DIP/SOJ) 4.35 3.80 3.56 3.55 3.55 3.62 3.55 3.55 3.55 3-55 3.55 1-6 

64Kxl6 DRAM 
80ns SOJ 6.90 5.65 5.25 5.01 4.77 5.17 4.54 4.35 4.22 4.13 4.31 4-8 

256KX4 VRAM 

100ns ZIP 9.31 7.75 7.25 6.84 6.45 7.07 6.05 5.75 5.45 5-25 5.63 4-8 

128Kx8 VRAM 
100ns SOJ 10.01 8.05 7.55 7.14 6.75 7.37 6.30 6.00 5.70 5.45 5.86 1-8 

4Mbxl DRAM 
80ns SOJ 16.96 13.13 12.02 11.02 10.10 11.57 9.80 9.55 9.30 8.95 9.40 1-8 

512Kx8 DRAM 70ns NA NA 15.08 13.78 12.36 NA 11.23 10.56 9.89 9.27 10.24 4 ^ 

256Kxl6 DRAM 
70ns SOJ NA 16.00 15.50 13.99 12.79 14.57 11.75 11.00 10.30 9.75 10.70 4-8 

256KX18 DRAM 

80ns SOJ NA 17.07 16.75 15.55 14.70 16.02 13.75 13.00 12.40 12.00 12.79 1-6 

IMbxS SIMM 100ns 
(2 pc) NA 30.00 27.00 24.98 24.00 26.49 22.00 20.90 19.86 18.86 20.40 1-8 

lMbx9 SIMM 80ns 
(3 pc) NA 33.83 30.45 28.17 27.50 29.99 25.00 23.25 21.62 20.11 22.50 1-8 

256Kx9 SIMM 100ns 13-85 12.70 12.53 12.50 12.50 12.56 12.50 12.50 12.50 12.50 12.50 1-8 

256KX36 SIMM 80ns++ 49.86 47.00 45.40 44.20 43.00 44.90 37.17 35.50 34.30 33.81 35.19 1-8 

512Kx36 SIMM 80ns NA 81.00 80.80 80.00 79.39 80.30 77.20 76.23 75.06 74.26 75.69 1-8 

4Mbx9 SIMM 80ns NA 135.0 125.0 120.0 115.0 123.8 100.0 90.0 82.0 78.0 87.50 NA 

NA - Not available 

•Contract volume - at least 100,000 per order except VRAMs 

++Two-piece solution for 1993 

Note: Actual negotiated market prices may vary from these prices because of manu&cturer-spedfic factors such as quality, service, and volume 

discount. These prices are intended for tise as guidelines. 

Source: Source: Dataquest (March 1992) 
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10 Semiconductor Procurement 

Table 8 
Estimated Long-Range DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars) 

Product 

256Kxl DRAM 80ns DIP 

6 4 K S 4 VRAM 120ns ZIP 

IMbxl DRAM 80ns (DIP/SOJ) 

64Kxl6 DRAM 80ns SOJ 

2 5 6 K X 4 VRAM 100ns ZtP 

128Kx8 VRAM 100ns SOJ 

4Mbxl DRAM 80ns SOJ 

512Kx8 DRAM 70ns 

2 5 6 K X 1 6 D R A M 70ns SOJ 

256KX18 DRAM 80ns SOJ 

lMbx8 SIMM lOOns (2 pc) 

lMbx9 SIMM 80ns (3 pc) 

256Kx9 SIMM 100ns 

2 5 6 K X 3 6 SIMM 80ns++ 

512Kx36 SIMM 80ns 

4Mbx9 SIMM 80ns 

1991 
Year 

1.75 

3.20 

4.35 

6.90 

9.31 

10.01 

16.96 

NA 

NA 

NA 

NA 

NA 

13.85 

49.86 

NA 

NA 

1992 
Year 

1.55 

2.76 

3.62 

5.17 

7.07 

7.37 

11.57 

NA 

14.57 

16.02 

26.49 

29.99 

12.56 

44.90 

80.30 

123.75 

1993 
Year 

1.50 

2.48 

3.55 

4.31 

5.63 

5.86 

9.40 

10.24 

10.70 

12.79 

20.40 

22.50 

12.50 

35.19 

75.69 

87.50 

1994 

Year 

1.65 

2.40 

3.59 

4.12 

5.25 

5.35 

7.60 

7.75 

7.75 

8.51 

16.00 

17.00 

12.00 

27.28 

60.55 

NA 

1995 
Year 

1.85 

2.40 

3.59 

4.12 

5.25 

5.25 

6.80 

6.87 

6.87 

7.21 

15.00 

16.00 

NA 

23.07 

48.44 

NA 

Year 

1996 

2.00 

2.40 

3.70 

4.15 

5.25 

5.25 

6.80 

6.87 

6.87 

6.97 

14.00 

15.00 

NA 

20.91 

47.23 

NA 

NA - Not available 

•Contract volume - at least 100,000 per order except VRAMs 

++Two-piece solution for 1993-1996 

Note: Actual negotiated market prices may vary ficom these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This information coordinates -with Dataquest's quarterly forecast for 1992-1993 dated 

Match 1992. 

Source: Dataquest CMarch 1992) 
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Table 9 
Estimated Static RAM Price Trends—North American Bookings 
(Volmne: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDIP; Dollars) 

Product 

4Kx4 25ns 

2Kx8 25ns 

64Kxl 25ns 

16KX4 25ns 

8Kx8 25ns 

I6KX4 35ns 

8Kx8 45ns 

8Kx8 100-120ns 

64Kx4 10ns 

64Kx4 25ns 

32Kx8 12ns 

32Kx8 35ns 

32Kx8 100ns SOJ 

256Kx4 20ns 

128ICx8 20ns 

128KJ^ 25ns 

128Kx8 100ns SOJ 

1991 

2.39 

2.49 

3.55 

3.52 

3.69 

3.13 

3.17 

2.01 

NA 

9.71 

NA 

8.54 

4.18 

NA 

NA 

67.53 

16.22 

Q i 
2.30 

2.40 

3.55 

2.70 

3.30 

2.60 

2.55 

2.05 

36.90 

7.50 

23.58 

6.28 

4.05 

58.83 

58.64 

44.00 

13.50 

1992 
92 

2.30 

2.40 

3.45 

2.50 

2.60 

2.40 

2.35 

1.85 

32.80 

6.50 

21.53 

6.10 

4.05 

51.04 

50.16 

37.50 

12.50 

Q3 
2.30 

2.40 

3.43 

2.50 

2.50 

2.40 

2.35 

1.55 

28.56 

6.45 

19.38 

5.95 

4.05 

42.30 

41.94 

31.75 

11.10 

Q4 

2.30 

2.40 

3.40 

2.50 

2.50 

2.40 

2.35 

1.55 

25.50 

6.20 

17.34 

5.65 

4.05 

37.00 

36.62 

27.00 

10.45 

1992 
Year 

2.30 

2.40 

3.46 

2.55 

2.73 

2.45 

2.40 

1.75 

30.94 

6.66 

20.46 

6.00 

4.05 

47.29 

46.84 

35.06 

11.89 

Q i 
2.30 

2.40 

3.38 

2.50 

2.50 

2.40 

2.35 

1.55 

23.46 

5.50 

15.95 

5.45 

4.05 

34.09 

34.13 

24.00 

10.05 

1993 
Q2 

2.30 

2.40 

3.38 

2.50 

2.50 

2.40 

2.35 

1.55 

22.08 

5.25 

15.01 

5.30 

4.05 

30.17 

30.24 

21.25 

9.68 

03 
2.30 

2.40 

3.38 

2.50 

2.50 

2.40 

2.35 

1.55 

20.71 

5.05 

14.08 

5.10 

4.05 

28.41 

28.86 

19.00 

9.21 

Q4 

2.30 

2.40 

3.38 

2.50 

2.50 

2.40 

2.35 

1.55 

19.60 

4.85 

13.33 

5.05 

4.05 

28.10 

28.12 

17.00 

8.84 

1993 Current Lead 
Year l ime (Weeks) 

2.30 

2.40 

3.38 

2.50 

2.50 

2.40 

2.35 

1.55 

21.46 

5.16 

14.59 

5.23 

4.05 

30.19 

30.34 

20.31 

9.45 

3-12 

2-13 

3-12 

7-14 

1-10 

6-11 

8 

1-10 

2 

1-12 

2-10 

5-10 

4-9 

8-12 

8-12 

8-12 

2-10 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manu&ctuier-specific factors such as quality, service, and volume 

discount These prices ate intended for use as price guidelines. 

Source: Dataquest (March 1992) 
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Table 10 
Estimated Los^-Range Static RAM Price Trends—North American Bookii^s 
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDIP; Dollars) 

Product 1991 1992 1993 1994 1995 1996 

4Kx4 25ns 

2Kx8 25ns 
64KX1 25ns 

l6Kx4 25ns 

8Kx8 25ns 
16KX4 35ns 

8Kx8 45ns 
8Kx8 100-120ns 
64Kx4 10ns 
64Kx4 25ns 

32Kx8 12ns 
32Kx8 35ns 

32Kx8 100ns SQJ 
256Kx4 20ns 

128Kx8 20ns 
128Kx8 25ns 
128Kx8 100ns SQJ 
NA - Not available 
Notes: Actual negotiated maricet prices may vary from these prices because of manufocturer-spedfic factors such as quality, service, and volume 

discount. These prices are intended for use as price guidelines. This forecast con-elates -with Dataquest's quarterly forecast for 1992-1993 dated 

March 1992. 
Source: Dataquest (Mardi 1992) 

Table 11 
Estimated ROM Price Trends—North American Bookings (Speed/Pack^e: 
£IMb Density—^150ns and above, 28-pin PDIP; ^2Mb Density—^200ns and above, 
32-pin PDIP) (Volume: 50,000 per Year; Dollars) 

2.39 

2.49 

3.55 

3.52 

3.69 

3.13 

3.17 

2.01 

NA 

9.71 

NA 

8.54 

4.18 

NA 

NA 

67.53 

16.22 

2.30 

2.40 

3.46 

2.55 

2.73 

2.45 

2.40 

1.75 

30.94 

(>.(£ 
li:iM 

6.00 

4.05 

47.29 

46.84 

35.06 

11.89 

2.30 

2.40 

3.38 

2.50 

2.50 

2.40 

2.35 

1.55 

21.46 

5.16 

14.59 

5.23 

4.05 

30.19 

30.34 

20.31 

9.45 

2.35 

2.45 

3.40 

2.51 

2.51 

2.40 

2.35 

1.75 

16.17 

4.25 

11.33 

4.90 

4.05 

23.18 

23.20 

10.63 

7.68 

2.55 

2.57 

3.45 

2.52 

2.55 

2.40 

2.35 

2.00 

13.34 

4.05 

9.63 

4.55 

4.15 

19.70 

19.72 

7.70 

6.90 

2.95 

2.95 

3.50 

2.95 

2.95 

2.95 

2.90 

2.25 

11.34 

4.05 

8.67 

4.50 

4.20 

17.73 

17.75 

8.00 

6.75 

Product 

CMOS 

32Kx8 ROM 

64Kx8 ROM 

128Kx8 ROM 

64Kxl6 ROM 

256Kx8 ROM 

512Kx8 ROM 

2 5 6 K X 1 6 ROM* 

lMbx8 R O M " 

2Mbx8 ROM 

1991 

1.59 

2.08 

2.26 

2.84 

3.18 

4.01 

5.01 

NA 

NA 

0 1 

1.50 

1.90 

2.01 

2.20 

2.76 

3.95 

4.05 

6.33 

15.25 

1992 

Q2 

1.50 

1.85 

1.95 

2.20 

2.73 

3.79 

3.86 

6.20 

14.25 

93 

1.50 

1.83 

1.95 

2.10 

2.70 

3.75 

3.80 

5.98 

13.15 

Q 4 

1.50 

1.80 

1.90 

2.00 

2.67 

3.70 

3.75 

5.82 

12.20 

1992 

Year 

1.50 

1.85 

1.95 

2.13 

2.71 

3.80 

3.86 

6.08 

13.71 

Q l 

1.45 

1.80 

1.90 

1.95 

2.65 

3.60 

3.65 

5.55 

11.15 

1993 

Q2 

1.45 

1.75 

1.90 

1.90 

2.61 

3.60 

3.65 

5.48 

10.10 

Q3 

1.45 

1.75 

1.90 

1.90 

2.58 

3.60 

3.60 

5.43 

9.50 

Q4 

1.45 

1.75 

1.85 

1.85 

2.55 

3.60 

3.60 

5.38 

9.05 

1993 

Year 

1.45 

1.76 

1.89 

1.90 

2.60 

3.60 

3.63 

5.46 

9.95 

Current Lead 

l i m e (Weeks) 

4-8 

4-8 

4-8 

4-8 

4-8 

4-8 

4-8 

4-8 

4-8 

NA - Not available 
•256KX16 ROM; 150ns and above; 4(>-pin PDIP 
••IMbxS ROM: 150ns and above; 32-pin SOP 
Note: Actual negotiated market prices may vary from these prices because of manufecturer-spedfic factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 
Source: Dataquest (March 1992) 
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Table 12 
Estimated Loi^-Range ROM Price Trends—North American Bookii^s 
(Speed/Packi^e: ^IMb Density—150ns and above, 28-pin PDIP; ^2Mb Density—^200ns and above, 
32-pin PDIP) CVolume: 50,000 per Year; Dollars) 

Product 1991 1992 1993 1994 1995 
CMOS 

32Kx8 ROM 
64KX8 ROM 

128Kx8 ROM 
64Kxl6 ROM 
256KX8 ROM 

512Kx8 ROM 
256Kxl6 ROM* 
lMbx8 ROM" 
2Mbxl6 ROM 

1996 

1.59 

2.08 

2.26 

2.84 

3.18 

4.01 

5.01 

NA 

NA 

1.50 

1.85 

1.95 

2.13 

2.71 

3.80 

3.86 

6.08 

13.71 

1.45 

1.76 

1.89 

1.90 

2.60 

3.60 

3.63 

5.46 

9.95 

1.45 

1.72 

1.80 

1.85 

2.40 

3.30 

3.32 

5.00 

8.15 

NA • 

1.72 

1.80 

1.85 

2.34 

3.10 

3.11 

4.50 

7.33 

NA 

NA 

1.80 

1.85 

2.34 

3.05 

3.05 

4.15 

6.60 
NA • Not available 
•256Kja6 ROM: 150ns and above; 40-pin PDIP 
"lMbx8 ROM: 150ns and above; 32-pin SOP 
Notes: Actual negotiated market prices may vary from these prices because of manu£>cturer-specific faaon such as quality, service, and volume 

discount These prices are intended for use as guidelines. This forecast corrdates to Dataquest's quarteriy forecast for 1992-1993 dated March 
1992. 

Source: Dataquest (March 1992) 

Table 13 
Estimated Programmable ROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; PDIP; Dollars) 

Product 

m 
4K PROM PDIP 

16K PROM PDIP 

32K PROM PDIP 

64K PROM PDIP 

1991 

.97 

2.26 

5.05 

6.95 

0 1 

1.00 

2.40 

4.70 

6.62 

1992 

Q2 

1.00 

2.40 

4.60 

6.47 

0 3 

1.00 

2.40 

4.50 

6.36 

0 4 

1.00 

2.40 

4.50 

6.23 

1992 

Year 

1.00 

2.40 

4.58 

6.42 

0 1 

1.00 

2.40 

4.50 

6.05 

1993 

0 2 

1.00 

2.40 

4.50 

5.93 

0 3 

1.00 

2.40 

4.50 

5.85 

0 4 

1.00 

2.40 

4.50 

5.83 

1993 

Year 

1.00 

2.40 

4.50 

5.92 

Current Lead 

Time (Weeks) 

6-8 

6-8 

6-« 

6-8 
Note: Actual negotiated maricet prices may vary from these prices because of manufocturer-spedfic factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 
Source: Dataquest (March 1992) 

Table 14 
Estimated Lor^-Rai^e Programmable ROM Price Trends—North American B o o k i i ^ 
(Volimie: 50,000 per Year; PDIP; Dollars) 

Product 1991 1992 1993 1994 1995 1996 
T i l 

4K PROM 

I6K PROM 

32K PROM 

64K PROM 

.97 

2.26 

5.05 

6.95 

1.00 

2.40 

4.58 

6.42 

1.00 

2.40 

4.50 

5.92 

NA 

NA 

4.50 

5.54 

NA 

NA 

NA 

5.45 

NA 

NA 

NA 

5.45 
NA " Not available 
Notes: Actual n^otiated market prices may vary from these prices because of manufacturer-spedfrc factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This price forecast correlates to Dataquest's quarterly forecast for 1992-1993 dated March 
1992. 

Source: Dataquest (March 1992) 
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Table 15 
Estimated EPROM Price Trends—North American Bookings (Volume: 50,000 per Year; 
Pack^e: Windowed CEBDIP; Speed: 150ns and above; Dollars) 

Product 

8Kx8 EPROM 

l6Kx8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256Kx8 EPROM 

128Kxl6 EPROM 

512Kx8 EPROM 

256Kxl6 EPROM 

1991 

1.73 

1.82 

1.91 

2.73 

4.41 

9.88 

NA 

NA 

NA 

Qi 
1.75 

1.83 

1.80 

2.47 

3.50 

7.37 

7.90 

16.00 

18.05 

1992 
Q2 

1.67 

1.75 

1.72 

2.42 

3.36 

6.93 

7.11 

14.83 

16.58 

Q3 

1.60 

1.68 

1.65 

2.37 

3.26 

6.51 

6.61 

13.72 

15.34 

Q4 

1.55 

1.63 

1.60 

2.32 

3.16 

6.12 

6.22 

12.78 

14.22 

1992 
Year 

1.64 

1.72 

1.69 

2.39 

3.32 

6.73 

6.96 

14.33 

16.05 

Q i 
1.45 

1.55 

1.50 

2.28 

3.07 

6.00 

6.09 

12.01 

12.94 

1993 
Q2 

1.45 

1.55 

1.48 

2.23 

2.97 

5.90 

5.99 

11.59 

11.78 

Q3 

1.45 

1.55 

1.43 

2.20 

2.89 

5.80 

5.89 

11.18 

11.36 

Q4 

1.45 

1.55 

1.40 

2.20 

2.80 

5.71 

5.80 

10.78 

10.96 

1993 
Year 

1.45 

1.55 

1.45 

2.23 

2.93 

5.85 

5.94 

11.39 

11.76 

Current Lead 
Time (Weeks) 

2-12 

2-8 

2-8 

2-8 

2-8 

2-8 

4-8 

4-14 

4-14 
NA - Not available 
Note: Actual negotiated market prices may vary ^ m these prices because of manufacturer-specific factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 
Source: Dataquest (March 1992) 

Table l 6 
Estimated Long-Range EPROM Pricing—North American Bookings 
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed: 150ns and above; Dollars) 

Product 
1991 
Year 

1992 
Year 

1993 
Year 

1994 
Year 

1995 
Year 

1996 
Year 

8Kx8 EPROM 

16KX8 EPROM 

32Kx8 EPROM 

64Kx8 EPROM 

128Kx8 EPROM 

256KX8 EPROM 

128Kxl6 EPROM 

512Kx8 EPROM 

256KX16 EPROM 

1.73 

1.82 

1.91 

2.73 

4.41 

9.88 

NA 

NA 

NA 

1.64 

1.72 

1.69 

2.39 

3.32 

6.73 

6.96 

14.33 

16.05 

1.45 

1.55 

1.45 

2.23 

2.93 

5.85 

5.94 

11.39 

11.76 

1.45 

1.55 

1.40 

2.20 

2.80 

5.60 

5.69 

10.30 

10.47 

1.50 

1.60 

•1.45 

2.25 

2.80 

5.40 

5.48 

9.85 

9.95 

1.50 

1.60 

1.50 

2.30 

2.85 

5.40 

5.48 

9.85 

9.95 
NA " Not available 
Notes: Actual negotiated market prices may vary from these prices because of manufiacturer.«pecific foctors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarterly forecast for 1992-1993 dated March 
1992. 

Source: Dataquest (March 1992) 
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Table 17 
Estimated OTP ROM Price Trends—North American Bookings 
(Volume: 50,000 per Yeai^ Packa^: PDIP; Speed: 150ns and above; Dollars) 

Product 

16KX8 

32Kx8 

64Kx8 
128Kx8 

1991 
Year 

1.45 

1.51 

2.51 
4.23 

Q i 
1.49 
1.52 

2.19 
2.85 

1992 
QZ 

1.49 
1.52 

2.10 
2.76 

Q3 

1.49 
1.52 

2.10 

2.73 

04 
1.49 
1.52 

2.10 
2.70 

1992 
Year 

1.49 
1.52 

2.12 
2.76 

Qi 
1.34 

1.31 
2.01 
2.56 

1993 
Q2 

1.34 

1.31 
2.01 
2.48 

Q3 
1.34 

1.31 
2.01 

2.45 

Q4 

1.34 

1.31 
2.01 

2.39 

1993 
Year 

1.34 

1.31 
2.01 
2.47 

Current Lead 
Hme CWeeks) 

1-12 
2-12 

2-12 

6-12 

Note: Actual negotiated maricet prices may vary from these prices because of manufacturer-spediic foctors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 

Table 18 
Estimated Long-Rai^e OTP ROM Prices—North American Bookings 
(Volume: 50,000 per Year; Pack^e: PDIP; Speed: 150ns and above; Dollars) 

Product 1991 1992 1993 1994 1995 1996 

l6K3c8 

32Kx8 

64Kx8 

128Kx8 

NA •• Not available 

Notes: Actual negotiated market prices may vary from these prices because of manufocturer-spedfic tietors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarteriy forecast for 1992-1993 dated March 

1992. 

Source: Dataquest CMardi 1992) 

1.45 

1.51 

2.51 

4.23 

1.49 

1.52 

2.12 

2.76 

1.34 

1.31 

2.01 

2.47 

1.34 

1.31 

2.01 

2.27 

NA 

NA 

2.01 

2.12 

NA 

NA 

NA 

NA 
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Table 19 
Estimated EEPROM Price Trends—^North American Bookings 
CVoliraie: 10,000 per Year; Pack^e: CEBDIP; Speed: 200ns and above; Dollars) 

Product 1991 .SL 
1992 

Q2 Q3 

1992 
Q 4 Year Ql 

1993 1993 Current Lead 
Q2 Q3 Q4 Year Time CWeeks) 

16K EEPROM 3-09 2.85 2.78 2.69 2.6l 2.73 2.23 2.l6 2.08 2.01 2.12 

8Kx8 EEPROM 4.64 4.00 3.80 3.6l 3.43 3.71 3.29 3.l6 3.04 2.91 3.10 

32Kx8 EEPROM 19.80 14.00 12.40 11.00 9.78 11.80 9.25 9.01 8.78 8.50 8.89 

64Kx8 EEPROM 56.00 21.25 19.13 17.21 15.84 18.36 14.60 13.70 13.00 12.52 13.46 

128Kx8 EEPROM 127.50 100.00 87.00 75.00 65.0 81.75 56.0 51.5 48.00 44.00 49.88 

1-7 

1-8 

1-4 

1-6 

4-10 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manu^cturer*specific factors such as quality, service, and volume 

discount. These prices are intended for use as gijidelines. 

Source: Dataquest (Mardi 1992) 

Table 20 
Estimated Long-Range EEPROM Price Trends—North American Bookings 
CVolume: 10,000 per Year; Pack^e: CERDIP; Speed: 200ns and above; Dollars) 

Product 1991 1992 1993 1994 1995 1996 

16K EEPROM 

8Kx8 EEPROM 

32Kx8 EEPROM 

64Kx8 EEPROM 

128Kx8 EEPROM 

3.09 

4.64 

19.80 

56.00 

127.50 

2.73 

3.71 

11.80 

18.36 

81.75 

2.12 

3.10 

8.89 

13.46 

49.88 

2.01 

2.60 

8.00 

11.20 

38.72 

2.01 

2.40 

7.00 

10.39 

34.46 

2.01 

2.25 

6.50 

9.80 

30.67 

Notes: Actual negotiated maiicet prices may vary from these prices because of manufocturer-spedhc Actors such as quality, service, and volume 

discount. These prices are intended for use as guiddines. This forecast corrdates to Oataquest's quarterly forecast for 1992-19^ dated March 

1992. 

Source: Dataquest (March 1992) 
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Table 21 
Estimated Flash Memory Price Trends—North American Bookings 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 

32Kx8, PDIP 

64KX8, PDIP 

128Kx8, PDIP 

128Kx8, TSOP 

256KX8, TSOP 

1991 
6.08 

NA 

NA 

13.50 

24.88 

Ql 

5.80 

7.15 

9.75 

9.18 

16.00 

1992 

Q2 Q3 
5.50 5.20 

6.80 6.30 

9.00 8.25 

8.86 8.59 

14.95 13.98 

Q4 

4.94 

6.00 

7.60 

8.37 

13.10 

1992 
Year 

5.36 

6.56 

8.65 

8.75 

14.51 

Ql 
4.75 

5.60 

7.00 

8.08 

12.55 

1993 
0 2 0 3 

4.56 4.40 

5.25 5.10 

6.60 6.25 

7.86 7.64 

12.15 11.80 

Q4 

4.30 

4.95 

5.95 

7.44 

11.60 

1993 
Year 

4.50 

5.23 

6.45 

7.75 

12.03 

Current Lead 
Hme CWiecks) 

4-8 

4-8 

4 ^ 

4-8 

4^ 

NA - Not available 

Notes: Actual negotiated market prices may vary from these prices because of manufocturer-spedfic Actors such as quality, service, and volume 

discoxmt. These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 

Table 22 
Estimated Long-Rai^e Flash Memory Price Trends—North American B o o k k ^ 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

1991 1992 1993 1994 1995 1996 
Product Year Year Year Year Year Year 

32Kx8, PDIP 

64KX8, PDIP 

128Kx8, PDIP 

128KX8, TSOP 

256KX8, TSOP 

NA - Not available 

Notes; Actual negotiated market prices may vary from these prices because of manufacturer-specific fectors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast correlates to Dataquest's quarteriy forecast for 1992-1993 dated March 

1992. 

Source; Dataquest (March 1992) 

6.08 

NA 

NA 

13.50 

24.88 

5.36 

6.56 

8.65 

8.75 

14.51 

4.50 

5.23 

6.45 

7.75 

12.03 

3.60 

4.18 

5.16 

6.20 

9.62 

3.24 

3.76 

4.13 

4.96 

7.70 

3.08 

3.57 

3.72 

4.22 

6.54 
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Table 23 
Estimated Gate Array Pricing—North American Production Bookii^s 
(MUUcents per Gate) (Pack^e: CMOS—84-pin PLCC for <10K Gates, l60-pin PQFP for 10K-29.9K, 
208-pin PQFP for ^OK Gates; ECI^-CQFP) (Based on Utilized Gates Only; NRE = Netlist to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) (Volume: 10,000 per Year/CMOS; 
5,000 per Year/ECL) 

Gate Count 
Technology 

0-1, 
1991 

.99K Gates 
1992 1993 

2-4.99K Gates 
1991 1992 1993 

5-9.99K Gates Current Lead 
1991 1992 1993 Times CWeeks) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NRE Charges ($l,OOOs) 

CMOS 

1.5 Micron 

13 

1.0 Micron 

0.8 Micron 

ECL 

127 

117 

115 

NA 

5360 

16 

13 

23 

NA 

32 

121 

109 

104 

NA 

4850 

16 

12.4 

19 

NA 

30 

102 

92 

87 

NA 

4268 

15.2 

18 

18.1 

NA 

27 

94 

81 

82 

NA 

4588 

21 

17 

24 

NA 

50 

87 

80 

80 

71 

3823 

21 

16.2 

24 

27 

45 

87 

80 

80 

62 

3326 

20 

23 

24 

26.8 

40.5 

82 

78 

78 

NA 

3500 

26 

29 

NA 

- 55 

77 

75 

70 

70 

3000 

26 

21 

27.5 

35.5 

50 

77 

75 

62 

62 

3000 

24.7 

20 

27.1 

32.1 

45 

Production: 

10-12 

12 

9-12 

10-12 

12-14 

Prototypes: 

3-5 

3-4 

3-4 

3-5 

14 

Gate Count 

Technology 

10-19.99K Gates 

1991 1992 1993 

20-29.99K Gates 

1991 1992 1993 

30-60K Gates Current Lead 

1991 1992 1993 t imes (Weeks) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NKE Charges ($l,000s) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

81 

77 

77 

NA 

4550 

41 

40 

47.5 

NA 

71 

77 

75 

69 

68 

3300 

40.5 

40 

44 

51.7 

70 

77 

75 

61 

60 

2790 

40 

38 

42.9 

50.4 

65 

83 

79 

79 

NA 

3838 

60 

58 

61 

NA 

105 

78 

76 

69 

68 

3200 

60 

58 

61 

72.6 

100 

78 

76 

62 

60 

2784 

57 

55.1 

57 

66.1 

90 

98 

98 

94 

NA 

3600 

100 

102 

98.3 

140 

170 

95 

93 

73 

75 

3050 

100 

102 

96.7 

111.2 

146.7 

95 

93 

62 

61 

2654 

95 

96.9 

90.9 

104.5 

132 

Production: 

10-12 

7-12 

9-12 

10-12 

12-14 

Prototypes: 

3-6 

4-8 

3-5 

3-5 

9-14 

NA " Not available 
Note: Actual negotiated maiket prices may vary from these prices because of manufacturer-specific faaors such as quality, service, and volume 

discounts. These prices are intended for xise as guidelines. 
Source: Dataquest (March 1992) 

©1992 Dataquest Incorporated March—Reproduction Prohibited 



North American Semiconductor Price Outlook: Second Quarter 1992 19 

Table 24 
Estimated CBIC Pricing—North American Production Bookings (Mllllcents per Gate) 
(Package: 84-pin PLCC for <10K Gates; l60-pin PQFP for 10K-29.9K; 208-pin 
PQFP for >30K) (Based on Utilized Gates Only; Volume: 10,000 per Year; NRE = Netlist to Prototypes) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Coimt 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

NKE Charges ($K) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

Gate Count 

Technolc^iy 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

NRE Charges ($K) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

0-1.99K Gates 

1991 

129 

118 

116 

NA 

35 

33 

42 

NA 

1992 

123 

110 

105 

NA 

35 

32 

40 

NA 

1993 

102 

92 

87 

NA 

33.3 

30.4 

39.3 

NA 

10-19.99K Gates 

1991 

84 

79 

79 

NA 

66 

62 

59 

NA 

1992 

79 

76 

69 

68 

65 

58.5 

56.8 

90 

1993 

77 

75 

61 

60 

61.8 

55.6 

55 

82.5 

2-4.99K Gates 

1991 

110 

85 

97 

NA 

38 

35.5 

50 

NA 

1992 

89 

80 

80 

71 

38 

35 

50 

80 

1995 

88 

80 

80 

62 

36.1 

33.3 

47.5 

62.5 

20-29.99K Gates 

1991 

86 

82 

81 

NA 

89 

80 

62.5 

NA 

1992 

79 

77 

69 

68 

85 

75 

62.5 

120 

1993 

79 

76 

62 

60 

80.8 

71.3 

62.5 

115 

5-9.99K Gates 

1991 

92 

80 

80 

NA 

48 

45 

53 

NA 

1992 

82 

76 

70 

70 

47 

43.5 

51 

76 

1993 

78 

76 

62 

62 

44.7 

41.3 

49.5 

57 

30-60K Gates 

1991 

99 

100 

96 

NA 

112 

110 

115 

NA 

1992 

97 

94 

73 

75 

110 

100 

115 

145.5 

1993 

96 

94 

62 

61 

103.4 

97 

110 

140 

Current Lead 

n m e s (Weeks) 

Production: 

10-14 

8-15 

9-16 

12-16 

Prototypes: 

5-8 

5-8 

5-8 

6-« 

Current Lead 

l i m e s (Weeks) 

Production: 

10-14 

9-15 

10-18 

13-18 

Prototypes: 

5-8 

5-8 

(^ 

6-8 

NA - Not available 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedflc factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 
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Table 25 
Estimated TTL PLD Price per Unit—North American Bookings 
CVolume: 10,000 per Year; Pack^e: PDIP or PLCQ Dollars) 

Pin Count 

<20 

24 

24 

22V10 

Speed* 
(ns) 

< or = 6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

< or = 6 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

15 - <25 

25 - <35 

1992 
HI 

1992 
H2 

1993 
HI 

1993 
H2 

6.25 

2.35 

1.35 

1.27 

.60 

.46 

9.20 

4.35 

2.50 

2.43 

1.00 

.72 

4.00 

2.15 

5.85 

2.10 

1.20 

1.15 

.57 

.43 

8.80 

4.05 

2.25 

2.18 

.96 

.71 

3.60 

2.00 

5.50 

2.00 • 

1.15 

1.05 

.55 

.42 

7.25 

4.00 

2.15 

2.09 

.94 

.68 

3.30 

1.90 

5.15 

1.90 

1.05 

1.05 

.55 

.42 

6.95 

3.80 

2.05 

1.99 

.90 

.66 

3.10 

1.85 

Current Lead 
Time CWeeks) 

2-9 

2-8 

2-8 

2-8 

2-4 

2-4 

3-8 

2-6 

2-4 

3-6 

2-4 

2-4 

3-8 

2-8 

'Nanosecond speed is the TPD for the combinatorial device. 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 
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Table 26 
Estlniated LOng-Range TTL PIX> Price Trends—North American Bookings 
CVolume: 10,000 per Year; Pack^e: PDIF or PLCC; Dollars) 

Pin Count 

SO 

24 

24 

Speed' (ns) 

< or = 6 
6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> Of = 25 

< or = 6 
6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - < 25 

> or = 25 

22V10 

15 - <25 

25 - <35 

1991 

7.75 

3.32 

1.77 

1.37 

.72 

.53 

10.78 

5.90 

3.63 

3.20 

1.23 
.82 

5.97 

2.81 

1992 

6.05 

2.23 

1.28 

1.21 

.59 

.45 

9.00 

4.20 

2.38 

2.30 

.98 

.72 

3.80 

2.08 

1993 

5.33 

1.95 

1.10 

1.05 

.55 

.42 

7.10 

3.90 

2.10 

2.04 

.92 

.67 

3.20 

1.88 

1994 

4.79 

1.81 

.99 

1.05 

.55 

.40 

6.39 

3.59 

1.89 

1.99 

.90 

.65 

2.88 

1.73 

1995 

4.55 

1.75 

.94 

1.00 

.55 

.40 

6.07 

3.48 

1.84 

1.99 

.87 

.65 

2.74 

1.67 

1996 

4.44 

1.70 

.89 

1.00 

.55 

.40 

5.92 

3.38 

1.81 

1.99 

.86 

.65 

2.67 

1.62 

'Nanosecond speed is the TPO for the combinatoiial device. 

Notes: Actual negotiated market prices may vary from these prices because of manufacturer-specific bctois such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarteriy forecast for 1992-1993 dated March 

1992. 

Source: Dataquest (March 1992) 

Table 27 
Estimated ECL PLD Price per Unit—North American Bookings 
(Volume: 10,000 per Year; Dollars) 

Pin Count Speed* (ns) 
1992 

HI 
1992 

H2 
1993 

HI 
1993 

H2 
Current Lead 

Time (Weeks) 

24 

S . 0 

2.01-4.0 

4.1-6.0 

6.1-15.0 

33.75 
27.90 

6.83 

5.80 

32.75 

26.40 

6.71 

5.71 

30.75 

25.00 

6.35 

5.58 

29.24 

23.92 

6.19 

5.50 

NA - Not available 

*Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Dataquest (March 1992) 

©1992 Dataquest Incorporated March—Reproduction Prohibited 



22 Semiconductor Procurement 

Table 28 
Estimated Loi^-Ras^e ECX PLD Price Trends—North American Bookings 
(Volume: 10,000 per Year; Dollars) 

Fin Count 

24 

Speed' 

S 2.0 

2.01-i.O 

4.1-6.0 

6.1-15.0 

(ns) 1991 

37.50 

31.50 

7.50 

6.25 

1992 

33.25 

27.15 

6.77 

5.76 

1993 

30.00 

24.46 

6.27 

5.54 

1994 

27.40 

21.99 

5.86 

5.32 

1995 

25.07 

20.24 

5.68 

5.32 

1996 

23.82 

19.73 

5.68 

5.32 

NA - Not available 

'Nanosecond speed is the TPD for the combinatorial device. 

Notes: Actual negotiated maiicet prices may vary from these piices because of manufiacturer-specilic factors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarteriy forecast for 1992-1993 March 1992. 

Source: Dataquest (March 1992) 

Table 29 
Estimated CMOS PLD Price per Unit—North American Bookings 
(Volume: 10,000 per Year; Pack^e: PDIP or PLCC; Dollars) 

Pin Coimt 

^20 

24 

24 

Speed" (ns) 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

22V10 

6.1 - 7.5 

7.6 - 10.0 

15 - <25 

25 - <35 

1992 
HI 

5.50 

3.05 

2.19 

.80 

.68 

9.07 

5.25 

3.29 

1.34 

.99 

20.00 

16.00 

5.99 

2.47 

1992 
H2 

5.16 

2.60 

2.06 

.77 

.65 

8.40 

4.40 

3.12 

1.25 

.94 

19.00 

14.25 

5.47 

2.01 

1993 
HI 

4.80 

2.35 

1.93 

.76 

.64 

7.90 

3.95 

2.97 

1.24 

.94 

18.00 

13.50 

5.42 

1.95 

1993 
H2 

4.40 

2.10 

1.81 

.75 

.63 

7.45 

3.60 

2.81 

1.23 
.94 

17.00 

12.85 

5.37 

1.80 

Current Lead 
Time (Weeks) 

1-4 

1-4 

1-4 

1-4 

1-4 

1-4 

1-4 

1-6 

1-8 

1-6 

1-2 

2-4 

1-4 

1-4 

NA - Not available 

'Nanosecond speed is the TPD for the combinatorial device. 

Note: Actual negotiated market jaices may vary from these prices because of manuiiacturer-specific bctors such as quality, service and volume price. 

These prices are intended as guidelines. 

Source: Dataquest (March 1992) 
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Table 30 
Estimated Long-Range CMOS PLD Price Trends—North American Bookings 
(Volume: 10,000 per Year; Pack^e: PDIP or PLCC; Dollars) 

Pin Count 

<20 

24 

24 

22V10 

Speed* (ns) 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or - 25 

6.1 - 7.5 

7.6 - 10.0 

10.1 - 14.99 

15 - <25 

> or = 25 

6.1 - 7.5 

7.6 - 10.0 

15 - <25 

25 - <35 

1991 

6.41 

3.82 

2.66 

.91 

.75 

NA 

6.70 

3.65 

1.53 

1.13 

NA 

22.00 

7.01 

3.04 

1992 

5.33 

2.83 

2.13 

.79 

.67 

8.74 

4.83 

3.20 

1.30 

.97 

19.50 

15.13 

5.73 

2.24 

1993 

4.60 

2.23 

1.87 

.76 

M 

7.68 

3.78 

2.89 

1.24 

.94 

17.50 

13.18 

5.40 

1.88 

1994 

4.20 

2.10 

1.60 

.70 

.56 

7.00 

3.00 

2.50 

1.10 

.90 

15.30 

12.00 

5.20 

1.80 

1995 

4.00 

2.00 

1.40 

.65 

.50 

6.70 

2.65 

2.26 

1.00 

.85 

13.77 

11.04 

4.85 

1.60 

1996 

3.84 

1.90 

1.25 

.65 

.50 

6.50 

2.35 

2.06 

1.00 

.85 

13.08 

10.49 

4.85 

1.60 

NA - Not available 
'Nanosecond speed is the TPD for the combinatorial device. 

Notes: Actual negotiated maifcet prices may vary from these prices because of manufacturer-spedfic foctors 

price. These prices are intended as guidelines. This forecast correlates with Dataquest's quaiteriy forecast 

Source: E>ataquest (March 1992) 

such as quality, service, and volume 

for 1992-1993 dated March 1992. 
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Table 31 
Estimated Analog IC Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Product 
1992 

HI 
1992 

H2 
1993 

HI 
1993 

H2 
Current Lead 

l imes (Weeks) 
Voltage Regulators 

78L05 (TO-92) 

7805 (TO-220) 

Comparators 

1M339 

LM393 

Op Amps 

741 

3403P 

1741CP1 

Interface ICs 

1488P 

3486P 

Telecom IC 

CODEC/PILTER #1 

CODEC/FILTER #2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35 MHz 

.120 

.138 

.137 

.129 

.130 

.182 

.124 

.150 

.895 

1.850 

4.330 

3.60 

.330 

.118 

.137 

.137 

.127 

.125 

.178 

.120 

.150 

.885 

1.776 

4.121 

3.50 

.320 

.117 

.137 

.132 

.127 

.128 

.176 

.119 

.146 

.880 

1.723 

3.915 

3.41 

.315 

.117 

.137 

.130 

.127 

.128 

.174 

.117 

.144 

.860 

1.680 

3.719 

3.33 

.305 

5-6 

4-6 

4.6 

4-6 

4-7 

1.800 1.700 1.600 1.500 NA 

NA - Not available 

Note: Actual negotiated market prices may vary ^ m these prices because of manuiiacturer-speciflc factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Source: Dataquest (March 1992) 
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Table 32 
Estimated Long-Range Analog IC Price Trends—North American B o o k i i ^ 
CVoliune: 100,000 per Year; Dollars) 

Product 1991 1992 1993 1994 1995 1996 
Voltage Regulators 

78L05 CrO-92) 

7805 CTO-220) 

Comparators 

LM339 

LM393 

Op Amps 

741 

3403P 
1741CP1 

Interface ICs 

1488P 

3486P 

Telecom IC 

CODEC/FILTER 1 

CODEC/FILTER 2 

XR-T5683 

34017P 

Video DAC 

IMSG171D-35 MHz NA 1.750 1.550 1.440 1.390 1.370 

NA - Not available 

Notes: Actual negotiated market prices may vary from these prices because of manuf»:turer-spedfic fectois such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This forecast correlates with Dataquest's quarteriy forecast for 1992-1993 dated March 

1992. 

Source: Dataquest (March 1992) 

.122 

.140 

.139 

.130 

.132 

.186 

.125 

.155 

.918 

2.080 

NA 

NA 

.346 

.119 

.138 

.137 

.128 

.128 

.180 

.122 

.150 

.890 

1.813 

4.225 

3.550 

.325 

.117 

.137 

.131 

.127 

.128 

.175 

.118 

.145 

.870 

1.701 

3.817 

3.370 

.310 

.117 

.137 

.130 

.127 

.128 

.174 

.117 

.144 

.860 

1.616 

3.550 

3.201 

.305 

.116 

.137 

.130 

.126 

.128 

.171 

.116 

.137 

.840 

1.535 

3.301 

3.073 
.298 

.116 

.137 

.130 

.126 

.128 

.171 

.116 

.137 

.830 

1.500 

3.136 

2.950 

.290 
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Table 33 
Estimated Discrete Semiconductor Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Product 

Small-Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

IEF530 

IRF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 
Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

1992 
HI 

1992 
H2 

1993 
HI 

1993 
H2 

.140 

.030 

.068 

.052 

.046 

1.040 

.700 

.235 

.400 

1.000 

1.040 

.416 

.020 

.047 

.888 

7.120 

.095 

1.165 
.026 

.026 

.040 

.625 

1.230 

.708 

.620 

2.275 

.140 

.030 

.068 

.049 

.045 

1.040 

.700 

.235 

.380 

1.000 

1.030 

.414 

.020 

.046 

.878 

7.090 

.094 

1.165 

.025 

.025 

.039 

.610 

1.200 

.690 

.620 

2.265 

.139 

.029 

.066 

.048 

.045 

1.040 

.690 

.235 

.370 

.990 

1.029 

.411 

.020 

.045 

.875 

7.070 

.093 

1.165 

.025 

.025 

.039 

.608 

1.192 

.690 

.593 

2.270 

.139 

.029 

.066 

.046 

.045 

1.040 

.690 

.235 

.370 

.990 

1.027 

.409 

.020 

.045 

.871 

6.999 

.092 

1.165 

.025 

.025 

.039 

.600 

1.180 

.690 

.573 
2.250 

Current Ijead 
Time (Weeks) 

2-8 

3-8 

3-8 

1-8 

2-8 

2-8 

2-8 

Note: Actual negotiated market prices 

discount. These pnces are intended 

Source: Dat»quest (Mcrch 1992> 

may vaiy ^ m these prices because of manufacturer-specific factors such as quality, service, and volume 

for use as guidelines. 
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Table 34 
Estimated Long-Range Discrete Semiconductor Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Product 1991 1992 1993 1994 1995 1996 

Small-Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055 

2N6107 

Power MOSFET 

IRF530 

IEF540 

IRF9531 

IRF9520 

Small-Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 
1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

.140 

.031 

.070 

.057 

.049 

1.040 

.700 

.235 

.413 

1.025 

1.058 

.425 

.020 

.047 

.900 

7.161 

.096 

1.165 

.027 

.026 

.040 

.659 

1.304 

.748 

.650 

2.290 

.140 

.030 

.068 

.050 

.046 

1.040 

.700 

.235 

.390 

1.000 

1.035 

.415 

.020 

.046 

.883 

7.105 

.094 

1.165 

.026 

.026 

.040 

.617 

1.215 

.699 

.620 

2.270 

.139 

.029 

.066 

.047 

.045 

1.040 

.690 

.235 

.370 

.990 

1.028 

.410 

.020 

.045 

.873 

7.035 

.092 

1.165 

.025 

.025 

.039 

.604 

1.186 

.690 

.583 

2.260 

.138 

.028 

.062 

.046 

.045 

1.040 

.680 

.235 

.360 

.980 

1.022 

.408 

.020 

.045 

.864 

6.990 

.090 

1.165 

.025 

.025 

.039 

.595 

1.160 

.681 

.562 

2.250 

.138 

.028 

.061 

.045 

.045 

1.040 

.670 

.235 

.350 

.975 

1.020 

.406 

.020 

.045 

.860 

6.850 

.089 

1.165 

.025 

.025 

.039 

.590 

1.155 

.671 

.556 

2.250 

.138 

.028 

.060 

.045 

.045 

1.040 

.670 

.235 

.350 

.970 

1.018 

.405 

.020 

.045 

.858 

6.800 

.088 

1.165 

.025 

.025 

.039 

.585 

1.150 

.665 

.556 

2.250 

NA - Not available 

Notes: Actual negotiated market prices may vary from these prices because of manufecturer-spedfic Actors such as quality, service, and volume 

discount. These prices are intended for use as guidelines. This fwecast correlates with Dataquest's quarterly forecast for 1992-1993 dated March 

1992. 

Source: Oataquest (March 1992) 
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Table 35 
Estimated Optoelectronic IC Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Product 
1992 

HI 
1992 

H2 
1993 

HI 
1993 

H2 
Current Lead 

Time CWeeks) 
Round LED Lamps 

Tl STD RED 

Tl 3/4 STD RED 

Tl 3/4 H.EF.RED 

Mold Frame LED 

0.3 Digital Display 

0.6 Digital Display 

Optical Qsuplers 

4N25 

4N36 

.052 

.052 

.065 

.490 

.500 

.160 

.200 

.052 

.052 

.065 

.480 

.500 

.160 

.200 

.050 

.052 

.063 

.475 

.480 

.159 

.200 

.049 

.050 

.063 

.470 

.470 

.158 

.200 

6-8 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. 

Source: Oataquest (March 1992) 

Table 36 
Estimated Long-Range Optoelectronic IC Price Trends—North American 
Bookings (Volume: 100,000 per Year; Dollars) 

Product 1991 1992 1993 1994 1995 

Optoelectronic 

Round LED Lamps 

Tl STD RED 

Tl 3/4 STD RED 

Tl 3/4 H.EF.RED 

Mold Frame LED 

0.3 Digital Display 

0.6 Digital Display 

Optical Couplers 

4N25 

4N36 

.054 

.054 

.074 

.500 

.550 

.195 

.228 

.052 

.052 

.065 

.485 

.500 

.160 

.200 

.050 

.051 

.063 

.473 

.475 

.159 

.200 

.048 

.050 

.062 

.467 

.470 

.158 

.200 

.047 

.048 

.061 

.460 

.465 

.156 

.200 

Notes: Actual negotiated market prices may vary bom these prices because of manufacturer-specific factors such as quality, service, and volume 

discount These prices are intended for use as guidelines. This forecast correlates -with Dauquest's quaiteriy forecast for 1992-1993 dated March 

1992. 

Source: Dataquest (March 1992) 

©1992 Oataquest Incotporated Maich—Reproduction Prohibited 
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North American Semiconductor Price 
Outlook: First Quarter 1992 

Methodology and Sources 
This Source: Dataquest document provides 
information on and forecasts for the North 
American bookings prices of more than 200 
semiconduaor devices. Dataquest collects price 
information on a quarterly basis from North 
American suppliers and major buyers of these 
products. North American bookings price infor
mation is analyzed by Semiconductor Procure
ment (SP) service aiialysts for consistency and 
reconciliation. The information finally is ration
alized with worldwide billings price data in 
association with product analysts, resulting in 
the current forecast. This document includes 
associated long-range forecasts. 

For SP clients that use the SP on-line service, 
the prices presented here correlate with the 

quarterly and long-range price tables dated 
December 1991 in the SP on-line service. For 
additional product coverage and more detailed 
product specifications, please refer to those 
sources. 

Price Variations 

Actual negotiated market prices may vary from 
these prices because of manufacturer-specific 
factors such as product quality, special fea
tures, service, delivery performance, or other 
factors that may enhance or detract from the 
value of a company's product. These prices 
are intended for use as price guidelines. 



North American Seoilcoiiductor Price Outlook: Fltst Quarter 1992 

Table 1 a 
Estimated Standard Logic Price Trends—North American Booldx^ 
(Volume: 100,000 per Year; Pack^e: FLCC; Dollars) 

Family 

74LS TTL 

74IS0O 

74LS74 

74LS138 

74LS244 

74S TTL 

74S00 

74S74 

74S138 

74S244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC OVIOS 

74HC00 

74HC74 

74HC138 

74HC244 

74AC CMOS 

74AC0O 

74AC74 

74AC138 

74AC244 

Ql 

.105 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.105 

.120 

.158 

.235 

.183 

.255 

.305 

.455 

1992 

0 2 

.105 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.105 

.120 

.158 

.235 

.182 

.254 

.300 

.445 

Q3 

.110 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.110 

.125 

.158 

.235 

.181 

.253 

.295 

.435 

0 4 

.110 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.110 

.125 

.158 

.235 

.180 

.253 

.290 

.425 

1992 

Year 

.108 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.108 

.123 

.158 

.235 

.181 

.254 

.298 

.440 

Current Lead 

Time CWeeks) 

1-6 

1-6 

1-6 

1-8 

1-6 

Note: Actual negotiated market ptice$ may vaiy liom these prices because of manufocturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Oanuaiy 1992) 

©1992 Dataquest Incorporated January—Reproduction Prohibited 



North American Semiconductor Price Outlook: First Quarter 1992 

Table 1 b 
Estimated Standard Logic Price Trends—North American Booking 
(Volume: 100,000 per Year; Package: PLCC; Dollars) 

1993 1993 
Family Ql Q2 Q3 Q4 Year 

74LS TTL 

74LS00 

74LS74 

74LS138 

74LS244 

74S TTL 

74S00 

74S74 

74S138 

74S244 

74F TTL 

74FOO 

74F74 

74F138 

74F244 

74HC CMOS 

74HC00 

74HC74 

74HC138 

74HC244 

74AC CMOS 

74AC00 

74AC74 

74AC138 

74AC244 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific fiactors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Oanuary 1992) 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.101 

.115 

.152 

.212 

.110 

.128 

.160 

.237 

.175 

.247 

.285 

.419 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.101 

.115 

.151 

.212 

.110 

.128 

.160 

.237 

.175 

.243 

.280 

.414 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.101 

.115 

.150 

.212 

.110 

.128 

.160 

.239 

.175 

.240 

.280 

.410 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.103 

.115 

.150 

.212 

.110 

.128 

.160 

.239 

.175 

.240 

.280 

.406 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.102 

.115 

.151 

.212 

.110 

.128 

.160 

.238 

. . •1'75 
.243 

.281 

.412 

©1992 Dataquest Incorporated January—Reproduction Prohibited 



North American Semiconductor Price Outlook: First Quarter 1992 

Table 2 a 
Estimated Standard U ^ c Price Trends—North American Bookii]^ 
CVohime: 100,000 per Year; Package: PLCC; Dollars) 

Family 

74ALS TTL 

74ALS00 

74ALS74 

74ALS138 

74ALS244 

74AS TTL 

74AS00 

74AS74 

74AS138 

74AS244 

74BC' 

74BC00 

74BC244 

74BC373 

lOKH EO. 

10H102 

10H173 

Qi 

.120 

.140 

.260 

.345 

.160 

.180 

.430 

.740 

.297 

.725 

.726 

.490 

1.100 

1992 

0 2 

.118 

.135 

.260 

.345 

.160 

.180 

.430 

.740 

.286 

.698 

.700 

.490 

1.100 

Q3 

.115 

.135 

.260 

.345 

.160 

.180 

.430 

.740 

.279 

.672 

.674 

.490 

1.100 

Q4 

.115 

.135 

.260 

.345 

.160 

.180 

.430 

.740 

.272 

.648 

.649 

.490 

1.100 

1992 

Year 

.117 

.136 

.260 

.345 

.160 

.180 

.430 

.740 

.284 

.686 

.687 

.490 

1.100 

Current Lead 

l i m e CWeeks) 

1-6 

1-6 

4-6 

6 

Prices for 74BC exclude 74ABT, 74BCr. 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic bctors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 

©1992 Dataquest Incorporated January—Reproduction Prohibited 



North American Semiconductor Price Outtoolc First Quarter 1992 

Table 2 b 
Estimated Standard Logic Price Trends—North American Bookii^s 
CVolume: 100,000 per Year; Package: PLCC; Dollars) 

Family Ql 

1993 

_22_ Q3 _Q4 
1993 
Year 

74ALS TTL 

74A1S00 

74ALS74 

74ALS138 

74ALS244 

74AS r a 

74AS00 

74AS74 

74AS138 

74AS244 

74BC' 

74BC00 

74BC244 

74BC373 

lOKH ECL 

10H102 

10H173 

.115 

.135 

.260 

.340 

.160 

.180 

.420 

.730 

.270 

.645 

.646 

.490 

1.100 

.115 

.135 

.258 

.330 

.160 

.179 

.420 

.730 

.268 

.641 

.642 

.490 

1.100 

.115 

.135 

.254 

.330 

.160 

.179 

.420 

.730 

.265 

.638 

.639 

.490 

1.100 

.115 

.135 

.254 

.320 

.160 

.179 

.420 

.730 

.263 

.636 

.637 

.490 

1.100 

.115 

.135 

.257 

.330 

.160 

.179 

.420 

.730 

.267 

.640 

.641 

.490 

1.100 

Prices for 74BC exclude 74ABT, 74BCr. 
Note: Actual negotiated market prices may vary ^ m these prices because of manufacturer-specific &ct<»5 sudi as quality and service. These prices 
are intended for use as guidelines. 
Source: E>ataquest (January 1992) 

i 
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North American Semiconductor Price Outlook: First Quarter 1992 

Table 3 
Estimated Loi^-Range Standard Logic Price Treads—North American Bookiz^ 
(Volume: 100,000 per Year; Pack^e: PLCC; Dollars) 

Family 
74LS TTL 

74LS00 
74LS74 
74LS138 
74LS244 

74S TTL 
74S0O 
74S74 

74S138 
74S244 

74F TTL 

74FOO 
74F74 

74F138 

74F244 

74HC CMOS 
74HC00 
74HC74 

74HC138 
74HC244 

74AC CMOS 
74AC0O 
74AC74 

74AC138 
74AC244 

74ALS TTL 
74ALS00 
74ALS74 

74ALS138 
74ALS244 

74AS TTL 
74AS00 

74AS74 

74AS138 
74AS244 

74BC' 

74BC00 
74BC244 

74BC373 
lOKH ECL 

10H102 

10H173 

1991 

.100 

.115 

.150 

.215 

.140 

.174 

.259 

.505 

.100 

.118 

.165 

.228 

.105 

.120 

.156 

.230 

.192 

.263 

.334 

.484 

.128 

.154 

.278 

.382 

.170 

.180 

.460 

.755 

.328 

.796 

.799 

.490 
1.200 

1992 

.108 

.117 

.155 

.215 

.145 

.170 

.259 

.500 

.100 

.120 

.155 

.218 

.108 

.123 

.158 

.235 

.181 

.254 

.298 

.440 

.117 

.136 

.260 

.345 

.160 

.180 

.430 

.740 

.284 

.686 

.687 

.490 
1.100 

1993 

.110 

.117 

.155 

.213 

.150 

.174 

.259 

.495 

.102 

.115 

.151 

.212 

.110 

.128 

.160 

.238 

.175 

.243 

.281 

.412 

.115 

.135 

.257 

.330 

.160 

.179 

.420 

.730 

.267 

.640 

.641 

.490 
1.100 

1994 

.110 

.117 

.152 

.199 

.145 

.174 

.259 

.495 

.107 

.110 

.149 

.212 

.110 

.128 

.160 

.240 

.173 

.235 

.276 

.403 

.115 

.135 

.252 

.320 

.160 

.179 

.415 

.700 

.260 

.611 

.612 

.490 
1.100 

1995 

.110 

.117 

.152 

.195 

.145 

.174 

.259 

.495 

.107 

.110 

.147 

.212 

.110 

.128 

.162 

.242 

.170 

.225 

.270 

.395 

.115 

.135 

.249 

.320 

.160 

.179 

.400 

.690 

.242 

.587 

.588 

.490 
1.100 

1996 

.110 

.117 

.152 

.195 

.145 

.174 

.259 

.495 

.107 

.110 

.147 

.212 

.110 

.128 

.162 

.242 

.170 

.225 

.270 

..395 

.115 

.135 

.249 

.320 

.160 

.179 

.400 

.690 

.242 

.587 

.588 

.490 
1.100 

^Prices for 74BC exclude 74ABT, 74BCT. 
Note: Actual negotiated market prices may vary firom these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 

©1992 Dataquest Incorporated January—^Reproduction Prohibited 



North American Semiconductor Price Oudoolc First Quarter 1992 

Table 4 a 
Estimated Microprocessor and Peripheral Price Trends—North American Bookings 
(Volume: S- and 16-Bit—25,000 per Year; 32-Blt—1,000 to 5,000 per Year; Dollars) 
(Pack^e: 8/l6-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; exceptions noted) 

1992 

Family Ql Q2 -2L 04 
1992 

Year 

Current Lead 

Time (Weeks) 
8-BJt MPUs 

Z84C0O-6 
16-Bit MPUs 

68000^ 
68000-12 

68EC000-8 
68302-16 
80186-8 PLCC 

80C186-10 PLCC 
80286-10 PLCC 
80286-12 PLCC 

80286-16 PLCC 
80287-12 

aSC 32-Bit MPUs/Peripherals 

68020-16 PQFP 
68881-16 PLCC 
68EC020-16 PQFP 

68020-25 PQFP 
68030-16 CQFP 

68882-16 

68030-25 CQFP' 
68EC030-25 PQFP 
68040-25 
68330-16 
68340-16 
80386SX-16 PQFP 
80386SX-20 PQFP 
AM386-iO 

80386-25 

80387-25^ 
80486-25 

80486-33 
80486SX-20^ 

RISC 32-Bit MPUs 

29000-25' 
88IOO-25' 
R3OOO-25' 

SPARC-25' 
80960 

.94 

3.50 
5.50 
3.00 

28.00 
5.75 
9.95 
6.20 
5.95 
9.25 

77.00 

29.00 
15.00 
17.00 
36.00 
77.00 

31.00 
120.00 
37.00 

455.08 
18.00 
24.00 
53.82 
81.41 

216.00 

148.00 

189.00 
405.00 

405.00 

218.83 

92.00 
69.50 

112.00 
75.62 
95.30 

.94 

3.50 
5.50 
2.95 

26.00 
5.65 
9.95 
6.00 
5.75 
8.00 

70.00 

29.00 
15.00 
16.00 
36.00 
76.00 

30.50 
118.00 
36.50 

430.10 
18.00 

23.25 
53.52 

79.46 
205.00 

144.00 

183.33 
390.00 
390.00 

210.07 

88.00 
68.05 

106.00 
72.30 
91.30 

.92 

3.30 
5.50 
2.85 

22.00 
5.50 
9.45 
5.75 
5.45 
7.05 

63.00 

27.00 

14.25 
15.75 
34.50 

75.00 
29.50 

116.00 

35.25 
413.90 

17.50 
22.50 
53.32 
77.01 

195.00 

140.00 

178.75 
375.00 
375.00 

205.87 

84.00 
67.45 

100.00 
69.51 
90.30 

.92 

3.25 
5.50 
2.75 

21.00 
5.50 
9.25 
5.50 
5.20 
6.40 

59.00 

26.00 
14.00 
15.50 
34.00 
74.00 

29.00 
115.00 
35.00 

400.90 

17.50 

22.25 
52.93 
75.03 

185.00 

137.00 

175.17 
360.00 

360.00 
203.81 

81.00 
67.00 
95.00 
66.55 
89.25 

.93 

3.39 
5.50 
2.89 

24.25 
5.60 
9.65 
5.86 
5.59 
7.68 

67.25 

27.75 
14.56 
16.06 

35.13 
75.50 

30.00 

117.25 
35.94 

425.00 

17.75 
23.00 
53.40 

78.23 
200.25 

142.25 
181.56 
382.50 
382.50 

209.65 

86.25 
68.00 

103.25 
71.00 
91.54 

5-8 

2-4 
2-4 
4-8 
4-8 
6-8 

5-8 
3-10 
2-10 

2-10 
1-10 

2-4 
2-4 
4-8 
2-8 
2-8 
2-4 

5-10 
4-8 
4-8 
4-8 
2-4 

2-12 
2-12 

6 

6-8 

4-8 
6-8 

6-8 
12 

8 
4.8 
6-9 
NA 
1-2 

NA - Not available 
'CPGA for 1991. 
Volume of <1,000 pieces for 80387-25 and 80486SX-20 
Pricing exdudes accessory parts such as floating point and memory management. 
Note: Actual negotiated market prices may vary from these prices because of manulacturer-speciiic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Oanu^iy 1992) 
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Nortb American Semiconductor Price Outlook: First Quarter 1992 

Table 4 b 
Estimated Microprocessor and Peripheral Price Trends—North American Booldngs 
(Volume: 8- and 16-Blt—25,000 per Year; 32-Blt—1,000 to 5,000 per Year; Dollars) 
(Pack^e: 8/l6-Blt Devices—FDEP; 32-Bit Devices—Ceramic PGA; exceptions noted) 

Family 
8-Bit MPUs 

284C00-6 
16-Bit MPUs 

68000-8 
68000-12 

68EC0OO-8 
68302-16 
80186-8 PLCC 

80C186-10 PLCC 
80286-10 PLCC 
80286-12 PLCC 

80286-16 PLCC 
80287-12 

aSC 32-Bit MPUs/Peripherals 
68020-16 PQFP 
68881-16 PLCC 

68EC020-16 PQFP 

68020-25 PQFP 
68030-16 CQFP 

68882-16 
68030-25 CQFP^ 

68EC030-25 PQFP 

68040-25 
68330-16 
68340-16 
80386SX-16 PQFP 
80386SX-20 PQFP 
AM386-40 

80386-25 
80387-25^ 
80486-25 

80486-33 
80486SX-20^ 

RISC 32-Bit MPUs 
29000-25^ 

88100-25* 
R3000-25' 
SPARC-25' 
8O960' 

Q l 

.92 

3.25 
5.45 
2.75 

21.00 
5.50 
9.00 

5.50 
5.10 

6.25 
59.00 

24.00 
13.50 
15.00 

33.57 
70.00 

28.72 
114.00 

34.65 
388.00 

17.50 

22.03 
52.40 

73.03 
176.00 

136.54 

171.67 
355.00 
355.00 

201.83 

79.00 

64.50 
91.50 

64.50 
88.35 

1993 

Q2 

.92 

3.25 
5.45 
2.65 

20.69 
5.50 
9.00 
5.50 

5.05 
6.15 

59.00 

24.00 
13.00 
14.20 

33.25 
67.00 

28.57 
110.00 
34.30 

376.00 

16.00 
21.81 
52.36 
70.80 

167.00 

134.78 
168.24 

355.00 
355.00 

199.87 

77.40 

62.20 
88.76 
62.88 

87.45 

Q3 

.92 

3.25 
5.45 
2.56 

20.48 
5.50 

8.75 
5.50 

5.00 
6.10 

59.00 

24.00 

12.50 
13.50 

32.78 
65.00 

28.37 
105.00 
33.96 

364.00 

15.00 

21.59 
51.43 
69.36 

159.00 

134.63 
164.87 
355.00 
355.00 

198.00 

76.70 
60.20 
86.52 

61.60 
84.30 

Q4 

.92 

3.25 
5.45 
2.50 

20.27 
5.50 

8.75 
5.50 

4.95 
6.25 

59.00 

23.00 
12.00 
13.00 

32.40 
62.00 

28.33 
100.00 

33.79 
352.00 

14.00 
21.48 

51.43 
68.66 

151.00 

134.07 
161.57 
355.00 
355.00 
197.00 

75.80 

58.10 
85.20 

60.60 
81.20 

1993 
Year 

.92 

325 
5.45 
2.62 

20.61 
5.50 
8.88 

5.50 

5.03 
6.19 

59.00 

23.75 
12.75 

13.93 
33.00 
66.00 
28.50 

107.25 
34.18 

370,00 

15.63 
21.73 
51.90 

70.46 

163.25 
135.00 

166.59 
355.00 
355.00 

199.18 

77.23 
61.25 
88.00 

62.40 

85.33 
^CPGA for 1991. 
Volume of <1,000 pieces for 80387-25 and 80486SX-20 
Pricing excludes accessory parts such as floating point and memoiy management. 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 
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North American Semiconductor Price Outlook: First Quarter 1992 

Table 5 
Estiioated Long-Range Microprocessor and Peripheral Price Trends—North American Bookii^s 
CVolume: 8- and 16-Blt—25,000 per Year; 32-Blt—1,000 to 5,000 per Year; Dollars) 
(Package: 8/l6-bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; exceptions noted) 

Family 

8-Bit MPUs 

Z84C00-6 

16-Bit MPUs 

68000-8 

68000-12 

68ECO0O^ 

68302-16 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-12 PLCC 

80286-16 PLCC 

80287-12 

a S C 32-Bit MPUs/Peripherals 

68020-16 PQFP 

68881-16 PLCC 

68E020-16 PQFP 

68020-25 PQFP 

68030-16 PQFP 

68882-16 

68030-25 CQFP^ 

68EC030-25 PQFP 

68040-25 

68330-16 

68340-16 

80386SX-16 PQFP 

80386SX-20 PQFP 

AM386-i0 

80386-25 

80387-25^ 

80486-25 

80486-33 

80486SX-20^ 

RISC 32-Bit MPUs 

29000-25' 

88100-25' 

R3000-25' 

SPARC-25' 

8O960' 

1991 

.98 

3.81 

5.58 

NA 

NA 

6.33 

NA 

6.54 

6.87 

13.50 

NA 

35.69 

21.88 

NA 

NA 

NA 

50.00 

161.00 

NA 

538.85 

NA 

NA 

57.74 

89.21 

NA 

157.61 

257.08 

533.75 

560.96 

NA 

111.25 

76.06 

131.75 

88.74 

NA 

1992 

.93 

3.39 

5.50 

2.89 

24.25 

5.60 

9.65 

5.86 

5.59 

7.68 

67.25 

27.75 

14.56 

16.06 

35.13 

75.50 

30.00 

117.25 

35.94 

425.00 

17.75 

23.00 

53.40 

78.23 

200.25 

142.25 

181.56 

382.50 

382.50 

209.65 

86.25 

68.00 

103.25 

71.00 

91.54 

1993 

.92 

3.25 

5.45 

2.62 

20.61 

5.50 

8.88 

5.50 

5.03 

6.19 

59.00 

23.75 

12.75 

13.93 

33.00 

66.00 

28.50 

107.28 

34.18 

370.00 

15.63 

21.73 

51.90 

70.46 

163.25 

135.00 

166.59 

355.00 

355.00 

199.18 

77.23 

61.25 

88.00 

62.40 

85.33 

1994 

.89 

3.25 

5.45 

2.35 

19.46 

5.30 

8.31 

5.50 

4.95 

5.70 

59.00 

22.00 

12.00 

12.00 

31.04 

60.14 

28.00 

97.00 

32.10 

332.50 

13.30 

20.62 

NA 

65.22 

140.00 

133.00 

161.57 

355.00 

355.00 

194.74 

74.50 

56.00 

84.50 

59.00 

77.14 

1995 

.88 

3.25 

5.45 

2.30 

18.97 

5.30 

8.15 

NA 

4.50 

5.24 

59.00 

21.00 

12.00 

11.00 

31.00 

58.94 

27.75 

94.09 

30.50 

325.00 

12.97 

20.11 

NA 

65.22 

134.00 

133.00 

161.57 

355.00 

355.00 

194.74 

70.00 

51.00 

79.90 

53.66 

75.21 

1996 

.88 

3.25 

5.45 

2.30 

18.97 

5.30 

8.15 

NA 

4.50 

5.14 

59.00 

21.00 

12.00 

10.00 

31.00 

58.94 

27.75 

93.15 

30.00 

325.00 

.12.97 

20.00 

NA 

65.22 

134.00 

133.00 

161.57 

355.00 

355.00 

194.74 

68.00 

50.00 

77.00 

53.00 

75.21 
NA •• Not available 
^CPGA for 1991. 
Volume of <1,000 pieces for 80387-25 and 80486SX-20 
Pricing excludes accessory parts such as floating point and memory management. 
Note: Actual negotiated market prices may vary from these prices because of manu&cturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Sovirce: Dataquest January 1992) 
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10 North American Semiconductor Price Outlook: First Quarter 1992 

Table 6 a 
Estimated DRAM Price Trends—North American Bookii^s 
(Contract Volume; Dollars) 

Product 

256KX1 DRAM 80ns (DIP) 

64Kx4 VRAM 120ns (ZIP) 

IMbxl DRAM 80ns (DIP/SOJ) 

64KX16 DRAM 80ns (SOJ) 

256KX4 VRAM 120ns (ZIP) 

128KX8 VRAM 100ns (SOJ) 

4Mbxl DRAM 80ns (SOJ) 

256KX18 DRAM 80ns (SOJ) 

lMbx8 SIMM lOOns 

lMbx9 SIMM 80ns^ 

256KX9 SIMM 100ns 

256KX36 SIMM 80ns 

512KX36 SIMM 80ns 

Qi 
1.60 

3.01 

3.90 

5.60 

8.15 

8.40 

13.72 

17.15 

34.60 

36.04 

12.70 

45.95 

81.00 

Q2 

1.60 

2.95 

3.80 

5.50 

7.95 

8.15 

13.00 

16.25 

33.75 

34.27 

12.53 

45.40 

80.80 

1992 

Q3 
1.60 

2.90 

3.75 

5.40 

7.70 

7.83 

12.30 

15.37 

33.03 

32.60 

12.50 

45.00 

80.00 

Q4 

1.60 

2.86 

3.70 

5.20 

7.44 

7.55 

11.60 

14.95 

33.00 

30.94 

12.50 

44.55 

79.39 

1992 

Year 

1.60 

2.93 

3.79 

5.43 

7.81 

7.98 

12.65 

15.93 

33.60 

33.46 

12.56 

45.23 

80.30 

Current Lead 

l i m e (Weeks) 

1-8 

5-10 

1-8 

4-8 

6-12 

6-12 

1-8 

6-12 

4-10 

4-10 

1-8 

4-8 

4-8 

^Contract volume equals at least 100,000 units per order except for VRAMs. 
3-piece solution for 1992 

Note: Actual negotiated market prices may vary from these prices because of manulacturer-spedfic factois such as quality and service. These 
are intended for use as guidelines. 
Sotirce: Dataquest Qanuary 1992) 

paces 

Table 6 b 
Estimated DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars)' 

Product 

256KX1 DRAM 80ns (DIP) 

64Kx4 VRAM 120ns (ZIP) 

IMbxl DRAM 80ns (DIP/SOJ) 

64KX16 DRAM 80ns (SOJ) 

256KX4 VRAM 120ns (ZIP) 

128KX8 VRAM 100ns (SOJ) 

4Mbxl DRAM 80ns (SOJ) 

256KX18 DRAM 80ns (SOJ) 

lMbx8 SIMM 100ns 

lMbx9 SIMM 80ns 

256KX9 SIMM 100ns 

256KX36 SIMM 80ns^ 

512KX36 SIMM 80ns 

Ql 
1.70 

2.80 

3.65 

4.90 

7.13 

7.25 

11.20 

14.00 

32.80 

29.96 

12.55 

40.89 

77.20 

1993 
Q2 

1.70 

2.80 

3.60 

4.65 

6.95 

6.96 

10.75 

13.44 

32.80 

28.87 

12.55 

39.75 

76.23 

Q3 
1.70 

2.80 

3.60 

4.37 

6.77 

6.75 

10.41 

13.01 

32.80 

28.07 

12.55 

38.70 

75.06 

Q4 

1.70 

2.80 

3.60 

4.13 

6.55 

6.55 

9.99 

12.48 

32.82 

28.00 

12.55 
37.84 

74.26 

1993 
Year 

1.70 

2.80 

3.61 

4.51 

6.85 

6.88 

10.59 

13.23 

32.81 

28.73 

12.55 

39.29 

75.69 
Contract volume equals at least 100,000 units per order except for VKAMs. 
3-piece solution for 1993 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factois such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 
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1.75 

3.20 

4.35 

6.90 

9.31 

10.01 

16.96 

NA 

38.21 

42.71 

13.85 

49.86 

NA 

1.60 

2.93 

3.79 

5.43 

7.81 

7.98 

12.65 

15.93 

33.60 

33.46 

12.56 

45.23 

80.30 

1.70 

2.80 

3.61 

4.51 

6.85 

6.88 

10.59 

13.23 

32.81 

28.72 

12.55 

39.29 

75.69 

1.90 

2.80 

3.65 

4.12 

6.35 

6.35 

8.75 

11.23 

32.82 

22.74 

12.00 

32.58 

65.15 

2.00 

2.85 

3.80 

4.12 

6.35 

6.45 

7.90 

10.11 

NA 

20.48 

22.00 

28.71 

57.42 

2.10 

2.95 

3.90 

4.15 

6.55 

6.65 

7.65 

9.91 

NA 

19.78 

NA 

27.74 

55.4S 
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Table 7 
Estimated Loi^-Range DRAM Price Trends—North American Booking 
(Contract Volume; Dollars)' 

Product 1991 1992 1993 1994 1995 1996 

256KX1 DRAM 80ns (DIP) 

64KX4 VRAM 120ns (ZIP) 

IMbxl DRAM 80ns (DIP/SOJ) 

64KX16 DRAM 80ns (SOJ) 

256KX4 VRAM 120ns (ZIP) 

128KX8 VRAM 100ns (SOJ) 

4Mbxl DRAM 80ns (SOJ) 

256KX18 DRAM 80ns (SOJ) 

lMbx8 SIMM 100ns 

lMbx9 SIMM 80ns^ 

256KX9 SIMM 100ns 

256KX36 SIMM 80ns' 

512KX36 SIMM 80ns 
NA ~ Not available 
Contract volume equals at least 100,000 units per order except for VRAMs. 
3-piece solution for 1992 
3-piece solution for 1993 

Note: Actual negotiated market {sices may vary bom these prices because of manu&cturer-spedfic £ictots such as quality and service. These prices 
are intended for use as guideliruss. 
Source: Dataquest (January 1992) 

Table 8 a 
Estimated Static RAM Price Trends—North American Booking 
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDIP; Dollars) 

1992 1992 Current Lead 

Product Ql 2 2 0 3 Q4 Year Time (Weeks) 

Fast 4Kx4 25ns 2.30 2.30 2.30 2.30 2.30 ' 3-12 

Fast 2Kx8 25ns 

Fast 64KX1 25ns 

Fast 16KX4 25ns 

Tast 8Kx8 25ns 

Fast 16KX4 35ns 

Fast 8Kx8 45ns 

Slow 8Kx8 100-120ns 

Fast BiCMOS 64Kx4 10ns 

Fzst. 64KX4^ 25ns 

Fast 32KX8 12ns 

Fast 32KX8 35ns 

Slow 32KX8 100ns (SOJ) 

Fast 256KX4 20ns 

Fast 128KX8 20ns 

Fast 128KX8 25ns 

Slow 128KX8 100ns (SOJ) 

2.40 

3.55 

3.20 

3.30 

3.00 

2.75 

2.05 

40.00 

8.«8 

26.00 

6.75 

4.05 

58.83 

58.64 

49.00 

13.75 

2.40 

3.45 

3.13 

3.23 

2.90 

2.55 

2.05 

37.20 

7.99 

22.50 

6.50 

4.05 

51.04 

50.16 

40.00 

12.90 

2.40 

3.43 

3.05 

3.18 

2.65 

2.50 

2.05 

35.00 

7.74 

20.00 

6.25 

4.05 

42.30 

41.94 

35.67 

12.00 

2.40 

3.40 

3.05 

3.15 

2.50 

2.50 

2.05 

32.06 

7.50 

17.25 

5.95 

4.05 

37.00 

36.62 

30.00 

11.25 

2.40 

3.46 

3.11 

3.21 

2.76 

2.58 

2.05 

36.07 

7.83 

21.44 

6.36 

4.05 

47.29 

46.84 

38.67 

12.48 

2-13 

3-12 

7-14 

1-10 

6-11 

7-Allocation 

1-10 

2 

— 1=10 

2-10 

5-10 

4-9 

8-12 

8-12 

8-12 

2-10 
Note: Actual negotiated market prices may vary from these prices becatise of manufacturer-specific iact<»:s such as quality and service. These prices 
are intended for use as price guidelines. 
Source: Dataquest O^nuaiy 199?) 
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Table 8 b 
Estimated Static RAM Price Trends—North American Bookings 
(Voliime: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDBP; Dollars) 

Product 

Fast 4Kx4 25ns 

Fast 2Kx8 25ns 

Fast 64KX1 25ns 

Fast 1 6 K X 4 25ns 

Fast 8Kx8 25ns 

Fast 1 6 K X 4 35ns 

Fast 8Kx8 45ns 

Slow 8Kx8 100-120ns 

Fast BiCMOS 64Kx4 10ns 

Fast 6 4 K X 4 25ns 

Fast 32Kx8 12ns 

Fast 32KX8 35ns 

Slow 32KX8 100ns (SOJ) 

Fast 2 5 6 K X 4 20ns 

Fast 128KX8 20ns 

Fast 128KX8 25ns 

Slow 128KX8 100ns (SOJ) 

Q i 
2.30 

2.40 

3.38 

3.00 

3.13 

2.50 

2.50 

2.15 

28.00 

7.25 

15.50 

5.70 

4.15 

34.09 

34.13 

28.95 

10.90 

1993 

Q2 

2.30 

2.40 

3.38 

3.00 

3.10 

2.50 

2.50 

2.15 

25.50 

7.03 

14.25 

5.47 

4.15 

30.17 

30.24 

27.50 

10.40 

Q 3 

2.30 

2.40 

3.38 

3.00 

3.00 

2.50 

2.50 

2.15 

22.16 

6.88 

12.88 

5.24 

4.15 

28.41 

28.86 

25.20 

9.90 

0 4 

2.30 

2.40 

3.38 

3.00 

2.95 

2.50 

2.50 

2.15 

20.49 

6.53 

11.75 

5.05 

4.15 

28.10 

28.12 

23.15 

9.50 

1993 

Year 

2.30 

2.40 

3.38 

3.00 

3.04 

2.50 

2.50 

2.15 

24.04 

6.92 

13.59 

5.37 

4.15 

30.19 

30.34 

26.20 

10.18 
Note: Actual n^otiated market prices may vary from these prices because of manufiacturer-«pedfic lactors such as quality and service. These prices 
are intended for use as price guidelines. 
Source: Oataquest O^nuaiy 1992) 

Table 9 
Estimated Lot^-Raj^e Static RAM Price Trends—North American Bookings 
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year; Package: PDIP; Dollars) 

Product 

Fast 4Kx4 25ns 

Fast 2Kx8 25ns 

Fast 64KX1 25ns 

Fast 1 6 K X 4 25ns 

Fast 8Kx8 25ns 

Fast 1 6 K X 4 35ns 

Fast 8Kx8 45ns 

Slow 8Kx8 100-120ns 

Fast BiCMOS 64Kx4 10ns 

Fast 64Kx4 25ns 

Fast 32Kx8 12ns 

Fast 32KX8 35ns 

Slow 32KX8 100ns (SOJ) 

Fast 256Kx4 20ns 

Fast 128KX8 20ns 

Fast 128KX8 25ns 

Slow 128KX8 100ns (SOJ) 

1991 

2.39 

2.49 

3.55 

3.52 

3.69 

3.13 

3.17 

2.01 

NA 

9.71 

NA 

8.54 

4.18 

NA 

NA 

67.53 

16.22 

1992 

2.30 

2.40 

3-46 

3.11 

3.21 

2.76 

2.58 

2.05 

36.07 

7.83 

21.44 

6.36 

4.05 

47.29 

46.84 

38.67 

12.48 

1993 

2.30 

2.40 

3.38 

3.00 

3.04 

2.50 

2.50 

2.15 

24.04 

6.92 

13.59 

5.37 

4.15 

30.19 

30.34 

26.20 

10.18 

1994 

2.35 

2.45 

3.40 

3.00 

2.95 

2.50 

2.54 

2.30 

18.03 

6.01 

10.22 

4.80 

4.25 

17.50 

14.75 

13.25 

7.75 

1995 

2.55 

2.57 

3.45 

3.10 

3.00 

2.55 

2.59 

2.40 

NA 

5.41 

NA 

4.55 

4.25 

NA 

NA 

12.26 

7.50 

1996 

2.55 

2.67 

3.50 

3.10 

3.00 

2.55 

2.60 

2.40 

NA 

5.29 

NA 

4.50 

4.25 

NA 

NA 

11.64 

7.50 
NA - Not available 
Note; Actual negotiated market prices may vary from these prices because of manulacturer-spedfic fectors such as quality and service. These prices 
are intended for use as price guidelines. 
Source: Dataquest Qaauaty 1992) 
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Table 10 a 
Estimated ROM Frlce Trends—North American Bookli^is 
(Speed/Fackage: £lMb Density—150ns and above; 28-pln PDIP 2̂]Mb Density—^200ns and above; 
32-pln PDIP) 
CVohime: 50,000 per Year; Dollars) 

Product 

CMOS 

32KX8 ROM 

64KX8 ROM 

128KX8 ROM 

64KX16 ROM 

256Kx8 ROM 

512KX8 ROM 

256KX16 ROM' 

lMbx8 ROM^ 

Qi 

1.50 

1.90 

2.01 

2.32 

2.76 

3.85 

4.33 
6.33 

1992 

Q2 

1.50 

1.75 
2.01 

2.25 

2.73 

3.79 
4.04 

6.20 

0 3 

1.50 

1.70 

1.92 

2.17 

2.65 

3.75 
4.00 

5.98 

0 4 

1.50 

1.70 

1.92 

2.12 

2.63 
3.70 

3.95 
5.82 

1992 

Year 

1.50 

1.76 

1.96 

2.21 

2.69 
3.77 

4.08 
6.08 

Current Lead 

l i m e CWeeks) 

4-10 

4-10 

4-10 

4-10 

4-10 

4-10 

4-10 

4-10 

'256KXI6 ROM: 150ns and above; 40-pin PDIP 
IMbxS ROM: ISOns and above; 32-pin SOP 

Note: Actual negotiated market prices may vary from these prices because of manuCacturer-spedfic factors such as quality and service. These prices 
are intended for use as guideliiies. 
SotiFce: Dataquest Oanuaiy 1992) 

Table 10 b 
Estimated ROM Price Trends—North American Bookii^s 
(Speed/Package: £lMb Density—150ns and above; 28-pln PDIP 2̂Mb Density—^200ns and above; 
32-pln PDIP) 
(Volume: 50,000 per Year; Dollars) 

Product 

CMOS 

32KX8 ROM 

64Kx8 ROM 

128KX8 ROM 

64KX16 ROM 

256KX8 ROM 

512KX8 ROM 

256KX16 ROM' 

lMbx8 ROM^ 

Qi 

1.45 
1.70 

1.85 

2.03 

2.55 
3.62 

3.87 

5.55 

1993 
Q2 

1.45 
1.70 

1.85 
2.00 

2.55 

3.60 

3.85 
5.48 

0 3 

1.45 
1.70 

1.80 

2.00 

2.50 

3.60 

3.84 

5.43 

0 4 

1.45 
1.70 

1.80 

1.95 
2.50 

3.55 
3.80 

5.38 

1993 
•Year 

1.45 

1.70 

1.82 

2.00 

2.53 

3.59 
3.84 

5.46 

256KX16 ROM: 150ns and above; 40-pin PDIP 
lMbx8 ROM: 150ns and above; 32-pin SOP 

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelittes. 
Source: Dataquest Qawiary 1992) 
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14 North American Semiconductor Price Outlook: First Quarter 1992 

Table 11 
Estimated ROM Price Trends—North American Bookings 
(Speed/Pack^e: ^IMb Density—^ISOns and above; 28-pin PDIP ^2Mb Density—^200ns and above; 
32-pin PDIP) 
CVolume: 50,000 per Year; Dollars) 

Product 

CMOS 

32KX8 ROM 

64KX8 ROM 

128KX8 ROM 

64KX16 ROM 

256KX8 ROM 

512KX8 ROM 

256KX16 R O M ' 

lMbx8 ROM^ 

1991 

1.59 

2.08 

2.26 

2.84 

3.18 

4.01 

5.01 

NA 

1992 

1.50 

1.76 

1.96 

2.21 

2.69 

3.77 

4.08 

6.08 

1993 

1.45 

1.70 

1.82 

2.00 

2.53 

3.59 

3.84 

5.46 

1994 

NA 

1.72 

1.80 

1.90 

2.44 

3.30 

3.56 

5.06 

1995 

NA 

2.00 

1.90 

1.90 

2.44 

3.22 

3.40 

4.81 

1996 

NA 

NA 

2.00 

2.05 

2.49 

3.20 

3.40 

4.56 
NA - Not available 
256KX16 ROM: ISOns and above; 40-pin PDIF 
IMbxS KOM: 150ns and above; 32-pin SOP 

Note: Actual negotiated maricet prices may vary from these prices because of manufacturer-specific bcxots such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Oanuary 1992) 

Table 12 a 
Estimated Programmable ROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; PDIP; Dollars) 

Product 

TTL 

4K PROM PDIP 

16K PROM PDIP 

32K PROM PDIP 

64K PROM PDIP 

Qi 

1.00 

2.40 

4.70 

6.62 

Q2 

1.00 

2.40 

4.60 

6.47 

1992 

Q3 

1.00 

2.40 

4.50 

6.36 

Q4 

1.00 

2.40 

4.50 

6.23 

1992 

Year 

1.00 

2.40 

4.58 

6.42 

Current Lead 

Time (Weeks) 

6-8 

- 6-8 

6S 

6-8 
Note: Actual negotiated mailcet prices may vary from these prices because of manu^icturer-spedfic lactois such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 

Table 12 b 
Estimated Programmable ROM Price Trends—North American Bookings 
(Voliraie: 50,000 per Year; PDIP; Dollars) 

Product SL _Q2_ - ^ 
TTL 

4K PROM PDIP 

16K PROM PDIP 

32K PROM PDIP 

64K PROM PDIP 

1993 1993 
Year 

1.00 

2.40 

4.50 

6.05 

1.00 

2.40 

4.50 

5.93 

1.00 

2.40 

4.50 

5.85 

1.00 

2.40 

4.50 

5.83 

1.00 

2.40 

4.50 

5.92 
Note: Actual negotiated maricet prices may vary from these prices because of manufacturer-specific fiactors such as quajity and service. These prices 
are intended £::»- use as guidelines. 
Source: Dataquest O^nuaiy 1992) 
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North American Semiconductor Price Outlook: First Quarter 1992 15 

Table 1 3 
Estimated Loo^-Rai^e Programmable ROM Price Trends—North American Bookings 
CVolume: 50,000 per Year; Dollars) 

Product 

TIL 

4K PROM PDIP 

16K PROM PDIP 

32K PROM PDIP 

64K PROM PDEP 

1991 

.97 

2.26 

5.05 

6.95 

1992 

1.00 

2.40 

4.58 

6.42 

1993 

1.00 

2.40 

4.50 

5.92 

1994 

NA 

NA 

4.50 

5.54 

1995 

NA 

NA 

NA 

5.45 

1996 

NA 

NA 

NA 

5.45 
NA - Not available 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qfanuaty 1992) 

Table 14 a 
Estimated EPROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed: 150ns and above; Dollars) 

Product 

8Kx8 EPROM 

16KX8 EPROM 

32KX8 EPROM 

64KX8 EPROM 

128KX8 EPROM 

256KX8 EPROM 

128KX16 EPROM 

512KX8 EPROM 

256KX16 EPROM 

Q l 

1.81 

1.99 

1.89 

2.63 

3.85 

7.67 

8.05 

16.00 

17.19 

Q2 

1.83 

1.99 

1.89 

2.55 

3.75 

7.05 

7.37 

14.83 

15.79 

1992 

Q3 

1.84 

2.01 

1.89 

2.49 

3.70 

6.51 

6.77 

13.72 

14.61 

Q4 

1.85 

2.01 

1.89 

2.49 

3.65 

6.12 

6.33 

12.78 

13.55 

1992 

Year 

1.83 

2.00 

1.89 

2.54 

3.74 

6.84 

7.13 

14.33 

15.29 

Current Lead 

n m e (Weeks) 

2-8 

2-8 

2-10 

3-12 

3-12 

4-14 

4-14 

4-14 

4-14 
Note: Actual n^>otlated market prices may vary Aum these prices because of manu&ctuier-spedfic factors such as quality and sR\ioe. These, prices 
are intended for use as guidelines. 
Source: E>ataquest (January 1992) 

Table 14 b 
Estimated EPROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed: 150ns and above; Dollars) 

Product 

8KX8 EPROM 

16KX8 EPROM 

32KX8 EPROM 

64KX8 EPROM 

128KX8 EPROM 

256KX8 EPROM 

128KX16 EPROM 

512KX8 EPROM 

256KX16 EPROM 

0 1 

2.20 

2.35 

2.15 

2.49 

3.65 

6.05 

6.23 

12.27 

12.94 

Q2 

2.30 

2.46 

2.20 

2.49 

3.65 

6.02 

6.17 

11.90 

12.43 

0 3 

2.50 

2.69 

2.28 

2.49 

3.65 

5.97 

6.09 

11.54 

12.00 

1993 

0 4 

2.50 

2.70 

2.28 

2.49 

3.65 

5.93 

6.05 

11.20 

11.64 

1993 

Year 

2.38 

2.55 

2.23 

2.49 

3.65 

5.99 

6.14 

11.73 

12.26 
Note: Actual negotiated market prices may vary from these prices because of manu&cturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Oanuary 1992) 
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16 North Ameiicaa Semiconductor Price Outlook: First Quarter 1992 

Table 15 
Estimated Loi^-Range EPROM Price Trends—North American Bookings 
(Volume: 50,000 per Year; Packi^: ^^^indowed CERDIP; Speed: 150ns and above; Dollars) 

Product 

8Kx8 EPROM 

16KX8 EPROM 

32KX8 EPROM 

64KX8 EPROM 

128Kx8 EPROM 

256KX8 EPROM 

128KX16 EPROM 

512KX8 EPROM 

256KX16 EPROM 

1991 

1.73 
1.82 

1.91 

2.73 

4.41 

9.88 

NA 

NA 

NA 

1992 

1.83 

2.00 

1.89 

2.54 

3.74 

6.84 

7.13 

14.33 

15.29 

1993 
2.38 

2.55 

2.23 
2.49 

3.65 

5.99 

6.14 

11.73 
12.26 

1994 

2.50 

3.00 

2.28 

2.49 

3.65 

5.60 

5.75 

10.30 

10.60 

1995 

2.75 

3.05 

2.50 

2.60 

3.75 

5.40 

5.60 

9.85 
10.01 

1996 

3.00 

3.05 

2.75 

2.85 

3.75 

5.40 

5.49 

9.85 

9.95 
NA - Not available 
Note: Acttjal negotiated market prices may vaiy from these prices because of manufacturer-specific factors such as quality and service. These priceSp 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 

Table 16 a 
Estimated OTP ROM Price Trends—North American Bookings 
CVolume: 50,000 per Year; Package: PDIP; Speed: 150ns and above; Dollars) 

1992 
Product Ql Q2 Q3 ^ 

1992 

Year 

Current Lead 

Time (Wi^ks) 

16KX8 

32KX8 

64Kx8 

128KX8 

1.55 

1.56 

2.45 

3.86 

1.55 

1.56 

2.42 

3.76 

1.55 

1.56 

2.41 

!i.67 

1.55 

1.56 

2.40 

3.57 

1.55 

1.56 

2.42 

3.72 

1-12 

2-12 

2-12 

6-12 
Note: Actual n^otiated market prices may vary from these prices because of manuEictura'-spediic fictors such as quality and service, Hiese prices 
are intended for use as guidelines. 
Source: Dataquest O^nuary 1992) • ' 

Table 16 b 
Estimated OTP ROM Price Trends—North American B o o k i i ^ 
CVohime: 50,000 per Year; Pack^e: PDIP; Speed: 150ns and above; Dollars) 

1993 

Product Ql -SL .5L m 
1993 
Year 

16KX8 

32KX8 

64KX8 

128KX8 

1.55 

1.56 

2.40 

3.55 

1.55 

1.56 

2.40 

3.53 

1.55 

1.56 

2.40 

3.48 

1.55 

1.56 

2.40 

3.45 

1.55 

1.56 

2.40 

3.50 
Note: Actual negotiated market prices may vary firom these prices because of manufocturer-speciflc factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest QaDxaty 1992) 

©1992 Dataquest Incorporated January—^Reproduction Prohibited 
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Table 17 
Estimated Long-Range OTP ROM Price Trends—North Axaerlcan Booldi]^ 
(Volume: 50,000 per Year; Pack^e: PDIP; Speed: 150ns and above; Dollars) 

Product 1991 1992 1993 1994 1995 1996 

16KX8 

32KX8 

64KX8 

128KX8 
NA - Not available 
Note: Actual negotiated market prices may vaiy fiom these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source; Dataquest (January 1992) 

Table 18 a 
Estimated EEPROM Price Trends—North American B o o k l i ^ 
(Volume: 10,000 per Year; Pack^e: CERDIP; Speed: 200ns and above; Dollars) 

1.45 

1.51 

2.51 

4.23 

1.55 

1.56 

2.42 

3.72 

1.55 

1.56 

2.40 

3.50 

1.55 

1.56 

2.40 

3.40 

NA. 

NA 

2.50 

3.34 

NA 

NA 

2.65 

3.34 

Product 

16K EEPROM 

8KX8 EEPROM 

32KX8 EEPROM 

64KX8 EEPROM 

128KX8 EEPROM 

Qi 
2.85 

4.00 

14.00 

21.25 

100.00 

1992 

Q2 

2.78 

3.80 

12.40 

19.13 

87.00 

Q3 

2.69 

3.61 

11.00 

17.21 

75.00 

Q4 

2.6l 

3.43 

9.78 

15.84 

65.0 

1992 

Year 

2.73 

3.71 

11.80 

18.36 

81.75 

Current Lead 

Time (Weeks) 

1-7 

1-8 

1-8 

1-8 

1-8 
Note: Actual negotiated market prices may vary firom these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Oataquest Qaaxary 1992) 

Table 18 b 
Estimated EEPROM Price Trends—North American Bookings 
(Volume: 10,000 per Year; Package: CERDIP; Speed: 200ns and above; Dollars) 

Product 

16K EEPROM 

8KX8 EEPROM 

32KX8 EEPROM 

64KX8 EEPROM 

128KX8 EEPROM 

Ql 

2.53 

3.29 

9.56 

14.60 

58.00 

1993 
Q2 

2.46 

3.16 

9.40 

13.70 

53.50 

Q3 
2.38 

3.04 

9.20 

13.00 

50.00 

Q4 

2.31 

2.91 

9.04 

12.52 

46.5 

1993 
• Year 

2.42 

3.10 

9.30 

13.46 

52.00 
Note: Actual negotiated market prices may vary bom these prices because of manufacturer-spedfic factors such as quaUty and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qanuaiy 1992) 

Table 19 
Estimated Long-Range EEPROM Price Trends—North American Bookings 
(Volume: 10,000 per Year; Pack^e: CERDIP; Speed: 200ns and above; Dollars) 

Product 

16K EEPROM 

8KX8 EEPROM 

32KX8 EEPROM 

64KX8 EEPROM 

128KX8 EEPROM 

1991 

3.09 
4.64 

19.80 

56.00 

127.50 

1992 

2.73 

3.71 

11.80 

18.36 

81.75 

1993 
2.42 

3.10 

9.30 

13.46 

52.00 

1994 

2.31 

2.91 

8.85 

11.20 

41.60 

1995 

2.43 

3.00 

8.55 

10.86 

33.77 

1996 

2.43 

3.00 

8.55 

10.86 

33.77 
Note: Actual negotiated market prices may vary bom these prices because of manufacturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: E>ataquest (January 1992) 
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18 North American Semiconductor Price Outlook: First Quarter 1992 

Table 20 a 
Estimated Flash Memory Price Treads—North American Booklx]^ 
(12 Volts; Volume: 10,000 per Year; Speed: ISOns; Dollars) 

1992 
Product Ql Q2 .53_ M. 

1992 

Year 

Current Lead 

Time (Weeks) 

32KX8, PDIP 

64KX8 PDIP 

128KX8 PDIP 

128KX8, TSOP 

256KX8, TSOP 

5.95 
7.15 

10.14 

10.80 

20.00 

5.75 

7.10 

9.69 
10.43 

19.00 

5.60 

6.86 

9.35 

10.10 

18.50 

5.45 

6.58 
9.13 

9.85 

18.00 

5.69 
6.92 
9.58 

10.29 

18.88 

5-10 

5-9 

5-9 

5-9 
6-14 

Note: Actual negotiated market prices may vary from these prices because of manuficturer-^pedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qanuary 1992) 

Table 20 b 
Estimated Flash Memory Price Trends—North American Bookings 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

1993 
Product Ql Q2 Q3 _Q1 

1993 
Year 

32KX8, PDIP 

64KX8 PDIP 

128KX8 PDIP 

128KX8, TSOP 

256KX8, TSOP 

5.40 

6.40 

8.98 

9.50 

16.90 

5.30 

6.25 

8.50 

9.25 

16.25 

5.20 

6.14 

8.13 

8.99 

15.70 

5.15 

5.99 
7.90 

8.75 

15.15 

5.26 

6.20 

8.38 

9.12 

16.00 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 

Table 21 
Estimated Long-Range Flash Memory Price Trends—North American Bookings 
(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars) 

Product 
32KX8, PDIP 

64KX8 PDIP 

128KX8 PDIP 

128KX8, TSOP 

256KX8, TSOP 

1991 
6.08 

NA 

NA 

13.50 

24.88 

1992 

5.69 

6.92 

9.58 

10.29 

18.88 

1993 
5.26 

6.20 

8.38 

9.12 

16.00 

1994 

4.75 

5.69 
7.59 

7.88 

8.99 

1995 

4.75 

5.69 
7.48 

7.48 

8.00 

1996 

4.95 

5.85 

7.48 

7.48 

7.99 
NA - Not available 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-.spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 
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Table 22 a 
Estimated Gate Array Price Trends—North American Production Bookings 
(Millicents per Gate) 
(Pack^e: CMOS—S4-pia PLCC for <10K Gates; l60-pin FQFP for 10K-29.9K; 208-pin FQFP for ^OK Gates; 
ECL-CQFP) 
(Based on Utilized Gates Only; NKE = Netlist to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) 
(Volume: 10,000 per Year/CMOS; 5,000 per Year/ECL) 
Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NRE Charges ($l,OOOs) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

Gate Count 

Technology 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NEE Charges ($l,000s) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

0-1.99K 

1991 

127 

117 

115 

NA 

5360 

16.0 

13.0 

23.0 

NA 

32.0 

1992 

121 

109 

104 

NA 

4850 

16.0 

13.0 

19.0 

NA 

30.0 

10-19.99K 

1991 

81 

77 

77 

NA 

4550 

41.0 

40.0 

47.5 

NA 

71.0 

1992 

71 

69 

69 

76 

4000 

40.5 

40.0 

44.0 

51.7 

70.0 

2-4.99K 

1991 

94 

81 

82 

NA 

4588 

21.0 

18.0 

24.0 

NA 

50.0 

1992 

87 

74 

71 

71 

3823 

21.0 

17.0 

24.0 

27.0 

45.0 

20-29.99K 

1991 

83 

79 

79 

NA 

3838 

60.0 

58.0 

6l.0 

NA 

105.0 

1992 

73 

71 

71 

78 

3200 

60.0 

58.0 

61.0 

72.6 

100.0 

50-9.99K 

1991 

82 

78 

78 

NA 

3500 

26.0 

23.0 

29.0 

NA 

55.0 

1992 

72 

70 

70 

70 

3000 

26.0 

21.0 

27.5 

35.5 
50.0 

30-60K 

1991 

98 

98 

78 

NA 

3600 

100.0 

102.0 

98.3 

140.0 

170.0 

1992 

88 

85 

80 

87 

3050 

100.0 

102.0 

96.7 

111.2 

146.7 

Current Lead 

n m e (Weeks) 

Production: 

10-12 

7-10 

9-12 

10-12 

12-14 

Prototypes: 

3-5 

3-5 

3-5 

3-5 
14 

Current Lead 

Time (Weeks) 

Production: 

10-12 

7-12 

9-12 

10-12 

10-14 

Prototypes: 

3-6 

4-8 

3-5 

3-5 

9-14 
NA •" Not xvaitable 
Note; Actual negotiated market prices may vary ftom these prices because of manuiacturer-spedfic factors such as quality and service. These prices 
are intended fbr use as guidelines. 
Source: Dauquest January 1992) 
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Table 22 b 
Estimated Gate Array Price Trends—North American Production Bookings—^1995 
(Mlllicents per Gate) 
(Pack^e: CMOS—84-pin PLCC for <10K Gates; l60-pin PQFP for 10K-29.9K; 208-pin PQEP for 230K Gates; 
ECL—CQFP) 
(Based on Utilized Gates Only; NKE °= Netlist to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) 
(Volume: 10,000 per Year/CMOS; 5,000 per Year/ECL) 

Gate Count 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

NRE Charges ($l,OOOs) 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

ECL 

0-1.99K 

102.0 

92.0 

87.0 

NA 

4268 

15.2 

12.4 

18.1 

NA 

27.0 

2-4.99K 

77.0 

65.0 

62.0 

62.0 

3326 

20.0 

l6.2 

24.0 

26.8 

40.5 

5-9.99K 

63.0 

62.0 

62.0 

62.0 

3000 

24.7 

20.0 

27.1 

32.1 

45.0 

10-19.99K 

62.0 

61.0 

61.0 

68.0 

4000 

40.0 

38.0 

42.9 

50.4 

65.0 

20-29.99K 

64.0 

62.0 

62.0 

69.0 

2784 

57.0 

55.1 
57.0 

66.1 

90.0 

30-60K 

77.0 

75.0 

69.0 

73.0 

2654 

95.0 

96.9 

90.9 

104.5 

132.0 
NA. - Not availsbte 
Note: Actual negotiated market prices mxy vary from these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelinies. 
Source: Oataquest Qaaxiaty 1992) 
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Table 23 a 
Estimated CBIC Price Trends—North American Production Bookings 
(Millicents per Gate) 
(Package: 84-pin PLCC for <10K Gates; l60-pin PQFP for 10K-29.9K; 208-pin PQEP for ^OK) 
(Based on Utilized Gates Only; Volume: 10,000 per Year; NBE = Netllst to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Count 

Technology 

CMOS 

1.5 Micron 
1.2 Micron 

1.0 Micron 

0.8 Micron 

NRE Charges C$l,OOOs) 

1.5 Micron 
1.2 Micron 

1,0 Micron 

0.8 Micron 

Gate Coimt 

Technology 

CMOS 
1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

NRE Chaiges 
($l,000s) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

0-l,99K 

1991 

129 
118 

116 

NA 

35.0 

33.0 

42.0 

NA 

1992 

123 

110 

105 
NA 

35.0 

32.0 

40.0 

NA 

10-19.99K 

1991 

84 

79 

79 
NA 

66.0 

62.0 

59.0 
NA 

1992 

74 

71 

70 

78 

65.0 

58.5 

56.8 
90.0 

2-4.99K 

1991 

110 

85 

97 
NA 

38.0 

35.5 
50.0 

NA 

1992 

90 

80 

80 

80 

38.0 

35.0 

49.0 

75.0 

20-29.99K 

1991 

86 

82 

81 

NA 

89.0 

80.0 

62.5 
NA 

1992 

79 
74 

74 

80 

85.0 

75.0 

62.0 

120.0 

50-9.99K 

1991 

92 

80 

80 

NA 

48.0 

45.0 

53.0 

NA 

1992 

82 

72 

72 

72 

47.0 

43.5 
49.0 

76.0 

30-60K 

1991 

99 
100 

96 

NA 

112.0 

110.0 

115.0 

NA 

1992 

88 

87 

81 

89 

110.0 

100.0 

113.0 

145.5 

Current Lead 

t ime (Weeiks) 

Production: 

10-14 

8-15 
9-14 

12-16 

Prototypes: 

5-8 

5-8 

5-8 

6-8 

Current Lead 

Time (Weeks) 

Production: 

10-14 

9-15 
10-16 

13-16 

Prototypes: 

5-8 

5-8 

5-7 
6-8 

NA - Not availabje 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qanuary 1992) 
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Table 23 b 
Estimated CBIC Price Trends—North American Production Bookii^;s—^1993 
(Mlllicents per Gate) 
(Package: 84-pin PLCC for <10K Gates; l60-pin PQFP for 10K-29-9K; 208-pin PQFP for ^OK) 
(Based on Utilized Gates Only; Volume: 10,000 per Year; NRE " Netlist to Prototype) 
(Includes Standard Commercial Test and Excludes Special Test) 

Gate Count 

CMOS 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

NRE Charges ($l,OOOs) 

1.5 Micron 

1.2 Micron 

1.0 Micron 

0.8 Micron 

0-1.99K 

103 

93 

89 
NA 

33.3 

30.4 

39.3 

NA 

24.99K 

79 

71 

71 

71 

36.1 

33.3 

45.0 

55.0 

5-9.99K 

72 

63 

63 

63 

44.7 

41.3 

46.6 

57.0 

10-19.99K 

65 
62 

62 

69 

61.8 

55.6 

49.0 

82.5 

20-29.99K; 

70 

65 

65 

70 

80.8 

71.3 

60.0 

110.0 

30-60K 

n 
77 

71 

74 

103.4 

97.0 

105.0 

136.0 
NA - Not available 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-spedfic fectors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qaxsiavf 1992) 

Table 24 
Estimated TTL PLD Price per Unit—North American B o o k i i ^ 
(Volume: 10,000 per Year; Pack^e: PDIP or PLCC; Dollars) 

I ^ Count 

£20 

24 

24 

22V10 

Speed' 

(ns) 

<6 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15-<25 

>25 

<£> 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15-<25 

>25 

15-<25 

25-<35 

1992 

HI 

6.73 

2.93 

1.60 

1.27 

.66 

.50 

9.82 

5.08 

3.15 
3.00 

1.14 

.75 

5.32 

2.55 

H2 

6.23 

2.75 

1.56 

1.23 
.62 

.48 

9.19 

4.93 

2.85 

2.88 

1.10 

.74 

5.00 

2.43 

1993 
HI 

6.08 

2.65 

1.44 

1.14 

.61 

.48 

8.70 

4.74 

2.80 

2.77 

1.09 

.72 

4.89 

2.25 

H2 

5.96 

2.55 

1.40 

1.10 

.60 

.48 

8.30 

4.59 

2.76 

2.66 

1.09 
.72 

4.80 

2.12 

Current Lead 

Time (Weeks) 

i-9 
2-8 

2-8 

2-8 

2-4 

2-4 

3 ^ 

2-6 

2-4 

3-6 
2-4 

2-4 

M 
2-8 

*N3no5«:ond speed is the TPD for the combiiutofta] device. 
Note: Actual negotiated maricet prices may vary firom these prices because of manufacturer-spedfic such as quality and service. These prices are 
intended for use as guidelines. 
Source: Oataquest 0anuary 1992) 
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Table 25 
Estimated long-Raii^e TIX FLD Price Trends—North American Booldngs 
(Volume: 10,000 per Year; Package: PLCC or PLCQ Dollars) 

Pin Count 
^ 0 

24 

24 

22V10 

Speed* 
(ns) 

<6 

6.1-7.5 
7.6-10.0 

10.1-14.99 
15-<25 
^ 5 
<6 

6.1-7.5 
7.6-10.0 

10.1-14.99 
15-<25 
S25 

15-<25 
25-<35 

1991 

7.75 
3.32 

1.77 
1.37 

.72 

.53 
10.78 
5.90 

3.63 
3.20 

1.23 
.82 

5.97 
2.81 

1992 

6.48 
2.84 

1.58 

1.25 
.64 

.49 
9.50 
5.00 
3.00 
2.94 
1.12 

.75 

5.16 

2.49 

1993 

6.02 

2.60 
1.42 
1.12 

.61 

.48 

8.50 

4.67 
2.78 
2.72 

1.09 
.72 

4.85 
2.19 

1994 

5.75 

2.51 
1.39 
1.08 
.60 

.48 
7.36 
4.40 

2.69 
2.54 

1.08 

.70 

4.65 
2.07 

1995 

5.50 
2.40 
1.32 

1.00 
.60 

.48 
6.60 
4.20 
2.60 
2.44 

1.08 
.70 

' 

4.49 
1.98 

1996 

5.25 
2.32 

1.32 
1.00 

.60 

6.30 
4.00 
2.50 
2.40 

1.08 
.70 

4.40 
1.98 

*NanosecorKl speed is the TPD for the combinatorial device. 
Note: Actual negotiated market prices may vary fix̂ m these prices because of manufKturer-specific sudi as quality and service. These prices : 
intended for use as guidelines. 
Source: Dauquest O^u^ry 1992) 

Table 26 
Estimated CMOS PLD Price per Unit—North American Bookings 
(Volume: 10,000 per Year; Pack^e: FDIP or PLCC; Dollars) 

Pin Count 
<20 

24 

24 
22V10 

Speed* 

(ns) 
6.1-7.5 
7.6-10.0 

10.1-14.99 
15-<25 

S25 

6.1-7.5 
7.6-10.0 

10.1-14.99 
15-<25 
^ 5 

7.6-10.0 
15-<25 

25-<35 

1992 

HI 
5.50 

3.17 

2.19 
.80 
.68 

9.70 

5.73 
3.29 
1.34 

.99 

18.00 

5.99 
2.47 

H2 
5.16 
3.04 

2.06 

.77 

.65 

8.90 

5.33 
3.12 

1.25 
.94 

16.25 
5.47 
2.01 

1993 
HI 

4.99 
2.76 

1.93 
.76 
.64 

8.36 
5.04 

2.97 
1.24 

.94 

14.80 
5.42 

2.01 

EC2 
4.70 

2.53 
1.81 

.75 

.63 

7.84 

4.82 
2.81 

1.23 
.94 

13.40 

5.37 
2.01 

Current Lead 

l i m e (Weeks) 
2-14 
1-14 

1-i 
1-4 

1-6 

4-14 

1-14 
1-6 
1-8 
1-6 

2-10 
1-8 
1-4 

'Nanosecond speed is the TPD for the combinatorial device. 
Note: Actual negotiated market prices may vary ^ m these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qaayaxy 1992) 
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Table 27 
Estimated Long-Range CMOS FID Price Trends—North American Bookings 
(Volume: 10,000 per Year; Pack^e: PDIP or PLCC; Dollars) 

Pin Cotmt 

^ 0 

24 

24 

22V10 

Speed* 
(ns) 

6.1-7.5 

7.6-10.0 

10.l-l4.99 

15-<25 

225 

6.1-7.5 

7.6-10.0 

10.1-14.99 

15-<25 

S25 

7.6-10.0 

15-<25 

25-<35 

1991 
6.41 

3.82 

2.66 

.91 

.75 

NA 

6.70 

3.65 

1.53 

1.13 

22.00 

7.01 

3.04 

1992 

5.33 

3.11 

2.13 

.79 

.67 

9.30 

5.53 

3.20 

1.30 

.97 

17.13 

5.73 
2.24 

1993 

4.85 

2.64 

1.87 

.76 

.64 

8.10 

4.93 

2.89 

1.24 

.94 

14.10 

5.40 

2.01 

1994 

4.60 

2.48 

1.70 

.74 

.62 

7.45 

4.70 

2.72 

1.22 

.94 

12.82 

5.10 

2.01 

1995 

4.45 

2.30 

1.60 

.73 

.59 

7.00 

4.55 

2.64 

1.22 

.94 

11.92 

4.90 

2.00 

1996 

4.40 

2.25 

1.60 

.73 

.59 

6.70 

4.50 

2.64 

1.22 

.94 

11.67 

4.90 

2.00 
NA - Not available 
'Nanosecond speed is the TFD for the combinatorial device. 
Note: Actual negotiated market prices may vary from these prices because of manu&cturer-spedfic factors such as quality and service. These prices 
are intended for use as gtudelines. 
Source: Dataquest G^nuaiy 1992) 

Table 28 
Estimated ECL PID Price per Unit—North American Bookii^s 
(Volume: 10,000 per Year; Dollars) 

Pin Count 

Speed* 

(ns) HI 

1992 

H2 HI 

1993 
H2 

Current Lead 

Time (Weeks) 

24 

:S2.0 

2.01-4.0 

4.1-6.0 

6.1-15.0 

33.75 

27.90 

6.83 

5.80 

32.75 

26.40 

6.71 

5.71 

30.75 

25.00 

6.35 

5.58 

29.24 

23.92 

6.19 

5.50 

6« 
8-10 

4 

4 
'Nanosecond speed is the TPD for the combinatorial device. 
Note: Actual negotiated market [sices may vary from these prices because of manufacturer-specific foctots such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest 0anuary 1992) 
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Table 29 
Estimated Loi^-Range ECL PLD Price Trends—North American Bookii^s 
(Volume: 10,000 per Year; Dollars) 

Pin Count 

24 

Speed* 

(ns) 

<2.0 

2.01-4.0 

4.1-6.0 

6.1-15.0 

1991 

37.50 

31.50 

7.50 

6.25 

1992 

33.25 

27.15 

6.77 

5.76 

1993 

30.00 

24.46 

6.27 

5.54 

1994 

27.40 

21.99 

5.86 

5.32 

1995 

25.07 

20.24 

5.68 

5.32 

1996 

23.82 

19.73 

5.68 

5.32 
'Nanosecond speed is the TPD for the combinatorial device. 
Note: Actual negotiated market prices may vary from these prices because of manuEacturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qaauaxy 1992) 

Table 30 
Estimated Analog IC Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Device Family 

Voltage Regulators 

78L05 CTO-92) 

7805 (TO-92) 

Compaiators 

LM339 

LM393 

Op Amps 

741 

3403P 

1741CP1 

Interface ICs 

1488P 

3486P 

Telecom ICs 

CODEC/FILTER 1 

34017P 

Video DAC 

IMSG171D-35MHZ* 

1992 

HI 

.120 

.138 

.137 

.129 

.130 

.182 

.124 

.150 

.895 

2.030 

.330 

1.800 

H2 

.118 

.137 

.137 

.127 

.125 

.178 

.120 

.150 

.885 

2.000 

.320 

1.700 

1993 

HI 

.117 

.137 

.132 

.127 

.128 

.176 

.119 

.146 

.880 

1.970 

.315 

1.600 

H2 

.117 

.137 

.130 

.127 

.128 

.174 

.117 

.144 

.860 

1.941 

.305 

1.50 

Current Lead 

Ttaie (Weeks) 

3-6 

4-6 

4r6 

, > 

4-6 

4-7 

NA 
NA - Not available 
•Estimated and not by survey. 
Note: Actual negotiated market prices may vary &om these prices because of manufacturer-specific factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 
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Table 31 
Estimated Loc^-Sange Analog IC Price Trends—North American B o o k i s ^ 
CVolume: 100,000 per Year; Dollars) 

Device Family 

Voltage Regulators 

78L05 CrO-92) 

7805 aO-92) 

Comparators 

LM339 

LM393 
Op Amps 

741 

3403P 
1741CP1 

Interface ICs 

1488P 

3486P 

Telecom ICs 

CODEC/FILTER 1 

34017P 

Video DAC 

IMSG171D-35MHZ* 

1991 

.122 

.140 

.139 

.130 

.132 

.186 

.125 

.155 

.918 

2.080 

.346 

NA 

1992 

.119 

.138 

.137 

.128 

.128 

.180 

.122 

.150 

.890 

2.015 

.325 

1.750 

1993 

.117 

.137 

.131 

.127 

.128 

.175 

.118 

.145 

.870 

1.956 

.310 

1.550 

1994 

.117 

.137 

.130 

.127 

.128 

.174 

.117 

.144 

.860 

1.884 

.305 

1.440 

1995 

.116 

.137 

.130 

.126 

.128 

.171 

.116 

.137 

.840 

1.820 

.298 

1.390 

1996 

.116 

.137 

.130 

.126 

.128 

.171 

.116 

.137 

.840 

1.800 

.290 

1.370 
NA ^ Not available 
'Estimated and not by survey. 
Note: Actual negotiated market prices may vary Irom these prices because of manufocturer..specific iactois such as quality and service. These 
are intended for use as guidelinies. 
Source: Oataquest 0anuary 1992) 

pnces 
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Table 32 
Estimated Discrete Semiconductor Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Device Family 

Small Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistor 

2N3772 

2N3055A 

2N6107 

Power MOSFET 

mF530 

IRF540 

IRF9531 

IKF9520 

Small Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

Thyristors 

2N6400 

2N4186 

1992 

HI 

.140 

.030 

.068 

.052 

.046 

1.040 

.700 

.235 

.400 

1.000 

1.040 

.416 

.020 

.047 

.888 

7.120 

.095 

1.165 

.026 

.026 

.040 

.625 

1.230 

.708 

.620 

2.275 

H2 

.140 

.030 

.068 

.049 

.045 

1.040 

.700 

.235 

.380 

1.000 

1.030 

.414 

.020 

.046 

.878 

7.090 

.094 

1.165 

.025 

.025 

.039 

.610 

1.200 

.690 

.620 

2.265 

1993 
HI 

.139 

.029 

.066 

.048 

.045 

1.040 

.690 

.235 

.370 

.990 

1.029 

.411 

.020 

.045 

.875 

7.070 

.093 

1.165 

.025 

.025 

.039 

.608 

1.192 

.690 

.593 

2.270 

H2 

.139 

.029 

.066 

.046 

.045 

1.040 

.690 

.235 

.370 

.990 

1.027 

.409 

.020 

.045 
-

.871 

6.999 

.092 

1.165 

.025 

.025 

.039 

.600 

1.180 

.690 

.573 

2.250 

Current Lead 

l i m e (Weeks) 

2^ 

3-8 

3 ^ 

i-8 

2-8 

2-8 

m, 

Note: Actual negotiated market prices 
are intended for use as guidelines. 
Source: Dataquest (January 1992) 

may vary from these prices because of manufocturer-spedfic factors such as quality and service. These prices 
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Table 33 
Estimated Los^-Rax^e Discrete Semiconductor Price Trends—North American Bookings 
(Vohime: 100,000 per Year; Dollars) 

Device Family 

Small Signal Transistors 

2N2222A 

2N3904 

2N2907A 

MPSA 43 

2N2222 

Bipolar Power Transistors 

2N3772 

2N3055 

2N6107 

Power MOSFET 

IRF530 

IRF540 

IKF9531 

IRF9520 

Small Signal Diodes 

1N4002 

1N645 

Power Diodes 

1N3891 

1N3737 

1N4936 

Zener Diodes 

1N829 

1N752A 

1N963B 

1N4735A 

1.5KE62A 

1.5KE30CA 

P6KE30CA 

"Iliyristors 

2N6400 

2N4186 

1991 

.140 

.031 

.070 

.057 

.049 

1.040 

.700 

.235 

.413 

1.025 

1.058 

.425 

.020 

.047 

.900 

7.161 

.096 

1.165 

.027 

.026 

.040 

.659 

1.304 

.748 

.650 

2.290 

1992 

.140 

.030 

.068 

.050 

.046 

1.040 

.700 

.235 

.390 

1.000 

1.035 

.415 

.020 

.046 

.883 

7.105 

.094 

1.165 

.026 

.026 

.040 

.617 

1.215 

.699 

.620 

2.270 

1993 

.139 

.029 

.066 

.047 

.045 

1.040 

.690 

.235 

.370 

.990 

1.028 

.410 

.020 

.045 

.873 

7.035 

.092 

1.165 

.025 

.025 

.039 

.604 

1.186 

.690 

.583 

2.260 

1994 

.138 

.028 

.062 

.046 

.045 

1.040 

.680 

.235 

.370 

.980 

1.022 

.408 

.020 

.045 

.864 

6.990 

.092 

1.165 

.025 

.025 

.039 

.595 

1.167 

.681 

.562 

2.250 

1995 

.138 

.028 

.061 

.045 

.045 

1.040 

.670 

.235 

.390 

.975 

1.022 

.408 

.020 

.045 

.864 

6.990 

.092 

1.165 

.025 

.025 

.039 

.595 

1.167 

.681 

.562' 

2.250 

1996 

.138 

.028 

.061 

.045 

.045 

1.040 

.670 

.235 

.390 

.975 

1.022 

.408 

.020 

.045 

.864 

6.990 

.092 

1.165 

.025 

.025 

.039 

.595 

1.167 

.681 

.562 

2.250 
Note: Actual negotiated market prices may vary from these prices because of manufocturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest O^nuary 1992) 
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Table 34 
Estimated Optoelectronic IC Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Device Family 

Optoelectronic Round LED lamps 

Tl STD RED 

Tl 3/4 STD RED 

Tl 3/4 H.EF.RED 

Mold Frame LED 

0.3" Digital Display 

0.6" Digital Display 

Optical Oauplers 

4N25 

4N36 

1992 

HI 

.054 

.054 

.073 

.500 

.540 

.190 

.225 

H2 

.054 

.054 

.072 

.490 

.530 

.195 

.225 

1993 
HI 

.053 

.053 

.071 

.486 

.527 

.193 

.225 

H2 

.052 

.052 

.070 

.484 

.517 

.193 

.225 

Current Lead 

Hme (Weeks) 

6 

e 

6-8 

Note: Actual negotiated market prices may vary ftom these prices because of mantifacturer-spedfic factors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qanuary 1992) 

Table 35 
Estimated Long-Bange Optoelectronic IC Price Trends—North American Bookings 
(Volume: 100,000 per Year; Dollars) 

Device Family 

Optoelectronic Round LED Lamps 

Tl STD RED 

Tl 3/4 STD RED 

Tl 3/4 H.EF.RED 

Mold Frame LED 

0.3" Digital Display 

0.6" Digital Display 

Optical Couplers 

4N25 

4N36 

1991 

.054 

.054 

.074 

.500 

.550 

.195 

.228 

1992 

.054 

.054 

.073 

.495 

.535 

.193 

.225 

1993 

.053 

.054 

.072 

.488 

.529 

.194 

.225 

1994 

.051 

.051 

.070 

.480 

.512 

.193 

.225 

1995 

.051 

.051 

.070 

.476 

.512 

.193 

.229 

1996 

.051 

.051 

.070 

" .476 

.512 

.193 

.229 
Note: Actual negotiated market prices may vary from these prices becaijse of manu&cturer-spedfic foctors such as quality and service. These prices 
are intended for use as guidelines. 
Source: Dataquest Qaaixary 1992) 
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Corporate Overview 

Over the last five years, Intel has recovered from a downhill slide 
capped by heavy losses in 1986 to become the kingpin of micropro
cessors and perhaps the most powerful semiconductor company in 
existence. Driven by Intel toward increased performance levels, the 
enormous market for 80x86-based PCs grew in 1991 to more than 
$2.5 billion in microprocessor revenue and about $1.0 billion in related 
peripheral products. Now at the pirmade of its success, Intel faces its 
toughest challenge: to keep its 80x86 family ahead of competing RISC 
families and other 80x86 done products while maintaining attractive 
profit margins. 

Intel defines its mission to be the leading supplier of microcomputer 
building blocks at the component, module, or system level used 
within computers and embiedded control equipment. Today, most of 
the company's activities are focused on growing its business derived 
from the IBM-compatible PC market. This direction means that Intel 
must remain the dominant leader in 80x86 nucroprocessors and 
microperipherals. 

Foxmded in 1968, Intel originally concentrated on semiconductor 
memory products, which still remain an important part of its business. 
Among its many innovations (see Table 1), Intel is credited with 
inventing the most important memory in use today, the dynamic 

This profile is the properly of Dataquest Incorporated. Reproduction or disdosure in whole or in part to other 
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Table 1 
Major Milestones for Intel Corporation 

Year Description 

1968 Intel Corporation founded. 

1970 Introduced the first commercial DRAM (1Kb). 

1971 Introduced the first commercial EPROM (1Kb). 
Introduced the first commercial microprocessor (4004). 
Goes public. 

1973 Introduced the first microprocessor development system. 

1974 Introduced the 8080 (initiated major growth of MPU 
industry). 

Achieved more than $100 nullion in net sales. 

1976 Introduced the first microcontroller with EPROM. 

1978 Introduced the 8086 (spawning the most successful line of 
MPU in history). 

1979 Introduced the first 5V DRAM (previously all 12V). 

1980 Introduced the 8051 microcontroller (most widely used 
MCU in world). 

Introduced the first math coprocessor (8087). 

1981 Intel 8088 selected by IBM for its first personal computer 
(IBM PC). 

1982 Introduced the 80286 (used in IBM PC AT). 

1983 Achieved more than $1 biUion in net sales. 

1985 Exits the DRAM business (after developing 1Mb working 
silicon). 

Enters the PC enhancement market (AboveBoard memory 
adapters). 

Introduced the 80386, first 32-bit x86-compatible generation. 

1987 Enters the market for parallel supercomputers. 

1988 Introduced its first flash memory product. 
Introduced the i960 embedded RISC processor family. 

1989 Introduced the first 1-million-transistor microprocessor 
(i860). 

Introduced the 80486, first MPU with integrated CPU, FPU, 
and cache. 

1990 Exits EPROM development race (at 4Mb) to focus on flash. 

1991 Achieves fastest iitstalled supercomputer (32 gflops). 
Introduced the fiirst 2.5-miUion-transistor microprocessor 

(i860XP). 

1992 Introduced the first 8Mb flash memory component. 

Source: Intel, Dataquest (October 1992) 
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random access memory (DRAM). Its strategy has alwajre been built on 
innovation: invent something xmique, enjoy higher profits from that 
uniqueness, then move on when competition crowds the market. Yet, 
as it entered the 1980s, Intel (like most semiconductor companies) sold 
a broad range of mostly commodity products. Then, in 1981, IBM 
chose the 8088 as the engine for its first PC, eventuaUy changing the 
profile of Intel's entire business. 

By 1985 it was dear that the DRAM business was, at best, a low-
margin proposition where the Japanese Tvere taking over in the midst 
of a chip recession. As a result, Intel accumulated operating losses of 
$250 million over 1985 and 1986. These and other factors drove Intel's 
decision to exit the commodity-oriented DRAM business in favor of 
the innovation-oiiented microprocessor business. At that time, Intel's 
future hinged on the success of its proprietary 386 microprocessor, 
an advanced 32-bit architecture compatible with the 16-bit 8086 PC 
standard. 

As history shows, this was the best decision Intel could have made. 
The 386 becamiC the most successful logic chip in the semiconductor 
industry, accounting for nearly half of Intel's 1988 revenue of $2.9 bal-
Uon. Intel followed up with the 387 math coprocessor and later, in 
1989, with the 486, a 1.2-million-transistor chip that combined the 
functions of the 386 and 387 and had a primary cache yielding a 
twofold performance improvement at a foturfold pricing increase. As 
a result, the 486 now represents Intel's leading revenue generator, 
which wiU accoimt for more than $1.4 billion in revenue for 1992. 

Intel's 386 monopoly weakened in 1991 when Advanced Micro 
Etevices (AMD) became the first of several vendors to enter the 
386-compatible market, taking considerable unit volumes and effec
tively lovrering the exceptionally high pricing structure Intel had 
enjoyed. At the same time, RISC microprocessors were reaching the 
peak of their momentum with IBM, Apple, and Motorola teaming up 
to create next-generation systems based on the PowerPC architecture. 
Meanwhile, Intel has increased its penetration into other markets, 
trying to balance its portfolio of products to increase its non-80x86 
revenue. 

Business Strategy and Segmentation 
Intel's vision for the 1990s centers arotmd a concept referred to as 
"computer-supported collaboration. " It believes that as the pace of 
competition picks up (among businesses in general) there will be a 
transition to a "just-in-time" business environment, where getting the 
right information to Virhere it is needed quickly becomes a primary 
competitive advantage. This transition will be achieved through 
cooperative work facilitated by interconnected, interactive electronic 
cormnunication in which all forms of data are shared quickly and 
easily. The worldwide computer infrastructure will be extended to 
become a conununications infrastructure, hence "computer-supported 
collaboration." Intel integrates its product mix around this central 
theme, paving the way for increasing levels of processing power, 
miniaturization, and communications capabilities. 

SPWW-SVC-VP-9202 ©1992 Dataquest Incorporated October 5,1992 
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To realize this overall vision, Intel pursues the evolution of its primary 
target market, computer systems, by focusing on three main product 
areas supported by four key capabilities {see Figure 1). Intel's overall 
business strategy anticipates integration of the computer and commu
nications industries and positions the company to pursue the addi
tional opportunities that will result. Intel's primary product focuses 
are microcomputer chip sets, embedded control solutions, and 
microcomputer systems, the first two of which are semiconductor 
product businesses representing the bulk of Intel's total sales. The key 
capabilities developed by hitel to support its growth in these areas 
include proprietary aichitectiires (mainly microprocessors), n\anufac-
turing and process technologies, design technologies, and support 

services. 

Major Market Segments 
Intel participates in a wide range of market segm^ents. However, 
sales are dominated by the data processing market, which accounts 
for an estimated 70 percent of its total revenue. Sales into this seg
ment include semiconductor components (microprocessors, micro-
peripherals, and memory devices), computer upgrade modules 
(coprocessors, memory cards, and add-in adapters), and 
supercomputers—^all sold to computer companies, distributors, or 
end users. Intel has targeted the computer systems markets since 
the mid-1980s because of the higher margins afforded to the com
ponents that serve that market. Other market segments served (in 
order of decreasing revenue) are industrial, communication, automo
tive, military, and consumer. 

Figure 1 
Intel Core Strategy 

Embedded Microcomputer 
Chip Sets 

Microcomputer 
Systems 

Source: Intel Corporation GSOOtMSO 
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Intel sells most of its components directly to companies that incor
porate them into their products. These ciistomers primarily are com
puter systems manufacturers such as IBM and Compaq, hut they 
also include producers of telecommunications equipment, industrial 
equipment, and automobiles. Intel maintains a broad, balanced cus
tomer base; no single customer accotmted for more than 10 percent 
of its revenue during the last two years (in 1989, IBM accotmted 
for 10.5 percent of Intel's revenue). Intel also sells certain products 
through distribution, which accounted for about 25 percent of its 
net revenue during 1991. 

An expanding base of international customers, primarily in the 
Asia-Padfic region, has driven Intel's sales mix to an all-trtne high 
of 51 percent non-U.S. revenue (see Rgure 2). Over the last five 
years, IrJ:€l's sales froni the Asia-Pacific region have steadily 
increased from 6 percent in 1987 to 19 percent in 1991, maldng it 
the No. 1 vendor in the region, primarily driven by the growth of 
the PC clone industry in Taiwan. However, as a result of AMD and 
other x86 clones entering the 386/486 market and penetrating pri
marily the Asia-Padfic done vendors, this shift in regional sales 
mix is expected to come to a halt during 1992, In exchange for 
this increase in tntemational business, sales in the United States 
decreased from 61 percent in 1987 to only 49 percent in 1991, 
which also indicates the shift toward offshore manufacturing of 
PCs. During this same period, the percentage of regional sales 
to both Europe and Japan remained relatively constant at about 
22 percent and 10 percent, respectively. 

Figure 2 
Intel Sales, by Geographic Region 
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Source: Dataquest (October 1992) GE«»481 
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Major Product Segments 
Though its product mix includes items as diverse as supercom
puters and adapter boards, Intel is primarily a semiconductor com
pany, with microprocessors central to its entire product mix. This 
section will provide an overview of Intel's product mix as defined 
by the company. A subsequent section will provide a complete 
analysis of Intd's semiconductor-related businesses, which accounted 
for a combined total of about $4.0 billion, or 84 percent of its 1991 
revenue. 

The first product segment, microcomputer chip sets, feeds the bulk 
of Intel's growth, 65 percent of 1991 revenue or about $3.1 billion 
(see Figure 3). This segment includes semiconductors and integrated 
modules as building blocks for computer systems ranging from 
desktops to floortops to portables. Specifically, this segment includes 
the following products: 

• Computer microprocessors, the central control units used for 
computer systems, now primarily focused on 32-bit 80x86 proces
sors (that is, 386, 486, and P5). Also includes the older 16-bit 
80x86 processors (8088/86/286) and the i860 processor for super-
computing and graphics. 

• Microperipherals, which work directly with the microprocessors 
to handle specific I /O and processing hmctions. Intel's sales here 
are dominated by math coprocessors but also include PC core 
logic chips, network controller chips, multimedia, and modem 
chips. 

• SRAM memory and CPU/cache modules (sold for the 486DX-50), 
which account for a small amoimt of revenue but represent a 
strategic technology for integration with the CPU. 

Embedded control solutions, the second semiconductor business 
area, accoimted for about $900 million (19 percent) of 1991 revenue. 
This business segment includes components used in various embed
ded applications such as laser printers, commimications systems, 
and automobiles. This segment spreads out the use of Intel compo
nents as the core of intelligent noncomputer electronic systems. 
Specifically, this segment includes the following products: 

• Microcontrollers, which represent the largest revenue source for 
this product segment, integrate microprocessor and memory tech
nologies on one chip and include the 8048, 8051, and proprietary 
MCS-96 families of components. 

• Nonvolatile memory/logic, which permanently store control pro
grams, includes Intel's line of EPROMs, flash memory devices, 
and PLD devices. 

• Embedded microprocessors, the processors used to control the 
actions and data flow in noncomputer applications, include the 
i960 family as well as the embedded versions of the 80x86 family 
(80186/188/376). 

Microcomputer systems, a nonsemiconductor business area, 
accoimted for about $800 million of Intel's 1991 revenue. This busi
ness segment supports the proliferation of the other two segments, 
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Figure 3 
Intel Sales, by Product Segment 

Microcomputer -.̂ ^̂ ^ ^ 
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Source: Oataquest (October 1992) G20C)0483 

creating and manufacturing systems designed around Intel compo
nents at both the conunodity level (PC motherboards) and leading 
edge (supercomputers). Specifically, this segment includes the 
following: 

• PC motherboards, based primarily on Intel microprocessor and 
I / O components, are manufactiued by Intel for OEMs such as 
Digital Equipment Corporation. 

• PC enhancement products, which are sold through retail com
puter stores, include add-in adapter boards (memory, fax/modem, 
network controllers), PCMCIA cards (memory, fax/modem), and 
component upgrades (math coprocessors, overdrive processors). 

• Supercomputer systems, ultra-high-performance computers utiliz
ing massively parallel processing primarily for scientific and engi
neering problems, are designed around Intel's i860 microprocessor 
and sold directly to large end users. 

• Software products, which indude microcomputer operating sys
tems (iRMX real-time kernel for industrial control appUcations), 
development/debug support tools, and high-level networking 
software support. 

Key Capabilities and Competencies 
Intel to date has been successful in optimizing its four key 
capabilities around its product mix to leverage its position as the 
incumbent king of microprocessors. 

SPWW-SVC-VP-9202 ©1992 Dataquest incorporated October 5, 1992 
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The first of Intel's four key capabilities is proprietary architectures. 
Leveraging the momentum of the IBM PC legacy, Intel pushes 
leading-edge perfonnance and integration while maintaining pull-
through 80x86 compatibility. The 80x86 microcomputer architecture 
is the most widely used in the industry, representing more than 
80 percent of the PC units shipped. Intel works closely with major 
software vendors to ensure that the 80x86 family maintains the 
largest complement of operating systems and application packages 
available. Intel also maintains two proprietary RISC microprocessor 
architectures, the i960 for the 32-bit embedded processing market 
and the i860 for supercomputers and graphics/imaging subsystems. 

Intel's next emphasis is advanced process and manufacturing tech
nology. Intel's strength in manufacturing capability is underscored 
by its enormous capital investment (nearly $1 billion in 1991) used 
for continually upgrading facilities. Intel's process technology devel
opments have enabled it to double the number of transistors it can 
integrate on one chip about eveiy 18 months since the early 1970s. 
Its strategy is to gain a twofold leverage from the following 
leading-edge processes: 

• Enable state-of-the-art products not possible or economical 
without the investment in fabrication expertise 

• Lower unit cost through smaller die sizes and higher yields 
as older products become commodities, affording them higher 
margins 

Intel's third key capability is design technology, where it has long 
been recognized that design time is a bottleneck in bringing new 
chips to the market, Intel's level of design technology is reinforced 
by its continued high spending in R&D, which represented 13 per
cent of total sales in 1990 and 1991. As a result, Intel expects to 
reduce its time to market for next-generation chips while signifi
cantly increasing their complexity. Thus, as the P5 is introduced in 
early 1993, the P6 generation should be out in mid-1994 and the P7 
in early 1996. 

Intel's fourth key capability is service and support. As with most 
major companies, service is a key element in the overall marketing 
mix. At Intel, the differential advantage focuses on extensive docu
mentation, training programs, and hardware/software development 
tools that make its components easy to design with. 

Marketing Strategy and Alliances 
Though not included under key capabilities, another key Intel 
strength is its marketing program, which is an integrated mix of 
brand promotion, competitive counterattacks, and high-impact 
product introductions. Combined with its position in the 80x86 
microprocessor market, Intel delivers the image of leadership within 
the PC industry through its marketing programs. 

Intel's brand promotion program has been aimed at increasing the 
awareness of its brand products and their advantages at the end-
user level. To date, more than 340 manufacturers have participated 
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in the "Intel Inside" cooperative advertising program. Intel hopes to 
use this program to develop preference for PCs with Intel micro
processors because of their absolute compatibility, upgradability 
paths, and other features. 

Intel has also begun strengtherung its relationships with key cus
tomers and third parties because it faces increasing competition on 
its mainstream microprocessors. As a result, Intel is forming more 
and more strategic alliances, such as its recent cross-licensing agree
ment with VLSI Technology. This agreement establishes a program 
for developing highly integrated 386-based processors for the hand
held market through a vendor that leads in PC logic chip sets and 
excels in customization services. In addition, it focuses VLSI's devel
opment and marketing efforts on Intel's microprocessors, rather than 
on AMD, Cyrix, or others. 

Intel's 1992 alliances were as follows: 

• VLSI Technology and Intel entered into a cross-licensing and 
equity exchange agreement flntel now owns 16 percent of VLSI) 
to design integrated 386-based products primarily for the hand
held market. 

• IBM and Intel entered into a licensing agreement for IBM's XGA 
graphics architecture in which Intel will integrate XGA features 
into IBM's multimedia and microcomputer products. 

• Defense Advanced Research Projects Agency (DARPA) and Intel 
announced a joint research program to produce a 1-teraflop-level 
supercomputer system. 

Intel's 1991 alliances were as follows: 

• IBM and Intel jointly announced the formation of the Noyce 
Development Center, a 100-engineer design center to develop 
very highly integrated 80x86 microprocessors. 

• Digital and Intel entered into an agreement in which Digital 
would introduce a new family of PC products based on Intel 
386/486 microprocessors and manufactured by Intel. 

• NM6 Semiconductor and Intel entered into a supply agreement 
in which NMB will turn one of its plants into a flash memory 
foundry (for die orJy) dedicated to Intel. 

• Pacific Bell and Intel signed an agreement to market network 
integration services and equipment in conjunction with Pacific 
Bell's Data Communications Group. 

• Tartan Laboratories and Intel's military division signed an agree
ment to jointly market Tartan's i960 Ada compilation system. 

In 1990, IBM and Intel entered into an agreement providing Intel 
exclusive rights to its parallel interface (PI) bus interface unit, cixr-
rently used in IBM's Common Avionics Modules. 

SPWW-SVC-VP-9202 ©1992 Dalaquest Incorporated October 5,1992 



10 Semiconductor Procurement 

Intel's 1989 alliances were as follows: 

• AT&T, Convergent Technologies, Ing. C. Olivetti S.p.A., Prime 
Computer, and Intel annoimced a joint engineering effort to 
create a multiprocessing version of UNIX for the i860. 

• AT&T Microelectronics and Intel signed a five-year agreement to 
provide OEMs with an array of products supporting ISDN and 
LANs from a common source. 

• (DARPA) and Intel signed a $7.6 million research agreement to 
develop protot37pes of a CRAY-1-level supercomputer. 

• IBM and Intel signed an agreement in which Intel would 
develop an MCA board to utilize DVI for the IBM PS/2 
computer. 

Company Organization and Operations 

Intel is organized around a business unit structure {see Figure 4) that 
focuses on the development and marketing of its product segments 
while relying on centralized departments for all of the support func
tions including manufacturing, sales, finance, and administration. 
There are five product groups, four of which focus strictly on one 
product segment while the fifth splits attention between two product 
segments. At the top is an executive office shared by Chairman 
Gordon Moore, President Andy Grove, and Executive \^ce President 
Craig Barrett. As the company^s chief strategist and visionary, Andy 
Grove maintains the most visible role of the three executives in shap
ing Intel's direction. Craig Barrett, ciurently positioned as the heir-
apparent, primarily focuses on day-to-day operations. 

Development of the 80x86 product line is split between two separate 
operating groups based on both product and market focus, the first of 
which is the Microprocessor Products Group. This group is responsible 
for the developntent of high-performance 80x86 processors targeted 
primarily for office systems (PC desktops, workstations, and servers). 
The group is headed by Paul Otellini and Albert Yu, both vice presi
dents who share the general manager position. Specific products under 
this group include the following: 

• i486 product line (SX, DX, and other desktop versions) 

• Future 80x86 architectures including P5 (due out in the first quarter 
of 1993), P6, and P7 

Intel's second 80x86 group is Entry-Level Products, which is responsi
ble for development of highly integrated 80x86 microprocessors and 
standard microperipheral chips used to manufacture mainstream PC 
systems. This group is headed by Mike Aymar, vice president and 
general manager. Specific products tmder this group include the 
following: 

• Intel's SL product line of integrated architectures, including i386SL 
and H4C (486SL) 
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Figure 4 
Intel Organization Structure 
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• Core logic chip sets including EISA, cache controllers, PCI, and 
other related chips 

• I / O modules including Intel's ExCA (Exchange Cards) and other 
I / O chips and adapters 

Multimedia and Supercomputing Component Products was formed in 
May 1991 to pursue non-80x86 architectures that extend the current 
bounds of computing. This group is headed by Ken Fine, vice presi
dent and general manager. Specific products under this group include 
the following: 

• Digital \^deo Interactive (DVI) product line (1750 series) 

• i860 family of supercomputer microprocessors 

• i960 family of embedded microprocessors 

The Intel Products Group is actually a collection of separate divisions, 
each focused on a different line of Intel-branded components, 
software, or systems. This group is headed by Frank Gill, senior vice 
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president and general manager. Included in this product group are the 
following divisions and specific products: 

• PC Enhancement Division, which includes adapter products such as 
fax/modems and network controllers 

• End-User Components Division, which includes math coprocessors 
and overdrive processors 

• OEM Products Division, which includes multibus products, iRMX 
software, and PC platforms 

• Supercomputer Systems Division, which includes the iPSC/860 
supercomputer products 

• Networks and Services Division, which includes other deliverable 
software and services 

The Semiconductor Products Group is respoiisible for the development 
of nonvolatile memories, microcontrollers, and related products. This 
group is headed by Robert Reed, senior vice president and general 
manager. Specific products under this group include the following: 

• Nonvolatile memories, which includes standard EPROMs and flash 
products 

• Microcontrollers, which includes 8048, 8051, and MCS-96 families 

Sales Channels and Distribution 
Most of Intel's products are sold or licensed directly to OEMs 
through a network of 68 sales offices located in 20 nations. Intel 
also uses distributors and representatives to sell products indirectly 
to smaller OEMs and end users. Intel's sales channels and distribu
tors are managed directly by a centralized sales department. 

In North America, Intel maintains 43 direct sales offices; 39 are 
located throughout the United States and 4 are in various parts of 
Canada. Intel also has the following distributors throughout the 
United States and Canada: 

• Alliance Electronics 

• Almac Electronics (United States and Canada) 

• Arrow Commercial Systems and Arrow/Schweber (United States 
and Canada) 

• Avnet Computer and Hamilton/Avnet Electronics (United States 
and Canada) 

• M n Systems 

• North Atlantic Industries 

• Pioneer-Standard and Pioneer Technologies Group 

• WYLE Laboratories 

• Zentronics (Canada only) 
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In Europe, Intel has 9 direct sales offices and 28 distributors pro
viding complete regional coverage on a country-by-country basis. 
Direct Intel sales offices are located in the following countries: 

• Germany 

• United Kingdom 

• France 

• Italy 

• Sweden 

• Finland 

• Netherlands 

• Spain 

• Israel 

In Japan, Asia, and the Rest-of-Word (ROW), Intel maintains 
16 direct sales offices and a host of distributors. Direct Intel sales 
offices are located in the following countries: 

• Japan (7) 

• Australia (2) 

• Brazil 

• China 

• Hong Kong 

• India 

• Korea 

• Singapore 

• Taiwan 

Manufacturing Plants and Subsidiaries 
Intel operates 10 major manufacturing facilities throughout the 
world, 6 in the United States, 1 in Europe, and 3 in ROW. Intel 
also has 25 subsidiaries throughout the world, 20 of which are 
direct sales/service operations in various countries. The other 5 
are primarily holding companies or acquisitions and include Intel 
Electronics Ltd. (United States), Intel International Inc. (United 
States), Intel Investment Ltd. (United States), Intel Overseas Corpo
ration (United States), Intel Puerto Rico (Puerto Rico), and Jupiter 
Technology Inc. (United States). Table 2 lists the locations and 
describes the major semiconductor fabrication facilities. 

Intel closed its oldest fabrication facility, located in Livermore, 
California, in the third quarter of 1991. This 17-year-old facility was 
reportedly last used for producing 386 microprocessors; its dosing 
was delayed by more than a year because of parts shortages. 
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Table 2 
Intel Semiconductor Fabrication Facilities 

Plant Location 

Aloha, OR 

Chandler, AZ 

Jerusalemj Israel 

Rio Rancho, NM 

Santa Clara, CA 

Fab Name 

Fab 4 

DKFab 5) 

Fab 6 

Fab 8 

Fab 7 

Fab 9.1 

Fab 9.2 

Fab 9.3 

Fab 1 

Rl* 

D2* 

FED* 

Began 
Operating 

1981 

1987 

1984 

1985 

1984 

1988 

1991 

1992 

1987 

1986 

1989 

NA 

Technology and 
Products Produced 

High-volume commodity, logic 

MPU: 386, 486, SRAM, logic 

MCU, MPU: 286, 186 

MPU: 286, 386 

EPROM, MCU: military standard 

MPU: 386, 486 

MPU: 486, EPROM 

MPU: P5, EPROM 

EPROM, flash, MCU, logfc 

NA 

EPROM development 

NA 

Li 

NA = Not available 
Notes: All fab facilities are full production unless noted with an asterisk (*). All process technology used is CMOS unless noted under produ 
Source: Dataquest (October 1992) 
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Intel is spending more than $1 billion a year in plant and capital 
equipment to build new fabrication plants and refurbish existing 
ones. This investment is focused on development of the following 
facilities: 

• Aloha, Oregon DIA Fab: Intel started construction in June 1991 
and plans to bring this facility online in the second quarter of 
1993. This 430,000-square-foot facility wiQ cost $200 million to 
$300 million and will offer capabilities of running 8-inch wafers, 
from 0.6 to 0.35 [im, aimed at supporting the P5 and future pro
cessors. The present Dl facility will simultaneously be converted 
to 0.6 |im and 8-itich wafers. 

• Dublin, Ireland: Intel will spend about $500 million to buUd this 
state-of-the-art facility to support the European market. This plant 
is scheduled to go online by the end of 1992. 

• New Mexico: Intel is reportedly expanding fab lines to accomjno-
date the P5 as it goes into volume production. 

Intel also operates the following manufacturing plants for compo
nent and board-level assembly operations: 

• Hillsboro, Oregon: Memory boards and microcomputer systems. 

• Las Piedras, Puerto Rico: Memory boards and microcomputer 
systems. 

• LeixUp, Ireland: Memory boards and microcomputer systems. 

• Manila, Philippines: Component assembly and final testing. 

• Penang, Malaj^ia: Component assembly and final testing. 

Adding to its list of operations, in 1991 Intel acquired the Network 
Products Division of New York-based LANSystems Inc. as a part of 
an ongoing thrust into the market for LAN software and hardware. 
In 1990, Intel acquired Jupiter Technology, a supplier of data com-
mtuiications computers, operating systems, and networking products, 
to broaden its technology and offerings in the connectivity market. 

Financial Performance and Conditions 

Five-Year Financial Highlights 
Over the last five years, Intel's revenue has continued to grow at 
an industry leading pace with a five-year compound annual growth 
rate (CAGR) of 20 percent (see Figure 5). Despite increasing compe
tition in its primary product segments (386/486 microprocessors), 
Intel still enjoys healthy financial growth and is expected to turn in 
about 15 percent growth in revenue for 1992. 

Net income has generally kept pace with revenue growth, with the 
exception of 1989, when a slowdown in revenue growth resulted in 
a decrease in net income (see Table 3). This is a direct result of the 
high gross margins Intel is able to sustain because of its monopoly 
in the 386/486 microprocessor market, which is just now coming 
into fierce competition. As a result, average selling prices have 

SPWW-SVC-VP-9202 ©1992 Dalaquest Incorporated October 5,1992 



16 Semiconductor Procurement 

Figure 5 
Intel Historical Growth 

Millions of Dollars 
5,000 

1987 1988 1989 1990 1991 

Source: Dataquest (October 1992) GIOKMW 

Table 3 
Intel's Five-Year Financial Summary 

Revenue ($M) 

Growth Rate (%) 

Cost of Sales ($M) 

Gross Margin (%) 

Net Income ($M) 

Net ROS (%) 

Total Employees 

Sales/Employee ($) 

Total Equity ($M) 

Return on Equity (%) 

R&D Expenses ($M) 

Percent of Sales 

Capital Expenses ($M) 

Percent of Sales 

Total Assets ($M) 

1987 

1,907 

51 

1,044 

45 

248 

13 

19,200 

99,323 

1,276 

19 

260 

14 

302 

16 

2,499 

1988 

2,875 

51 

1,506 

48 

453 

16 

20,800 

138,221 

2,080 

22 

318 

11 

477 

17 

3,550 

1989 

3,127 

9 

1,721 

45 

391 

13 

21,700 

144,101 

2,549 

15 

365 

12 

422 

13 

3,994 

1990 

3,921 

25 

1,930 

51 

650 

17 

23,900 

164,059 

3,592 

18 

517 

13 

680 

17 

5,376 

1991 

4,779 

22 

2,316 

52 

819 

17 

24,600 

194,268 

4,418 

19 

618 

13 

948 

20 

6,292 

Source: Dataquest (October 1992) 
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eroded significantly and Intel is expected to see a drop in gross 
margins for 1992. 

Intel has seen its most dramatic changes in productivity, as indi
cated by the sales per em.ployee ratio climbing from $99,000 in 1987 
to more than $194,000 in 1991. Intel has been investing in the tools 
that are critical to enabling high productivity, primarily those used 
in design and development. These tools reduce the time to com
plete design tasks and thus reduce work hours per design and time 
to market. Intel also runs on a highly disciplined structure where 
planning is an essential element, decision-making is done quickly, 
and people are encouraged to take risks to move ahead. 

Comparison to Industry Conditions 

In comparison to other large semiconductor companies, Intel has 
exhibited nothing short of stellar performance from a financial operat
ing standpoint. Intel revenue grew 250 percent from 1987 to 1991 (see 
Table 4). h\ comparison, AMD's revenue grew 23 percent, TI's 17 per
cent, Motorola's 168 percent, and National's 71 percent. 

Intel's profitability and productivity ratios also stand out, again stem
ming from higher-than-average gross margins, which led the industry 
at 52 percent. Intel led the industry in 1991 in return on sales (net 
income) and return on equity. However, its most dramatic lead is in 
sales per employee, whidi reached an aU-time high in 1991 of 
$194,000, nearly twice that of the competition. 

Table 4 
Comparative Industry Financial Conditions 

1987-1991 Revenue 
Growth (%) 

Gross Profit Margin* (%) 

Return on Sales* (%) 

Return on Equity* (%) 

Sales/Employee* ($K) 

Sum of 1989-1991 R&D 
Expense ($M) 

Sum of 1989-1991 
Capital Expense ($M) 

Total Revenue* ($M) 

Semiconductor 
Revenue* (%) 

Intel 

250 

52 

17 

19 

194 

1,500 

2,050 

4,779 

84 

AMD 

23 

46 

12 

19 

109 

620 

609 

1,227 

100 

Company 

TI 

17 

17 

-6 

-21 

108 

1,600 

2,276 

6,784 

40 

Motorola 

168 

36 

4 

10 

111 

2,893 

3,701 

11341 

34 

National 

71 

24 

-9 

-23 

57 

703 

570 

1,702 

94 

*1991 calendar year. 
Source: Dataquest (October 1992) 
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Intel has been investing heavily in R&D and capital equipment, posi
tioning itself as a world-class semiconductor manufacturer. When 
investment expenses accumulated over the last three years are com
pared, Intel is in the middle in total R&D expenses and capital 
expenses. However, for the semiconductor business segment, if it is 
assumed that these expenses are allocated as a percentage of revenue, 
Intel is probably the leading U.S. semiconductor investor in both 
categories. 

Semiconductor Business Analysis 
This section will focus on analyzing the position, opportimities, and 
threats for Intel's $4.0 billion semiconductor business segments. After 
providing an overview of the semiconductor market, our discussion 
will divide into three major areas: the 80x86 microprocessor, other 
microcomponents, and memories. 

Semiconductor Market Outlook 
The worldwide semiconductor market represented a $60 billion 
business in 1991 and is forecast to grow 58 percent over the next 
five years, reaching about $95 billion by 1996 (see Table 5 and 
Figure 6). The market can be divided into six product-type seg
ments: MOS microcomponents, MOS memory, MOS logic, analog, 
bipolar digital, and discrete/optoelectronic. The first five of these 
segments comprise the integrated circuit (IC) subset; the first three 
comprise the MOS digital subset. All segments except bipolar digi
tal are projected to grow over the next five years, with the stron
gest growth coming in MOS microcomponents and MOS memory, 
the two areas Intel competes in. 

MOS microcomponents represent the brainpower behind most elec
tronic devices performing data processing, numerical calculations, 

Table 5 
1991 Worldwide Revenue, Top 10 Vendors 
in Total Semiconductors 

Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Vendor 

NEC 

Toshiba 

Intel 

Motorola 

Hitachi 

Texas Instruments 

Fujitsu 

Mitsubishi 

Matsushita 

Philips 

Total Worldwide Revenue 

Revenue ($M) 

4,774 

4,579 

4,019 

3,802 

3,765 

2,738 

2,705 

2,303 

2,037 

2,022 

59,694 

Share (%) 

8.00 

7.67 

6.73 

6.37 

6.31 

4.59 

4.53 

3.86 

3.41 

3.39 

100.00 

Source: Dataquest (October 1992) 
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Figure 6 
Semiconductor Market Overview 
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Table 6 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microcomponents 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Motorola 

NEC 

Hitachi 

Mitsubishi 

Total Worldwide Revenue 

Revenue ($M) 

3,578 

1,171 

1,149 

583 

543 

1 1 ^ 7 

Share (%) 

30.15 

9.87 

9.68 

4.91 

4.58 

100.00 

Source: Dataquest (October 1992) 

and I / O control functions. Intel holds the dominant position in the 
MOS microcomponents segment, turning in $3.6 biUion of the total 
$11.8 billion potential, or a 30 percent market share (see Table 6). 
The only two competitors close to Intel are Motorola and NEC, 
each with a 10 percent share and each less than one-third Intel's 
size in microcomponents. 

Microcomponents comprises three related subsegments: microproces
sors, microcontrollers, and microperipherals. Intel is the kingpin of 
microprocessors, taking $2.5 billion or nearly two-thirds of this 
$3.9 billion market (see Table 7). More than 95 percent of this 
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revenue results from the 80x86 family of microprocessors, and 
nearly 95 percent of this 80x86 revenue comes from the 32-bit 
386/486 generation of processors. Microprocessors will be the 
growth leader in MOS microcomponents and will be Intel's market 
to lose over the next five years. 

Intel is also the leader in MOS microperipherals with a 20 percent 
market share—$650 million of this $3.2 billion segment (see 
Table 8). Its largest contributor is the math coprocessor, which 
accounts for some $300 million in revenue completely tied to the 
80x86 market growth, as are most of Intel's microperipheral sales. 
The math coprocessor portion of this market will go away over the 
next few years but in turn will lead to further growth in the 
microprocessor market as the function is absorbed inside the CPU. 

Ranking fourth in MOS microcontroller revenue, Intel finds itself 
catching up in the race for microcontrollers (see Table 9). Because 
the largest portion of microcontroller shipments are consumed in 
Japan, it is not surprising that NEC is the leading vendor, followed 
by several other Japanese vendors. However, second-ranked Motor
ola is actually Intel's top competitor and will give it a tough fight. 

Table 7 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microprocessors 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Motorola 

AMD 

National 

Hitachi 

Total Worldwide Revenue 

Revenue ($M) 

2,504 

363 

327 

81 

76 

3,893 

Share (%) 

64.32 

9.32 

8.40 

2.08 

1.95 

100.00 

Source: Dataquest (October 1992) 

Table 8 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microperipherals 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Western Digital 

Motorola 

Texas Instruments 

NEC 

Total Worldwide Revenue 

Revenue ($M) 

650 

209 

194 

194 

192 

3,219 

Share (%) 

20.19 

6.49 

6.03 

6.03 

5.96 

100.00 

Source: Dataquest (October 1992) 
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Table 9 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microcontrollers 

Rank 

1 

2 

3 

4 

5 

Vendor 

NEC 

Motorola 

Mitsubishi 

Intel 

Hitachi 

Total Worldwide Revenue 

Revenue ($M) 

860 

574 

463 

424 

364 

4,427 

Share (%) 

19.43 

12.97 

10.46 

9.58 

8.22 

100.00 

Source: Dataquest (October 1992) 

Table 10 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Nonvolatile Memories 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Sharp 

NEC 

AMD 

Toshiba 

Total Worldwide Revenue 

Revenue ($M) 

311 

306 

258 

237 

226 

3,071 

Share (%) 

10.13 

9.96 

8.40 

7.72 

7.36 

100.00 

Source: Dataquest (October 1992) 

MOS memory provides exactly what its name suggests, data reten
tion capability for digital systems, and can be divided between 
volatile and nonvolatile types. Intel does not hold a significant 
share of the overall MOS memory market. However, it is the leader 
in nonvolatile memories (see Table 10), a $3.1 billion segment of 
this market. Volatile memories are the bulk (more than 75 percent) 
of the market, which is further divided between DRAMs and 
SRAMs. Intel invented the commercial DRAM and developed tech
nology all the way to the 1Mb level before deciding to exit the 
market in 1985 because of its commodity natiu-e, low margins, and 
the high capital investment required. Intel does produce some 
SRAMs, primarily for military use and use with its high-end micro
processors, though these are not of financial consequence to the 
company. 

Intel's 80x86 Microprocessor Business 
Intel has had four generations of upward-compatible microproces
sors since the 80x86 family was first introduced (see Table 11). The 
original 8086 introduced by Intel in 1978 had 29,000 transistors 
(then state-of-the-art), ran at xmder 5 MHz, had a die size of 
51,000 square mils, and initially sold for nearly $200 (now a 
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Table 11 
Intel 80x86 Product Line 

@ 

a 
Et 

I 

Microprocessor 

8086 

8088 

80286 

80386SX 

80386DX 

80386SL 

80486SX 

80486DX 

80486DX2 

P5 ("586")* 

Introduction 
Date 

1978 

1979 

1982 

1988 

1985 

1990 

1991 

1989 

1991 

1992 

Word 
Width (int-ext) 

16-16 

16-8 

16-16 

32-16 

32-32 

32-16 

32-32 

32-32 

32-32 

32-64 

Transistor 
Count (K) 

29 

29 

130 

275 

275 

855 

1,185 

1,200 

1,200 

3,100 

Performance 
Range (mips) 

<1 

<1 

1-2 

2-4 

6-11 

4-5 

13-20 

20-40 

40-54 

80-100 

'Estimated parameters 
Source: Dataquest (October 1992) 
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$6 part). Now the 80486 has 1.2 million transistors, nms up to 
50 MHz, has a die size of 261,000 square mUs, and initially sold 
for nearly $800. What these parts have in common is the power of 
compatibility with more than 10,000 software applications, with 
chips and systems cloned by anyone that can make them. This 
power has driven 80x86 microprocessor volumes to more than 
50 million units per year, with increasing ASPs that have made the 
doning of this golden goose a very hot target. 

Intel makes nearly 95 percent of its 80x86 revenue from its 
proprietary 386/486 products (see Figure 7). The 80x86 market was 
originally opened through second-source Ucensing agreements, 
pushed by IBM as a result of its selecting the 8088 for its PC. The 
scene changed after growing critical mass in the market, using the 
early 8088 and 80286 processors, both of which were widely 
second-sourced. Intel introduced the 32-bit generation of 80x86 
processors with the intent to grow its business around a family of 
single-sourced, upward-compatible processors that would eventually 
reach workstation performance. 

As of 1991, Intel had only about 50 percent of the 80x86 imit 
volume (see Figiire 8) but took an estimated 85 percent of the total 
revenue. A rapid decline is beginning for the 16-bit 80x86 proces
sors (8086/88 and 286 generations), except the integrated versions 

Figure 7 
Intel 80x86 Revenue Breakdown 

Source: Dataquest (October 1992) Gzxxms 
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such as the 80186 and Chips and Technologies' PC-Chip, which will 
continue to grow in embedded and hand-held devices. These pro
cessors were the lifeblood of the 1980s' PC, which is now domi
nated by the 386/486 generation. However, these proprietary 
products face competition from two angles: direct 386/486 clones 
and the various members of the RISC camp. 

From the RISC front, there is only one viable long-term competitor 
to the 80x86 family, the PowerPC from the IBM-Motorola-Apple 
alliance. It has a large pull component from joint systems marketing 
by Apple and IBM, excellent design expertise from IBM and 
Motorola, plenty of manufacturing muscle from Motorola, and 
planned strong mainstream operating systems development from the 
roots of the Macintosh. The primary problem with the other RISC 
camps, including MIPS, SPARC, PA-RISC, and ALPHA, is lack of 
critical mass from system vendor support, lack of mainstream oper
ating systems, or both. 

As for the 386/486 clones, until last year Intel had 100 percent of 
the market, but after AMD's successful entry in 1991, the scene has 
changed. The following sections discuss competitive positions. 

AMD 

AMD entered the market in the second quarter of 1991 with exact 
copies (including microcode) of the 386DX and 386SX versions. Its 

Figure 8 
80x86 Microprocessor Market Share 
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strategy has been to use its "licensed rights" to Intel's intellectual 
property to reverse-engineer fully compatible clones of Intel's 
products, including microcode, and offer higher-speed grades at the 
same price Intel offers the standard speed grades. This strategy 
paid off initially as AMD attained about 15 percent of the 386 mar
ket by the end of 1991 and about 35 percent by the end of the 
second quarter of 1992. Keeping the momentum going, in January 
1992 the company preannounced plans for 486 clones to be sampled 
in the third quarter and shipped in the foiulh quarter. However, 
these plans were severely impacted in June 1992 when AMD lost 
a court battle over intellectual property rights (the 287 microcode 
case). It will suffer a significant setback because it must now 
forward-engineer its 486 clones, which will result in AMD moving 
them out to mid-1993 for shipments and taking away its "exact 
replica" advantage over other clones. AMD is expected to provide 
additional focus diuing 1993 on versions of 386 and 486 products 
for the portable market. 

Cyrix 

Cyrix entered the market in the second quarter of 1992 with a 
proprietary design representing a cross between the 486SX 
(instruction-set, cache) and 386SX and DX versions. Its strategy has 
been to forward-engineer its designs with 486 instruction-set com
patibility and attack the installed base of 386 designs and units, 
offering OEMs a pin-compatible option to upgrade their 386 system 
designs to 486s, and offering corporate end users the option to 
upgrade their installed 386s to 486s. Furthermore, Cyrix intends to 
do the same thing for the 486 installed base as it starts releasing 
upscaled versions of its product line in the coming months. Having 
recently won a court battle contesting its rights to use SGS-
Thomson as its foundry, Cyrix is successfully growing its sales and 
will probably ship some 400,000 units by the end of this year, rep
resenting a growing threat to Intel. 

C&T 

C&T entered the market in the fourth quarter of 1991 with a com
bination of exact clones and proprietary enhancements to the 386, 
as well as a single-chip PC based on an erJianced 8086 core. Hav
ing suffered severe technical problems in addition to poor financial 
health, C&T has announced its departure from the 386/486 clone 
race to pursue only integrated versions of the x86 family for hand
held and portable devices. In its ciurent condition, it does not pose 
a real threat to Intel. 

Texas Instruments 

TI announced that it will enter the market in the fourth quarter of 
1992 using the Cyrix design with intentions of following up with 
more highly integrated versions using its wide array of technolo
gies. Based on its manufacturing capabilities and widespread sales 
channels, TI presents a potential long-term threat to Intel. However, 
its limited microprocessor design expertise mitigates some of this 
threat. 
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Nexgen 

Nexgen has preannoimced plans for years to enter the market and 
now aims at a P5-like product, expected to be announced during 
the first quarter of 1993. Nexgen has an historical credibility 
problem to overcome in the industry and must align itself with an 
appropriate foimdry for its parts. 

UMC 

UMC is working on a clone of the 486SX, expected to be intro
duced in the first quarter of 1993, having acquired design house 
Meridian Technology during 1991. Wiiii limited manufacturing 
muscle, a relatively low technology base, and Umited sales channels 
(except in Asia-Pacific), UMC may have a difficult time sustaining 
its growth in this ultimately competitive arena. 

Other companies rumored to be working on 386/486 clone products 
include VM Technology, a Japanese company reportedly with fund
ing from Fujitsu; Seiko-Epson, which is working on a version of the 
486 primarily for captive use; and UT, a competitor in the math 
coprocessor arena working on a 486-t5rpe product with ultrahigh 
floating point performance. 

Intel's 80x86 road map for the future calls for a dual focus on both 
desktops and portables, delivered in concert with its central strate
gy. It has long believed that its ultimate marketing edge is to drive 
up available transistor count through process and design technology 
and use that transistor count to do the following: 

• Create leading-edge performance (desktop focus). This direction 
will result in the introduction of the P5 during the first quarter 
of 1993, a 100-mips class microprocessor with workstation-level 
floating point performance. Following this at 18- to 24-month 
intervals will be the P6 and P7, offering additional increases in 
performance level and multiprocessor support. 

• Create leading-edge integration (portable focus). This direction 
wiU result in the 486SL, a 486 equivalent to the 386SL providing 
the ideal match for color notebooks. Following this will be the 
386SC (single chip) class of devices, now being jointly developed 
with VLSI Technology. 

• Continually decrease manufacturing costs. This direction will 
result in continued shiinkage of existing 486 and SL lines of 
products, reducing the die sizes and thus costs, enabling Intel to 
offer high-end (relative to competition) performance and integra
tion at mainstream prices. 

• Continually increase barriers to entry. This direction will result in 
limiting the available foundry capacity to the industry because of 
the level of design and process technology required to be perfor
mance- or cost-competitive, creating a strategic weakness for fab-
less vendors. 

To maintain momentiun in the marketplace, Intel uses a two-
pronged marketing strategy as a countermeasure to the insurgence 
of competition. First, extensive litigation is used to slow^ existing 
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competitors, discourage potential new competitors, and create anxi
ety within the market over using potentially illegal competitive 
products. Second, Intel is driving the PC market transition into its 
second-wave products (486 and SL versions) where end users gain 
better performance/features, competition is limited, and barriers to 
entry are much higher. Intel also intends to increase its brand 
preference through aggressive advertising of the "Intel Inside" 
concept and its "overdrive processor" upgrade programs. 

Intel's Other Microcomponents 
Beyond the 80x86 product line, Intel has two other families of 
microprocessors, the i960 embedded microprocessor and the i860 
microprocessor. Together, these two families represented a combined 
total of about $25 rtvillion in business for Intel in 1991, or 1 percent 
of 80x86 revenue. The i960 is begiiming to pick up momentum and 
is winning designs in many embedded areas including communica
tion, X terminals, and laser printers. Having shipped about 250,000 
imits in 1991, Intel claims it is on track to ship close to 1 million 
units this year, a fourfold increase. Based on evidence at hand, we 
expect the i960 family to reach respectable business levels in two 
to three years. On the other hand, the i860 family is expected to 
remain a niche part for supercomputers and very high end graphic 
subsystems and to not provide a substantial revenue contribution 
for the foreseeable future. 

Most of Intel's microperipheral products are designed to be fully 
compatible with one of its microprocessors. As mentioned earlier, 
Intel's line of 80x86<ompatible math coprocessors has accounted for 
nearly 50 percent of the microperipheral revenue. \ ^ t h an estimated 
1991 market size of more than $350 million, 80x86 math coproces
sors are poised to head downward fast as the coprocessor function 
becomes integrated into the microprocessor, as it has in the 486 
generation of devices. Intel has maintained the lion's share of this 
market, taking more than 75 percent of the market, leaving the 
remainder to Cyrix, UT, and others. Having planned this evolution 
of coprocessor integration, Intel has now switched its strategy to 
overdrive processors (microprocessors for field upgrades) and will 
supplant this microperipheral revenue loss with gains in micropro
cessor revenue. 

Among Intel's other microperipherals, PC chip sets—specifically 
high-performance versions—^have been a focal point. After the AT 
bus became mature and performance needs exceeded its capacity, 
the industry spawned the EISA (Compaq-driven) and MCA (IBM-
created) busses. Intel was the first to create compatible chip sets 
for these busses and remains the dominant vendor for each type. 
Unfortunately, the ISA bus remains the dominant standard and 
the others have not risen to great proportions. Thus PC chip sets 
represent a small contribution to the overall revenue (estimated at 
$100 million) and are expected to remain that way for the near 
future. 

Intel is the third largest producer of ethemet controller chips, pro
ducing high-performance versions for workstations, X tenninals, 
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network routers/bridges, and high-end PCs, jdelding some $25 mil
lion in revenue. Fax/modem chip sets, cache controllers, and its 
DVI line of multimedia controllers are examples of other minor 
revenue-producing microperipheral chips for Intel. Intel is expected 
to grow market share in each of these other areas as they become 
more central to its overall strategies. 

Microcontrollers will present Intel with its toughest challenge to 
maintain or grow market share. Currently ranked fourth, Intel will 
have to place a greater emphasis on these components to pose a 
threat to Motorola or the Japanese vendors. Its focus has been on 
the proprietary MCS-96 family of 16-bit microcontrollers, where it 
currently dominates, attempting to change the industry momentum 
from 8-bit to 16-bit products. Though expected to continue success 
in the 16-bit segment. Motorola and other vendors will be attempt
ing to shift focus to 32-bit parts as a counter to Intel's strategy. 

Inters Memory Business 
Intel's bent toward iimovation has also paid off in memories, yield
ing it substantial revenue (more than $3(X3 million in 1991) from its 
leadership in the nonvolatile market (which it invented) and from 
royalties on DRAM and SRAM products (well over $60 million 
since 1990). There also is potential exploitation of its flash products. 
Though Intel is now primarily a microcomponents company, its 
inventions in the memory area include the following: 

• The first DRAM (a 1Kb part in 1970) 

• The first EPROM (a 1Kb part in 1971) 

• The first high-speed MOS technology SRAM 

Ironically, Intel does not plan to pursue market share using any of 
its own original inventions in the memory business, but it will 
place its emphasis on flash memories, a device first conceived by 
Toshiba. 

Intel announced in 1990 that it would discontinue pursuit of 
EPROM developments to pursue the development of flash tech
nology. Intel leads the industry in flash technology and holds an 
85 percent market share in this subsegment of the nonvolatile mar
ket. In April 1992, Intel introduced the highest-density flash device, 
an 8Mb part, aggressively priced at $29 in low quantities. Intel also 
just entered an agreement to provide Sharp with rights to Intel's 
flash technology in exchange for Sharp building a $700 million 
facility for the production of Intel and Sharp flash memory 
products. This move may afford Intel a competitive manufacturing 
cost structure it has lacked in the past. 

Intel's vision for flash includes being able to overcome problems 
with endurance (cycles), write speed, and prograrruning voltage to 
produce the ideal memoiy that is nonvolatile, reads as fast as 
DRAM, writes quickly enough to keep up with an input write 
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buffer, and is scalable in density beyond that of any other technolo
gy. This means that the bulk of portable products could replace 
DRAM and magnetic storage with one type of solid-state memory 
product. Intel's arguments carry enough weight that Microsoft has 
produced a FlashFile system for its operating systems that supports 
the Intel 8Mb flash memories. Based on current momentum, Intel 
should gain market share in memories oyer the next five years, 
providing a positive contribution to its overall growth. 

Dataquest Perspective 

Inters Strengths 

Strategically Balanced Product Mix 

Intel has gained leadership positions in all forms of computational 
systems and has structured its participation toward maximum lever
age at each level. At the center is the PC, where the 80x86 family 
reigns supreme and Intel uses its microprocessor design and manu
facturing expertise on top of compatibihty to offer a range of 
industry-leading products with high revenue and attractive margins. 
At the low end are the hand-held devices where Intel will use its 
intellectual property and alliances with VLSI technology (integrated 
386 cores) and Sharp (flash memories) to proliferate large voltunes 
with reasonable royalties. At the high end are supercomputer 
systems where Intel develops and markets the complete system 
(including microprocessors) to gain high sales and margins in a 
low-volume business. In addition, Intel gains the technological syn
ergy from participating in all areas, enabling it to push supercom-
puting advances into the desktop or take desktop performance into 
a hand-held device. 

Strong Momentum in the PC Market 

Intel is the leader in microprocessors for PCs and can drive the 
transition toward microprocessors that result in higher performance, 
higher ASPs, and higher barriers to entry. This transition includes 
support by all the top PC manufacturers, which includes very close 
relationships with IBM, which remains a steadfast customer and 
joint-developer of Intel's 80x86 processors; Compaq, which is a joint 
developer/tester at the systems-level that dropped the MIPS/ACE 
initiative to focus on Intel's P5; NCR, which works directly with 
Intel on iimovative directions in servers and pen-based systems; 
Digital, which entered into an agreement for Intel to manufacture 
its systems; and all major Japanese vendors including Toshiba, NEC, 
and Epson, which have remained 100 percent Intel houses. 

Leader in 80x86 Microprocessor Products 

Intel maintains the leading position in performance, integration, and 
product breadth. With planned R&D investment of $800 million per 
year, 75 percent of which ($600 million) will directly apply to the 
80x86 product line, Intel will most likely maintain this lead. Adding 
to this, Intel's joint development programs with IBM and VLSI 
technology for highly integrated processors will also strengthen its 
position. Furthermore, Intel's relentless pursuit of intellectual 
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property protection using the legal system presents an additional 
financial drain to many smaller would-be doners. 

Strong Process and Manufacturing Capabilities 

Intel was jdelding l-miUion-transistor processors (486) two years 
before the competition and began producing a 2.5-million-transistor 
chip (i860XP) more than one year ahead of any others. As competi
tion begins to form by pairing innovative fabless design companies 
with large semiconductor manufacturers, Intel will have the cost 
advantage of vertical integration. We believe that Intel has a signifi
cant advantage in manufacturing technology for logic products, 
which wiU give it an edge for tiie next several years. 

Leader in Flash Memory Products 

Intel's focus on flash technology, its partnership with Sharp, and its 
captive ExCA marketing program for portable PCs and hand-helds 
will keep it ahead of the market for some time. 

Leader in Supercomputer Performance 

Intel's move into the supercomputer business strengthens its ability 
to design leading-edge microprocessors, especially as the move into 
an era of raultiprocessor systems begins. 

Intel's Weaknesses 

Strategic Shift Upcoming in the PC Market 

The first PCs came front IBM. Then vendors produced IBM-
compatible PCs—clones of the complete system design. Then Intel 
drove the transition to PCs that were 80x86-compatible, clones of 
the instruction-set architectiue, starting with the Compaq 386. Now 
Microsoft is driving the transition to PCs that are Windows-
compatible, clones of the operating system environment, starting 
with the MIPS/ACE environment. As we enter the mid-1990s, this 
paradigm will be in full swing with users purchasing Wndows NT 
systems or PowerOpen systems on various microprocessor-based 
systems. Though the 80x86 family has the most operating system 
support of any microprocessor, the loss of instruction-set compatibil
ity as a requirement will level the playing field and enable compe
tition to grow where a monopoly once was. 

Lack of PC Systems Profitability 

The same power that created demand for more than 100 million 
installed 80x86-compatible PCs has resulted in lack of differentiation, 
weak prices, and thus low profits for nearly all vendors in the PC 
industry. Though stuck for now in the mode of moving low-margin 
luidifferentiated PCs, many of these vendors must change to remain 
financially viable for the long term. This means either using a 
differentiated approach with a non-Intel 386/486 product, or moving 
to a RISC architecture with an upscale pricing structvure. 

Growing 80x86 Competition 

As the lure of high profits draws more competitors into the 386/ 
486 clone game, Intel's product monopolies become shorter and 
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harder to defend. In the past, Intel's product positioning left holes 
in its product line, such as 25-MHz 386SXs. Existing and future 
holes are prime targets for competition looking for differentiation 
among the compatibility. Furthermore, the period over which Intel 
can monopolize the market will shrink and increase pressure on 
time-to-market of next-generation products. 

Weak Products in PC Microperipherals 

Outside of math coprocessors, Intel has had problems developing a 
strong line of support chips. This includes failures in PC core-logic 
chip sets (it -was reselling ISA chip sets from VLSI Technology), 
graphics controllers (82786 and various VGA controllers), and its 
early DVI chip sets. 

Summary and Outlook 
Intel's future depends on leveraging its strengths in the semicon
ductor business segments, particularly the 80x86 microcomputer chip 
sets. It was clearly evident during 1991 that the future for the 
80x86 class of processors wiU be a competitive arena fiUed with 
Intel, AMD, and others. Intel intends to migrate desktop comiputers 
to the increasingly fast 486s (and soon to be P5s) and portables to 
the increasingly integrated SL line of 386s (and soon to be 486s). 
Dataquest believes that Intel has the power to make this happen by 
1993, which will impose increasingly high barriers to competition. 
However, as Intel repositions its products to maintain market share, 
it will begin to lower its gross margins and thus some of its 
revenue growth will come at the expense of profits. 

Using the projected growth of the microcomponent and memory 
segments and assuming Intel's market share remains constant over 
the next five years, its semiconductor revenue should grow 85 per
cent or from $4.0 billion to $7.4 billion. Based on the current envi
ronment, this is a likely scenario because we believe that Intel will 
maintain market share in microcomponents while slightly growing 
its share in memories over the next five years. Assuming an equiv
alent growth rate for its nonsemiconductor businesses, Intel could 
see a $10 billion business by the end of 1997. 

(This profile is a reprint from a Vendor Profile loritten hy Ken Lowe for 
Datacjuest's Microcomponents Worldwide service. This service analyzes in 
detail the market size, trends, and future of this semiconductor market.) 
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Corporate Overview 
Linear Technology Corporation designs, manufactiu-es, and markets 
high-performance analog ICs targeted for computer, industrial, tele
communications, and military applications. The company was founded 
in 1981 on a business plan that called for revenue to reach $99 million 
and profits of $13 million toward the end of the decade. The incredi
bly prescient result was fiscal year 1991 revenue of $94 million and 
profits of $17 million. A more recent result is revenue of $120 million 
for fiscal year ending June 28,1992—and income of $25 million. 

The backdrop question to this company profile is whether Linear Tech
nology, whidi remains relatively small in the face of giant worldwide 
analog IC suppliers such as SGS-Thomson, Toshiba, and National 
Semiconductor, can sustain the kind of growth and success during the 
1990s that it achieved during the 1980s. Framing the question more 
ominously, will this $100 million supplier lose tihe battle to bUlion-
dollar-plus competitors and disappear later this decade? The 
perspective of Professor Carver Mead of the Cahfomia Institute of 
Technology should be kept in mind. He believes that analog technol
ogy will be to this decade and the next vsrhat digital technology meant 
to the industry during the 1970s and 1980s. 

This profile is the property of Dataquest hcoipoiated. Reproduction or disdosuie in whole or in part to oSier 
parties shall be made upon the written and express consent of Dataquest This report shall be treated at all 
times as a confidential and proprietary document for internal use only. The information contained in this 
publication is believed to be reliable but carmot be guaranteed to be correct or con^lete. 
©1992 Dataquest Incorporated—Reproduction I'rohibited 
Dataquest is a roistered tradenulik of A.C Nielsen Conq>any 0013628 
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Organization 

Key corporate officers at Linear Technology include the following 
executives: 

• Robert H. Swanson, Jr., president and chief executive officer 

• Clive B. Davies, Ph.D., vice president and chief operating officer 

• Robert C. Dobkin, vice president, engineering 

• Thomas D. Recine, vice president, marketing 

• Sean Hurley, vice president, operations 

• Paul Coghlan, vice president, finance, chief financial officer 

• Paul Chantalat, vice president, quality, reliability, service 

• Urn Cox, vice president. North American sales 

• Hans Zapf, vice president, international sales 

In terms of management stability, which is a critical element to most 
companies' future prospects but especially so to a relatively young 
supplier such as this, Robert Swanson and Robert Dobkin were two 
of the original five founders of the company. The employee base 
increased to 814 employees as of June 1992 versus 729 as of June 1991. 
The strong engineering teams (design, test, and process) and manufac
turing teams have also remained quite stable. 

Business and Economic Conditions 

This section provides the world economic background against which 
Linear Technology will operate during 1992 and 1993. As the semicon
ductor industry has matiued, the marketplace—^including the analog 
segment—^has moved more into sjoichronization with general eco
nomic trends vis-a-vis the somewhat countercyclical pattern during the 
1970s and early 1980s. For example, demand for commodity-tj^e 
linear ICs such as operational amplifiers and voltage regiilators now 
conforms largely to general economic cycles. Even so, more specialized 
analog parts such as mixed-signal ICs and high-performance opera
tional amplifiers—^which exemplify some of Linear Technologj^'s key 
product technologies—^typically outpace general rates of growth. 

Linear Technology has pursued a global sales strategy. Dataquest esti
mates that Linear Technology's w^orldwide analog revenue as of calen
dar year 1991 derived from four regions: North America—^58 percent; 
Europe—^20 percent; Japan—^12 percent; and Rest of World/Asia— 
10 percent. The strategy calls for continuing expansion (for example, 
offices) of global sales support. 

The worldwide economy continues to show mixed results as of the 
second half of 1992. The Dun & Bradstreet Corporation forecasts an 
improving outlook for Linear Technology's key geographic markets. 
For example, the U.S., Canadian, and U.K. economies are expected to 
recover from the recession in 1992, although in quite modest fashion. 

August 31,1992 ©1992 Dataquest Incoiporated SPWW-SVC-VP-9201 

i 



Linear Technology Corporation 

Real gross domestic product (GDP) is expected to expand 2.1, 1.6, and 
0.5 percent, respectively, in 1992. Expansion should increase to 2.5, 4.0, 
and 2.2 percent, respectively, in 1993. 

Another example is as follows: Real GDP growth is expected to 
decelerate in Germany and Japan during 1992, from 3.2 percent in 
1991 to 1.1 percent and from 4.4 percent in 1991 to 2.0 percent, respec
tively. The respective economies are expected to reaccelerate to 2.8 per
cent and 3.3 percent growth in 1993. 

Application Marlcets Strategy 

Overall, worldwide electronic systems production is expected to 
expand 3.1 percent in 1992, slightly ^ster than the 2.4 percent rate of 
growth in 1991. For Linear Technology—^which has performed well 
under global recessionary conditions—this outlook should mean mar
ket momentum. Worldwide expansion is expected to accelerate further 
in 1993 to 7.6 percent as the worldwide economic climate improves. 

The emerging host of battery-powered applications represents a key 
market opportunity for Linear Technology. From an application-market 
perspective that focuses on Linear Technology's target markets, the 
forecast makes the following series of assumptions. 

The Computer Market—Poised for Recovery? 
Data processing production—^which marks an estimated 25 percent 
of Linear Technology's business as of calendar year 1991—should 
make a moderate 2.6 percent recovery in 1992, after a depressing 
2.2 percent decline in 1991. Key system applications in this market
place for Linear Technology include desktop PCs, laptop PCs, disk 
drives, modems, monitors, plotters, and printers, along with an 
increased emphasis on switching power supplies. 

In North America, recovery in the computer and other markets will 
continue into 1993 as economic conditions continue to improve and 
stabilize. In Europe—^which is Linear Technology's second largest 
market—^local content regulations are spurring the placement of pro
duction facilities, helping explain a boost of growth expected for 
1993. Nevertheless, the specter of trade friction pervades that 
region. 

The Japanese economy, including the computer segment—^which is 
Linear Technology's third largest marketplace—^will remain hemmed 
in for the remainder of 1992, as business and households adjust 
downward their spending plans in response to the lackluster busi
ness climate. However, Japan should be back on the path of normal 
growth during 1993 and beyond, and growth in Japan shoiild 
resiune a more sustainable pace once facilities are in place. Produc
tion prospects in the Asia/Pacific region, a growth market for 
Linear Technology, remain upbeat because this region has become 
the choice for mass manxtfacturing of established technologies such 
as PCs. 
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A Challenge—The Industrial Market Downturn 
There are no free liuiches or stress-free paths to success, even for 
bright stars such as Linear Teclmology. A major challenge is that 
production of industrial eqmpment has borne the brunt of the 
recent downturn in business conditions, especially in North Ameri
ca. For Linear Technology, industrial applications account for more 
than 30 percent of IC revenue for 1991. Leading applications for 
Linear Technology's products in this segment include industrial 
process control systems such as for flow metering or energy man
agement. Instrumentation sjretems such as medical scanners (EKG 
and CAT) and test equipment are other key industrial segments. 

Europe and Asia/Pacific have been somewhat insulated from the 
recent cyclical downturn in the industrial electronics sector, owing 
to foreign investment spurred by local production factors and cost 
of production advantages, respectively. In North America and Japan, 
though, these application markets are forecast to rebound in 1993 
with the expected relaxation of budget constraints. 

A Bright Spot—Telecommunication 
By contrast, commimications production ranks as one of the most 
stable-growing of the application markets for IC suppliers such as 
Linear Technology. The reason is the heterogeneous composition of 
personal wireless commimication, premise voice and data products, 
and large-scale, long-life investment in public telecommtmications 
infrastructure. 

Linear Technology should be positioned well in this market not 
only for the 1992 to 1993 period but also for the long-term horizon. 
The company gamers an estimated 19 percent of its analog IC 
revenue from telecom applications, which range from celliilar 
phones through modems and fax machines to PBX systems. This 
segment of the electronics markets will decelerate slightly in 1992 to 
6.1 percent from 7.3 percent in 1991. However, investment in net
working the existing stock of data processing equipment should 
drive communications hardware growth through 1996. 

Evolving Markets: Military and Automotive 
Military and civil aerospace electronics production—^which account 
for just less than 15 percent of the company 's business—^was hit 
hard by Washington, D.C. budget cuts in 1991 and the global out
pu t of these systems declined to 5.5 percent worldwide. Few posi
tive opportunities remain for aU but the most specialized niche 
players participating in simulation systems, dedicated military com
puter S5rstems, and civil-space projects. Linear Technology has tar
geted a range of military appUcations over the past decade includ
ing comnnunication, displays, radar systems, sonar systems, and 
surveillance eqmpment. Qvi l aerospace electronics production will 
remain the most bright spot in this application market, fueled by 
replacement of aging jet airliners and upgrades of the worldwide 
air traffic control system. 
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The automotive sector—^primarily engine and transmission control 
systems—accounts for an estimated 10 percent of Linear Technolo
gy's analog IC sales as of 1991. Transportation electronics produc
tion growth is expected to accelerate from 4.8 percent growth in 
1991 to 6.0 perx:ent in 1992, and to 10.2 percent in 1993. Production 
was hurt by the recession, but growth prospects are relatively posi
tive because of increased household spending, combined with 
increasing share of electronic systems' added value to new vehicles. 

A Snapshot of Application Market Prospects 
In aggregate. Linear Technology faces some short-term challenges 
in the worldwide industrial marketplaces and the Japan region. 
However, the company should be well-positioned for continuing 
expansion in the telecommunications and automotive segments. The 
company is weU-positioned for Europe and is positioning itself for 
an advance in Asia/Pacific. For 1993, Linear Technology should 
benefit from recovery in the global computer marketplace and 
industrial markets such as North America and Japan. 

In the early start-up years, the military segment was one of Linear 
Technology's most important markets. The company has carefully 
positioned itself for decreasing reliance on this revenue stream. The 
automotive market in part should displace military sales at Linear 
Technology during this decade. 

Succinct Financial Analysis—Impressive Results 

For the global network of Semiconductor Procurement service clients 
who are using or evaluating the use of Linear Technology's products, 
financial performance over the past several years clearly weighs heav
ily in the decision-making process. Since 1981, Linear Technology has 
consistentiy achieved record quarterly revenue and profits—along with 
associated record annual financial results. The most recent five-yeeu" 
result is as follows: For fiscal years 1988 through 1992, Linear Technol
ogy's worldwide analog IC revenue more than doubled—^from $51 
million for 1988 to $120 million for 1992—^while income excluding 
extraordinary credits more than tripled from $7 million to $25 million. 

Consolidated Financial Statements 
Table 1 provides Linear Technology's balance sheet for fiscal years 
1988 through 1992 (unaudited for 1992). Table 2 provides Linear 
Technology's consolidated statement of income for the same period 
(unaudited for 1992). 

The Fundamental Financial Question 
The critical question remains, as stated at the outset. Can Linear 
Technology sustain the performance shown in the financial 
statements? 

Product Strategy 

Analog ICs—^which include linear ICs and mixed-signal circuits— 
constitute the company's sole product division. Table 3 depicts the 
compan3r's estimated product segmentation for calendar year 1991. The 
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Table 1 
Linear Technology Corporation Balance Sheet (in Thousands, except Share Amounts) 

Fiscal Year Ending 
Cash 
Marketable Securities 
Receivables 
Inventories 

Raw Materials 
Work in Progress 
Finished Goods 

Prepaid Income Taxes and Other Current Assets 
Total Current Assets 
Prop,, Plant, and Equip. 
Accumulated Dep. 
Net Piiop. and Equip. 
Total Assets 

Annual Liabilities ($K) 
Fiscal Year Ending 
Accounts Payable 
Current Portions of Long-Term Debt and Capital 

Lease Obligation 
Accrued Expenses 
Income Taxes 
Other Current Liabilities 
Total Current Liabihties 
Deferred Chaiges/Inc-
Long-Term Debt 
Total Liabilities 
Common Stock Net 
Retained Earnings 
Other Liabilities 
Shareholder Equity-
Total Liabilities and Net Worth 

6/30/92* 

27,757 
67,521 
19,719 

7,921 
1,214 
4,652 
2,055 

11,330 
134,248 
50,454 

(24,903) 
25,551 

159,799 

6/30/92 
3,542 

4,713 
10,863 
7,558 
6,838 

33,514 
1,028 
1,726 

36,268 
62,352 
61,179 

NA 
123,531 
159,799 

6/30/91 

17,479 
51,746 
14,094 
7,543 
1,273 
4,453 
1,817 
9,628 

100,490 
40,613 

(20,361) 
20,252 

120,742 

6/30/91 
4,199 

1,731 
7,654 
4,963 
5,171 

23,718 
903 

6,439 
31,060 
50,683 
38,999 

NA 
89,682 

120,742 

7/1/90 
25,059 
28,379 
14,619 
5,882 

789 
3,449 
1,644 
6,485 
80,42 

32,464 
(16,534) 

15,930 
96,354 

7/1/90 
2,255 

1,997 
3,492 
3,694 
7,162 

18,600 
815 

8,170 
27,585 
46,186 
22,583 

NA 
68,769 
96,354 

'Unaudited for 1992 
NA ° Not a^ l̂icable 
Source: Linear Technology, Dataquest (August 1992) 



Table 2 
Linear Technology Corporation Income Statement (in Thousands of Dollars) 

Fiscal Year Ending 

Net Sales 

Cost of Sales 

Gross Profit 

Expenses 

Research and Development 
Selling General and Administrative 

Operating Income 

Interest Income 

Interest Expense 

Income before Income Taxes 
Provision for Income Taxes 

Net Income 

6/30/92* 

119,440 

49,505 

69,935 

12,344 

21,996 

35,595 

3,931 

(1,038) 

38,488 
13,471 

25,017 

6/30/91 

94,152 

41,778 

52,374 

10,219 
19,096 

23,059 

4,419 

1,256 
26,222 

9,283 

16,939 

7/1/90 
75,620 

36,048 

39,572 

7,763 
16,619 

15,190 

3,762 

1,460 
17,492 

6,191 

11,301 
'Unaudited for 1992 
Source: Linear Technology, Dataquest (August 1992) 
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fast-growing mixed-signal technology represents slightly more than 
20 percent of the company's analog market revenue. 

The information in Table 3 reveals that amplifiers and voltage regula
tors are the company's two largest analog product markets, followed 
by special-function analog, voltage reference, and interface circuits. 
Linear Technology ranks 19th for 1991 among worldwide suppliers of 
linear ICs. Dataquest estimates that Linear Technology's worldwide 
analog IC revenue broke the $100 million revenue barrier diuing 
calendar year 1991. 

Product Strengths and Weaknesses 
This section steps through a critical examination of Linear Technolo
gy's market strengths and weaknesses and related threats and 
opportunities. The predominant competitive threat derives from 
the much broader product lines and the greater technical service 
and support capabilities of competitors such as Analog Devices, 
Motorola, National Semiconductor, and Texas Instruments. 

i 

Linear Technology has consistently and profitably managed this 
"giant competitor" risk since the start-up days by targeting special
ized analog requirements that the giants tend to overlook. The full 
product portfolio includes high-performance operational amplifiers, 
voltage references, voltage regulators, switching regulators, and 
voltage converters, comparators, filters, instrumentation amplifiers, 
data conversion drcmts, interface circuits, analog switches, and 
special analog function circuits. 

Some of the opportxmities have already been described, such as 
mediiun-term prospects in the global industrial, computer, and 
telecommunications markets. However, Linear Technolog5^s real 

Table 3 
Linear Technology Corporation 
Calendar Year 1991 Estimated Revenue, by Product Type 

Amplifiers 

Voltage Regulator 

Voltage Reference 

Comparator 

Special Function 

Automotive 

Data Converter 

Telecom 

Interface 

Total Revenue ($M) 

Company 
Revenue (%) 

22 

22 

13 

5 

16 

2 

5 

3 

12 

105 

Worldwide 
Ranking 

11 

6 

1 

10 

11 

15 

22 

40 

7 

19 

i 

Source: Dataquest (August 1992) i 
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opportunity continues to rest in a relentless search for systems' 
unsatisfied analog needs. 

Key Points o n Strategic Alliances and R&D 
In assessing Linear Technology's competitive strengths and weak
nesses, two key points should be noted. First, Linear Technology 
has no strategic alliances in effect. This reflects current market 
strength that serves as a wild card option should long-term market 
conditions change unexpectedly. An alliance with TI terminated in 
April 1991. Nor is the company currently embroiled in any major 
patent or related legal actions. 

The second point is that Linear Technology typically spends an esti
mated 10 percent of revenue on research and development (R&D) 
efforts, which take place at facilities in Milpitas, California and 
Singapore. This level of R&D spending likely will be maintained 
over the long term in order for the company to maintain its edge 
in serving the specialized niches of the analog marketplace. 

Under the aegis of industry legend Bob Dobkin, analog engineering 
expertise propels the R&D effort. Linear Technology had more than 
50 analog engineers at the headquarters facility during fiscal year 
1991. 

Operational Amplifiers 
As shown in Table 3, Linear Technology ranks 11th among world
wide suppliers of operational amplifiers. Top-ranked suppliers 
include Analog Devices and National Semiconductor—^which have 
shares of slightly more than 10 percent—as well as Harris and 
Texas Instruments, with shares of just less than 10 percent. 

Linear Technology does not compete against industry titans such as 
National Semiconductor and TI in the commodity op amp business. 
Rather, it focuses on circuits that Linear Technology claims offer 
lowest noise or else universal precision. Voltage levels range from 
5V to 15V as well as the emerging 3V devices targeted for battery 
applications. 

The refrain in the analog product/market evaluations that follow^ 
wiU sound similar because Linear Technology's competitive strategy 
basically holds across the product board— t̂o bypass industry giants 
in order to profitably serve high-performance segments. 

Voltage Regulators 
Table 3 reveals that the company ranks sixth worldwide in the 
voltage regulator marketplace. ITie top-ranked companies are 
National Semiconductor and Motorola, each with a share of 15 per
cent or more. TI ranks third with a 7 percent stake. 

Linear Technologjr's competitive line includes low dropout linear 
regulators and switch miode regulators, a growing segment that 
targets switch mode power supplies. The product line includes 
high-speed pulse width modulator controllers. 

SPWW-SVC-VP-9201 ©1992 Dataquest iocorpoiated August 31,1992 
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Special Function 
The information in Table 3 shows that Linear Technology ranks 11th 
among suppUers of special-analog function ICs. SGS-Thomson holds 
more than one-third of the market share. Hitachi has garnered a 
9 percent stake of the market; Philips and National Semiconductor 
foUow with 5 percent shares, with TI just behind. 

This segment allows for potentially lucrative returns—^independent 
of market share— îf a supplier sudi as Linear Technology can serve 
systems demanding specialized analog requirements. In segments 
such as this, analog engineering expertise combines with considera
ble customer hand-holding in order to precisely "tweak" circuits in 
line with systems' specialized needs. 

Voltage Reference 
As shown in Table 3, Linear Technology ranks as the world's lead
ing supplier in the small-voltage reference segment. Other leading 
suppliers in this somewhat fragmented market include Sanyo, 
Analog Devices, Matsushita, Mitsubishi, GEC Plessey, and TI. 

Linear Technology's approach is to achieve what it views as the 
industry benchmark-setters on parameters such as lowest long term 
drift. 

Interface 
Table 3 depicts Linear Technology's seventh-place ranking world- m 
wide in the interface circuit market. TI commands nearly one-third ^ 
of the market. National Semiconductor holds 17 percent of the 
market, followed by Toshiba and Motorola. 

Data Converter 
The information in Table 3 shows that Linear Technology ranks 
22nd among suppliers of data converters. Analog Devices remains 
the market kingpin by far with almost one-third of market share. 
Brooktree—^which is noted for its video DACs—cranks second, with 
National Semiconductor and Burr-Brown next. 

Although Linear Technology offers some impressive and prestmiably 
reasonably profitable 8-bit, 10-bit, and 12-bit converters, the supplier 
has not made the level of penetration that was originally expected. 
Linear Technology commands a respectable 5 percent share of this 
attractive market, but not only does Analog Devices remain the 
market leader by far, but also a host of small suppliers such as 
Brooktree and Burr-Brown command more market attention than 
does Linear Technology. 

Automotive 
As shown in Table 3, Linear Technology ranks 15th among suppli
ers of analog automotive ICs. SGS-Thomson holds nearly 30 percent 
of this segment and is trailed by Motorola, National Semiconductor, 
Allegro Microsystems, and TI. M 

August 31,1992 ©1992 Dataquest Incoipotated SPWW-SVC-VP-9201 
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Linear Technology faces fierce competition in this market. The com
pany holds less than 1 percent market share. The customer base 
prefers larger suppliers. However, the automotive industry has been 
undergoing a restructuring process that opens a window of oppor-
timity for Linear Technology in terms of sj^tem design-ins or 
perhaps strategic alliances. We should also note that when all of 
Linear Technology's analog IC revenue is aggregated, the automo
tive segment represents nearly 10 percent of the company's 
business—a good foundation for future penetration of this special
ized segment. 

Comparator 
Table 3 depicts Linear Technology's lOth-place ranking worldwide in 
the comparator market. National Semiconductor commands nearly 
20 percent of this market, followed by TI, NEC, Motorola, and 
Philips. Linear Technology's ever-femiliar-sounding product line of 
comparators are high-performance devices that offer ultrahigh-speed 
or micropower capability. 

Design Center Locations 

As noted, the company has two design centers. The domestic North 
American facility is located in Milpitas, California. 

A newer center was opened in Singapore during the second half of 
1991. 

Manufacturing Facilities 

Linear Technology has two fabs in Milpitas, California (see Table 4). 

The facility in Singapore performs metal-can assembly, test, marking, 
and other design functions. The expanding scope of operation will 
include direct shipping to customers. Singapore will become the Asian 
headquarters with construction of a 50,000-square-foot high-tech facili
ty scheduled to start by the fourth quarter of 1992. 

The first Milpitas fab was constructed in 1981 and supports an esti
mated $150 million of product sales. The new Milpitas fab can support 
an estimated $100 milUon of product sales—setting the stage for 
Linear Technology's move diiring this decade toward the goal of being 
a quarter-biUion-dollar business. 

Process Teclinology 

Linear Technology emphasizes the versatility of its fab processing 
capability. The company offers 20 different process flows, which 
represent a variety of bipolar and linear CMOS processes. These com
petitive processes—^which in effect are required for survival in the 
analog marketplace—^include p-well silicon gate CMOS, n-well silicon 
gate CMOS, high-power bipolar, low-noise bipolar, high-speed bipolar, 
complementary bipolar, and high-voltage CMOS. These processes are 
dearly geared to serving high-speed, precision applications. Regarding 
military/aerospace applications, the company hats earned JAN S level 
certification. 

SPWV\^SV(>-VP-9201 ©1992 Dataquest Incorporated August 31,1992 
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Table 4 
Linear Technology Manufacturing Overview 

Fab I 

Fab II 

Operation 
Begin 

1982 

1992 

Clean Room 
tSq. Ft. Gross)* 

18,000 

Process Technology 

CMOS M2, BiCMOS M2, Bipolar 

C 
W 
C 

'Combined square footage for both Fab 1 and Fab 2 
"Estimated maximum theoretical capacity per four-week month 
Source: Dataquest (August 1992) 

@ 
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Dataquest Perspective 

To answer the lead question in this profile, although it is unlikely that 
Linear Technology—or any company—can maintain such stellar finan
cial performance throughout the 1990s, Dataquest believes that the 
supplier will continue to outpace the IC market. Dataquest certainly 
does not foresee the company stumbling and disappearing later this 
decade. 

Carver Mead expects that complete analog solutions will be a driving 
force to market success during the 1990s—and Linear Technology's 
core of analog design expertise puts the company in position for 
global success. Linear Technology will flow with the market into low-
voltage battery applications. One application focus likely will be 
power supplies for portable systems. Linear Technology will aim at 
producing complete 3V analog solutions. The company clearly faces a 
stiff challenge from competitors such as Analog Devices in the data 
converter marketplace and industry giants such as SGS-Thomson in 
the automotive arena. 

Regardless, Linear Technology will continue to evolve with the 
market—^in fact, lead the evolution to some extent—^into the high-
performance analog systems of the 1990s and beyond. 

Dataquesf s blunt assessment is as follows: as long as the core manage
ment and analog engineering teams remain relatively intact. Linear 
Technology should thrive during this decade. Five years ago, some 
SiUcon Valley reporters and investment analysts queried the author of 
this report regarding major management/engineering defections irom 
the company—and its impending demise. Dataquest did not see that 
scenario then—^and we do not see it today. 

SPWW-SVC-VP-9201 ©1992 Dataquest Incorporated August 31,1992 
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Intel clearly will continue to target and position 
the 1386 products in specific system market seg
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because it allows them to better plan their product 
development and support strategies. 
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Semiconductor Users Still Eye the Risks of 
Sole-Sourced CISC 32-Bit MPUs 
The broad strategic decision of whether to i^e 
single- or multisourced ICs wiU challenge S3rstems 
manufacturers throughout the 1990s. Currently, 
although users reported to Dataquest a rising 
interest in future vise of RISC MPUs, systems 
manufacturers remain largely committed to 
32-bit CISC devices. 
By Ronald Bohn (May 1990) Page 13 

Product Analysis 

IC Pricing Pressure Mounts as 
Recession Persists 
Global economies are in recession at the start of 
1992, and downward pressure is mounting on 
IC pricing in North America. The results of 
Dataquesf s recent North American bookings 
price survey reveal that users should expect 
competitive pricing for memory ICs and ASICs. 
Intel Corporation's pricing strategy has taken a 
turn and the company is adjusting to new 1992 
market realities. 

(Note: The pricing analysis in this article corre
lates -wiHi tiie quarterly and long-range price 
tables mailed to Semiconductor Procurement ser
vice (SPS) clients on December 20, 1991. The 
survey information was collected by Dataquesf s 
Research Operations team. For SPS clients that 
use the SPS oidine service, the pridng correlates 
with the quarterly and long-range price tables 
dated December 1991 in the SPS online service. 
The price tables will be available in the Source: 
Dataquest docimient entitled "North American 
Semiconductor Price Outlook First Quarter 
1992." For additional product coverage and 
more detailed product specifications, refer to 
those sources.) 

Microprocessor Trends 
The fotirth quarter of each year marks a key 
period of business decision making, while the 
first quarter marks the implementation of new 
strategies. We noted in October that "Intel's 
strategic response in the next several months 
to market competitive forces could weU deter
mine whether or not Intel remains long-term 
king of the worldwide microprocessor markef' 
and that aU signals would "appear to augur a 
turning point in Intel's aversion to low-ball 
competition." 
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k Turning Point for the Intel MPU Price 
Strategy? 
The competitive reality of 1992 and beyond— 
meaning, multiple sources/pridng competition 
for the 80386 family—apparently has prompted 
Intel to com.pete more aggressively on price. 
Dataquest learned at press time that Intel 
plans to cut 80386/80386SX pricing at the start 
of second quarter 1992—with 80486 price cuts 
expected to follow. Intel had issued no press 
release or price sheet at press time. 

Intel's pricing strategy and tactics appear to be 
changing. The assumptions behind Dataquesf s 
forecast on Intel MPUs—and recent changes in 
these assumptions—shed light for users regard
ing the supplier's direction should Intel cut 
pricing during the second quarter of 1992. 
Based on current reports, Intel will slash by 
nearly half 80386/80386SX devices' pricing 
during the second quarter of 1992. 

Intel MPU Price Forecast Assumptions 
First Assumption: Synclironization witti Intel's 
MPU Plans 
The first assumption behind the Intel MPU 
price forecasts—^that Intel wiU most fevorably 
support tisers that coordinate system life cycles 
in line with Intel's migration schedule—appears 
to be bending under the heavy weight of mar
ket forces. Intel wants to pursue this strategy 
over the long term. However, for 1992 Intel 
must respond to continuing market demand 
for low-cost 386/386SX machines by lower
ing 80386/80386SX pricing. The life cycle for 
80386/80386SX-based PCs is extending into 
1992 and 1993—longer than Intel originally 
expected. Intel still intends during 1992 and 
1993 to migrate users to the higher-priced 
80486 family and away from the lower-
priced 80386 family. Intel wiU not easily 
cede the 80386 market to competitors such 
as Advanced Micro Devices Inc. (AMD) or 
Chips & Technologies Inc. (C&T). 

Second Assumption: 1992 Means Multisourcing 
Plus the FTC Investigation 
Intel now operates in a new competitive envi
ronment that threatens to reshape the company 
during 1992 and over the long term. Both the 
complex-instruction-set computing (CISC) and 
reduced-instruction-set computing (RISC) mar
kets mean a trend toward multiple sources for 
users of MPUs—a break with the sole-sotuced 

Intel/Motorola world of the not too distant 
past. Barring a major legal reversal, the 80386 
marketplace has become a multisourced arena 
for Intel. 

Even if Intel maintains its patent-based 
monopoly, the ongoing investigation by the 
U.S. Federal Trade Commission (FTC) could 
force—or perhaps already has forced—lintel 
to change its way of doing business and 
treating customers, especially in North Anieri-
ca. As Dataquest has noted before, the FTC 
investigation—even more so than other widely 
pubUcized legal cases—^might be the wild cani 
that alters Intel's long-term product/pricing 
strategy. 

ThiM Assumption: Intel's Resistance to 
Pricing Competition 
Last quarter, we noted that another key 
assumption behind Dataquesf s 80486 price 
forecast—^Intel's intention to be relatively 
impervioxis to external pricing competition— 
seemed likely to change given year-end 1991 
competitive realities. Dataquest anticipates that 
Intel over the long term will ignore to the 
best of its ability competitors' pricing for simi
lar products. Even so, competitive multisourced 
pricing likely will become the predominant 
trend in the MPU business of the 1990s. 

Intel's short-term strategy, however, calls for 
response to competitors' pricing. Dataquesf s 
current forecast expects drops in 80486 pricing 
during 1992 that wiU set the stage for user 
migration to the 80586 device. A key point 
is that pricing for the 80486/80486SX device 
could take a step function downward by 
midyear 1992 if competitive pressure does 
not abate. 

Fourth Assumption: No Intel Pricing Wars 
Dataquest continues to assvime that Intel will 
avoid a pricing war with AMD, C&T, or any 
other 80386/80486 market competitor. The 
price slashing for the 80386/80386SX devices— 
if they hold—^to some extent is old news for 
major buyers (that were pajing the lower 
prices during 1991) or else long overdue for 
smaller ciistomers that had anticipated such 
pricing since the first half of last year. For 
example, AMD does not w^ant a pricing war 
at this time because a pricing war could 
threaten its recent string of profitable quarterly 
results. 

©1992 Dataquest Incorporated 
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Dataquest Perspective 
The first quarter of each year marks a time of 
implementation of new plans. The recession 
continues. Under these market conditions, IC 
pricing pressure mounts. 

Users now can start to anticipate a turning point 
in the 80386/80486 pridng strategy. At press 
time, the spectre of a demand slowdown during 
1992 and ttie evolution of a multisourced mar
ketplace apparently has motivated Intel to fun
damentally change its product pricing 
strategy—^at least for 1992. 

By Ronald Bohn 

(Excerpted from SPWW-SVC-DP-9201, January 20, 
1992). 

Does Intel Face a Turning Point as 
IC Pricing Pressure Builds? 
With 1991 neaiing an end, market fectors signal 
continued downward pressure on IC prices in 
North America. The results of Dataquesf s third-
quarter 1991 North American bookings price 
survey reveal strong signs of price pressure in 
the microprocessor (MPU) segment. For example, 
Motorola offers a host of lower-priced, 32-bit 
MPUs—an appropriate response to current mar
ket conditions. A major issue to be addressed in 
this article is whether users can expect Intel to 
undergo a turning point in the 80386/80486 
pricing strategy during the rest of 1991—and 
when? 

The price analysis presented in Table 1 correlates 
with the quarterly and long-range price tables 
mailed to Semiconductor Procurement service 
clients on September 6, 1991. The survey infor
mation was collected by Dataquesf s Research 
Operations interviewing team. For Semicon
ductor Procurement clients that use the onUne 
service, prices presented here correlate witii 
quarterly and long-range price tables dated Sep
tember 1991 in the Semiconductor Procurement 
online service. Price tables are available in the 
Source: Dataquest document entitled "North 
American Semiconductor Price Outlook Fourth 
Quarter 1991." For additional product coverage 
and more detailed product sp>ecifications, please 
refer to titiese sources. 

Microprocessor Trends 
The fourth quarter of each year marks a key 
period of business decision making. Users are 
making critical evaluations of their system 
migration plans for 1992 and beyond, including 
the microprocessor choice. Advanced Micro 
Devices (AMD) and Chips & Technologies (C&T) 
attack Intel Corporation on the low end and 
midrange of the performance scale. Suppliers of 
reduced-instruction-set computing (RISC) proces
sors motuit a high-end attadc witii Motorola 
Incorporated everywhere. Figure 1 shows the 
North American bookings price forecast for key 
32-bit MPUs. It shows a competitive arena pit
ting AMD, Intel, Motorola, and suppliers of 
RISC chips against one another. Intel's strategic 
response in ttie next several months to market 
competitive forces could well determine whether 

Table 1 
Estimated Semiconductor Pricing and Lead-Time Trends (North American Booldngs, Volume Orders) 

Part 
80286-16 MHz PLCC 
80486-33 MHz CPGA 
68EC020-16 MHz 

PQFP 
1Mb X 1 DRAM 80ns, 

DIP/SOJ 
4Mb X 1 DRAM 80ns, 

SOJSOOmil 

Estimated Q3 
Price Range 
11.80 to 14.55 
410.00 to 445.00 

NA 

4.00 to 4.49 

15.50 to 16.50 

1991 Pricing Trend (Dollars) 
Forecast 

forQ4 
11.50 

425.00 

25.00 

4.18 

14.75 

Estimated Q4 
Price Range 
10.04 to 13.25 
405.00 to 427.00 

25.00 

3.60 to 4.40 

14.00 to 15.45 

Lead Times 
1 to 10 weeks 
6 to 8 weeks 

4 to 8 weeks 

1 to 8 weeks 

1 to 12 weeks 
NA = Not available 
Source: Dataquest (October 1991) 

©1992 Dataquest Incoiporated 



Semiconductor Procurement 

Figure 1 
Microprocessor Price Trends 
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Souice: Dataquesl (October 1991) 

or not Intel resnains long-term king of the 
worldwide microprocessor market. A key issue: 
WiU users soon see a genuine turning point in 
Intel's 80386/80486 price strategy toward more 
aggressive pricing? 

The Competitive Arena 
Slow system sales in North America and 
Europe (with the exception of workstations) in 
the fece of an expanding supplier base mean 
increased competitive pressure on MPU suppli
ers during the second half of 1991. Despite 
legal and marketing uncertainty, AMD and 
C&T plan to take share from Intel's once-
exdusive 80386 domain and also the 80486 
business. 

AMD's first line of attack, as shown in 
Figure 1, offers a fester 386 device (i.e., 
40 MHz) at competitive pricing. So far, the 
market has not budged much from the Intel 
80386 brand name, partly because AMD is 
still building its supply of parts. AMD is 
likely to continue to ramp supply of the 
40-MHz AM386 and then wage an aU-out 
price war as 1991 ends, lowering ttie AM386 
price profile shown on Figure 1. The market 
impact of C&T, if any, shovdd start to manifest 
itself at that time. 

Sluggish demand combined with increased 
supplier competition would appear to augur 
a turning point in Intel's aversion to low-baU 
price competition. An analysis of the asstmip-
tions behind Dataquesf s forecast on Intel 
MFUs, however, shows that such a turning 
point is not likely to occur ex(xpt for large-
order buyers of lower-performance devices. 
In other words, Intel will fociis on the sale 
of 32-bit MFUs that sell at $200 or more and 
place less emphasis on 32-bit devices that sell 
for well vmder $200. 

Another Look at the Assumptions behind the 
80486 Price Forecast 
For tiie multiple set of assumptions that guide 
Dataquesf s 1991 to 1995 price forecast for 
Intel MFUs, see the article entitled "Users' 
Long-Range Price Outlook—80X86s verstis 
AMX86S versus 680X0s versus RISC Proces
sors" later in this issue and the Semicon
ductor Procurement Dataquesf Perspective, 
Volvune 1, Number 9, July 22, 1991, article 
entitled "Sjretem Price Cuts Augur a Midyear 
1991 Downward Shift in IC Prices." 

A Two-Tier Pricing Strategy? 
At this time, Dataquesf s Semiconductor 
Procurement analysts are monitoring client 
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reports and other sources to determine if an 
additional assumption should be made—^that 
Intel is moving to a ttvo-tier price structure 
as a response to concipetitive forces. One tier 
would be the familiar Intel price-resistant strat
egy but limited to high-performance MPUs 
(80486 family and above). The new second tier 
would be a more aggressive price strategy for 
the lower half of the Intel MPU product port
folio, the 80386 family. A quick preview of 
our perspective: Despite mounting competitive 
pressure on the the lower half of the liitel 
MPU product portfolio, only a few major 
buyers can expect a sharp price break for 
maturing products. 

A Consistent First Assumption—Be Synclironized 
with Intel's MPU Plans 
A fundamental assumption lies behind the 
Intel MPU price forecasts. Intel will most 
fevorably support visers that coordinate S5^tem 
life cycles in line with Intel's migration sched
ule. As win be discussed, despite current com
petitive factors, Intel is likely to adhere to this 
prong of its product/pricing strategy. For 
example, the midyear 1991 easing of the price 
for 80486 ICs, along with the recent introduc
tion of low-power 80486 parts, signal Intel's 
objective to migrate users to the higher-priced 
80486 family and away from the lower-priced 
80386 family 

Intel's Shifting Rules of the Game—Or an FTC 
Wild Card? 
Dataquest continues to assume that Intel—still 
the holder of monopoly power through its 
MPU patent portfolio—will time the "shift" of 
users to high-end MPUs like the 80486 in line 
with Intel's profit objectives and not necessar
ily in confoimity witii users' strategic plans. 
l l ie current investigation by the U.S. Federal 
Trade Commission makes Intel alert to North 
American users' concerns over fairness (e.g., 
periods of allocation). The FTC investigation 
could become a "wild card" that upsets Intel's 
long-term pricing strategy. Otherwise, we 
expect Intel's pricing strategy to be based on 
a series of carefully timed, if not abrupt, shifts 
of Intel users to tdtimately higher-priced 
devices. 

For example, looking to the fourth quarter of 
1991, Intd just aimoimced a series of 32-bit 
MPUs aimed at manufacturers of portable PCs. 

One objective: to move some users from the 
20-MHz 80386SL device, which sells for $135 
(1,000 tmits) to a 25-MHz version that sells 
for $189 (same volume). Users of the 20-MHz 
device should prepare to migrate to the 
higher-speed part or else eventually risk 
decreased supplier support. The concomitant 
introduction of low-power 80486/80486SX 
devices is a sign of Intel's goal to migrate 
users now to tiie higher-priced 80486 arena 
and away from the lower-priced 80386/ 
80386SX market. According to the SP quarterly 
price survey, Intel's 16-MHz 80386SX and 
20-MHz 80386SX devices (1,000-5,000 tmit 
volume) should sell during the fourth quarter 
of 1991 for $56.35 and $84.90, respectively. The 
25-MHz 80386 device should sell for $153.50 
during the fourth quarter (same volume). By 
contrast, the new Intel devices are priced 
higher. Prices for the low-power versions of 
the following ICs (1,000 units) are as follows: 
16-MHz 80486SX—$235; 20-MHz 80486SX— 
$266; 25-MHz 80486—$471. Usere should note 
the $200 price point. 

Competitor's Options? 
AMD, C&T, and other competitors must soon 
make a key strategic decision: to focus on the 
80386 marketplace or to leapfrog aggressively 
to the 80486 segment. Recent trends indicate 
that the PC life cycles are lengtiiening vis-^-vis 
original expectations, which means a longer-
term opportunity in the 80386/80386SX busi
ness. Intel's competitors fece two risks: first, 
they lag Intel, and by focusing on the 80386 
segment now and next year these companies 
will continue to lag Intel—especially as the 
company makes proper use of its marketing 
and legal clout to preserve its monopoly posi
tion. However, if they make a strategic jump 
to the 80486 arena and system life cycles 
become extended, they face the risk of a 
deadly, premature battle against Intel 

Assumption: Intel's Imperviousness to 
Price Competition 
As noted last qiiarter, a third assvunption 
behind Dataquesf s 80486 price forecast, that 
Intel intends to be relativdy imperviotis to 
external price competition vis-i-vis prior MPUs 
such as the 80286/80386SX, seems subject to 
change given second half 1991 competitive 
realities (AMD, C&T). Nevertheless, a main 
point of the discussion above on Intel's 
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fourth-quarter shift to new parts is that tinlike 
competitors such as Motorola, Intel continues 
to emphasize higher-priced/higher-performance 
32-bit MPUs. 

Dataquest firmly believes that over the long 
term, Intel wiU ignore to the best of its ability 
competitors' prices for similar t j^e products. 
Intel can remain iountine to monopoly charges 
of "predatory pricing," a no-no under antitrust 
laws. To paraphrase Lord Keynes, however, we 
are aU dead in the long run—so how wiU 
Intel respond to competitors' prices in tiie 
short run? 

As indicated last quarter, users are seeing a 
somewhat sharp drop in prices for 25-MHz 
80486 and 33-MHz 80486 MPUs. As noted, 
Intel's objective of migrating users with the 
lower-priced 80386 fandly to the much higher-
priced 80486 family, in part, accotmts for this 
price scenario. The rate of price declines since 
the parts introduction dtiring the fovirth 
quarter of 1989 is still in line with historic 
cost learning curve expectations. 

Market forces such as flat demand and 
increased competition cotdd mean continued 
sharp drops in 80486DX prices during 1992. 
Nevertheless, for 1992 Intel prefers to shift 
users to even higher-priced devices as opposed 
to slashing prices for 25-MHz and 33-MHz 
80486 ICs. Although no firm price estimate is 
available yet, Intel plans to achieve volume-
level production of the 50-MHz 80486 device 
during fourth quarter 1991. An objective is 
to draw users away from 25-MHz 80486 or 
33-MHz 80486 MPUs, which could fall below 
the $400 price level by year-end 1991 (1,000-
5,000 units) and toward the much higher 
priced 50-MHz part. A related objective is to 
set the stage for a late 1992/early 1993 user 
migration to the 80586 device. For users, the 
likely reality is that Intel will not funda
mentally alter its price strategy for high-
performance MPUs such as the 50-MHz 80486 
or the 80586 successor. Intel assumes timely 
market acceptance for these parts and will not 
shift the price curve downward barring a 
gentiine competitive threat. 

RISC ICs cotild prove such a threat. Data-
quesf s 80486 price forecast does not currentiy 
assume that Intel will aggressively compete on 
price against multisourced RISC ICs. Sun's 

SPARC architecture mejms market success for 
Sim. If the ACE Consortium can jumpstart the 
number of design wins for the just-announced 
R4000 64rbit device, Intel would eventually— 
willingly or not—adopt a more aggressive 
pricing strategy for the 50-MHz 80486/80586 
products. Intel's high-end CISC MPU stiategy 
wiU not change otherwise. 

Assumption: No Intel Price \Nars 
Dataquest continues to assume that Intel wiU 
avoid a pricing war with AMD, C&T, or any 
other 80386/80486 market competitor. For 
example, the 40-MHz AM386 part had some 
effect over the first half of 1991 on Intel's 
pricing for the 80386/80486 families, although 
the AMD part more dramatically influenced 
the evolution of Intel's product portfolio (e.g., 
80486SX, 80487) and especially the timing of 
new product introductions. The crying question 
in many users' minds is: What must happen 
for Intd to shift to a more aggressive pricing 
strategy—^if only at the low end of the 
performance scale—and when? 

At this time, Intel still refuses to be drawn 
into outright pricing batties. For example, in 
Asia the Intel 80386/80486 brand name con
tinues to carry great clout with tisers. The 
40-MHz AM386 is being evaluated by prospec
tive major users in Asia, Europe, and North 
America, but the device has not yet had an 
impact on Intel's general pricing strategy. 
Dataquest has received reports, however, that 
for some large orders in different world 
regions Intel recentiy granted unvisually sharp 
volume discounts on pricing. To date, this 
price scenario remains the exception and not 
the rule—especially for users who buy in 
volumes of 1,000 to 5,000 units. 

AMD is gearing—in terms of volmne supply— 
for an AM386/80386 price war. AMD has the 
potential to effect a change in Intel's strategy. 
The timing: the first half of next year, which 
gives Intel time to pmU wild cards from the 
Intel deck of product/marketing/legal 
strategies so as to avoid such a price war. 

Despite intense competition, users shotild not 
expect Intel to drastically slash fourth quarter 
1991 pricing of the 16-MHz 80386SX device 
from the $50 to $55 level—or of the 20-MHz 
version from the $80 to $85 level. Nor should 
users expect pricing for the 25-MHz 80386 IC 
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to crash from the $150 to $160 range to 
an3rthing approaching $100. 

Intel will make a fierce competitive response 
to the AMDs and C&Ts of the world. The 
marketing and legal fronts will be the first 
hnes of attack. A shift of fab capacity to other 
devices such as the 80386SL-25 or the 80486 
family, which offer higher selling prices, would 
be another response. But a price war in which 
Intel bleeds red—as in financial loss—would 
be the last resort. 

Dataquest Perspective 
The fourth quarter of each year marks a period 
of change—^if not turbulence. The fotirth quarter 
of 1991, a recessionary year for several world 
regions, will be no exception. Systems manufac
turers look for a business upturn that has not 
yet materialized for many companies. Under 
these conditions, most IC suppliers confront 
bruising competition. 

To answer the key question asked at the outset: 
Users should not yet expect Intel to undergo a 
sharp turning point in the 80386/80486 pricing 
strategy. To do so woxdd go diametrically 
against the Intel corporate grain—and wreck a 
pricing structure that returns to Intel one of the 
highest profit margins in the industry. Intel's 
profit record over the past several years should 
allow the company several quarters of less than 
impressive results—^from the Intel perspective— 
before management would consider such a 
fundamental change of strategy. 

By Ronald Bohn 

(Excerpted from Vol. 1, No. 14, October 14,1991) 

Users' Long-Range Price Outlook— 
80X86S ¥ersus Amx86s versus 
680X0S versus RISC Processors 

Executive Summary 
In the midst of war, system houses continue to 
plan for long-term IC price trends. As shown in 
Table 1, this article provides semiconductor 
users with a strategic perspective on Dataquesf s 
microprocessor (MPU) price forecast through 
1995. The long-range forecast is based in part on 
the resiilts of Dataquesf s most recent price sur
vey. Hiis article assesses the critical "whys" 

behind the forecast—^Dataquesf s assumptions on 
suppliers' strategies, marketing trends, and legal 
issues—so users can adapt to the shifting mar
ket. As reflected in Table 1 and by the tide of 
this newsletter, users can plan for competitive 
MPU pricing over the long term. 

Overview 
This newsletter focuses on three price 
estimates—^the 1991 price, the foiirth quarter 
1992 price, and the 1995 price—^for select 
microcomiponent devices in order to assess 
long-term price trends. Emphasis is placed on 
highlighting the assvmiptions on which Data-
quest bases the long-range forecast to provide 
users with deeper insight into Dataquesf s 
SUIS pricing outiook for 1993 and beyond. 

The pricing analysis presented here correlates 
with the quarterly and long-range price tables 
mailed to SUIS clients on December 20, 1990. 
For SUIS clients that use the SUIS online ser
vice, the quarterly pricing information 
presented here correlates with the quarterly 
and long-range price tables dated December 
1990 in the SUIS online service. The price 
analysis in this newsletter also correlates 
with the Source: Dataquest report entitied 
"Semiconductor Price Outiook First Quarter 
1991" dated January 1991. For additional 
product coverage and more detailed product 
specifications, please refer to those sources. 

Microprocessor Pricing Issues 
Table 1 shows that users of high-speed 16- and 
32-bit MPUs can expect continued price competi
tion over the long term among major suppliers 
of CISC and RISC ICs. The following issues 
should heavily influence these price trends from 
now imtil 1995: the evolution of Intel's 80X86 
and Motorola's 680X0 families of CISC products; 
the possible wild-card role of AMD's 80386-type 
device (AMX86s); and the impact of RISC 
devices on the CISC market. 

mil the 80286-80386SX Battle Ever End? 
Table 1 shows that the North American book
ings price for the 12-MHz 80286 device (PDE?) 
in 15,000-piece orders should be $8.47 for 
1991. Dataquest forecasts a price of $7.15 for 
the fourth quarter of 1992. 

A key assumption behind this forecast is that 
the supplier base will remain competitive over 
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Table 1 
Semiconductor Price and Lead Time Trends 
(North American Booldngs, Volume Orders) 

Part 
1991 Price 

Forecast 

Long-Range Price 
Q4 1992 

Price 1995 Price 
Forecast Forecast 

Trend (Dollars) 
Key Assumptions 
behind Long-Term 
Forecast 

80286-12 PDIF 

80386SX-20 CTGA 

80386-25 CPGA 

80486-25 CPGA 

68020-25 CPGA 

68030-25 CPGA 

68040-25 CPGA 

SPARC-25 

8.47 7.82 7.15 Supplier base will remain 
competitive. 

89.85 79.82 77.10 Intel's war to kill the 80286 will 
shift to ICs such as the 80386SL. 

155.93 146.00 143.00 Users must coordinate system life 
cycles with Intel's MPU product 
path—or else suffer negative 
consequences. 

530.75 416.00 394.00 Intel will change the rules of the 
MPU game. 

94.00 85.00 80.60 The ceramic package makes the 
difference. 

161.00 140.00 130.00 As users move to the 68040, 
Motorola has less incentive to 
lower 25-MHz 68030 prices. 

538.85 400.90 365.00 The 68040 will have a long and 
healthy life cycle. 

88.74 66.55 53.66 Suppliers of RISC processors wiU 
battle on price. 

Source: Dataquest (February 1991) 

the long term. Two suppUers—^AMD and 
Siemens—^have been and are expected to be 
strongly supportive of users of the 80286. Both 
suppliers experienced a surge in new orders 
from Eastern Europe during 1990, which 
should extend the product's life cycle well into 
the 1990s, especially in that world region. 

To answer the question of will the 80286-
80386SX battle ever end, AMD and Siemens 
wiU continue the battle, although one of the 
companies may eventually be forced from this 
market. For example, Dataquest projects a 
price of $7.15 for this device for 1995. Pricing 
at this low level means a narrow profit mar
gin and signals a future contraction of the 
supplier base. 

Intel's 80386SX: Flah-ur Rising-
Prices after 1992 

Table 1 shows that the North American book
ings price for 20-MHz 80386SX devices in a 
ceramic pin-grid array (CPGA) package in or
ders of 1,000 to 5,000 pieces should be $89.85 
for 1991. Dataquest forecasts a price of $79.82 
for the fourth quarter of 1992. Users should 
anticipate stable prices thereafter. 

A key assumption behind the price forecast 
for both 20-MHz 80386 IC and 12-MHz 80286 
devices is that Intel will continue its campaign 
to kill the 80286 but will shift the fight from 
the 80386SX to other products such as the 
80386SL. For example, Dataquest expects Intel 
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to attack the portable and laptop PC 
markets—^key applications for suppliers of 
the 80286—^with innovative and ultimately 
price-competitive newer ICs such as the 
80386SL. While maintaining pricing pressure 
on the 80286, Intel will halt pricing declines 
for 80386SX products over the long term. 

Table 1 shows that Dataquest expects a price 
of $77.10 for the 20-MHz 80386SX during 
1995. Dataquest forecasts a flat price profile 
for this device ($77.10) dtiring the 1993 
through 1995 period. 

Why? Because of a second assumption behind 
the 20-MHz 80386SX forecast Intel will 
strongly and favorably support users that coor
dinate system life cydes with Intel's MPU pro
duction migration schedules. In essence, users 
that migrate to higher-speed and higher-priced 
devices (or to entirely new replacement 
devices) in line with Intel's migration path can 
expect to experience fewer spot shortages and 
fewer rising price scenarios. The forecast says, 
in effect, that Intel wants users to migrate 
from the 20-MHz 80386SX during the second 
half of 1992, if not sooner. Users that do not 
can expect stable prices at best and run the 
risk of long-term price increases, which 
occurred to some users of the 16-MHz 80386 
IC during 1990. 

The 25-MHz 80386: Users Should Migrate 
as Price Stabilizes 
Table 1 reveals that the North American book
ings price for the 25-MHz 80386 IC (CPGA) 
in orders of 1,000 to 5,000 pieces should be 
$155.93 for 1991. Users can expect relatively 
stable prices after 1991. For example, during 
the fourth quarter of 1992, Dataquest forecasts 
a price of $146 and a price of $143 for 1995. 

The critical assumption behind the 25-MHz 
80386 price forecast was stated in regard to 
the 20-MHz 80386SX forecast: Intel will most 
favorably support users that coordinate system 
life cydes with Intd's product migration sched
ules. Intel's commitment to the 25-MHz 80386 
has started to decrease. During the second half 
of 1991 and over the long term, users that 
shift from the 25-MHz 80386 MPU to higher-
performance devices such as the 33-MHz 
80386 or the 80486 can expect sharper dedines 
in price for these higher-priced ICs—and also 
reduce the risk of imtimely spot shortages or 
extended lead times. 

The 25-MHz 80486: A Change in Intel's 
Rules of the Game? 
In the DRAM business, many of the prior 
rules of the game regarding such things as 
process technology and fab funding changed 
with the move from 1Mb DRAMs to the 4Mb 
density. Likewise, a basic assumption behind 
the price forecast for the 80486 is that Intd 
will set new rules as users move to the 80486 
and later to its likely successor, the 80586. 

Why? A new dement has been added to the 
equation—^these MPUs (unlike in prior genera
tions) incorporate on-board microperipheral 
functions such as floating-point and memory 
management, which can be maintained or 
dropped from the MPU depending on individ
ual customers' needs. Over the long term, 
Intd's product/pricing strategy will no longer 
be based on a simple and straightforward 
premium charge for a higher-speed version of 
a device (e.g., the 25-MHz 80386 versus the 
33-MHz 80386). Instead, by varying the MPU's 
architectural mix or other features such as 
power management, Intel will be able, in 
effect, to tailor future microcomponents to 
users' micromarket needs regarding product 
price/performance trade-offe. For example, 
during 1991 Intd might introduce a lower-
performance version of the 80486 (e.g., with 
no floating-point capability) in order to 
accderate the move by users away from the 
25-MHz 80386. 

A second and related assumption is behind 
the 80486 long-range price forecast. Intd plans 
to become more impervious to external pricing 
pressure than had been the case with the 
80286 and 80386SX devices and, to a lesser 
extent, the 80386. Users of Intd devices wiU 
be able to sacrifice (or gain) product perfor
mance in exchange for a somewhat lower (or 
higher) price, but Intd wiU ignore, to the best 
of its ability, competitors' pridng for similar-
type products. This strategy dovetails with 
Intd's aim of obscuring dear and simple 
speed-based price structures for a family of 
devices. 

As shown in Table 1, Dataquest forecasts that 
the North American bookings price for the 
25-MHz 80486 IC (CPGA) in orders of 1,000 to 
5,000 pieces will be $530.75 for 1991. Learning-
curve cost savings should bring the price for 
the fourth quarter of 1992 to the $416 leveL 
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Under the assumptions outlined above, pricing 
wiU grudgingly move down to $394 for 1995. 
After 1992, users of the 80486 are likely to 
migrate to the 80586 device, a RISC product, 
or special versions of the 80486. 

A Wiia-Card Role for AMD's 80386-Type Device? 

Many clients have asked Dataquest what 
long-term effect wiU AMD's entry into the 
80386-tjrpe product segment have on Intel 
product pricing if such entry results in market 
acceptance. To date, Dataquest assumes that 
there will be little market effect from AMD's 
386-type offering on Intel's 80386—and even 
less on the 80486 and successors. This assump
tion, in turn, is tied to two other assumptions. 

First, Dataquest fully expects Intel to use, with 
some success, every legal and marketing attack 
possible to delay or disconcert users from 
using this IC in systems. Dataquest foresees 
no impact from AMD's 80386-type part on the 
market Tintil the middle of 1991 at the very 
earliest. More likely, Intel wiU be able to use 
the covirts of law in conjtmction with an 
aggressive marketing campaign to stifle the 
initial effect, if any, of the new AMD chip 
until the end of 1991. Second, as already indi
cated, Dataquest assumes that Intel will 
fiercely and successfuUy resist being drawn 
into any more pricing battles with AMD. If 
AMD's 80386-t3?pe device survives the antici
pated legal and marketing onslaught and 
proves a winner in the marketplace, Intel 
wotild accelerate the shift of users from the 
80386 famUy to the 80486 famUy or to RISC 
processors. 

SUIS analysts recognize that other members 
of the industry—^including some Dataquest 
analysts—beUeve that AMD's device wiU have 
a sharper market impact. That difference, in 
perspective, is a major rationale for this 
article—^to explain the assumptions behind the 
forecast so users can better luiderstand and 
use the pricing information. 

Motorola Microprocessors 

As of early 1991, the major news concerns the 
ramp up by Motorola—or the reduction in 
users' backlogged demand—^for the 68040 IC. 
The 68020 and the 68030 devices remain 
Motorola's workhorse products. 

25-MHz 68K0 Devices: The Ceramic Paclage 
Malas the Difference 

Table 1 shows that the North American book
ings price for 25-MHz 68020 devices (CPGA) 
in 1,000- to 5,000-piece orders should be $94 
for 1991. Dataquest expects a price of $85 
throughout 1992. Users can expect a relatively 
flat price profile for the 1992-through-1995 
period. 

The key assumption behind the forecast is that 
Motorola wUl continue to target high-end PC 
and workstation appUcations with the 25-MHz 
68020 processor, wWch uses a CPGA, and wUl 
target lower-performance PC appUcations with 
the 16-MHz 68020 IC, which uses a plastic 
quad flat pack (PQFP) package. Under this 
assumption, after 1991, Motorola wiU be lim
ited by the ceramic package cost constraint 
from making sharp reductions in the manufec-
turing cost and market price for the 25-MHz 
68020 device (CPGA). Dataquest expects the 
price of $85 for 1992 to edge down slowly to 
just under $81 for 1995. 

25-MHz 68030: A Steady—tt Not Spectacular-
Decline in Pricing 

Table 1 shows that the North American book
ings price for the 25-MHz 68030 device 
(CPGA) in 1,000- to 5,000-piece oiders should 
be $161 for 1991. Dataquest expects a price of 
$140 for the fourth quarter of 1992. Pricing 
should continue to steadUy but not dramati-
caUy decline over the long term. Dataquest 
expects pricing to decline to $130 for 1995. 

Two assumptions exist behind this outiook. 
First, during 1991 and 1992 Motorola must 
migrate users to the 68040 device, which 
reduces Motorola's incentive for cutting the 
price of the 25-MHz 68030 IC for the next 
two years. 

By contrast. Motorola wiU be able to lower 
pricing more sharply for the higher-priced 
33-MHz 68030 MPU dtiring 1991 and 1992; 
this 33-MHz part generates a lower sales 
volume and a wider profit margin than does 
the 25-MHz 68030, which means more room 
for price decreases. Motorola has used this 
device to satisfy some users that endvired a 
delay in deUvery of the 68040, and an ease in 
pricing for this MPU may appease long-term 
customers. 
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The second assumption behind the 25-MHz 
68030 forecast signals a steady if not spectacu
lar decline in pricing after 1992. Although the 
ceramic package remains an important cost 
element of the 25-MHz 68030 MPU (CPGA), 
the forecast assumes that Motorola wUl be less 
constrained from lowering the manufacturing 
cost and market price of this part over the 
long term than will be the case with the 
lower-priced 25-MHz 68020 IC (CPGA). 

The 25-MHz 68040: Competitive 
Long-Term Pricing 
Table 1 shows that the North American book
ings price for 25-MHz 68040 devices (CPGA) 
in 1,000- to 5,000-piece orders should be $539 
for 1991. Dataquest expects a price of $401 for 
the fourth quarter of 1992. Prices should con
tinue to dedine steadily over the long term. 
Dataquest expects prices to dedine to $365 
for 1995. 

The main assumption behind this outlook is 
that despite Motorola's inability to attain its 
original goal of a ramp during the second half 
of 1990, we do foresee a healSiy long-term life 
cyde for the 68040. Many users are likely to 
migrate to the 68040 device, and over the long 
term. Motorola should be able to reduce man-
ufacttiring costs and market price as reflected 
in our long-term outlook. Once Motorola 
recovers the high cost of developing and 
bringing this product to market (which should 
occur at about the end of 1992), Motorola 
coiild be even more aggressive on 68040 
pricing—^in response to market com.petition 
from RISC and other CISC chips—resulting 
in somewhat lower prices than currentiy 
projected. 

Tlie 25-MHz SPARC: A Multisourced 
RISC Processor 
Table 1 shows that the North American book
ings price for the 25-MHz SPARC device in 
1,000- to 5,000-piece orders should be $88.74 
for 1991. Users can antidpate a price of $66.55 
for the fourth quarter of 1992. F^ces should 
continue to dedine steadily over the long 
term. Dataquest expects prices to decrease to 
$53.66 for 1995. 

The key assumption behind this foreceist is 
that suppliers of RISC processors wiU battle 
on price with each other and suppliers of 
CISC processors over the long term in order 

to win and keep system design-ins. The RISC 
arena will be more of a multisourced world 
than will the CISC 32-bit MPU segment For 
example, as of early 1991, users can turn to 
about 10 suppliers for supply of the 25-MHz 
SPARC IC. This supplier base could narrow 
over time, but users will still enjoy multiple 
sources of supply. 

The reality of multisourced RISC ICs wiU keep 
pricing pressure on all MPU suppliers during 
the next five years. Suppliers of CISC 32-bit 
processors may elect to avoid pricing battles, 
but the long-term threat of RISC IC alterna
tives shovild moderate sole-sotirce suppliers' 
pricing power vis-k-vis the trend of the late 
1980s. 

Dataquest Conclusions And Recommendations 
Table 1 shows Dataquesf s pridng outlook for 
critical MPUs and the assiunptions on which the 
forecast is based. A key assumption is that Intel 
is changing the rules of the game for users of its 
processors. Another critical assumption is that 
the availability of RISC devices from mtiltiple 
sources wiU lessen the pridng power of sole-
source suppliers. A controversial assumption 
is that as of early 1991, the SUIS forecast does 
not foresee great market impact fixon AMD's 
80386-type IC on Intel's product pridng strategy. 

Under current conditions, Dataquest makes the 
following recommendations: 

• Users of the 80286 IC can plan for a competi
tive, although more narrow, supplier base 
over the long term. 

• Users of Intel's MPUs—tiie 80386, 80386SX, 
and 80486—^m.ust coordinate long-range sys
tem life cydes with the Intd MPU migration 
path or else face unfavorable prices and 
extended delivery schedules. 

• As shown already through the 80386SL and 
80486 devices, users must plan for a change 
in Intel's rules of the game: the IC price/per
formance trade-offs of the last decade will 
be replaced by the architectural/price/ 
performance trade-offs of the next decade. 

• RISC ICs translate into more favorable prices 
for many users. 

By Ronald Bohn 

(Reprinted from Semiconductor User Information 
Service newsletter 1991-07, Fehruary 1991) 
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Ciaritying Intel Microprocessor 
Migration Plans 

System Segment Targets 
As the chart illustrates, Intel Corporation clearly 
will continue to target and position the 1386 
products in specific system market segments. 
Intel divides the market into four segments that 
correspond to specific system price ranges. This 
information is important to system OEMs 
because it allows them to better plan their product 
development and support strategies. The high-end 
segment, with a system price of about $8,000, 
was addressed by the 486-33 and 486-25 in 1990 
and is expected to migrate to the 486-50 in 1991. 
The performance midrange segment, at approxi
mately $5,000, is a 386-33 market moving to 
486-33 in 1991. The volimie midrange segment, 
at about $3,000, is 386-25 and 386-20 going to 
486-25 and 386-33 in 1991. The entiy-level seg
ment costs approximately $1,000 and currently is 
served by the 286 and the 386SX. Intel intends 
to target the 386-25 and 386-20 as well as the 
386SX at this segment. (The designations 386 
and 486 are registered trademarl^ of Intel 
Corporation.) 

System vendors have voiced concern recently 
about the rapid proliferation of new micropro
cessor products and speed grades, which in turn 

Figure 1 
1991 PC Market Segmerrtation 
(Approximate 1991 Volumes) 

led to a prohfeiation of system products. Such 
proliferation has caused an increased burden for 
the sjrstem vendor, in terms of new product 
development and support, and has helped to 
blur the hnes of product differentiation. When 
asked why Intel continues with this prolifera
tion, David House, general manager of Intel's 
Microprocessor Components Group), answered 
that he would be glad to slow the pace of 
development and spend fewer R&D dollars if he 
could only convince Intel's competitors to do the 
same. 

In fact, it is clear from the chart and from other 
remarks made at this meeting that Intel imder-
stands this issue and is attempting to better con
trol product segmentation. Intel intends to con
tinue driving the technology at a rapid pace but 
will not necessarily proliferate products through 
speed upgrades. New products will be based on 
architectural and manufacturing process improve
ments. Horizontal versions that address specific 
application or form fector issues, such as the 
386SL, also wiU be forthcoming. 

Obsolescence And The Anticlone Strategy 
Mr. House admitted that the 386DX shipments 
had peaked in 1990, the product is being 
"squeezed at both ends" by the 486 and the 
386SX, and it will be phased out. The 386DX-16 

System Price 

$8,000 

$5,000 

$3,000 

$1,000 

Tvpical CPU 
1990 1991 

486-33 
486-25 

386-33 

386-20, 25 

386SX 
286 

486DX-50 

486-33 

486-25 
386-33 

386-20, 25 
385SX 

* Millions of Units 

Soiirce: Intel 
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is not going to be supported, therefore, and it is 
not likely ttiat there will be a 40-MHz version 
of the part. Intel's goal is to establish the image 
of performance and desirability for the 486 prod
uct. This goal probably will mean substantial 
price reductions for the 486, particularly the 
486-25, during 1991. We can see also from 
Figure 1 that there will not be a 40-MHz version 
of the 486. The company intends to go directly 
from a 33-MHz to a 50-MHz version. 

As for the 286, apparently it falls off the chart 
in 1991. However, it is not clear from the figure 
either when or if Intel plans to discontinue sup
port of the 286. What is dear is that the com
pany does intend to continue emphasizing the 
386 family (which includes the 486 and, 
presumably, the 586) and promoting the move 
toward 32-bit computing. No matter how 
strongly some protest, tiie 286 is in the waning 
years of its product life cycle. The product may 
get a temporary reprieve as a result of its use in 
notebook PCs and possibly from a boost in sales 
to Eastern Bloc cottntries, but this reprieve will 
be short-Uved. 

A more interesting issue than the fate of the 286 
is the potential for 386 clones. Advanced Micro 
Devices is expected to release a 386 clone, and 
others may foUow. Intel's campaign to kUl off 
the 286 already is giving way to a similar effort 
to obsolete the 386DX, as evidenced by remarks 
at the analysts meeting that the 386DX wiU be 
phased out. Intel hopes that the rapid introduc
tion of new generations of microprocessors, 
along with horizontal versions such as the 
386SX and 386SL, wUl keep pvirsuers lagging 
far behind. 

By Ronald Bohn 

(Reprinted from Semiconductor User Information 
Service newsletter 1990-38, November 1990) 

Semiconiluctor Users StiU Eye the Risks 
of SoleSourced CISC 32-Bit MPUs 

Summary 
As discussed in prior newsletters, systems man
ufacturers continue to confront tough decisions 
about which 32-bit complex-instruction-set com
puting (CISC) or reduced-instruction-set comput
ing (RISC) microprocessor(s) to use and from 
which manufacturer. The broad sfrategic deci
sion of whether to use single- or multisourced 

ICs will challenge sjrstems mantifacturers 
throughout the 199()s. Currently, although users 
reported to Dataquest a rising interest in future 
use of RISC MPUs, systems manufacturers 
remain largely committed to 32-bit CISC devices. 
Table 1 shows that using single-sourced 32-bit 
CISC MPUs carries a special set of risk/benefit 
trade-offs—^as illustrated by the recent stunning 
legal ruling on the 68030 microprocessor. 

Overview 
This article is based on the information 
presented in Table 1, with focus on the risks 
associated with the use of single-sourced ICs— 
specifically, CISC 32-bit MPUs—and recommen
dations to users for reducing risk exposure. 
Table 1 centers on two critical user issues: com
petitive component/system pricing and global 
availability of single-sourced ICs. Dataquest will 
provide a user perspective on the emerging 
RISC technology in a future newsletter. 

Strategic IC Pricing Risics 
As shown in Table 1, users typically pay higher 
prices for single-sourced ICs such as CISC 32-bit 
MPUs than for components that are available 
from mvdtiple sources. In addition, all compo
nent buyers, whether of single- or multisourced 
ICs, confront other pricing/availability risks: 
inconsistent IC pricing, supply, and quality 
among the different world regions. 

Higher IC ASPs 
Although the use of sole-sourced ICs in sys
tems typically means higher IC pricing vis-a
vis multisourced devices, the use of these 
higher-priced components can franslate into 
enhanced system performance and profitability. 
Users of sole-sourced ICs must realize, 
however, that the long-term pricing trend for 
these higher-priced devices is likely to be dif
ferent than the historical pattern. 

IC Life Cycle Pricing 
Historically, semiconductor users have grown 
accustomed to rapid attrition in IC pricing 
during the early (or forward) stages of the IC 
life cycle, especially for multisourced devices 
such as standard logic or memory products. 
This pattern of semiconductor pricing is called 
life cycle or forward pricing. 

Users of sole-sourced 32-bit QSC devices 
should expect a somewhat different pricing 
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Table 1 
A User View of Single-Sourced CISC 32-Bit Microprocessors 

Prospective Benefits for Users Possible Risks for Users 
Enhanced system value and competitiveness 

by use of proprietary technology 

Protection against shortages through long-
term contracts 

More accurate production forecasts per close 
user/supplier relationships 

Clear system/technology road map 

Improved supply/pricing of ICs used along 
with the 32-bit MPU 

Higher IC ASPs (versus second-sourced 32-bit 
MPUs) 

Inconsistent world regional IC supply, quality, 
and pricing 

Periodic allocations to users in times of product 
scarcity 

Inability to meet system production and life cycle 
plans 

Legal tmcertainty associated with patent enforce
ment and other claims 

Source: Dataquest (May 1990) 

Structure. The huge expense (e.g., R&D, fab 
construction, legal protection) of producing 
these complex chips motivates suppliers of 
32-bit MPUs to resist stiff price declines dur
ing the early years of the ICs life cycle. 
Pricing for these devices tjrpically declines 
between 5 and 9 percent per quarter during 
the growth stage. By contrast, pricing for 
multisourced devices often declines at a 
quarterly rate of between 10 and 30 percent 
during the forward stages. 

Depending on the CISC 32-bit MPU supplier, 
product pricing for major buyers should either 
stabilize or continue to decline moderately 
diuing the later years of the life cycle. When 
pridng stabilizes, a higher-speed product typi
cally costs no more than a lower-speed version 
for long-term customers (i.e., 16-MHz and 
20-MHz price parity). 

World Regional Supply Risks 
Inconsistent IC pricing among different world 
regions relates directly to global supply/demand 
trends. For systems manufacturers that develop 
coordinated international procurement/manufac
turing/marketing plans, management of world 
regional IC supply/pricing trends should 
become a centeal concern. Over the long term, 
some suppliers might be able to sell ICs at tmi-
form prices worldwide, but that remains a 
future goal. 

For users of QSC 32-bit MPUs, global pridng 
management requires, at a minimum, that users 
monitor suppliers' worldwide manufecturing 
capabilities, preferably taking an active role in 
shaping the global fab plans of the sole-sourced 

supplier. This strategy can help reduce the 
hkelihood of another risk associated with use 
of single-sourced products: periodic allocations 
to users in times of product scarcity, as is now 
occurring for users of Intel's 80386/80386SX 
devices. Depending on supply/demand trends, 
a product can be on allocation in one or more 
world regions but be more readily available in 
other areas. 

The 32-Bit CISC MPU Global Fab Networks 
of Intel and Motorola 

Table 2 weighs the global manufecturing 
strengths of Intel and Motorola regarding pro
duction of 32-bit CISC devices. These compo
nents include Intel's 80386, 80386SX, and 80486 
products and Motorola's 68020, 68030, and 
68040 devices. 

Manufacturing by World Region 
Table 2 reveals that Motorola and Intel are 
well positioned to serve long-term North 
American demand. Motorola's United Kingdom 
fab puts suppliers in a good position to sup
ply European users. Intel currently supplies 
European users of 80386 partly with products 
from the Israel fab. The approach of 1992 
could mean expanded capacity for that region. 

Table 2 also shows that xisers in Japan and 
Rest of World (ROW) know firsthand of the 
challenges involved in globally sourcing 
single-sourced ICs. Motorola's alliance and 
joint-fab arrangement with Toshiba shotdd 
enable Motorola to serve the Japan market 
effectively over the long term. 
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Table 2 
32-Bit CISC MPU Worldwide ManuJiacturing Capability—Intel and Motorola (as of May 1990) 

North America 
Europe 
Japan 
ROW 

Total number 

North America 
Europe 
Japan 
ROW 

Total 

Motorola 
32-Bit 

CISC MPUs' 

2 
1 
r 

0 

4 

76,900 
34,000 

0 
0 

110,900 

Regional 
Total 

Number of Fabs 
by World Region 

4 
3 
1' 

0 

8 

Square Feet 
of Clean Room 

by World Region 

91,800 
94,600 
23,800" 

0 

210,200 

Intel 
32-Bit 

CISC MFUs' 

3 
r 
0 
0 

4 

72,000 
24,000" 

0 
0 

96,000 

Regional 
Total 

7 
1' 
0 
0 

8 

182,000 
24,000' 

0 
0 

206,000 
'Intel and Motorola &bs laigdy dedicated to 32-bit QSC MPUs 
^oint Motorola/Toshiba facility 
Israel 
Souice: Dataquest (May 1990) 

The Risk of AUocation 

Nevertheless, unexpectedly strong market 
demand can overwhelm the ability of the for
midable single-source suppUers to meet all 
user needs, as is now occurring with Intel's 
80386/80386SX products. SUIS clients that 
forged long-term contracts with Intel for these 
products report little interruption of supply, 
imlike buyers that operate on the spot 
markets. 

At the time of this writing, Dataquest had 
been informed that the supply/demand 
imbalance is not expected to improve in North 
America and Europe until the second or third 
quarter of 1990. The imbalance in Japan and 
ROW also should not improve until the third 
or fourth quarter of this year. 

Legal Risks 
Users of 32-bit CISC MPUs must be ready to 
confront another risk: potential legal xmcertainty 

surrounding the validity of sole suppliers' pat
ents and ottier intellectual property. For example, 
an invalid patent iiltimately vitiates the benefits 
presented as rationales for using sole-source 
devices. As shown in Table 1, these benefits 
include enhanced system value through use of 
proprietary MPU technology and clear long-term 
system/technology road maps. 

68030 Litigation 

The sttmning decision in the Hitachi/Motorola 
case concerning microprocessor (and microcon
troller) patent infringement claims shocked 
users of the 68030 microprocessor. Regarding 
the aSC 32-bit MPU arena, the case could 
have severe and unanticipated consequences 
for Motorola and users of this device. 

Setback for Users? 
Users continue to receive shipments of 68030 
products from Motorola during the second 
quarter of 1990. In late Jime 1990, barring a 
prior settlement, Hitachi and Motorola will 
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return to court. A major issue is whether or 
not Motorola should be allowed to continue 
shipments during the lengthy appellate 
process. If not {again, barring a settlement), 
visers will experience major disruption of 1990 
system production plans and long-term uncer
tainty regarding their systems life cycles and 
technology road maps. 

A Fairly Speedy Settlement? 
Dataquest believes that both Hitachi and 
Motorola have good reasons for seeking a res
olution to their Utigation. In Motorola's case, 
the threat of injunction hangs over a product 
that Dataquest believes garnered revenue in 
the $120 million to $150 million range in 1989. 
As noted, of greater long-tenn significance is 
the fact that stopping the flow of 68030s 
represents a serious hardship to Motorola's 
customers. Succinctly, major users are depen
dent on the 68030 as the sole-source heart of 
significant portions of their systems sales. 

Hitachi also is motivated to come to terms. 
Although U.S. sales of its H8 product may not 
be as monetarily significant as the 68030, sales 
of the H8 in Japan would be jeopardized if 
the final destination of domestic equipment 
was the United States. As has been demon
strated by Intel and Texas Instruments, invok
ing the powers of the International Trade 
Commission (ITC) in defense of one's intellec
tual property can empower customs to seize 
imports of equipment containing an offending 
product. Consequentiy, many of Hitachi's cus
tomers also probably want a hasty resolution 
of the issue. 

Given the stakes involved for both Hitachi 
and Motorola, Dataquest anticipates a fairly 
speedy settlement and an end to the jitters felt 
by 68030 customers. The settlement may cost 
Motorola the millions of dollars it might have 
hoped to gain from Hitachi when it first 
pressed its lawsuit more than one year ago. 
Nevertheless, the current bottom line is that 
users of the sole-sourced 68030 remain waiting 
for a legal resolution that could occur as soon 
as tomorrow or not for several years. 

k User Eye on Unresolved Legal Issues 
Dataquest strongly recommends that users 
carefully monitor legal developments associated 
with all sole-sourced ICs—^not only the 68030 
MPU, but also 80386/80386SX products and 
application-specific ICs (ASICs). 

Regarding the 68030 litigation, the resolution 
of the following issues could have a forceful 
impact on users' 1990 production schediiles 
and long-term technology road maps: 

• If Hitachi and Motorola do not settie the 
litigation, how long will visers have to wait 
before the case is resolved? 

• Would a cross-license deal, as part of a 
settlement, imply access to selected tech
nologies or outright second-sourdng of the 
68030? 

• Is Hitachi at all interested in producing the 
68030? 

• If the 68030 were to be second-sourced to 
Hitachi, how would this affect Motorola's 
agreement with Toshiba, with which it has 
a DRAM/microprocessor joint venture? 

• Will pricing for 68030 products be higher 
than originally expected (e.g., pass-on of 
Motorola's royalty payments), tmaffected, 
or lower (i.e., Hitachi as second source)? 

More Legal Shocks for Users of Sole-Sourced 
32-Bit MPUs? 
Dataquest wiU be tracking the 68030 case with 
an eye on these issues. As noted in previous 
newsletters, the recent events surrounding the 
68030 product augur future shocks for supply-
base managers at systems companies that use 
single-sourced CISC 32-bit MPUs. For example, 
users of 80386 devices must monitor the 
arbitration case between AMD and Intel over 
80286 products. AMD claims a right to 
produce 80386 devices. Should AMD win that 
argument—as stunning as the scenario seems— 
AMD might emerge as a supplier of 80386 
products. The unresolved issues surrounding 
the 68030 litigation could become for users— 
with some modification—^the rmresolved issues 
suiToimding the 80386 case. 

Dataquest Conclusions and Recommendations 
Dataquest believes that users of sole-sourced ICs 
such as a S C 32-bit microprocessors confront a 
challenging set of risks in terms of pricing, 
worldwide supply, and legal claims. Use of 
these proprietaty processors can mean enhanced 
system value and competitiveness, provided that 
the risks are minimized. Generally, risks can be 
minimized through close user/supplier relations 
that include the mutual sharing of sensitive 
forecast infoimation. 
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SpedficaUy, Dataquest also makes the following 
recommendations: 

:• To manage pricing risks (higher prices; no life 
cycle pricing), users must actively monitor 
suppliers' R&D/capital equipment plans to 
make certain that titiese plans coordinate with 
users' long-term worldwide system production 
goals and technology road maps. 

• To manage global supply risks, users must 
track their single-sourced suppliers' world
wide network of fobs as well as world regional 
demand patterns in order to gauge the 

periodic likelihood of limited allocation on a 
world regional basis. 

u To manage legal risks, users must monitor 
any legal developments surrounding any 
single-sotured IC and require from suppliers 
information on any such products currently 
involved or likely to be involved in a legal 
dispute. 

By Ronald Bohn 

(Reprinted from Semiconductor User Information 
Service newsletter 1990-18, May 1990) 

©1992 Dataquest Incotporated 



18 Semiconductor Procurement 

About Dataques/fs Worldwide 
Semiconductor Procurement Sendee 
Dataquesf s Semiconductor Procurement infor
mation service, formerly Semiconductor User 
Infonnation Service, is a comprehensive market 
research service covering the world's major 
semiconductor markets. Dataquest provides 
semiconductor users with indispensable informa
tion needed to make solid, intelligent, and quick 
procurement and design-in decisions. Through 
the service, Dataquesf s analysts become an 
extension of your purchasing and component 
engineering teams by delivering concise infor
mation and analysis on the issues that affect 
your strategic and tactical business plans. 

The service is available on an aimual subscrip
tion basis and provides you with authoritative 
industry pridng projections, worldwide market 
forecasts, objective market share estimates, and a 
forward-looking assessment of the forces affect
ing semiconductor procurement. The service also 
ddivers Dataquest analysis of key industry 
trends, leading manufacturers' strategies and 
product offerings, and enabling and competing 
technologies. 

Product Coverage 
The following represents some of the areas that 
are covered by the Semiconductor Procurement 
infonnation service. 

PriceAead-Tiim Trends 
Quarterly price/lead-time forecasts for over 

200 devices 
Semimonthly snapshot of booking prices of 

25 critical products in the United States, 
Europe, Japan, Taiwan, Hong Kong, and 
Korea 

Product/Technology Trends 
Major Product Families: ASICs, Memories, 

Microcomponents, Standard Logic 
Product/Technology life Cycles 
Market Size/Shipments 
Product Specification Trends 
Semiconductor Product Cost Analysis 
Packaging Trends 
Quality Issues 

Monthly Procurement Pulse 
Average Monthly Semiconductor Orders 
Average Semiconductor Lead Hmes 
Actual versus Target Inventory Levels—^AU 

OEMs 
Actual versus Target Inventory Levels— 

Computer OEN^ 

Monthly Market Watch 
Semiconductor Book-to-BiU Ratio 
Semiconductor Inventory Level 
U.S. Weighted Semiconductor Price Indicator 
DOC Computer Demand 
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About upcoming Dataquest conferences (408) 437-8245 
About Dataquest services or other Dataquest publications (408) 437-8285 
Via fax request (408) 437-0292 
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Product Analysis 

European DRAM Maiket Update-
Welcome to the 4Mb 

Introduction 
Dataquest published its long-tenn outlook for 
the European DRAM market in March 1991. 
This article focuses on the short-term issues that 
will affect the market up to ttie end of 1992. Our 
forecast is quarterly, and, where appropriate, 
updates are made to our March analysis. Special 
attention is given to the 4Mb DRAM as this 
product is approaching volume production and 
DRAM buyers are now considering their 
options. 

Summary 
The European DRAM market is in a state of 
transformation. Our quarterly forecast shows 
that the European DRAM market will grow in 
value by 10.9 percent in 1991, assuming a unit 
growth of 6.6 percent and an average seUing 
price (ASP) growrth of 4.0 percent. This is a 
promising recovery from 1990, which saw a 
26.1 percent market decline caused by an ASP 
decline of 33.8 percent and a unit growth of 
11.6 percent. 

Three key changes have occurred in the market 
since we prepared our long-range European 
MOS Memoiy Consumption Forecast booklet. 
These are as follows: 

• Total DRAM sales to the European market for 
1990 have been finalized at $1,216 million. 
This is $76 million greater than the prelimi
nary market size given in the booklet and is 
believed to include direct shipments of 1Mb 
devices from Japan. 

• Poor first quarter results by major end users 
of DRAM have led us to revise the expected 
unit demand for the 1Mb in 1991. 

Dataquest 
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• Market prices for the 1Mb increased substan
tially at the beginning of the second quarter 
of 1991. This development is believed to be 
related to the DRAM reference price agree
ment between Japanese companies and the 
Eiuopean Commission, and it is discussed in 
detail later. 

In simimaiy, key assumptions for 1991 are: 

• The 64K is experiencing a sharp decline in 
demand. 

• The 256K shows general slowdown in produc
tion, leading to higher prices. 

• The 1Mb shows slowdown in Japanese pro
duction, leading to higher prices. 

• The 4Mb is ramping up in Japanese produc
tion, leading to price erosion. 

• The 4Mb has reached price-per-bit parity with 
the 1Mb. 

• The European PC market is growing at 
approximately 10.0 percent 

• No shortages are expected in 1Mb or 4Mb 
DRAMs. 

• DRAM market growth is at 10.9 percent. 

• DRAM market growth in 1992 wiU be at 
34.9 percent. 

Product Analysis 

Price Trends 
Japanese companies continue to be a major 
influence in the European market despite the 
fact that only two out of the top five suppli
ers to the Eviropean DRAM market in 1990 
were Japanese. Those two are Toshiba and 
NEC, ranked second and fifth, respectively. In 
fact, the market share results belie the fact 
that in 1990 Japanese companies collectively 
served an estimated 47.1 percent of the 
European DRAM market. At the 4Mb density, 
this dominance is greatest, and currently 
stands at around 85.0 percent. Obviously tiien, 
any forces affecting the DRAM activities of 
Japanese companies wUl affect the marketplace. 

In January 1990, the Exiropean Commission 
entered into an agreement with Japanese 
DRAM manufacturers; it set minimum Euro
pean price guidelines for Japanese DRAM 
products based on cost of mantifacture. 

Dataquest believes that 1Mb and 4Mb DRAM 
reference prices (RPs) applied to Japanese-
sourced DRAMs increased in the first quarter 
of 1991, followed by further growth in the 
second quarter. The cause was rising manufac
turing costs, which are used to determine RPs. 
Japanese companies have been reducing pro
duction of 1Mb DRAMs, which has augmented 
unit costs, and hence the 1Mb RF. 

The 4Mb DRAM RP increases are less easy to 
understand, but are believed to be caused by 
the late inclusion of some previously over
looked manufectuiing costs by Japanese com
panies. The RP agreement allows for the cor
rection of previously imderestimated costs by 
adding the shortfall to current cost estimates. 
The scale of the rise in RP varies depending 
on the currency used, but the fact remains 
that these increases have been followed closely 
by growth in market prices. 

Dataquest believes that Japanese companies do 
not always lose their business to non-Japanese 
competitors as a result of increases in refer
ence prices. Some Japanese suppliers are 
believed to offer package deals, which main
tain conformance to DRAM reference price 
levels, but include other products at discount. 
In this way, competitiveness can be maintained 
against suppliers not bound by DRAM refer
ence prices. The net effect is that Japanese 
companies hold on to their DRAM customers, 
and the market ASPs reflect RP levels. 

We found it necessary to integrate RP trend 
assximptions into our forecast, linked to how 
Japanese DRAM production capacity is utilized 
and affects the 1Mb and 4Mb: 

• 1Mb RPs are expected to continue to rise 
throughout the forecast period. 

• 1Mb market ASPs wUl follow a similar 
trend, but will be below 1Mb RPs. RPs will 
have progressively less effect on market 
ASPs as Japanese suppliers withdraw from 
this density. 

• 4Mb RPs are expected to decline from the 
third quarter of 1991 to the end of the fore
cast period. 

• 4Mb market ASPs will closely follow 4Mb 
RP trends as Japanese suppliers are 
expected to maintain leadership in this 
market throughout the forecast period. 
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• RP trends will show short-term deviations 
as a result of exchange rate fluctuations, 
DRAM production changes, £tnd errors and 
corrections in cost projection. 

Product Diversification 

The DRAM market of the past was driven by 
technology, and users needed to design their 
S5rsteins around the product. Hie DRAM mar
ket of today is driven by application. The 
number of user options available for DRAM 
has increased with each generation, and cur
rently exceeds 400 at the 4Mb density from 
some vendors. These options cover speed, con
figuration, package type, refresh mode, write 
mode, read mode, power consumption, and 
special modes. This excludes permutations pos
sible from DRAM module configurations. It is 
now vitally important to imderstand what the 
customer wants in order to ensure that the 
correct balance of options is made available to 
the market. 

Trends by Product 

Dataquest has surveyed major European users 
of DRAM in order to produce a demand-
driven quarterly forecast that has been 
balanced against production estimates from 
suppliers. 

64K DRAM 
From the beginning of 1991, this part has 
experienced a sharp dedine in demand. Users 
have finally chosen to move up to the 256K 
part, which is only 10 percent more expensive. 
The 64K and 256K DRAM ASPs are expected 
to converge and follow a similar upward trend 
through to the end of 1992. Dataquest believes 
that the tuning of this move was inevitable. 
The number of suppliers of flie 64K is 
dwindling, and as each one of them with
draws, the volume of supply wHl be reduced 
significantly. 

Most vendors can effectively support three 
generations of DRAM, and so tiie imminent 
takeoff of the 4Mb market puts the 64K on 
borrowed time. Typical applications for the 
64K include TV teletext buffers, satellite 
receiver memory, and small system memory 
upgrades. Even if some of these applications 
do not require the capacity of a 256K, the 
lower cost-per-bit and benefit of a more secure 
supply will prevaiL The short-term outlook for 
the 64K market is therefore rapid decline. 

256K DRAM 
Demand for the 256K part has been in steady 
decline since mid-1989 when titie price-per-bit 
of the 1Mb reached parity with it. Current 
supply of this part in Europe is mainly from 
non-Japanese vendors such as Samsung, Texas 
Instruments, and Siemens, and many of these 
plan to pheise out the product by the close of 
1991. Major European users of the 256K 
include telecommtmications and computer 
manufecturers, with key applications being 
digital exchanges and PCs, respectively, lliese 
end users are finding that shortages of the 
part have led to higher prices. 

Leading package options, in order of prefer
ence, are dual in-line package (DIP), plastic 
leaded chip carrier (PLCC), Jind zigzag in-line 
package (ZIP). The 1Mb, in 64Kxl6 and 
256Kx4 configurations, is a convenient replace
ment for the 256K in 64Kx4 and 256Kxl con
figurations. The ouflook for the 256K market is 
for continued decline in units coupled with 
increasing prices. Notices of withdrawal from 
the 256K market are expected to be annotmced 
by vendors throughout the year. 

1Mb DRAM 
This product has now reached maturity and is 
expected to peak in unit shipments in the 
third quarter of this year. Unit demand is 
expected to decline in the second half of 1991, 
and coupled with price erosion, wiU lead to a 
sharp drop in revenue. After the second 
qviarter of 1992, 1Mb revenue will fall below 
that of the 4Mb. Key European applications of 
the 1Mb include most PCs, workstations, 
memoiy expansion modvdes, laser printers, and 
telecommunications equipment. Leading pack
age options, in order of preference, are small 
outline J-leaded (SOp, DIP, ZIP, and thin 
small-outline package (TSOP) type 2. Configu
ration options, also in order of preference, are 
IMbxl, 256Kx4, and 64Kxl6. Access speeds 
vary from 120ns to 53ns, with most demand 
in the region of 80ns, though the trend is 
toward 70ns. 

Japanese suppliers began cutting back on 1Mb 
production in the third quarter of 1990 as 
there was a slump in worldwide demand. This 
led to increases in 1Mb reference prices from 
the first quarter of 1991, which took the 1Mb 
user base by surprise. Many non-Japanese ven
dors have r aznp^ up production in order to 
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take up the excess business. This has led to 
Samsung becoming the world's largest 
producer of 1Mb DRAMs. However, this con
certed effort has not prevented the 1Mb from 
becoming booked out or prices from rising in 
Europe. 

The 1Mb price rise meant that the 4Mb part 
achieved price-per-bit parity with the 1Mb. We 
expect non-Japanese suppliers to reduce 1Mb 
prices again to delay users migrating to the 
4Mb. However, there are compUcations to this 
effort, as the European Commission is inves
tigating a number of South Korean DRAM 
suppliers accused of dumping DRAMs in 
Europe. Dataquest is of the opinion that 1Mb 
DRAM market prices in Europe will begin to 
diverge from reference price trends in the 
medium term. 

Welcome to the 4Mb 
This part is now at parity on price-p>er-bit 
with the 1Mb DRAM. Second-generation 
devices are becoming available, with package 
outlines and speeds that are attractive as 
replacements for the 1Mb. This article pays 
special attention to the future development of 
this market. 

The growth of the 4Mb market through 1990 
was dogged by continued price erosion of the 
1Mb DRAM. This kept the price-per-bit of the 
4Mb above that of the 1Mb for longer than 
would normally be expected. Added to this, 
4Mb suppUers shot themselves in the foot by 
promising that the 4Mb would eventually have 
the same outline as the 1Mb. This would be 
achieved by releasing a second-generation 4Mb 
using O.Spxn design rules to replace the initial 
first-generation 1.0pm offering. This is believed 
to have given users cause for concern: the 
first-generation 4Mb in 350-inil SOJ might not 
last long before being made obsolete by its 
300-mil SOJ successor. A wait-and-see attitude 
thus developed. 

The growth of the 4Mb market is now finally 
\uider way. CXu- key 4Mb market asstmiptions 
are as follows in configuration options: 

• 4Mbxl—^Bit-wide organized versions of the 
4Mb are required in large systems such as 
mainframe, mini-computers, and large dedi
cated systems. These users were some of 
the early adopters of the 4Mb. This organi
zation currently accounts for 50 percent of 

the European market. It will represent a 
smaller share in the future, as strong 
growth in other applications is expected to 
demand wider organized 4Mb. 

lMbx4—^Nibble-wide organized versions of 
the 4Mb are in demand for 80386/80486-
and 68030/68040-based systems for main 
and expanded memory. This organization 
has remained popular from the earliest days 
of the 4Mb, although it lost some groimd to 
the 4Mbxl over the last two years. The out
look is for increased share of the 4Mb mar
ket, as OEMs of the above systems collec
tively move to the 4Mb from the 1Mb. 
Memory modvdes are also an important 
application for the lMbx4. As an example, 
a lMbx9-configured single in-line memory 
module (SIMM) can have its power con
sumption reduced by 67 percent and its 
height reduced by 18 percent when using 
two 4Mb (lMbx4) DRAMs and one 1Mb 
(IMbxl) DRAM instead of nine 1Mb 
(IMbxl) DRAMs on the board. 

512Kx8—^Byte-wide organized versions of the 
4Mb are required in a ntmiber of portable 
systems such as notebook computers and in 
Jdgh-resolution output devices such as laser 
printers. Memory modules are also an 
important application for the 512Kx8. As an 
example, the 512Kx36-configuTed SIMM can 
have its power consumption reduced by 
50 percent by using four 4Mb (512Kx8) 
DRAMs and eight 256K (256Kxl) DRAMs 
instead of sixteen 1Mb (256Kx4) DRAMs 
and eight 256K (256Kxl) DRAMs. Samples 
of this part are now becoming available 
from leading suppliers, with other vendors 
following by the end of 1991. Versions of 
the 512Kx9 configuration will be released 
simultaneously for tisers requiring a parity 
check fadlity on-chip. The outlook for this 
configuration is expected to be a relatively 
minor share in the medium term. 

256Kxl6—^Word-organized versions of the 
4Mb are already in demand from users cur-
rentiy emplo3dng the 1Mb in a 256Kx4 con
figuration. This covers a wide range of 
equipment, including systems based on 
80386 and 68030 microprocessors. High-
resolution displays also require this configu
ration. Samples of this part will become 
available from major vendors this quarter 
and from other vendors over the next 
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12 months. Some vendors have brought 
forward their release dates in response to 
strong interest from users. The 256Kxl8 ver
sions will be released simultaneotisly for 
parity checking. The outlook for this part is 
for a significant share in the medium term. 

The 4Mb has a number of packaging 
options. All dimensions in the following list 
are based on 4Mbxl and lMbx4 configura
tions. For 512KX8/9 and 256Kxl6/18 configu
rations, add 50 mil and 100 mil, respectively, 
to give a rough guide. Packaging options for 
the 4Mb are as follows: 

• SOJ—This surface mount package is avail
able in 350 mil from most 4Mb vendors. 
Second-generation 300-mil versions are now 
becoming available from leading vendors. 
This part is suitable for use on mother
boards and modules in most systems. The 
SOJ is estimated to account for 85 percent 
of aU European shipments today. This share 
is forecast to decline as other packages 
increase in popularity. 

• ZIP—^This through-hole package is available 
in 400 mil from most vendors. Second-
generation 300-mil versions are now being 
test-marketed in through-hole and sxirface-
mount versions. This part is suitable for 
motherboard mounting in large systems 
where small footprint and heat (^sipation 
are major issues. 

• TSOP type 1—This surface-mount package is 
now available in 315 mil from leading ven
dors. Second-generation versions featuring 
smaller outlines will be available in the 
second quarter of this year. This part is 
suitable for high-density mounting on 
motherboards, modules, and, most impor
tantly, memory cards. The availablity of 
reverse-pinout versions allows for maximum 
mounting density when required. However, 
the fine pin pitch (0.5rnm) of this device 
makes it difficult to mount, and is expected 
to be used only in applications where mini-
mimi board space is a critical consideration. 
The future for this package is mainly 
dependent on the market for memory cards, 
which is expected to take off strongly in the 
medium term. Development of memory 
cards is particularly advanced in Japan. 

• TSOP type 2—This surface-mount package is 
available in 450 mil from most vendors. 

Second-generation 300-mil versions are now 
also becoming available 6om leading ven
dors. The main benefit of this part is that it 
has the same height as TSOP t j ^ 1 and 
the same footprint as the second-generation 
SOJ. However, it is easier to mount than 
TSOP type 1 because the pin pitch (1.27mm) 
is greater. Applications wiU be a cross 
between those for SOJ and TSOP type 1. 
The outiook for this part is for significant 
market share in the medium term. 

• Others—^This category includes DIP and 
tape-automated bonding (TAB). DIP is a 
through-hole part and is believed to be 
available from only one manufacturer to 
date. It is suitable for smaU-voltune custom 
equipment where small outline is not a con
cern and assembly facilities are primitive. 
The outiook for tius part is as a niche 
option. TAB is a low-profile surface-moimt 
part and is expected to be used in portable 
applications such as memory cards and 
notebook computers. The outlook for this 
part is mainly dependent on tiie market for 
memory cards, which is expected to take off 
in the medium term, as discussed earlier. 

• Modules—This category includes padded 
SIMMs and pinned single in-line packages 
(SIPs). Modules currentiy accoimt for a high 
proportion of 4Mb DRAM shipments and 
stood at an estimated 70 percent of all 4Mb 
shipments in the first quarter of 1991. 
Modules are suitable for memory expansion 
and dense motherboard assemblies. They are 
expected to continue to accoimt for a major 
part of the market, although TSOP and 
second-generation ZIP will steal somie of 
this business. 

16Mb DRAM 
Samples of this product are available now 
from leading suppliers. It is available in 
400-mil SOJ, ZIP, and TSOP type 2. Access 
speeds range from 60ns to lOOns, with the 
most popular at 70ns, and a trend is expected 
toward 60ns. Current configurations are 
16Mbxl and 4Mbx4, with plans for 2Mbx8 
and lMbxl6 by the end of 1992. Internal vol
tages range between manu^cturers but are 
understood to be 3.3V or 4.0V, as opposed to 
5.0V standard for preceding generations. Exter
nal voltages are 5.0V in all versions, but users 
may find the internal voltage better to work 
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with, especially if the 16Mb is for use in por
table equipment. The outlook for the 16Mb 
market is for general protot3rping demand 
beginning in tiie first half of 1992. 

Dataquest Perspectve 
The European DRAM market is now in recovery 
foUowing weak tmit growth and rapid price 
erosion in 1990. The end of the Gulf war has 
released a wave of pending orders, reflected in 
the very high DRAM book-to-bill ratios of lead
ing suppUers in recent months. Some of these 
orders are Kkely to have been prompted by the 
news that DRAM reference prices were to 
increase again in the second quarter of this year. 
Orders of this nature tend to be soft. Dataquest 
believes that these are a minority, and the major
ity of recent orders are firm. However, the 
second half of 1991 is expected to be weak in 
terms of new orders, leading to a rrald growth 
of 10.9 percent in total revenue. The year 1992 
should see a stronger market, with 34.9 percent 
growth in revenue. 

The availability and pricing of the 4Mb now 
makes it an attractive proposition in Europe. 
Users are looking hard at their options and are 
generally believed to be ready to take up the 
successor to the 1Mb. The 4Mb suppUer needs to 
be ready to supply the options its customer 
wants. This is a task to be imdertaken with fore
thought, especially for those suppliers with the 
responsibility of investing in European fabrica
tion facilities. The 4Mb market has no clear 
leader yet, though Hitachi and Toshiba are 
clearly ahead of the rest of the competition. Ulti
mately, the successful players of the 4Mb market 
will be determined by the customer base that 
will place orders with those suppliers offering 
the right product mix. Diversification wiU be the 
name of tiie game. 

By Byron Harding 

(Reprinted from Vol. 1, No. 6, June 11, 1991) 

Japanese DRAM Maricet Update—Will 
4Mb DRAMs Have a Short Life? 

Introduction 
When pltunmeting 64Kb and 256Kb DRAM 
prices in the 1985 semiconductor recession 
caused major chipmakers to restrain capital 
investment, only Toshiba continued aggressive 

investment in 1Mb DRAMs; later, it dominated 
the market. Now Dataquest sees more competi
tion in the 4Mb DRAM market. Hitachi has a 
slight lead, closely followed by Toshiba, NEC, 
Mitsubishi Electric, and Fujitsu. Slow growth of 
4Mb demand appears to help narrow the differ
ence. Empirical evidence shows that chipmakers 
that dominated the DRAM market invariably 
enjoyed a significant growth in semiconductor 
revenue, and in order to recover their gigantic 
investment, 4Mb chipmakers are engaged in a 
serious race for survival. 

This year is supposed to be the year for 4Mb 
DRAMs. However, with volume production of 
16Mb DRAMs scheduled in 1992 and as devel
opment of 64Mb DRAMs is accelerated, some 
say that 4Mb DRAMs may have a short life. If 
so, it would certainly be a life-and-death matter 
for DRAM suppliers that are behind in 16Mb 
development. A short life for 4Mb DRAMs 
would cause some companies to withdraw from 
the DRAM business. TWs article examines the 
potential life of 4Mb DRAMs. 

The 4IVIb DRAM Life Cycle 
Since the birth of 16Kb DRAMs in 1977, the 
semiconductor industry has introduced a new 
generation to the market every three years. 
Although this technological tradition is expected 
to continue up to the 64Mb DRAM generation, 
the pace of volume production growth has 
slowed steadily from one generation to the next 
(see Figure 1). In particular, the initial growth of 
4Mb production l^s obviously lost the momen
tum seen in past generations. 

Dataquest looks at the peak of DRAM produc
tion in each generation. Assuming that a new 
generation of DRAMs is introduced every three 
years and production peaks every four years, the 
hfe cycle becomes longer for later generations. If 
applied to 4Mb DRAMs, production will reach a 
peak level between 1994 and 1995, at which 
time more than two generations will be in the 
market. Dataquest bdieves that this situation is 
likely because DRAMs, the demand for which 
has previously been governed by computer mar
ket growth (e.g., PC booms in 1984 and 1988) 
will find a wide range of applications including 
facsimiles, telephones, automobiles, VCRs, and 
TVs; therefore, consumption of DRAMs with 
smaller storage capacity will continue in the 
foreseeable future. Coexistence of several 
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Figure 1 
DRAM Life Cycle 
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generations is already seen in non-DRAM 
memories, and DRAMs are not likely to be an 
exception to such a trend. 

PC Evolution and DRAM Consumption 

The PC market absorbs one-half of DRAM sup
ply. Based on shipment data, peak production 
exceeded that of the previous generation up to 
256Kb DRAMs, but was down in 1Mb DRAMs 
(see Figure 1). A probable cause is that the 
increase in DRAM storage capacity has outpaced 
that of PC memoiy capacity, leading to a slow
down in DRAM consumption. PCs use main 
memories with 1 or 2MB (see Figure 2), which 
can be satisfied by much cheaper 1Mb DRAMs. 
Nevertheless, with main memory capacity 
expected to increase with wider use of vhndows 
and other factors, the shift to 4Mb is likely to be 
accelerated. This is further evident in several 
types of laptops recently introduced to the 
market. 

Another factor to consider in increasing memory 
capacity is the constant increase in data volume 

handled by large general-purpose computers 
and PC-application programs. Because the maxi-
mimn capacity of PC main memories is largely 
governed by the operating system and CPU 
architecture, the relationship between the aver
age capacity of IXZ main memories and OS has 
been examined by the industry in general. In 
1983, the wide use of DOS 2.0 boosted the aver
age memory capacity to 512KB, consuming a 
large amotmt of 64Kb DRAMs. Then in 1985, 
emergence of DOS 3.0 pushed main memoiy 
capacity up to 640KB and sptirred consumption 
of 256Kb DRAMs. Today, the average memory 
capacity is 1.5MB, using 1Mb DRAMs. However, 
current OS wiU limit the increase in the main 
memoiy capacity, driven by the upgrading of OS 
versions and improvement of application soft
ware from 2MB to 3MB tmtil 1993. Although 
OS/2, which is capable of handling a 16MB 
address space, is expected to drive a significant 
increase in main memory capacity, it will take 
more than three years before the new OS 
becomes widely used. Until then, Dataquest 
beUeves that 4Mb DRAMs will be the 

©1992 Dataquest Incofporated 



Semiconductor Procurement 

Figure 2 
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mainstream device, and the shift to 16Mb wiU 
take place after 1994. 

Improvement of CPU performance is also an 
important factor in determining the direction of 
DRAM consumption. Currently, 32-bit CPUs are 
at the leading edge and will be the mainstay of 
PCs for upcoming years, ending the CPU evolu
tion from 4- to 8- to 16- to 32-bit devices. This 
evolution wiU affect DRAM consumption, which 
has been growing with CPU performance 
improvement. Dataquest therefore concludes that 
current needs are satisfied by 4Mb DRAMs, and 
consumption is not likely to grow significantiy 
in the next few years. 

Diversification of 4IVIb DRAMs 
DRAM makers have to provide many types of 
DRAMs including different packaging, different 
speed, and different organizations because of 
diversified applications. 

Although the computer main memory capacity 
wiU continue to increase in the future, it does 
not necessarily mean that all systems require 
such large memory. Dataquest expects consump 
tion of x4, x8, and xl6/18 types of DRAMs to 
grow rapidly; if 4Mbxl versions are used for the 
main memory of a 16-bit PC, 16 imits of 4Mbxl 
DRAM are required and 32 tmits in case of a 
32-bit CPU-based PC. A 16-bit PC using a 
lMbx4 DRAM would require 4 units of lMbx4 

DRAM. A 16-bit PC using a 256Kbx8 DRAM 
would require 2 vmits of 256Kbx8 DRAM. These 
wide-bit DRAMs minimize the need for replace
ment with 16Mb DRAMs in order to save space. 

16IVIb DRAMs and 4Mb Shrinic Versions 
The 16Mb DRAM wiU be initially marketed as 
xl and x4 versions in a 475-mil package. Data-
quest believes that the market will not be ready 
to accept these products because the high price 
and large package are likely to discourage users 
from replacing 4Mb DRAMs just because of 
quadrupled storage capacity. The industry has 
experienced this phenomenon with the 350-inil 
SOJ package of 4Mb DRAMs; the full-fledged 
16Mb DRAM market will Kkely have to wait 
imtil the second-generation version of 400-mil 
SOJ is introduced. 

With the current cycle of introducing xl com
modity products with higher integration every 
three years, tiie available memory capacity may 
exceed the growth of per-bit demand for 
DRAMs by system products, leading to produc
tion decrease. This problem cannot be avoided if 
DRAMs continue to rely on being used in com
puters. Thus, the industry must explore other 
uses for DRAMs or reduce production costs to 
improve profitability. 

One solution is to manufacture 4Mb shrink 
versions by using 16Mb DRAM technology; 
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chipmakers plan to introduce this shrink-version 
device as their third-generation version. By 
using a 0.5-micron process, the chip size can be 
made one-half the size of the first-generation 
versions, reducing the price significantly and 
using smaller padcaging. Many chipmakers 
anticipate that, by operating the 16Mb DRAM 
production line for 4Mb shrink versions, they 
can offer favorable foreign market values (FMVs) 
once 16Mb production begins to dominate the 
market. This intention is clearly reflected in 
aggressive investment by leading DRAM chip-
makers on 16Mb facilities. In this sense, 4Mb 
DRAMs play a key role in surviving the next-
generation DRAM market. 

DRAM Price Trends 
DRAM price trends, from market introduction to 
total shipments of 1 billion units, are examined 
for each generation. Although prices declined in 
a similar pattern from the 16Kb to the 256Kb 
generation, the rate of price decline became 
moderate for the 1Mb and 16Mb generations 
(see Figure 3). Prices for the 1Mb DRAM 
remained at a high level in 1989 and declined 

Figure 3 

Price Leaming-Cuive (Jomparison 

relatively late. However, our analysis suggests 
that 16Mb prices are likely to follow a similar 
pattern. 

Now that the pace of increase in memory capac
ity of memory ICs has exceeded that of memory 
capacity of system products, tisers will shift 
their foais of interest from space-saving merit to 
price advantage. As long as 16Mb prices are 
high, the life of 4Mb DRAMs will be prolonged 
accordingly. 

Dataquest believes that 16Mb prices will not fall 
as much as users expect and thus will not fol
low the learning curves experienced in 256Kb 
and older products for the following reasons: 

• The increase in the nimiber of processes will 
increase the influence of particles and con
tamination on slowing tiie pace of yield 
improvement. 

• DRAM makers are delaying the shift to wafer 
processing from 6 to 8 inches. 

• Increases in development costs will create a 
diverse product mix. 
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Figure 4 
Worldwide Capital Spending 
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• The increase in product line will make it 
difficult to achieve cost reduction through 
volume production of a small product line. 

• Value-added products including low voltage, 
low power consumption, and high speed will 
increase. 

• Capital spending will continue to increase 
(see Figure 4). 

All of these factors wiU work to fend off the 
shift from 4Mb to 16Mb devices. 

Dataquest Perspective 
From an analysis of the factors affecting 4Mb 
DRAM consumption, Dataquest draws the fol
lowing conclusions: 

• In terms of life cycles, 4Mb, 16Mb, and later 
generations are expected to have a longer 
product life. 

• 4Mb prices wiU dedine at a faster pace than 
16Mb prices. 

• Increasing applications will keep products in 
the market longer, -where a few generations of 
products will coincide. 

• 4Mb DRAMs will dominate the PC market, 
with main memory capacity up to 6Mb. 

• Increasing use of \^fedows and OS/2 will 
boost main memory capacity, serving as 
momentum for the shift to 4Mb DRAMs. 

• Various technological hurdles must be cleared 
before volume production of 16Mb DRAMs 
begins. 

• 4Mb shrink versions will be used for early 
recovery of investment on 16Mb production 
fedUties while acting as a spearhead for 
exploring the 16Mb market. 

Dataquest believes that these findings indicate a 
long life for 4Mb DRAMs. 

By Akira Minamikawa 

(Reprinted from Vol. 1, No. 10, August 12,1991) 

AtMce for DRAM Users: Staying AINe 
in a Competitive, DRAH^-Hungiy Worid 

Executive Summary 
Dataquest estimates that worldwide production 
of DRAMs totaled 1.4 billion units during 1990, 
a 1 percent decline from the 1989 leveL For 
users, life is never easy in this DRAM-hungiy 
world, as shown by erratic first-half 1991 trends 
in the 1Mb DRAM segment Based on Dataquesfs 
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final 1990 DRAM market share ranking, this 
article evaluates the life cycle stage for DRAMs 
in 64K through 16Mb densities and assesses the 
supply/supplier base for these critical products 
now and in the year 2000. 

Overview—DRAM Cost Containment 
This article provides DRAM users with practical 
and strategic information for choosing which 
devices to use and from which supplier or sup
pliers. (The articles replace the "DRAM Product 
Trends" section of the Industry Trends binder of 
the former Semiconductor User Information Ser
vice.) like the other 1991 Dataquest Perspective 
articles in this product trends series, this one 
contains three sections. The first develops a 
guide to cost-effective, long-term procurement of 
DRAMs through the use of product life cycle 
analysis. The second section on the top-ranked 
suppliers of DRAMs looks at market positions, 
technology strengths, and future product strate
gies of the leading suppliers. The third section 
combines analyses of DRAM life cycles and the 
supplier base. The sections blend a discussion of 
key industry issues affecting DRAM users today 
and over the long term. 

Figure 1 
DRAM Product Life Cycles by Density as of August 1991 

A key element to our strategy for DRAM 
demand management is for users to match sys
tem life cycles with DRAM life cycles. This 
evaluation enables systems mamifacturers to 
compare their long-term system migration plans 
against DRAM life cycles for the ptirposes of 
managing DRAM costs and planning for DRAM 
changeovers in those cases where system/ 
DRAM life cycles do not match. 

DRAIVI Product Life Cycles 
This section uses information on DRAM product 
hfe cycles as a guide to assist users in adjusting 
to forces affecting the marketplace over time. 
This section also states the basis for other ana
lyses based on DRAM life cycle curves. 

Typical Life Cycles for DRAM Products 

Figure 1 shows a series of curves that map 
the product life cycle of DRAMs in densities 
of 64K to 16Mb. This figure is based on Data-
quesf s historical DRAM unit shipments and 
forecast information. 

Figure 1 reveals that DRAMs typically 
experience a life cycle of 15 years or more, 
excluding tiie R&D phase. The figure 
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illustrates that the DRAM cycle reaches the 
critical peak stage of unit/supply during its 
fifth or sixth year. 

Factors That Affect DBAli/l Life Cycle Belianor 

The trend is toward longer hfe cycles for 
megabit-density DRAMs versus that of the 
prior generations of lower-density parts. (Fac
tors that affect DRAM life cycle behavior are 
described in the Semiconductor Procurement 
Dataquest Perspective Volume 1, No. 10, article 
entitied "Will 4Mb DRAMs Have A Short 
Life?") 

DRM/I and DRM/I Life Cycles by Configuration 
Over Tinw 

Figure 2 depicts the life cycles for DRAMs 
and video RAMs (VRAMs) on the basis of 
organization. The figure breaks each stage into 
specific time intervals. 

DRAM Life Cycle Stages 
Figure 2 shows that the DRAM R&D stage 
occurs over a three- to four-year period. The 
DRAM introduction and growth stages extend &a: 
five years. The maturity and saturation stages 
total another five years. The decline/phaseout 

Figure 2 
1991 DRMA Product Life Cycles t}y Configuration as of August 1991 
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period typically persists for as long as seven 
years. 

Rgure 2 reveals tiiat 64K DRAMs have 
already been phased out by most suppliers. 
The 256K DRAM continues to move tfirough 
its decline stage and is now causing heartburn 
for some users. The 1Mb DRAM life cycle, 
which should peak during the 1991 to 1992 
timeframe, should extend past 1995. Figures 1 
and 2 show—as does the dted article on the 
4Mb DRAM—^that Dataquest expects a long 
life, extending to the year 2000, for 4Mb 
DRAMs. Dataquesf s worldwide network of 
DRAM analyst wiU continue to monitor the 
factors that could affect megabit-density 
DRAM life cycles. As shown in Figure 2, the 
16Mb DRAM is neaiing the introductory stage 
of a cycle that wiU extend weU beyond the 
year 2000. 

DRAM Product Configurations 
The xl design and the x4 have been the 
mainstream DRAM organizations. Two DRAM 
product trends will intensify in the 4Mb seg
ment: a design trend toward wide-word 
DRAM configurations (e.g., x8/x9, xl6/18); 
and a trend toward increased supply/demand 
for single in-line memory modules (SIMMs) 
and single in-line packages (SIFs). SIMM life 
cycles are virtually the same as those of the 
imderlying DRAM devices. By contrast, the 
VRAM life cycle lags behind the stages of flie 
equivalent-density DRAM by one year (e.g., 
1Mb VRAM versus 1Mb DRAM). For the 
newly emerging wide-word configurations, the 
Ufe cycle may be somewhat less consistent 
than for the DRAMs organized in xl or x4 
designs. 

DRAM Trends In Europe 
For a discussion of DRAM product trends in 
Europe, see the article entided "European DRAM 
Market Update—Welcome to the 4Mb." 

Supplier Analysis 
This section analyzes the product and market 
strategies of leading DRAM suppUers. It covers 
each company's DRAM market ranking, 
product/technology positioning, strategic 
direction, and related issues. 

Current or prospective users of megabit-density 
DRAMs mtist be aware that the highly 

competitive early stages of the DRAM product 
life cycles—an intense R&D period followed by 
a short introductory phase—often mean a sharp 
competitive advantage for early entrants, which 
are able to enjoy premium pricing through the 
introduction and growth phases. The extended 
maturity phase eventually tips the competitive 
balance to low-cost producers. This reahty serves 
as the backgrotmd on analysis of the 1Mb and 
4Mb DRAM suppher base. 

Table 1 shows the 1990 worldwide ranking of 
DRAM suppliers as measured in doUaiized 
tmits. The table presents each companjr's rank
ing in terms of units for densities from 64K 
through 4Mb. It also shows which suppliers 
have sampled 16Mb DRAMs as of Jtdy 1991. 

As noted, early leadership for the next-
generation product often signals future DRAM 
market leadership. Dataquest restates what we 
said previousl)^ For users looking ahead. Data-
quest expects the 1992 to 1993 total ranking to 
be strongly influenced by 4Mb DRAM ranking. 

Toshiba 

As shown in Table 1, which is based on 1990 
worldwide dollarized irnits, first-ranked 
Toshiba holds first-place ranking in 1Mb 
DRAMs and second in the 4Mb product area. 
The industry giant held the number one spot 
in the 4Mb segment during 1989; however, 
during 1990 Toshiba adjusted to a 4Mb DRAM 
market shift from a 350-mil-wide device—^the 
4Mb part with which it started—^to the now 
industiy-standard 300-mil part. Toshiba should 
remain a leader in the DRAM market for the 
foreseeable future. 

As shown by Toshiba's huge state-of-the-art 
DRAM fab network, this vertically integrated 
supplier positions itself at the leading edge of 
DRAM technology. In the 1991 to 1992 time 
frame, the company wiU emphasize the 4Mb 
DRAM density and de-emphasize 256K 
DRAMs and 1Mb DRAMs. "ITie product portfo-
Uo includes high-speed DRAMs (60ns or 
faster), wide-word configurations (e.g., x8, x9, 
xl6, xl8), and SIMMs. As of midyear 1991, 
16Mb DRAM samples are available. Toshiba is 
a leading supplier of 1Mb VRAMs (e.g., 
256Kx4, 128Kx8) and should be a major player 
in the 4Mb VRAM segment as that market 
emerges. 
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Table 1 
Top Worldwide DRAM Suppliers 

Supplier 

Toshiba 
Samsung 

NEC 
Hitachi 

Fujitsu 

Texas Instruments 
Old 

Mitsubishi 

Micron 
Motorola 
NMB 

Siemens 
Matsushita 

Hyundai 
Intel 

Vitelic 
Goldstar 
Sharp 

Sanyo 

Total (Million 
of Units) 

1 

1990 Total 
Ranking^ 

1 

2 

3 
4 

5 

6 

7 

8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 

19 

64K 

1 

2 

3 

4 

5 

24 

256K 

12 
1 

2 

12 

9 

4 

3 
8 
7 

18 
5 

16 
14 

6 
16 
10 
11 
15 

19 

617 

Ranking by Density' 
1Mb 

1 

2 

3 

6 

4 

5 

9 
8 

10 
7 

12 

11 
12 

15 
14 

18 
18 
17 

16 

728 

i 

4Mb 

2 
6 

3 
1 

4 

10 

7 

5 

11 

12 

8 
8 

30.3 

16Mb* 

S 

s 
s 
s 
s 
s 
s 
s 

$ 

s 

0 

In terms of "dollarized units," which represent the sum of all units sold by a company weighted by each DRAM density's 1990 
ivorldwide ASP 

deludes VRAMs 
3, 

m units 
Samples as of July 1991 

Source: Dataquest (August 1991) 

Samsung 
Second-ranked Samsimg of the Republic of 
Korea continues an impressive advance in the 
global DRAM marketplace, moving one notch 
higher in the ranking during 1990 versus its 
thiid-place ranking for 1989. Table 1 reveals 
that Samsung ranks first in the older 64K and 
256K segments, which is no surprise, but 
somewhat surprisingly ranks second in the 
maturing but still mainstream 1Mb segment. A 
key factor is that the company has used its 
vertically integrated structure to emerge as a 
low-cost DRAM producer. 

Samsung strives to position itself as a DRAM 
technology leader. As shown by its sixth-place 

ranking in the 4Mb segment, Samsung still 
lags leaders such as Hitachi and Toshiba. A 
strategic factor—^the goal of maintaining a 
reputation for DRAM product quality— 
partially accounts for the sixth-place ranking. 
The sound strategy cavised Samsimg to be 
conservative in terms of bringing the complex 
4Mb DRAM device to market during 1990. 

Users can continue to look to Samsimg for 
1Mb DRAMs during 1991 and 1992. The 
product portfolio includes SIMMs (e.g., lMbx8, 
lMbx9), and some users of 64K DRAMs and 
256K DRAMs can forge long-term supply 
arrangements with this supplier. Users can 
expect a competitive 4Mb DRAM product 
hne from Samsung including wide-word 
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configurations (e.g., x8, x9, xl6, xl8) and 
SIMMs. Table 1 shows that 16Mb DRAM sam
ples have been available as of midyear 1991. 

In order to protect its long-term position in 
the worldwide DRAM arena, Samsung must 
avoid trade friction, which will be challenging. 
For example, this supplier, along with other 
Korean companies, is being investigated for 
alleged dumping in Europe. 

NEC 
NEC, ranked third overall, holds third-place 
ranking in the 1Mb DRAM and 4Mb DRAM 
segments and second ranking in the declining 
256K arena, as shown in Table 1. Users can 
expect NEC to de-emphasize 256K and 1Mb 
DRAMs during the 1991 to 1992 period. 

In line with prior history, NEC continues to 
act from a DRAM technology "catch-up posi
tion" in a leaming-curve-dominated segment of 
the semiconductor business. The vertically inte
grated company has in the past successfully 
executed this somewhat rislsy strategy by sup
porting superior manufacturing planning with 
"deeppockets" financial strength. An early 
leader in the 4Mb market, NEC should remain 
a top worldwide DRAM supplier. 

NEC's strategy for 1991 and beyond focuses 
on success at DRAM densities of 4Mb and 
greater. Users of 4Mb DRAMs can look to 
NEC for a competitive product portfolio: high
speed 4Mb DRAMs, wide-word configurations 
(e.g., x8, x9, xl6, xl8), and SIMMs. NEC 
should make an orderly migration from 1Mb 
VRAMs such as the 256Kx4 device to 4Mb 
VRAMs in hne with market demand trends. 
Samples of 16Mb DRAMs from Hitachi are 
available now. 

Hitachi 
Hitachi ranks fourth among DRAM suppliers— 
the same ranking as in 1989—but ranl<^ first at 
the critical 4Mb level (see Table 1). As with 
other leading Japan-based suppliers, users can 
expect Hitachi to de-emphasize 256K and 1Mb 
DRAMs during 1991 and 1992. Users can look 
to Hitachi for 256K VRAMs (e.g., 64Kx4), 1Mb 
VRAMs (e.g., 256KX4, 128Kx8), and SIMMs 
(e.g., lMbx8, lMbx9). The supplier will make 
an orderly move to the 4Mb VRAM when 
demand grows. 

As a former top player in the DRAM busi
ness, Hitachi's strategy calls for an aggressive 
effort to win the 4Mb market battle and the 
concomitant market stature. Along with DRAM 
design know-how, manufacturing prowess, and 
marketing skiU, users can expect Hitachi to 
display titie device speed and packaging tech
nology expertise that previously enabled the 
company to achieve effective DRAM product 
differentiation. 

Hitachi's competitive 4Mb DRAM product 
portfolio offers wide-word configxirations (e.g., 
x8, x9, xl6, xl8), SIMMs, and high-speed 
DRAMs. Samples of 16Mb DRAMs reflect 
Hitachi's future strategic direction. 

Fujitsu 
Table 1 shows that Fujitsu held the same 
ranking in 1990 as in 1989— f̂ifth place. As a 
verticaHy integrated supplier, a high percentage 
of captive DRAM demand shields Fujitsu 
somewhat from DRAM merchant market vola
tility. Users can look to Fujitsu for VRAMs 
(e.g., 64Kx4) and SIMMs (e.g., lMbx8, lMbx9, 
256Kx36). This company wlU place less 
emphasis on 256K and 1Mb DRAMs during 
1991 and 1992. 

As indicated by its fourth-place ranking, to 
somie extent Fujitsu is playing catch-up in the 
4Mb segment. In terms of tedinology, the s u p 
plier emphasizes the thin small-outline package 
(TSOP) for the 4Mb and 16Mb devices in line 
with the market trend toward higher pin-count 
packages. 

Although not the 4Mb DRAM technology lead
er, users can look to Fujitsu as a dependable 
and competitive supplier of 4Mb DRAMs dur
ing 1991 and 1992. The product portfolio will 
be familiar and competitive: SIMMs, wide-
word configvirations (e.g., x8, x9, xl6, xl8), 
and high-speed choices. 

Texas Instruments 
Sixth-ranked Texas Instruments (TI) continues 
to hold the same ranking as in 1989. Table 1 
reveals that this company ranks second in the 
64K segment, fourth at the 256K density, fifth 
in the 1Mb arena, a n d tenth in the critical 
4Mb biisiness. It pursues the same strategic 
direction dur ing tike second half of 1991 as 
other leading DRAM suppliers—^to emphasize 
4Mb DRAM production a n d de-emphasize 
lower-density devices. 
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The company is leaving the 64K business. 
Current TI customers that use 256K devices 
should be able to forge special supply arrange
ments. TI wiU be de-emphasizing the 1Mb 
device during the 1991 to 1992 period; 
however, the pace of the trend will depend 
on events in the 4Mb arena. If the market 
moves quickly to the 4Mb product, the 1Mb 
part will be more quickly de-emphasized. If 
the 4Mb trend stalls—as has already occurred 
at times—^n will Kkdy shift some support to 
users of the 1Mb device. 

The supplier offers a competitive 4Mb DRAM 
product portfolio that includes wide-word con
figurations (e.g., x8, x9, xl6, xl8) and SIMMs. 
As the market shifts over time to 4Mb 
VRAMs, TI will migrate from the current hne 
of 256K VRAMs (e.g., 64Kx4 devices) and 1Mb 
VRAMs such as the 256Kx4 part. Currently, 
16Mb samples are available. 

To maintain its long-term stake in the competi
tive megabit-density DRAM market, TI's strat
egy calls for the forging of alliances and other 
arrangements for sharing the risks and benefits 
of participation in this worldwide business. 
One example is an alliance among TI, Hewlett-
Packard, Canon, and the government of Singa
pore for production/coiisumption of DRAMs 
in Singapore. Another example is a prior ven
ture between TI and the Italian govertunent on 
a megabit-density DRAM fab in Italy. At the 
time this article was written, the TI-Acer fab 
in Taiwan had just started 4Mb DRAM 
production. 

A second prong of TI's DRAM strategy calls 
for aggressive protection of its DRAM/IC 
patent portfolio via litigation or negotiation 
toward the goal of collecting royalty pajrments. 

Oki 
Old has consistentiy ranked seventh or eighth 
among worldwide DRAM suppliers since 1988. 
Table 1 reveals that seventh-ranked Old ranks 
third in the 64K and 256K segments, ninth at 
the 1Mb density, and seventh in the emerging 
4Mb arena. 

In addition to 4Mb DRAMs, Old's strategy 
emphasizes SIMMs, with a trend toward 
SIMMs based on the 4Mb device. Users can 
expect Oki to de-emphasize 64K DRAMs and 
256K DRAMs. The 1Mb device will also be 
de-emphasized, except for some use in SIMMs. 

For example. Old's 1Mb SIMM product portfo
lio includes modules organized as follows: 
lMbx8, lMbx9, lMbx32, and lMbx36 as well 
as 2Mb versions (e.g., 2Mbx36). The trend is 
toward expanding use of 4Mb DRAMs in 
these SIMMs. For example, in prior years the 
IMbxB SIMM used eight IMbxl DRAMs. 
Increasingly, Old and other SIMM suppliers 
base this module on two lMbx4 DRAMs and 
one IMbxl DRAM. 

Users can expect Oki to be a leader in the 
migration of the market to 4Mb SIMMs (e.g., 
x8, x9, x32, x36, and evolving organizations). 
Old also offers 16Mb DRAM samples. 

Mitsubishi 
Table 1 shows that Mitsubishi, ranked eighth 
overall, ranks eighth in the 256K and 1Mb 
segments but fifth in the critical 4Mb arena. 
This supplier's overall DRAM ranking has 
declined somewhat in recent years, which 
might be deceptive. 

Datacjuest restates what we stated in the 
DRAM Product Trends service section dated 
August 1990: "The competitive advantage of 
Mitsubishi's process and packaging technology 
expertise is likely to grow more significant as 
the industry moves to the 16Mb and 64Mb 
densities." Success in the 4Mb DRAM business 
can serve as a long-term indicator of long-term 
survival—and the Mitsubishi strategy to some 
extent already signals 4Mb success. 

Mitsubishi's typical but competitive 4Mb 
DRAM product portfolio includes high-speed 
DRAM and wide-word configurations (e.g., x8, 
x9, xl6, xl8). Ciirrently, 16Mb DRAM samples 
are available. 

Micron 
As shown in Table 1, ninth-ranked Micron 
ranks fourth in the 64K DRAM segment, 
seventh in the 256K density, and tenth in the 
1Mb market. The company broke into the top 
10 tier of DRAM suppliers in 1990. 

One prong of Micron's strategy calls for cost-
oriented competitive ability, meaning that the 
product portfolio is weighted toward mature 
DRAM devices with densities of 1Mb and 
below. For these matiire devices, the market 
t5rpically favors low-cost producers such as 
Miaon. Users of 256K DRAMs, 1Mb DRAMs 
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including 64Kxl6 configuration, VRAMs (e.g., 
256KX4, 128KX8), and SIMMs (e.g., lMbx8, 
lMbx9, 256Kx9, 256BCx36) can look to Micron 
during the 1991 to 1992 period. Users of 64K 
DRAMs should be able to forge special long-
term supply arrcmgements wiili Micron. 

As indicated by the 4Mb DRAM ranking, 
Micron is not a DRAM technology leader like 
Hitachi or Toshiba. Even so, a second prong 
of the company's strategy—^to serve specialty 
applications—^is leadership in a sense. For 
example, in addition to mainstream 1Mb 
devices, users can look to Micron for 64Kxl6 
DRAMs, 256Kx4 VRAMs, and 128Kx8 VRAMs. 
Users can also expect Micron to become an 
increasing force in the 4Mb DRAM segment 
as the product nears the maturity stage of the 
life cycle. 

Motorola 

Tenth-ranked Motorola slipped one notch 
during 1990 from its ninth-place position in 
1989. As shown in Table 1, Motorola ranks 
seventh in the 1Mb segment and eleventh 
in the 4Mb market. Motorola departed the 
mainstream 256K arena. SIMMs such as the 
lMbx8, lMbx9, 256Kx9, and 256Kx36 modules 
represent a key aspect of the product portfolio. 

Motorola has used an alliance with Toshiba 
as part of its DRAM strategy. The agreement 
started for product densities of 4Mb and 
below and eventtiaUy also applied to densities 
of 16Mb and above. The industiy giant will 
emphasize 4Mb DRAMs but can remain 
responsive to market demand for 1Mb 
products. 

NMB 

Eleventh-ranked NMB positions itself as the 
leading supplier of high-speed DRAM devices 
that operate at speeds of 60ns and faster, 
which conforms nicely with the DRAM market 
trend. Table 1 shows that NMB ranks fifth in 
the 256K DRAM arena and twelfth in the 1Mb 
and 4Mb segments. 

NMB relies heavily on a shifting set of 
strategic alliances for design teclmology and 
foundry service. The list of its alliance part
ners over time has included Alliance Semi
conductor, Intel, Inmos (now owned by SGS-
Thomson), Ramtron, and \^telic. 

Siemens 

TWelfth-ranked Siemens slipped from the top 
10 tier of DRAM suppliers during 1990. 
Table 1 shows that Siemens ranks eleventh 
in the 1Mb DRAM segment and eighth in 
the critical 4Mb business—an augur of future 
challenge. 

A major strategic response for Siemens was 
the IBM alliance on 16Mb DRAMs that was 
annoimced in July 1991. This alliance aug
ments a prior agreement between Sieonens and 
IBM on 64Mb DRAMs. Even so, the 1991 to 
1992 period will be critical in terms of Sie
mens' ability to grow its share of the Euro
pean market for lMb/4Mb DRAMs and 
penetrate the North American marketplace. 

Supply Base Analysis 

This section uses information on DRAM life 
cycles and suppliers to present a density-by-
density evaluation of the supply base for tiiese 
devices in the medium to long term. Figures 3 
through 6 show the 1990 total market size in 
unit shipments and the shares of the leading 
suppliers of each density. This information 
correlates with information presented in Table 1. 

Supply Base for 64K DRAMs 

The 64K DRAM device is being phased ou t 
Figure 3 shows that production of 64K 
DRAMs during 1990 totaled 24 ntiillion 
units—^less than half of the 1989 volttme. 

Dataquest recommends that users migrate from 
this device in system designs lacking a long-
term procurement arrangement. Figure 3 shows 
that tiie leading suppliers are Samsung and TI; 
however, TI likely wiOl limit support, if any, to 
long-term customers. 

Supply Base for 256K DRAMs 

Figure 4 lists the top-ranked 256K DRAM 
suppliers based on 1990 unit shipments. 

Figure 4 shows that leading suppliers in 
descending order are Samsung, NEC, Old, TI, 
NMB, Hjrundai, Micron, Mitsubishi, Fujitsu, 
Vitelic, and Goldstar. Table 1 shows the full 
spectrum of suppliers. 

Periodic Spot Shortages 
Figures 1 and 2 show that the 256K DRAM 
product is moving through its dedine stage. 
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Figure 3 
64K DRAIVI Supplier Base 

/ Texas 1 / / \. 
1 Instruments ( / / ^ ^ \ 
1 31 .1% / / ^ ^ ^ 
1 / r ^ ^ Others 
1 \ ^ ^ ^ • ' ' ^ 

\ Samsung / 
\ 43.4% / 

Total Units = 24 Million 

- Okl 7.5% 

- Micron 5.3% 

- Matsushita 4.6% 

Source: Dataquest (August 1991) 

Figure 4 
256K DRAi\A Supplier Base 
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Source: Dataquest (August 1991) 

Worldwide production of 256K DRAMs for 
1991 is expected to total 450 million units— 
that number may seem impressive, but in 
fact it is just half of the p^ak volumes of 
1988 to 1989. Aimual supply shotild exceed 

100 million units through the year 1993; how
ever, users should expect periods of spot 
shortage as suppliers make production cut
backs during tiie 1991 to 1993 time frame. For 
example, at ttie time this article was written, 
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planned cutbacks in production of 256K 
DRAMs by some suppliers signaled a supply 
crunch for late 1991 or early 1992. 

Dataquest Recommendation 
To minimize supply Une disruption, users 
shoiild be prepared to forge long-term supply 
arrangements with current suppliers or qualify 
new suppliers. The other alternative is to 
migrate to megabit-density DRAMs. 

Suppliers Mkely to remain committed to the 
256K segment include the following Korean 
companies, which increased market share dur
ing 1990: Goldstar, Hyundai, and Samsimg. 
Micron has maintained its share of the 256K 
market and is likely to consider special supply 
agreemients for some users. The hfe cycle for 
high-speed DRAMs lags general DRAM life 
cycles, so NMB should remain supportive to 
users of high-speed 256K DRAMs. 

Supply Base for 1Mb DRAMs 

Figure 5 presents the top-ranked 1Mb DRAM 
suppliers based on 1990 unit shipments. 
Figure 5 shows that the top-ranked suppliers 
in descending order are Toshiba, Samsung, 
NEC, Fujitsu, Texas Instruments, Hitachi, 
Motorola, Mitsubishi, Old, Micron, Siemens, 
Matsushita, and NMB. Global production of 
1Mb DRAMs totaled 728 million units in 1990. 

Figure 5 
1Mb DRAM Supplier Base 

An Adequate Supply of 1Mb DRAMs? 
Users can expect the 1Mb DRAM to reach 
the peak stage—or saturation stage—of its 
life cycle dtuing the 1991 to 1992 period with 
output exceeding 800 million imits each year. 
Supply should decrease thereafter as the 
deAdce moves along the dedine stage of the 
curve, but it should still exceed 200 million 
tmits for the year 1995. Users can expect an 
adequate supply of 1Mb products during the 
1990s, but only to the extent that users accu
rately forecast and "spec" product demand 
and also aUgn themselves with an appropriate 
set of suppliers. 

For example, imder guidance from Japan's 
Ministry of International Trade and Industry 
(Mm), some Japan-based suppliers have 
shifted and will continue shifting capacity to 
4Mb DRAMs. Other suppliers vacillate but will 
continue to support users of 1Mb DRAMs as 
warranted by market demand and price 
trends. Anoflier set of suppliers fully intend to 
increase their share of the 1Mb DRAM market
place during the 1991 to 1992 time frame. 

User Alternatives to 1Mb DRAMs 
The first alternative for users is to redesign 
systems and migrate to 4Mb DRAM, as many 
users are doing. For systems where redesign 
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might be feasible although not tirgent, the use 
of SIMMs provides a h^ge alternative, espe
cially with the 4Mb DRAM market still 
somewhat unsettled. 

Some older system applications remain profit
able, such that any system redesign might not 
be a feasible alternative. The following recom
mendation is taigeted for users that expect to 
continue using 1Mb DRAMs. 

Dataquest Recommendation to Users of 1Mb DRAMs 
To establish a dependable supply of 1Mb 
DRAMs at competitive prices, users should 
forge annual purchase contracts and special 
supply commitments. Otherwise, users mvist 
be prepared to buy on the 1MB DRAM spot 
market, which is likely to be highly volatile 
and erratic. 

Users mtist now reevaluate the 1Mb DRAM 
supplier base, deciding whether to keep or 
drop current suppliers and requalify new sup
pliers. In order to target 1Mb DRAM suppU-
ers, look for suppliers that have recently 
increased or decreased market share. For 
example, the following suppliers increased 
market share by more than 2 percent in 1990: 
Fujitsu, Micron, Motorola, NEC, and Samsimg. 
The Japan-based suppliers are likely to de-
emphasize 1Mb output. Micron, Motorola, and 
Samstmg are likely to continue emphasis on 
the 1Mb device during 1991 and 1992. Some 
suppliers also are likdy to remain committed 
to serving demand for the 1Mb part— t̂hese 
supplers are Goldstar, Hyundai, Intel, Mat
sushita, NMB, and Sanyo. These companies 
increased market share, albeit by less than 
2 percent, during 1990. 

By contrast, the following suppliers lost more 
than 2 percent of market share during 1990: 
Hitachi, Mitsubishi, Old, and Toshiba. Their 
emphasis wiU be on the 4Mb DRAM device. 
Sh^p, Siemens, and Texas Instruments lost 
ground during 1990, but by less than 2 per
cent of market share. Siemens and Texas 
Instruments are increasing their roles in the 
4Mb DRAM market but are watching 1Mb 
DRAM supply/demand trends. 

Supply Base lor 4Mb DRAMs 
Figure 6 lists the top-ranked 4Mb DRAM 
suppliers in terms of 1990 imit share. 

In descending order, the leading suppliers 
of 4Mb DRAMs are Hitachi, Toshiba, NEC, 

Fujitsu, Mitsubishi, Samstmg, and OkL Sie
mens, Matsushita, Texas Instruments, Motorola, 
and NMB hold less than 1 percent of 1990 
market share. Other suppliers such as Micron 
are joining the fray. Although the 4Mb DRAM 
race is just ramping up, Hitachi and Toshiba 
have positioned themselves early for long-term 
success. 

As shown in Figure 6, global 4Mb DRAM pro
duction totaled 30 million imits in 1990. The 
life cycle curves in Figures 1 and 2 show that 
the 4Mb DRAM device is now moving 
through the growth stage of the life cycle. 
Supply should exceed 100 miUion units during 
1991. The peak maturity stage of the life cycle 
should be reached dtuing the 1994 to 1995 
time frame, when annual output should exceed 
800 million units. The 4Mb DRAM life cycle 
should extend to the end of this decade. 

Dataquest Recommendation to Current and 
Prospective Users of 4Mb DRAMs 
Dataquest strongly advises users to carefully 
and continuously monitor the 4Mb DRAM sup
plier base during 1991 and 1992 for signs of 
early market exit by any suppliers that may 
conclude they cannot win the 4Mb DRAM 
market battie—and might migrate more 
quickly to 16Mb DRAMs or rethink their 
DRAM strategies. 

In addition to supplier selection, a major 
challenge for users wUl be the choice and 
designation of product specification. As noted, 
the 4Mb DRAM product line will include 
wide-word DRAMs (e.g., x8, x9, xl6, xl8) and 
a profusion of SIMMs and VRAMs. The 4Mb 
DRAM packages will include less familiar ver
sions such as zigzag-in-line package (ZIP), thin 
small-outline package (TSOP) in two types, 
and tape-automated bonding (TAB). 

Supply Base for 16Mb DRAMs 

The life cycle cvuves in Figures 1 and 2 show 
that the 16Mb DRAM product is now moving 
from the R&D stage toward the introductory 
stage of its cycle. Table 1 shows which 
suppUers offer 16Mb DRAM samples as of 
mid-August 1991 and which suppliers have 
16Mb samples on the way. As shown in Fig
ure 1, the product life cycle of this part 
should extend beyond the year 2005. 
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Figure 6 
4i\/lb DRAM Supplier Base 

Mitsubishi 5.1% 

Samsung 5.0% 

Oki 3.3% 

Others 3.0% 

Total Units = 30 Million 
Source: Dataquest (August 1991) 

Dataquest Perspective 
DRAM cost management represents the stifiest 
challenge for many of Dataquesf s SPS clients. 
This article lays out a strategy based on system/ 
DRAM life cycle analysis, coupled with a evalu
ation of the supplier base at each density of 
DRAM, for cost-effective management of DRAM 
demand now and through the year 2000. A key 
element of the strategy invites users to assess 
system migration patiis against Dataquesf s 
DRAM life cycle forecasts. 

DRAM users face a host of risks that can be 
reduced to two extremes. The first and most 
immediate risk is the all-too-famihar scenario of 
DRAM spot shortages and erratic prices, which 
may affect some users of 256K DRAM as this 
product moves through the dedine stage of its 
life cycle dxuing the second half of 1991 and in 
1992. 

A second risk entails a long-term mismatch 
between a system's specific DRAM requirements 
in the face of a shifting global supplier base. 
Regarding megabit-density DRAM, the latter risk 
will not manifest its results for several years; 
however, this threat can be managed today 
through careful DRAM life cycle and supplier 
base evaluation. 

Dataquest Recommendations 
life will remain challenging in our DRAM-
himgry world. However, users should be able 
to minimize, if not avoid, the impact of periodic 
DRAM supply constraints. 

A strategic recommendation is that purchasing 
managers, component engineers, and system 
designers use the DRAM supplier base/life cycle 
assessment to coordinate system and DRAM life 
cycles during this decade. SPS analysts can pro
vide support toward this goal through the 
inquiry service. 

As noted, users of 256K DRAMs should expect 
periodic spot shortages during the 1991 to 1993 
time frame, perhaps as soon as by late 1991 or 
early 1992. Users can either forge supply rela
tionships with suppliers such as Goldstar, 
H3nindai, Micron, and Samsung or migrate to 
higher-density DRAMs. 

Many users are migrating now from 1Mb 
DRAMs. Dataquest recommends that users in 
general be prepared to make the migration diir-
ing the 1992 to 1994 time frame in line with 
declining supply of this device. For users of 
1Mb DRAMs that have no alternative but 
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continue to use 1Mb DRAMs in the long term— 
through 1993 and beyond—^Dataquest advises 
that ttie following suppliers be targeted for spe
cial long-term supply arrangements: Micron, 
Motorola, and Saxnsving. NMB should be tar
geted for higher-speed DRAMs. A less visible 
set of suppliers—Goldstar, Hyundai, Intel, 
Matsushita, Sanyo, and Sharp—also can be 
targeted. 

Hitachi and Toshiba have taken the early but 
often critical lead in the 4Mb DRAM, with NEC 
again playing catch-up. Dataquest strongly 
recommends that users monitor the 4Mb DRAM 
supplier base via the On-Line Dataquest Monday 
service or by inquiry for clarification of any 
reports of either new market entrants or early 
market exits. 

By Ronald Bohn 

(Reprinted from Vol. 1, No. 11, August 26,1991) 

Manufacturing Capacity and Cost Will 
Govern Long-Range DRAM Price Trends 
Sluggish demand during early 1992 should 
mean competitive memory pricing during the 
first half of 1992 for most North American and 
European buyers. For the long-term outlook, 
Table 1 provides a summary of Dataquesf s 
Semiconductor Procurement service forecast of 
North American bookings pricing for select 
DRAMs and SRAMs through the year 1995. 
Tables 2 and 3 outUne the assiunptions that 

govern the long-range price forecasts. Dataquest 
views capacity and cost as the critical factors 
that shoxild shape long-term DRAM price trends. 

Long-Range DRAM Price Trends 
Table 2 lists the key assumptions that guide 
Dataquesf s 1992 to 1996 Nortiti American 
DRAM bookings price forecast. The table 
includes a ranking on the significance of each 
assumption from the perspective of Dataquesf s 
worldwide network of DRAM analysts in Lon
don, San Jose, Seoul, and Tokyo. The asstmip-
tions and conclusions in this article pertain most 
directly to the North American booldngs price 
forecast. However, key differences in regional 
perspective will be noted. 

DRAM Cost Reductions 
As shown in Table 2, Dataquest analysts view 
continued DRAM cost reductions as a critical 
factor associated with long-range DRAM pricing 
trends, not only in North America but also in 
rest of world (ROW), Asia, and Europe (that is, 
4Mb DRAMs). Users can expect the average 
DRAM price-per-bit to decrease by an estimated 
20 percent per year during this decade. For 
example. Table 1 shows that the low end of the 
1Mb DRAM price range in North America 
should decline to a level approaching $3 by tiie 
end of 1993. Some additional 1Mb DRAM tech
nology improvements are possible (for example, 
another die shrink). 

Table 1 
Long-Range Memory Pricing Trends* (North American Booldngs, Volume Order) 

Fart 

Price Range 
Expected for 
Ql 1992 ($) 

3.50 to 4.09 

13.50 to 14.55 

3.04 to 3.35 

8.75 to 7.20 

48.40 to 52.06 

Price Range 
Expected for 
Q4 1993 ($) 

3.00 and 3.85 

7.50 to 11.00 

2.75 to 3.30 

6.60 to 6.50 

21.00 to 29.25 

1995 Price 
Forecast ($) 

3.80 

7.90 

3.00 

5.41 

12.26 

IMbxl DRAM 
80ns, SOJ 
4Mbxl DRAM 
80ns, SOJ 
8KX8SRAM 
PDIF, 25ns 
64KX4SRAM 
PDIF, 25ns 
128KX8SRAM 
PDIF, 25ns 

*These prices correlate with the SPS forecast dated December 1991. 
Source: Dataquest (February 1992) 
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Table 2 
Key Assumptions for the Long-Range North American DRAM Price Forecast 
(In Order of Ranldng by Dataquest DRAM Analysts) 

Dataquest 
Ranking Assumption 
1 Users can expect continued DRAM cost reductions because of suppliers' manufacturing 

technology improvements. 
2 DRAM capacity should adequately meet long-term demand. 
3 Non-Japanese Asian suppliers will increase DRAM market share. 
4 The legal jurisdiction of intellectual property law will expand across the globe and be 

more aggressively enforced at the local level. 
Source: Dataquest (Fehruaiy 1992) 

Additional 4Mb DRAM technology improve
ments are virtually certain. For example, the low 
end of 4Mb DRAM pricing in North America 
could decline to $5.50 or lower by the 1995 to 
1996 time frame. Dataquesf s cost model says 
DRAM pricing in Nortti America cotild fall to 
these low levels over the long term, although 
some other market factors to be disciissed 
should keep the market price somewhat above 
these levels. 

Adequate DRAM Capacity 
Dataquest believes that worldwide DRAM 
capacity should be adequate to meet anticipated 
long-term demand (see Table 2). This assump
tion ranks second—just behind the cost model 
assumption—^in terms of its significance to 
Datacjuesf s global network of DRAM analysts 
regarding long-range DRAM price trends. For 
analysts in North America and Japan, this 
assumption marks the key factor that should 
influence long-range DRAM price trends. The 
capacity assumption indicates competitive 
long-term DRAM pricing trends. 

The bltmt issue for DRAM users and suppliers 
is: WiU long-term DRAM capacity more likely be 
insufficient or excessive for meeting demand? 
For suppliers who have been in the DRAM bxisi-
ness since the early 1980s, the history of the 
1985 to 1986 period says that the risk of over
capacity far outweighs the risk of undercapacity. 
Furthermore, the capital markets in Japan and 
North America diuing the 1990s likely will 
provide more limited funding for DRAM fab 
construction versus the less prudent pattern of 
the 1980s. 

A related critical point on the 0.8-micron fabs 
required to produce 4Mb DRAMs is that 
suppliers—especially Japan-based companies— 
have cut year-end 1992 capacity goals by 20 per
cent versus their plans of less than two years 
ago. In addition, the risk of periodic regional 
spot shortages remains ever present in the vola
tile DRAM marketplace. For example, the mar
ket transition to next-generation DRAMs—as 
suppliers shift capadily between prior-generation 
DRAMs to the next-generation device or to slow 
SRAMs in periods of slower DRAM demand— 
often occurs in an uneven fashion, which can 
result in DRAM spot shortages. As indicated 
earlier, Japan's Ministry of International Trade 
emd Indiistiy (MTTI) projects that 4Mb produc
tion will increase by 13.5 percent between the 
second half of 1991 and the first half of 1992, 
with worldwide 4Mb DRAM demand forecast 
to grow by 75 percent dtiring this period. The 
spectre always lurks of short-term DRAM 
allocation. 

Nevertheless, to date rather telling Dataquest 
analysis shows that adequate DRAM capacity 
exists to meet demand and should continue to 
do so. For example, excluding demand from 
IBM, worldwide demand for 4Mb DRAM dur
ing 1992 could theoretically be met by just one 
dozen 0.8-micron fabs that produce 20,000 6-inch 
wafers per month. The scenario for future years 
is similar. The example is extreme—^by choice— 
to make this point Dataquest assumes that long-
range DRAM capacity wfll be adequate to meet 
demand. 

Readers should note that Dataquest analysts are 
currently comparing the DRAM fab capacity 
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outlook against DRAM demand forecasts. The 
results of that assessment wiU be published in a 
Semiconductor Procurement Dataquest Perspective 
article during the second quarter of 1992. 

Non-Japanese Asia Suppliers Will Increase 
DRAM Market Share 
The assumption ranked third is as follows: Fol
lowing the path broken by Korea-based supplier 
Samsung, suppliers from the Asian "Tiger" 
nations will increase global DRAM market share 
with concomitant downward effect on pricing. 
Dataquest views two Korean suppliers—Gold
star and Hyundai—as two key wild cards in the 
long-range DRAM pricing equation. For exam
ple, Goldstar, a huge vertically integrated suppli
er, has become quite adept at successfully adapt
ing its business practices—despite rising trade 
friction—^in overseas markets such as North 
America. This supplier has formed a key alliance 
with Hitachi of Japan on DRAMs that continues 
to expand—with a time lag—as new generations 
of DRAMs are infroduced. 

Hyundai, another vertically integrated giant, 
along with Goldstar could become one of the 
world's future low-cost DRAM producers. 
Hyimdai's management in alliance with the 
Korean government and financial community 
continually ponders the compan5^s future role 
in the IC business, which remains subject to 
change (that is, potential withdrawal). Long-term 
success in other global business enterprises such 
as automobile, ship, and steel manufacturing 
could enable this Korean supplier to grow into 
a giant of the DRAM business. 

In terms of the DRAM supplier base, Dataquest 
also views other suppliers such as IBM, Mat
sushita, Old, and Siemens as prospective DRAM 
wild cards. For example, for users in North 
America and especially Europe, the IBM/Sie
mens alliance on VRAMs carries an enormous 
long-term potential effect on the DRAM market 
outlook. Even so, from Dataquesf s perspective, 
the rise of DRAM suppliers in Korea, Singapore, 
and other Asian countries should have the 
strongest impact—being downward—on DRAM 
pricing for the next half-decade. 

International Expansion of Intellectual 
Property Law 
Dataquest analysts rank the global expansion 
of intellectual property law and more aggressive 

local enforcement as the fourth miost significant 
factor affecting the long-range DRAM price 
scenario. NorUi American manufacturers such 
as Texas Instruments—joined by other regional 
suppliers such as SGS-Thomson of Europe via 
its Mostek-based patents—^wiU drive more vigor
ous global respect for patent and related intellec
tual property laws. An additional cost element, 
royalties of several percent, must be factored 
into the long-range DRAM pricing equation— 
especially for regions such as Europe and 
ROW/Asia. 

For example, Wang's lawsuits against alleged 
nonlicensed sellers and users of the Wang 
patent on the "30-pin x9" single in-hne memory 
modules (SIMMs) have thrown a global spot
light on the potential impact on DRAM pricing. 
Wang currently is settling with tuiauthorized 
users and suppliers for an estimated 4 percent 
royalty charge. Legal uncertainty often translates 
into market uncertainty. Hitachi's recent agree
ment with TI on the RUby patent and the 
intellectual property agreement between the 
People's Republic of Oiina and the United 
States highlight the trend. 

Other Key Assumptions 
Other assumptions that did not make Table 2 
should be significant to visers and suppliers in 
Europe, Japan, and Asia. 

Alliances 
The evolving global network of DRAM alli
ances shovdd have some long-term impact on 
North American pricing trends. However, mar
ket players in Europe and Japan should expect 
a stronger degree of alliance-related pricing 
effects. For example, as noted before the IBM/ 
Siemens alliance on DRAMs carries an enor
mous long-term potential effect on the Europe 
DRAM price scenario. For a detailed look at 
worldwide DRAM technology alliances, see 
"Worldwide DRAM Technology Alliances: 
Global Evolution Motivated by Survival of the 
Fittest," in the Semiconductor Procurement 
Dataquest Perspective, Vol. 1, No. 17. 

Increased Trade Friction 
Dataquest analysts in Europe and ROW/ 
Asia expect global trade friction to increase 
although the effects on pricing should vary by 
world region. For example, Europe's Reference 
Pricing system in part has caused 4Mb DRAM 
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pricing during early 1992 to be higher vis-a
vis other world regions. The European pricing 
reality will continue until Japan-based suppli
ers complete new European fabs. By contrast, 
Japan/United States trade friction likely wiU 
have litQe impact on DRAM pricing because 
of intense North American user disdain with 
the now-terminated foreign market value sys
tem. Asian suppliers—^whether from Korea, 
Japan, or other countries—continue to walk a 
very closely monitored line between competi
tive pricing practices and allegations of 
dumping in regions such as Europe. 

Long-Range SRAM Price Trends 
Table 3 contains the assumptions that guide 
Dataquesf s 1992 to 1996 North American SRAM 
bookings price forecast. 

Non-Japanese Asian Suppliers Will Increase 
Slow SRAM Market Share 
The key assxmiption for the long-range North 
American slow SRAM bookings price forecast, 
which assumes that non-Japanese Asian suppli
ers wiU increase market share and keep pricing 
competitive, parallels the third-ranked assump
tion on DRAM price trends. As identified over 
the years by Dataquest, the reason relates to the 
manufacturing trade-off that can be made 
between slow SRAMs and DRAMs. Most suppli
ers of slow SRAMs are vertically integrated sup
pliers from Japan or Korea. These companies can 
produce either DRAMs or slow SRAMs horn the 
same manufectuiing Une, allowing for a time lag 
of several quarters to make the switch. In times 

of stronger demand, suppliers focus on the 
potentially more lucrative DRAM device. During 
periods of slow DRAM demand or aggressive 
pricing, the slow SRAM serves as a product 
alternative (or fab filler). 

As vertically integrated Korean suppliers such as 
Samsimg and still unproven Hyundai flex their 
DRAM manufacturing strength, their impact on 
global slow SRAM pricing trends should also 
increase. To date, these suppliers have focused 
on establishing tiieir brand name at the 64K 
density, now positioning Korea as the world's 
low-cost 64K slow SRAM source. Samsung, 
perhaps joined by Hyimdai and/or Goldstar, 
wiU make a long-term migration to higher 
density devices and ultimately shape North 
American pricing trends. 

Fast SRAM Assumptions: Commoditization, 
Price Compression, Supplier Sliifts 
Tabe 3 lists the three critical assiunptions that 
guide Dataquesf s long-term ouflook on fast 
SRAM pricing trends in North America. First, 
the market trend is toward commoditization, 
although some micromarket opportunities 
should remain available. Second, for the global 
network of fast SRAM suppliers and users the 
commoditization trend connects directiy to the 
next assumption: commoditization should cause 
long-term compression—or lowering—of fest 
SRAM pricing. During the 1980s, the fast SRAM 
business was in part a series of micromarkets 
such that the limited niimber of suppliers in 
each niche coxild command wide profit margins. 

Table 3 
Key Assumptions for the Long-Range North American SRAM Price Forecast 

Ranking Assumption 
Slow SRAMs 
1 Low-cost suppUers from ROW/Asia will compete against Japan-based 

suppHers for slow SRAM market share. 
Fast SRAMs 
1 The trend in the fast SRAM market is toward commoditization although 

some micromarket opportunities should remain available. 
2 The trend to commoditize should cavise some compression of fast SRAM 

pricing, meaning fast SRAM cost-reductions will drive pricing trends a la 
DRAMs and slow SRAMs. 

3 The global fest SRAM supplier base will continue to shift and not contract 
dramatically. 

Source: Dataquest (April 1992) 
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Dataquest assumes that future fast SRAM cost 
reductions will govern pricing trends a la the 
DRAM/slow SRAMs scenario. This trend shovild 
result in more competitive pridng for users, 
more narrow margins for suppliers, and perhaps 
ultimately a more narrow supplier base. For 
users in North America and Evaope, the pros
pect of more competitive pridng, however, will 
require—as indicated in the third assumption— 
more active management of a shifting global iast 
SRAM supplier base. 

The Future Scenario 
The pricing forecasts for three fast SRAMs in 
Table 1 illustrate the interplay between the 
assimiptions on the market forces that guide 
Dataquesf s North American price outlook. 

64K Fast SRAM 
Because of imimpressive growth prospects, the 
supplier base for some fast 64K SRAMs (for 
example, 64Kxl SRAM 25ns, 16Kx4 SRAM 
35ns, and 8Kx8 SRAM 45ns) wiU decline. Sup
pliers wiU shift to more vibrant market seg
ments such as 8Kx8 SRAM 25ns or 16Kx4 
SRAM 25ns or else migrate to higher-density 
devices, although in a few cases suppliers 
from other regions (for example, Taiwan) will 
enter maturing segments such as the 8Kx8 
SRAM 45ns arena in order to establish market 
presence and reputation. Suppliers from 
arotind the globe aim to meet North American 
and European demand for 8Kx8 SRAM 25ns 
and 16Kx4 SRAM 25ns. 

In addition, new entrants wiU target these 
vibrant segments. A main point is that users 
can expect continuing shifts in the fast SRAM 
supplier base—and more competitive long-term 
pridng trends. For example, over the long 
term North American users can expect less 
familiar suppliers from North America such as 
AT&T and Taiwan (for example, ISSI, UMC, 
and \A^bond) to have considerable effect on 
pricing for devices such as 8Kx8 SRAM 25ns. 
Demand from PC done manufacturers in part 
explains the trend. 

Before this year, Japan's Mill informally estab
lished $3 as the lowest price to be charged by 
Japan-based suppliers for 64K fast SRAMs. As 
shown in Table 1, for North American users 
recent shifts in the suppUer base for 8Kx8 
SRAM 25ns miean that the low end of the 

price range for this device should fall below 
$3—and already approaches $2 in Taiwan. 
Users in Europe should expert only low-cost 
suppliers to survive over ttie long term. 

256K Fast SRAM 
For North American and European users of 
256K fast SRAMs, the influence of Japan's 
M m on the pricing strategy of familiar Japan-
based suppliers such as Fujitsu and Hitachi 
should decrease somewhat—^meaning more 
competitive long-term pridng. Non-Japanese 
suppliers such as Cypress, IDT, Motorola, and 
Micron aim to increase market share within 
defined produrt segments although the tar
geted segments, as noted, should shift in 
response to evolving ajTpUcation/demand 
trends. In addition, other Japan-based suppliers 
such as Sharp and Sony clearly aim to 
increase share in North America and Europe. 
In Europe, SGS-Thomson (induding Inmos) 
remains a force although Matra-MIiS continues 
to expand. 

The long-term upshot for users is that com
pressed pricing wiU be Unked—most simply— 
to the cost of manufacturing. For example, 
Table 1 shows the outlook on pricing for 
64Kx4 SRAM 25ns. The low end of the price 
range is currently at $7.25 in North America. 
For year-end 1993, Dataquest projects a price 
level of $6.50 in North America, dropping 
vmder $5,50 for 1995. North American and 
European users should view this forecast as 
conservative, given the intense level of sup
plier competition in the growing 256K fast 
SRAM marketplace. 

1Mb Fast SRAM 
The three assimiptions that guide the 64K/ 
256K fast SRAM price forecast for North 
America apply in general to the 1Mb fast 
SRAM forecast shown in Table 1—with a cav
eat. The caveat: Through informal advisories to 
leading edge Japan-based suppliers, Japan's 
M m should exert influence on the rate of 
price declines in regions such as North 
America and Europe, essentially appl)dng the 
brakes against a rapid tumble in pricing dur
ing the forward (or earlier) stages of the 
product life cycle. As noted. North American 
users can look forward to increased pricing 
competition from non-Japanese suppliers (for 
example. Motorola). However, vertically 
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integrated suppliers from Japan will continue 
to wield market power in this segment of the 
fast SRAM business—with an agenda that calls 
for a steady and manageable long-term decline 
in pricing. 

Dataquest Perspective 
At press time, Dataquesf s Research Operations 
team (field interviewing) had just begun the 
February-Match 1992 survey of North American 
users and suppliers of ICs including DRAMs 
and SRAMs. This report identifies titie assump
tions and assesses the market iactois that guide 
the long-range North American DRAM and 
SRAM price forecasts. In effect, this article lays 
out the thinking that will guide the long-range 
forecasts to be generated dtuing March 1992. 
Users can compare these assiunptions with their 
long-range views and modify Dataquest fore
casts or their in-house forecasts for strategic 
planning purposes. 

These assumptions are not set in stone. Data
quesf s worldwide network of memory analysts 

identify them now in order to allow our think
ing to change during 1992 and beyond, in line 
with changing memory market realities. A key 
DRAM pricing assumption—^that DRAM capac
ity should adequately meet long-term demand— 
undergoes scrutiny now to test its validity. 

For now, users in North America can expect an 
ample supply of 1Mb and 4Mb DRAMs, which 
will be caiKfully managed and monitored by the 
global supplier base. DRAM and SRAM pricing 
should be competitive, although not predatory, 
now and over the long term. In maturing 
product areas such as 64K slow SRAMs and 
256K DRAMs today—and 1Mb DRAMs and 64K 
fast SRAMs in the next year or two—users must 
carefully manage the selection of the supplier 
base. 

By Ronald Bohn 

(Reprinted from SPWW-SVC-DP-gZOl, February 17, 
1992) 
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About Dataquest's Woridwide Semi-
conductor Procurement Sendee 
Dataquesf s Semiconductor Procurement infor
mation service, formerly Semiconductor User 
Information Service, is a comprehensive market 
research service covering the world's major 
semiconductor markets. Dataquest provides 
semiconductor users with indispensable informa
tion needed to make soUd, intelligent, and quick 
procurement and design-in decisions. Through 
the service, Dataquesf s analysts become an 
extension of your purchasing and component 
engineering teams by delivering concise infor
mation and analysis on the issues that affect 
your strategic and tactical business plans. 

The service is available on an annual subscrip
tion basis and provides you with authoritative 
industry pricing projections, worldwide market 
forecasts, objective market share estimates, and a 
forward-looking assessment of the forces affect
ing semiconductor procurement. The service also 
delivers Dataquest analysis of key industry 
trends, leading manufacturers' strategies and 
product offerings, and enabling and competing 
technologies. 

Product Coverage 
The following represents some of the areas that 
are covered by the Semiconductor Procurement 
information service. 

PriceA-ead-Tiim Trends 
Quarterly price/lead-time forecasts for over 

200 devices 
Semimonthly snapshot of booking prices of 

25 critical products in the United States, 
Europe, Japan, Taiwan, Hong Kong, and 
Korea 

Product/Technology Trends 
Major Product Families: ASICs, Memories, 

Microcomponents, Standard Logic 
Product/Technology Life Cycles 
Market Size/Shipments 
Product Specification Trends 
Semiconductor Product Cost Analysis 
Packaging Trends 
Quality Issues 

Monthly Procurement Pulse 
Average Monthly Semiconductor Orders 
Average Semiconductor Lead Times 
Actual versus Target Inventory Levels—^AU 

OEMs 
Actual versus Target Inventory Levels— 

Computer OEMs 

Monthly Maiket Watch 
Semiconductor Book-to-Bill Ratio 
Semiconductor Inventory Level 
U.S. Weighted Semiconductor Price Indicator 
EXX; Computer Demand 

For More Information . . . 

About upcoming Dataquest conferences (408) 437-8245 
About Dataquest services or other Dataquest publications (408) 437-8285 
Via fax request (408) 437-0292 

The content of this report represents our interpretation and analysis of information generally available to the public or released by responsible 
individuals in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in c<mfidence 
by our clients. Individual companies reported on and analyzed by Dataquest may be clients of this and/or other Dataquest services. This information 
is not furnished in connection with a sale or offer to sell sectirities or in coimection with the solicitation of an ofier to buy securities. This firm and its 
parent and/or their officers, stockholders, or members of their families may, from time to time, have a long or short position in the securities 
mentioned and may sell or buy such securities. 
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Regional Pricing Update 

DQ Monday Report: Voiume Mean Pricing* 

Device 
Family 
74AC244 
Lead Time: (Weeks) 
4F244 
Lead Time: (Weeks) 
7805-TO92 
IMSG171D-35 MHz 
Lead Time: (Weeks) 

DRAM lMbxl-8 
DRAM 256Kxl6-8 
DRAM 3 CHIP MOD 
DRAM 4Mbxl-6 
DRAM 4Mbxl-8 
DRAM 4Mbx4-70 

DRAM 512Kx9-8 
EPROM 2Mb 170n 
FLASH 1Mb 
FLASH 2Mb 
SRAM 128Kx8-70 
SRAM 32Kx8-70 

SRAM 64iCx4-25 
VRAM 128Kx8-8 
Lead Time: (Weeks) 
68040-25 
80386DX-40 
80386SX-20 
80486DX-33 
R3000-25 
Lead Time: (Weeks) 

United 
States 

0.43 
4 

0.22 
4 

3.23 
13.50 
30.25 
11.75 
11.00 
95.00 
13.25 
6.25 
8.35 

13.78 
10.16 
3.70 
5.25 
6.83 

8 
382.50 
46.50 
49.50 

325.00 
91.70 

4 

Japan 
0.43 

5 
0.26 

6 
0.14 
3.62 

5 

2.98 
11.44 
25.77 
10.31 
9.66 

100.67 
10.47 
6.20 
7.26 

13.69 
10.07 
3.14 
5.23 
6.60 

6 
450.99 
92.61 

37.85 
322.14 

96.64 
7 

Europe 
0.37 

4 
0.21 

4 
0.14 
3.05 

8 
3.50 

12.80 

26.80 

10.60 
92.00 
13.50 
5.00 
7.45 

15.90 
7.50 
3.00 
4.50 
7.00 

8 
370.00 
85.00 
38.00 

350.00 
80.00 

4 

Taiwan 
0.29 

0.26 

3.45 
13.25 
28.50 

11.50 
125.00 

'6.50 

3.23 
4.75 

60.50 
47.00 

345.00 

Korea 
0.37 

6 
0.26 

6 
0.11 
4.20 

12 
2.80 

10.70 
24.00 
9.90 
9.90 

4.10 

7.60 
2.90 
4.30 
6.95 

6 

73.00 
32.00 

340.00 

*Prices in U.S. dollars 
Source: Dataquest (December 1992) 
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Market Analysis 

December Procurement Pulse: DRAM 
Storm Passes, Leaves Inventory Increase 
in Its Wake 
The Procurement Pulse is a monthly update 
of critical issues and market trends based 
on surveys of semiconductor procurement 
managers. This article explains what the semi
conductor inventory and order changes mean 
to semiconductor users. 

Semiconductor Order Rates Expected 
to Bounce Back 
Bookings of semiconductors are expected to 
increase an aggregated 28 percent over last 

month's rate, based on otir semiconductor book
ings index (see Figure 1). This is primarily being 
caused by concern over potential shortages after 
the passing of the first DRAM spot market 
shock wave caused by the U.S. Department of 
Commerce's (DOC) diimping determination 
against Korean DRAM suppliers. The overall 
system six-month sales outlook slipped again, 
coming in at 6.25 percent, down from last 
month's 6,6 percent forecast. Although one 
month does not a trend make, the computer 
subset's six-month forecast has noticeably 
dropped from last month's 6.2 percent to a cur
rent 2.5 percent outlook. This may be the first 
sign of a slowdown in computer demand that 
has remained steady for the past 18 months. 
Overall semiconductor prices again fell less than 
a half percent (0.4 percent), again highlighting 

Figure 1 
Averaged Monthly Semiconductor Orders 

Order Index, 12/88 = 100 

440-11 

7/92 8/92 9/92 10/92 11/92 12/92 

Figure 3 
Actual vs. Target Inventory Levels 

(All OEMs) 

6/92 7/92 8/92 9/92 10/92 11/92 

Figure 2 
Averaged Semiconductor Lead Times 

Weeks 

6/92 7/92 8/92 9/92 10^2 11/92 

Days 

Figure 4 
Actual vs. Target Inventory Levels 

(Computer OEMs) 

6/92 7/92 8/92 9/92 10/92 11/92 

Source: Dataquest (December 1992) SEoooaoit 
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the balancing act being played out as suppliers 
stay cautious in pricing negotiations. This is 
primarily because of the pending final DOC 
dumping determination due in March 1993 and 
the recent legal ruling prohibiting AMD from 
using Intel microcode in its AM486 device. The 
effect will be to keep memory (particularly 
DRAM) and high-end microprocessor prices 
stable for the next 3 to 6 months. Legalities 
aside, there remain two product areas (SOIC 
logic and Flash memory) that are on allocation 
because of capacity consfraints and are not 
expected to improve for at least 3 to 6 months. 
Highlighting the SMT problem is that all but 
one of our respondents are having problems 
sourcing surface mount packages, either logic, 
memory, linear, or discrete devices. 

Semiconductor Lead Times Under Control 
As shown in Figvtre 2, lead times remain in the 
manageable range of 10.1 weeks, down from last 
month's 10.6-week average. Although prices in 
general are firming, delivery schedules remain 
relatively on-time because of good communica
tions levels between users and suppliers. The 
SMT situation continues to keep overall lead 
time levels steady, yet other packaged devices 
are readily available in at or under 8 weeks (DIP 
logic, SOJ DRAM, some QFP microprocessors). 
Lead times for confract orders remain the most 
stable, offsetting the volatile spot market swings 
in lead times for affected DRAM, DRAM SIMM, 
SOIC logic, and Flash memory parts. Lead times 
as long as 32 weeks have been quoted recently 
for spot buys of some SOIC logic parts. Ade
quate capacity remains for most devices and 
incremental additions recently have been 
announced by some major Japanese memory 
suppliers that should alleviate some supply bot
tlenecks in the upcoming months. It is expected 
that the current sfrong demand for low-cost/ 
high-performance PCs will continue for most of 
next year, with corresponding levels of demand 
for the devices that make up those systems (that 
is, DRAM SIMMs, x386 MPUs, and SMT logic, 
among others). 

Semiconductor Inventories Rise Slightly 
Possibly as an indirect result of the unstable 
DRAM market and allocation status of Flash 
memory and SMT logic, actual inventory levels 
rose back to levels comparable with September 
(see Figures 3 and 4). Coverall targeted and 

actual inventory levels for November were 15.8 
and 22.1 days, compared with October like lev
els of 16.3 and 20.5 days. The computer subset's 
semiconductor target/actual inventory status 
went from October's 18.4 and 21.4 days to a 
respective targeted 19.4- and actual 22.6-day 
level. Even with the increase in inventory levels, 
a 22- to 23-day inventory pad combined with 
average lead times of 10 weeks still adds up to 
excellent inventory control in any market. Many 
suppliers and procurement managers are noting 
that there are fewer supply problems (pricing 
and deHveiy) with parts forecast on a monthly 
basis over tiiose bought via opportunistic (spot, 
or brokered) means. As mentioned last month, 
maintairiing consistent and predictable delivery 
schedules in times of allocation does wonders 
for the inventory confrol function. 

Dataquest Perspective 
Overall demand in the elecfronics market (low-
cost PCs, in particular) continues to keep pres-
siure on semiconductor suppliers and the recent 
exogenous variables of DOC dumping determi
nations and x486 court decisions have high
lighted the delicate balance in place between 
suppliers and users. Although the spot market 
still is reverberating over DRAM price shocks 
and now 80486 price inflexibility, confract buyers 
are now receiving payoffs of consistent deliver
ies at reasonable prices, compared with others 
that relied primarily on the spot market. It 
appears that some semiconductor suppliers are 
listening to their customers and watching the 
overall demand level and have annovinced plans 
to expand existing memory capacities that 
should come online by the third quarter of 1993. 
As long as forecasters can coimt on continued 
demand for their end product, so should they 
continue to corisistentiy inform their suppliers 
of credible short- and longer-term semiconduc
tor needs in order to ensure deliveries in this 
climate of uncertainty. 

By Mark Giudici 

Semiconductor Distribution versus 
Contract Manufacturing: Wliat Is at 
issue? 
Full-service semiconductor distributors are facing 
new challenges from nonfraditional competitors, 
the most visible being large-contract manufac
turers. Contract manufacturers provide the 
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customer assembly capabilities as well as the 
piirchasing power of a large company, often 
passing the economies of scale purchasing sav
ings on to their customers. Distributors that 
have traditionally provided discrete semiconduc
tors and kitting services are responding to the 
competition by offering "turnkey" subassembly 
operations, offering contract manufacturer-style 
services with the added benefit of component 
warranty support and discrete semiconductor 
return privileges. These services are being made 
in the current climate of outsourcing nonessen
tial manufacturing operations to subcontractors/ 
turnkey assemblers to lower total costs of sale. 
This article reviews how semiconductor distribu
tion and contract manufacturing are evolving, 
and what the implications are for semiconductor 
users often charged with reducing the supplier 
base. 

Distribution Evolution 
The traditional U.S. semiconductor distributor 
has been defined as selling small volumes of 
semiconductors to medium-size and small elec
tronics companies that cotild not economically 
acquire them directly from the manufacturer. In 
addition to often carrying the smaller company's 
inventory of supplied semiconductors, distribu
tors also "kit" or prepackage subassembly com
ponents for ease of manufacture to their cus
tomers. All services provided by a franchised 
distributor carry the warranty by the maniifac-
turer of the specific semiconductor being sold. 
For these services, distributor semiconductor 
prices are often 15 to 25 percent higher than 
large volume manufacturer direct prices. 

As the trend to outsource has accelerated, and 
contract manufactiuing has grown, many distri
butors have responded by providing "turnkey 
operations" to tiheir traditional customer base as 
well as to those companies investigating out
sourcing. Turnkey operations, in essence, provide 
a customer subassembly manufacturing along 
with the traditional distribution services of 
inventory control and warranty support once a 
final board design is released. On a like note, 
some smaller distributors offer referral services 
to aligned contract manufacturers. 

On the basis of our recent survey of the top 200 
U.S. electroiuc company procurement managers, 
the majority of companies polled do use semi
conductor distributors (see Figure 1). The 

outsource trend has changed the typical dis
tribution customer base from small to midsize 
companies requiting high levels of service rela
tive to delivery volvime toward a broad range 
of customers tiiat include some of the largest 
electronic companies as well as the traditional 
smaller clients needing larger volumes of 
product and high levels of service. The main 
reasons customers procure semiconductors from 
distributors are because the distributor can 
demonstrably provide better service and provide 
lower inventory and trar\sportation/logistics 
costs than that available through any other 
means (internal or external). 

Contract Manufacturing Revolution 
Up until the past few years, the perception of 
contract manufacturing (CM) by many was 
that these companies performed high-volume, 
unsophisticated 'Tsoard stuffing" services for 
large companies that had maximized internal 
capacity levels. Using data from the previously 
mentioned study of Sie top 200 procurement 
managers. Figure 2 highlights that close to two-
thirds of the respondents now use CMs and 
have on average used them for 9.6 years. What 
once was seen as an ancillary maniifacturing 
option has, in many cases, become the predomi
nant method of production for many companies. 
The current definition of a contract manufacturer 
generally comes down to a company that manufec-
tures or assembles a subassembly or finished 
product for another company and covers the 
breadth of services shown in Figure 3. The level 
of assembly and manufacturing involvement 
varies with each customer, with some companies 
requiring the most basic surface mount assem
bly. Others utilize the design and procurement 
services offered by some large CMs. The size of 
the typical CM customer also has shifted to 
include smaller comparues that do not want the 
burden of high overhead costs of plant and 
associated head count. 

The consensus definition of a CM precludes 
design and final product manufacture. Yet some 
CMs theoretically could take a product "con
cept," design it, assemble it, combine the subas
semblies (ttiat is, manufacturing), and provide 
the "original equipment maniofacturer" (OEM) 
with a marketable good. Outsourcing some or 
the majority of traditional manufacturing opera
tions has become more and more a fact of cor
porate stuvival in the current economic climate 
of cost reductions. 
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Figure 1 
Distribution Usage 

Are Semiconductor Distributors Used? Industry Usage 

No (6.7%) —̂  Consumer/Transportation (7.2%)-

Source: Dataquest (December 1992) 

Figure 2 
Contract Manufacturer Usage 

G20019S2 

Is a Contract Manufacturer Used? Average Length of Time a Contract 
Manufacturer Used: 9.6 Years 

Consumers/Transportation (4.9%) —i 

Communications (8.2%) 

Source: Dataquest (December 1992) S2001983 
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Figure 3 
Contract Manufacturer Migration Patli 

Level of Service 

High 

Low 

Time 

Length of Relationship 

Source: Dataquest (December 1992) 02001984. 

So What Is at Issue? 
The ciirrent situation has two historical non-
competitors perceived to be tramping on each 
other's turf. This in turn has left all participants 
in the affected procurement equation—semicon
ductor suppliers, distributors, CMs, and procure
ment managers—in an evolving market tiiat is 
not yet well defined. Distributors see their mar
ket growth shrinking as customers downsize 
and need assembly capability. Contract manufac
turers increasingly are required to provide top-
quality subassemblies, regardless of customer 
size or product volume. Semiconductor suppliers 
sometimes have difficulty in defining whether a 
CM is a customer or quasidistributor, much to 
the consternation of distributors. 

Off-loaded assembly often also includes the off
loading of purchasing of the assembled compo
nents. This sometimes leaves the procurement 
function in question because benchmarking of 
products, quahty, services, and the Uke can come 
to include the outsourcing of procurement where 
there is no value added to the organization. 
Many companies now actively reviewing not 

just total product cost, but total costs of sale 
(including all operations), are finding that 
world-class levels of performance at all levels 
(including procurement) are required to remain 
competitive. The procurement of semiconductors 
that are fairly generic or commoditized often are 
first outsourced, leaving proprietary devices that 
require technical familiarity and close manufac
turing support with shifting volumes or prices 
to in-house procurement. 

Figure 4 shows a user-supplier matrix that helps 
explain the changing situation in sourcing and 
assembling semiconductors and printed circuit 
boards. Traditional broad-Une distributors are 
seen losing groimd to large-volume CMs, 
specialty catalog houses, and specialty distribu
tors, but are maintaining presence with midsize 
companies that need higher levels of service and 
for companies not iised to high leveb of service 
and lower total cost. Quadrants 2 and 4 require 
increased in-house purchasing focus, while 
quadrants 1 and 3 require less attention from 
pirrchasing departments. What was once a 
clearly defined, concentric distribution market 
is changing into an ellipsoid where services 
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(inventory delivery flexibility, and accuracy 
among others) more than ever determine 
distributor market gains. 

Dataquest Perspective: Semiconductor 
Procurement in Flux 
Much of what is written about contract 
manufacturing extols the virtues of the industry 
and downplays many of the changes and reper
cussions that occur to customers. The down
sizing trend that often results in using contract 
manufacturers often shifts some purchasing 
duties over to the CM. Yet there are instances 
where CMs cannot procure certain semiconduc
tors and still need liieir customers to purchase 
them, often at the insistence of sole-source 

Figure 4 
Evolving Semiconductor Sourcing Environment 

semiconductor suppliers. (This practice may be 
used by semiconductor companies to protect 
their overall pricing position for the affected 
parts.) This effectively reduces some of the cost 
savings of a CM because some purchasing 
functions are kept in-house. 

Another issue with companies using CMs is 
the breadth of support offered. Often a CM is 
chosen based on the highest-volume products 
that need assembly. This leaves the remaining 
downsized procurement group with difficulty in 
supporting needs for new designs because the 
economy of scale has been farmed out and the 
CM may not be equipped to handle "exotic" 
(that is, two-sided SMT with high-pin covmt 
packages, among others) boards. Unless 
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qiiick-turn specialty CMs are available, or users 
are willing to hold inventory for their CM, new 
design work at system companies may be held 
up because of a lack of logistical and technical 
support on (he CM assembly floor. Depending 
on tine level of service provided, sometimes the 
actual cost definition of a CM is imclear. This 
leaves cost accovmtants deciding whether a CM 
is a material, labor, or overhead (or mixed) cost. 

So, apart from quantifiable price and quality 
cost parameters, the overall total costs (including 
hassle factors) often carmot be measured if a 
cost savings analysis is performed. What is 
needed prior to any decision regarding contract 
manufacturing or turnkey distribution is to 
ensiire that the corporate cultures are as identi
cal as possible prior to looking at price or qual
ity savings. Without congruence in operating 
procedures, many of the tangible savings gained 
will be spent on correcting logistic problems and 
commurucations lapses, among others. In this 
way an outsource decision will result in greater 
efficiencies, and not another layer of bureaucracy 
to work around. 

By Mark Giudici 

What Price 'Benchmarking'? 

Executive Summary 
Since the late 1980s, "benchmarking" has 
become a favorite corporate buzzword in North 
America. For Dataquest's SPS analysts, the stron
gest client demand to date has been for tactical 
IC "price benchmarks," in effect a search for the 
lowest—or "best"—^worldwide price for critical 
devices such as 4Mb DRAMs or 80486 MPUs. 
As an aftermath of the recession—which is still 
in effect in world regions such as Japan as well 
as parts of the United States and Europe—^SPS 
anticipates increased client demand during the 
post-1992 period for information on how to 
benchmark the procurement process. For this 
reason, this issue of Dataquest Perspective con
tains two articles on benchmarking. This article 
focuses on strategic benchmarking issues and 
sets the stage for a procurement benchmarking 
guide to be issued during mid-1993. The article 
entitled "Dataquest's North American Memory 
IC Price Benchmarks" provides tactical pricing 
benchmarks for users of these ICs. 

To Benchmark or Not? 
This report likely will be viewed as controversial 
because the aim is to confront unpleasant issues 
such as the gloomy future that awaits the 
procurement organizatioris at some system 
manufacturers. Dataquest does not foresee 
benchmarking—either generically or specifically 
related to the procurement process—as a univer-
Scil panacea for post-recession survival. Instead, 
benchmarking may enable some OEM procure
ment organizations to survive and prosper from 
the restructiiring process that the market faces 
during the 1990s. 

As the article title indicates, several realities 
must be stated at the outset of this report, as 
follows: 

• In the best case, successful benchmarking car
ries a stiff price—including potentially severe 
organizational change and individual personal 
stress. 

• Benchmarking may not be most effectively 
applicable to any given procurement process— 
perhaps the effort should be focused else
where in an OEM's product manufacturing 
process. 

• In an extreme case, the results of benchmark
ing effort may show that some OEMs should 
completely reconfigure their processes or 
resort to contract manufacturing. 

Even so, for most SPS clients the greatest risk— 
market nonsurvival—is associated with failure, 
refusal, or inability to effectively benchmark 
organizational processes such as procurement. 

What Is Benchmarking? 
Although some SPS clients, especially North 
America-based system manufacturers, have 
been benchmarking their operations and 
processes for the last 5 to 10 years, for other 
SPS clients benchmarking remains a relatively 
new technique. 

In general, the global trend toward process 
benchmarking has been applied more often by 
electronics manufacturers than by manufacturers 
in other industries or by service companies. For 
example, Xerox has been the single most leading 
proponent of benchmarking since the late 1970s. 
In Japan, although the word is not used, bench
marking is a firmly ingrained part of the 
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strategic planning process. Furthermore, to date 
benchmarking has been applied more so by elec
tronics manufacturers in North America and 
Japan than by Europe-based companies. SPS 
client surveys reveal, however, strong demand 
by Europe-based manufacturers for insight on 
procurement benchmarking. 

Dictionary Definition 
Webster's Seventh New Collegiate Dictionary 
has two definitions for "bench mark." The 
first definition pertains to the word's original 
use in topographical surveys. The second 
definition—which is most apropos to process 
benchmarking—is a "a point of reference from 
which measurements of any sort may be 
made." 

Operative Definition 
There are several similar operative definitions 
of benchmarking. Xerox originally defined 
benchmarking as "...the continuous process of 
measuring products, services, and practices 
against the toughest competitors or those com
panies recognized as industry leaders." More 
recent definitions emphasize the search for 
"best practices," also known as worldwide 
best-in-class practices. 

Three Types of Benchmarking 
In terms of nomenclature, Xerox generically 
refers to its benchmarking process as "competi
tive benchmarking," although in practice there 
are three types of benchmarking: internal, com
petitive, and best practices. Xerox has extensive 
experience with each type. "Internal" bench
marking can be exemplified by Xerox's bench
marking evaluation of the manufacturing 
processes in Xerox plants in North America vis
a-vis Xerox plants in Europe and Japan. A 
different example of internal benchmarking 
would be a comparison of the different ways 
different divisions of the same company handle 
the same function or process, for example, 
employee training in the financial department 
versus training in the manufacturing division. 

Competitive Benctimarldng 
Competitive benchmarking is exemplified by 
the product tear-downs that Xerox has per
formed over the years on direct competitors' 
systems regarding components, technology, and 
cost. Xerox's competitors, in tiarn, have applied 
the same competitive tear-down process to 
Xerox's products. 

Corporate procurement and financial organiza
tions have focused on cost containment during 
the 1991 to 1992 recession. Consequentiy, the 
thrust of SPS pricing inquiries for the past 12 
to 18 months has been toward competitive IC 
price benchmarks, including high-volume dis-
covints. During the second half of 1992 the 
focus also shifted from regional best pricing, 
for example, the "best" 4Mb DRAM price in 
Europe, to worldwide best pricing, being the 
"best" 4Mb DRAM among regional markets 
such as Europe, North America, Japan, and 
Singapore. 

"Best" pricing is a problematic term. One 
problem associated with it is quantifying the 
inherent trade-off between the price paid for a 
component and the slew of differing delivery/ 
quality/credit payment terms. Another problem 
is that relentiess focus on the immediate issue 
of competitive component pricing can divert 
attention from a search for better procurement 
practices from another industry that may trans
late into a far more significant long-term com
petitive advantage. The issue of "best price" 
will recur not only in today's benchmarking 
articles but also as a market issue throughout 
1993 and thereafter. 

Best Practice Benctimarldng 
Best practice benchmarking is exemplified by 
Xerox's discovery through market research dur
ing the early 1980s that L. L. Bean—a rela
tively small U.S.-based supplier not involved 
in the electrorucs industry—operated a world-
class warehousing operation. Xerox bench-
marked its warehousing function against 
Bean's "best practice" operation and used the 
results to make dramatic improvements in 
Xerox's function. 

Most informed practitioners of benchmarking 
recommend "best practice" benchmarking over 
competitive benchmarking for, among other 
reasons, a factor noted earlier—outdoing a 
direct competitor in terms of any procurement 
measurement such as material cost may mean 
that an organization is only perpetuating an 
inherently inefficient process. 

Two Key Points for Successful Benchmarldng 
As we assess the basic steps of the benchmark 
process, two key points must be stressed. First, 
benchmarking will fail unless the program has 
upper-level management support, including 
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integration into the strategic planning process. 
In addition, benchmarking of the procurement 
or purchasing process—in the absence of top-
level managerial oversight—can rupture key 
user-supplier strategic relationships over second
ary issues such as raw price or delivery 
performance. 

For many SPS clients, however, a lack of upper-
level management support is not the issue. 
Rather, for our clients, upper-level management 
has mandated a benchmarking of the procure
ment process or at least of material pricing. For 
SPS clients, corporate financial analysts typically 
serve as key players in the benchmarking evalu
ation. Inquiries from and discussions witii SPS 
clients do not indicate the level of integration, if 
any, between the OEM strategic plans and 
benchmark goals. 

Second, support for benchmarking from line 
managers and corporate management will 
increase if the program aims for quantifiable 
bottom-line results, for example, cost savings. 
As noted, SPS benchmarking inquiries during 
1992 reflected inteiise demand by our clients for 
worldwide "best"—or lowest—^pricing bench
marks, which lends itself to measurable financial 
impact. 

Basic Steps to Benchmarking 
A perusal of the literattire on benchmarking 
shows that the following steps—or a similar 
version—are basic in the benchmarking process. 
The number of steps varies according to differ
ent perspectives, but generally total fewer than 
10. 

• Determine, which function or process to 
benchmark 

• Determine the outputs of the benchmarking 
assessment 

• Identify the best-in-class company, best 
competitor, or best internal process 

• Measure internal performance 

• Measxire the performance of benchmark 
companies 

• Determine current and future competitive 
"gaps" in quantitative and qualitative terms 

Specify fimction/process improvement goals 
and programs 

For those that have successfully gone this far, 
Xerox recommends then monitoring or 
recalibrating. 

A Closer Looic at Eacli Step 
As noted, this report marks a first step toward 
production of a procvirement benchmarking 
guide during mid-1993. Based on the author's 
disctission with clients and industry sources— 
both within and without the electronics 
industry—^plus associated literature searches, 
the next sections take a deeper look at the 
benchmarking process and its potential applica
tion to the electronics procurement process. The 
assessment includes situations where procure
ment benchmarking would be of Umited or no 
applicability. 

The next sections aim to identify the strategic 
and practical issues associated with procurement 
benchmarking. The objective is not to provide 
SPS's final statement on procurement bench
marking or the steps associated with the 
process. Rather, the goal is to set the stage for 
next year's guide on procurement benchmarking. 

Which Process to Benchmark 
Although benchmarking can be applied to any 
process or function, a key question is whether 
benchmarking should be applied to tiie procure
ment process. The fundamental question to be 
addressed is the potential gain from a world-
class improvement in the proctirement process. 
As stated earlier, preferably the gain should be 
measurable in quantifiable terms, especially 
monetary terms. 

Practitioners of benchmarking use somewhat 
different terminology, but most recommend 
that benchmarking be applied only to the com
pany's so-called "critical success factors." For 
example, if "time to market" is a key success 
factor for an OEM, procurement benchmarking 
may not be a valuable effort—imless procure
ment has been a bottleneck against achieving 
time-to-market goals. 

By contrast, if competitive system pricing is 
the single most critical success factor, bench
marking the procurement/purchasing process 
could be fully justified. 

The function or process to benchmarked also 
should be narrow in scope—not broadly 
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defined. For example, if the electronics 
procurement process is a critical factor in the 
efficiency of the operation, several key points 
in the process (such as supplier evaluation) 
should be benchmarked, not the entire 
purchasing process. 

Benchmarking Outputs 

In order to effectively benchmark a function 
or process, there must be a core set of desired 
outputs. The "outputs" serve a dual piupose— 
to measure the performance of the process 
being evaluated and to serve as a guide for 
future improvement. 

The outputs of the benchmarking assessment 
should include not only quantifiable measiire-
ments, which become somewhat obvious for 
SPS clients interested in worldwide "best" 
pricing, but also qualitative descriptions of 
less obvioiis best practices. 

For example, regarding equipment procure
ment, Japan-based Hitachi recently announced 
a project to reduce by 20 percent within two 
years—a precise output—the expenses involved 
in constructing IC fabs. Hitachi in the past 
had focused on yield improvements and high 
production volume as strategic goals. Although 
Hitachi has not denominated the project as a 
benchmarking program per se, it plaiis to 
achieve the 20 percent goal by reviewing 
equipment design and processes toward an 
ultimate goal of reducing the number of steps 
in the IC production process—clear hallmarks 
of benchmarking. 

Identify tlie Best 

The best-in-class company, best competitor, or 
best internal function depending on which 
type of process or ftmction the organization 
seeks to benchmark, should be identified. 
Benchmarking associations, literature searches, 
and Dataquest/The Ehm & Bradstreet Corpora
tion can provide much of this information. 

Measure Your Performance 
Measurement of an OEM's performance may 
be readily available, depending on the organi
zation's financial/operational reporting 
system—or may require the tracking of a new 
set of statistics. 

Internal performance measurement typically 
requires "process mapping." Most organiza
tions have documented their manxofactiiring 

or procurement process. However, benchmark
ing often requires a review and update of the 
process flow. The key step of process mapping 
provides the basis for the eventual goal of 
process improvement. In extreme cases, the 
entire process must be reconfigured. 

Measure tlie Best Performance 

Measuring the performance of the so-called 
best companies for the purpose of benchmark
ing represents a challenging but achievable 
goal. Clearly, the challenge is greatest— îf not 
impossible—regarding direct competitor bench
marking. Ironically, because of less competitive 
threat, electronics OEMs often can more easily 
benchmark against the worldwide "best in 
class" performer(s)—^which are probably from 
another industry—and learn superior practices 
as a result. 

This step most often requires a visit to the 
benchmarking "partners" identified earlier that 
have agreed to serve as a partner. Not all 
will. This step can be achieved in some cases 
without a formal visit, for example, by tele
phone interview. The total number of bench
mark partners usually ranges from at least 
two or three to no more tiian a dozen, 
typically four to six. 

Measure Competitive Gaps 

This step requires an assessment—qualitative 
as well quantitative—of the current gap 
between the OEM's internal performance level 
and the best-in-class performance level. Then, 
the trend in future competitive gaps must be 
estimated in quantitative and qualitative terms. 

Set Improvement Goals 

The competitive gap information sets the 
stage for the next step in the benchmarking 
process—to establish quantified improvement 
goals and programs. 

At this stage, the goal is to improve one's 
process to the performance levels of the best 
in class or to adopt an entirely new set of 
practices. 

Implement a Strategic Plan 

The next step—which underscores the initial 
key requirement of upper-level management/ 
line-operation support—is implementation of 
a strategic plan for process improvement. 
Why? Capital expenditure and hximan resource 
reallocation are typically required at this step. 
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Should the Procurement Process Be 
Benchmarked? 
An OEM must carefully determine whether it 
is worthwhile to benchmark the procurement 
process. For example, some studies indicate that 
system-product design in effect "fixes" from 
about 40 percent to as much as 80 percent of 
finished product cost. Using this information as 
a guideline, two basic scenarios exist regarding 
the potential benefit to an OEM of an improved 
procurement process, as follows: 

• Significant benefit likely would result for 
manufacturers where 55 to 60 percent of 
product cost remains variable after product 
design, being the 40 percent case mentioned 
earlier. In the electrorucs indvistry, this 
scenario most likely would apply to systems 
with a large content of commodity-t5T3e 
memory and logic ICs. Narrow system profit 
margins would be a business hallmark for 
OEMs in this arena. 

• Less dramatic benefit from procurement 
benchmarking likely would result for 
manufacturers where just 20 to 25 percent of 
product cost remains variable after product 
design—the 80 percent case. In this scenario, 
other critical success factors such as time-to-
market might outweigh material cost as a 
strategic biisiness consideration. 

The first scenario indicates that the OEM pur
chasing process—at least the key steps—should 
be benchmarked. Benchmarking of the purchas
ing process should be most beneficial for OEMs 
in markets where narrow system profit-margins 
are the competitive norm. Knowledge of com
petitive price benchmarks should be part of the 
meastirement, although benchmarking practition
ers would recommend the focus be on best-in-
class practices. The OEM's financial division 
should be part of the benchmarking program, 
along with manufacturing, purchasing, and 
component engineering. 

By contrast, the second scenario indicates that 
more likely the OEM's product design process— 
and less so the pvurchasing function—should be 
benchmarked. Because of the large role played 
by component technology in final product cost, 
related areas suitable for benchmarking under 
this scenario include OEM management of 
supplier/technology partnerships and/or the 
component technology selection process. For 

electronics OEMs where time-to-market with 
leading-edge technology governs business 
strategy, benchmarking practitioners recommend 
that orgtmizational participants in the bench
marking operation include corporate and product 
marketing, along with design engineering, com
ponent engineering, and/or purdiasing and 
manufacturing. 

SPS recognizes that in a broad sense "product 
design" and "supplier partnering" often fall 
imder the rubric of "purchasing" at some OEMs. 
But the main point remains the same—for OEMs 
in which product design sets a large portion 
of the final product cost, benchmarking the 
procurement process/component pricing likely 
will miss the mark in terms of ultimate 
bottom-line benefit. 

How can benchmarking be applied to the 
procurement or piurchasing process? Let us 
assimie that an OEM has decided that the stra
tegic significance of the procurement function 
warrants benchmarking. Although we cannot 
fully answer the question in this report, we can 
illustrate the type of issues that should be 
addrtesed in different benchmarking evaluations. 
The "success factors" or critical functions within 
any procurement process that should be bench-
marked will vary on an OEM-to-OEM basis, 
depending on the results of each OEM's process 
mapping. 

Note that some of the following issues could 
also be used to benchmark an OEM's product 
design process. 

• Component demand forecasting 

• Do the worldwide "best" procvirement 
groups—^whether in electronics or other 
industries—consistently provide suppliers 
with component demand forecasts? 

• If yes, how often, and to what detail? What 
"accuracy rate"? 

• Cycle time 

• In the "best" procurement groups, what is 
the time interval between receipt of critical 
components and shipment of the systems in 
which the components are used? 

• What is the inventory tvims rate? 

• What is the time to market between new 
system design and new product 
introduction? 
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• What practices permit "best" class 
procurement processes to achieve these 
rates? 

• Human resources 

p What are the education and experience lev
els of the members of worldwide best-in-
class or best-competitor procurement 
organizations? 

m What blend of skills do the members of 
the "best" procurement organizations 
reflect—whether individually or on a team 
level—regarding materials management? 
Marketing? Negotiating? Technology? 

• Just-in-time (JTT) 

m Do the worldwide "best" procurement 
groups use JIT—and if so, what kind of JIT 
system? 

• How do the "best" procurement groups 
manage any trade-off between pricing and 
delivery terms mandated by the JIT system? 

,11 Organizational linkage 

• What linkage do the "best" OEM pro
curement organizations have with the 
orgaruzation's design engineering group? 

• What linkage, if any, do the "best" pro
curement organizations have with the 
marketing groups? The financial group? 

• Pricing 

• How do the "best" procurement groups 
buy—on a contract basis, the spot market, 
on both contract/spot bases, or via supplier 
alliance? 

• How often do the so-called "best" procure
ment groups negotiate component pricing? 

• Do the "best" procurement groups monitor 
on an ongoing basis whether material 
pricing is the market "best"? If so, how? 

• For a second time, how do the "best" 
procurement groups manage any trade-off 
between materials pricing and delivery terms 
such as lead time? (Please see the article enti
tled "Dataquest's North American Memory IC 
Price Benchmarks" elsewhere in this edition 
for fuller treatment of the pricing issue.) 

• Supplier evaluation 

• What kind of relationships do "best" 
procurement groups maintain with 
suppliers—close relationships/alliances or 
arm's-length/merchant market relatioris? 

• How do the "best" procurement groups 
evaluate supplier base performance regard
ing delivery, reliability, and technology? 

• What process do the "best" procurement 
groups use to manage any shift—and the 
timing of any shift—from one set of suppli
ers to a new supplier set? 

• How do the "best" procvirement groups 
measure their performance in managing 
suppliers? 

• Technology 

• How do the "best" procurement groups 
manage their system/component technology 
evolution? 

• How do the "best" procurement groups 
manage their supplier's technology 
evolution? 

Dataquest Perspective 
Dataquest expects an increased emphasis by 
clients on process benchmarking during 1993. 
The relentless increase in global competition 
jump-started the quality benchmarking 
phenomenon in North America during the late 
1970s. The global competitiveness trend will not 
abate soon—^nor will tike move toward bench
marking. What will these trends mean for users 
of ICs? 

The entire supply base management network 
will remain under long-term pressure. A blunt 
reality hovers over the traditional SPS client 
base—the threat from the trend toward contract 
manufacturing. Another reality is that bench
marking may require some OEMs to completely 
reconfigure critical processes such as 
procurement. 

For users whose companies manufacture 
commodity-like products such as PCs, the 1993 
trend will still be toward benchmarking as a 
competitive tool—for cost-containment. Narrow 
system price margins mean continued pressure 
on piirchasers to achieve the "best worldwide 
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price" for components—with all eyes of the 
company and the market including competitors 
and security analysts monitoring tifie effect of 
material cost on profit margins. With competi
tive survival immediately at stake, the bench
mark effort likely will not be on the more highly 
recommended search for "best practices" but, 
rather blimtly, on lowest cost. 

At another extreme, for users whose companies' 
strategic focus is on leading-edge system 
products, benchmarking as applied to the 
procurement function must concentrate on the 
best practices search—independent of the indus
try or geographic source of the practice. For 
these manufacturers, benchmarking should be 
on functions such as the product design process, 
cycle time, or user-supplier alliances—^with tradi
tional purchasing issues such as materials cost a 
secondary or tertiary issue. 

We recognize that there is a gray area. For 
example, many procurement organizations pro
cure material for production of both commodity-
type and leading-edge systems. There is no easy 
single answer on the application of benchmark
ing techniques to the procurement process. As 
indicated, this article is SPS's first step toward 
the production during 1993 of a procurement 
benchmarking gtiide—which will include 
guidance as to situations in which benchmarking 
is not useful—as well as how to effectively 
evaluate youi process. 

By Ronald Bohn 

Product Analysis 

Dataquest's North American Memory IC 
Price Benchmarks 
This article presents memory IC pricing— 
garnered from Dataquest SPS's November 1992 
North American bookings price survey—that can 
serve as pricing benchmarks. The aim is to pro
vide SPS clients with information including sur
vey minima and large volume discounts for 
benchmarking performance in buying memory 
ICs. The article elsewhere in this edition entitled 
"What Price 'Benchmarking'?" focused on stra
tegic procurement benchmarking. This article 
focuses on tactical pricing issues—including the 
problematic search for so-called "best" pricing. 

How SPS Clients Benchmark Themselves 
Against Dataquest Price Information 
As a backdrop, some SPS clients use SPS's 
worldwide online or North American quarterly 
pricing information to benchmark their purchas
ing performance. Clients benchmark their piir-
chase price against SPS pricing in the following 
ways: 

• Against the SPS published price for the 
specified contract volumes 

• Against quarterly rates of price change 

• Against the low end of the quarterly price 
range for the specified contract volumes 

• Against the low end of the price range for 
very large contract volumes 

In the first case, SPS clients aim to ensure that 
the price they pay for an IC is not much greater 
than, if not less than, the price published in the 
SPS quarterly forecast or online service. Some 
clients also use SPS forecasts to benchmark past 
buying performance. 

SPS carefully specifies each device in terms of 
quality, speed, configuration, package, and 
volume, among other specifications. For exam
ple, Dataquest SPS's quarterly price forecast 
states the following: "Actual negotiated market 
prices may vary from these prices because of 
manufactiirer-specific factors such as quality, 
service, and volume discount. These prices are 
intended for use as guidelines." 

In the second case shown earlier, some SPS 
clients monitor the quarterly changes in pricing, 
if any, that Dataquest forecasts for consistency 
with the price trends that oiur clients expect. In 
this case, the published price is not the main 
concern, but rather any quarterly changes in pric
ing. For example, Dataquest may estimate the 
current quarterly price for a specified device as 
being $2.00 and declining to $1.90 for the next 
quarter, a 5 percent decrease. Regardless of 
whether the buyer/client currently pays $2.25, 
$2.00, or $1.95 for the specified part, the client 
uses the forecast of a 5 percent decline as a 
market benchmark. 

In the third and fourth cases, some SPS clients 
benchmark their buying performance either 
against the low end of the quarterly price range 
at the specified contract volume or else against 
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the low end of the price range for very large 
contract volumes. 

North American Memory IC Price Benclimarl(s 
For example, based on the results of the recent 
North American pricing survey. Tables 1 through 
5 present the survey average, the maxima and 
minima prices, and the estimated high-volume 
discoimt (in percent) for these memory ICs-— 
DRAM, SRAM, flash memory, EPROM, and 
ROM. The tables cover the period from the 
fourth quarter of 1992 through the second 
quarter of 1993. 

How to Use the Information in Tables 1 
through 5 
The memory ICs in Tables 1 through 5 are pre
cisely specified regarding speed, configiuration, 
package, volume, and related factors. As noted, 
some SPS clients use the survey minima price, 
that is, the low end of the quarterly price range 
as a benchmark for the so-called "best" or "com
petitive best" price available in North America 
at the given volume. Procurement organizations 
that pay a price at or below this benchmark 
price in most cases rank among the most 
competitive buying groups in tfie electronics 
industry. 

For volumes greater than those specified in SPS 
quarterly price forecasts, the volume discount 
information shown in the tables provides a 
gauge of the potential discount, if any, for very 
large volvime orders. 

In terms of using this voltune discount informa
tion, prior discussion with SPS analysts is 
recommended via our inquiry service. For exam
ple, in most cases one cannot simply take the 
survey minima and apply the highest voltmie 
discoimt in order to establish a "best" price 
benchmark. For example, in some cases there 
may be no volume discount available from the 
survey minima. 

The Problems with a "Best Price" Benchmark 
The article entitled "What Price 'Benchmark
ing'?" states that benchmarking the "best price" 
is problematic, although SPS is fully cognizant 
that competitive pressures require our clients to 
do so. A key factor is that "best" price t5^ically 
means the lowest market price, so "best" pric-
ing/"competitive best" pricing tends to 
completely ignore the tj^ical trade-off between 

IC price paid and factors such as product 
quality, lead time, and assured delivery. 

As part of the Micron/DRAM dvmiping investi
gation, for example, the U.S. International Trade 
Commission identified a host of factors that to 
some degree could affect DRAM pricing in the 
United States, including the following: 

• Availability 

• Credit terms 

• High credit terms 

• End-product compatibility 

• Delivery time 

• Delivery terms 

• Failure rates 

• Lowest failure rates 

• Price 

• Lowest price 

• Market-average price 

• Highest price 

• Product quality 

• Reliability 

• Service/technical support 

Even this schema ignores special user-supplier 
relations such as joint ventures/alliances regard
ing fab funding. 

We need not detail the potential interplay of 
these factors on pricing to make this main 
point—the search by IC users and their cor
porate management for "best" or "competitive 
best" pricing must explicitiy take into account 
some key variable factors in the price equation. 
Factors such as quality and delivery time can be 
assumed to be simple givens. Otherwise, the 
price benchmarking effort devolves into its logi
cal lowest common denominator—an unrealistic 
across-the-board search for low-ball pricing. 

Dataquest Perspective 
Some practitioners of benchmarking might be 
aghast of this report's focus on competitive 
memory IC price benchmarks. The "preferred" 
or most frequently recommended type of 
benchmarking is the search for "best 
practices"—regardless of industry. The focus 
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Table 1 
Estimated DRAM Price Benchmarks—North American Booldngs (Contract Volume of 100,000-200,000; Dollars)* 

Part 
1992 

Q4 
1993 

Ql 
1993 

Q2 

1 Million 
Volume 

Discount (%) 

256Kxl DRAM 80ns DIP 
Minimum 
Maximum 
Average 

64Kx4 VRAM 120ns ZIP 
Minimum 
Maximum 
Average 

IMbxl DRAM 80ns (DIP/SOJ) 
Minimum 
Maximum 
Average 

64BCxl6 DRAM 80ns SOJ 
Minimum 
Maximum 
Average 

256Kx4 VRAM 100ns ZIP 
Minimum 
Maximtim 
Average 

128Kx8 VRAM 100ns SOJ 
Minimum 
Maximum 
Average 

4Mbxl DRAM 80ns SOJ 
Miriimum 
Maximum 
Average 

lMbx4 DRAM 60ns SOJ 
Minimum 
Maximum 
Average 

512Kx8 DRAM 70ns 
Minimum 
Maximum 
Average 

1.40 
1.50 
1.45 

2.60 
2.70 
2.65 

3.00 
3.20 
3.06 

4.10 
4.10 
4.10 

6.60 
7.60 
6.93 

6.75 
7.00 
6.88 

9.95 
10.65 
10.21 

10.00 
10.50 
10.23 

12.36 
12.36 
12.36 

1.40 
1.60 
1.48 

2.60 
2.70 
2.65 

3.10 
3.20 
3.17 

4.10 
4.10 
4.10 

6.18 
7.60 
6.62 

6.50 
6.60 
6.55 

9.95 
11.00 
10.30 

9.99 
11.00 
10.50 

11.23 
11.30 
11.27 

1.40 
1.60 
1.47 

2.60 
2.65 
2.63 

3.20 
3.20 
3.20 

4.10 
4.10 
4.10 

5.95 
7.60 
6.50 

NA 
NA 
NA 

9.25 
10.20 
9.73 

9.25 
9.25 
9.25 

10.56 
10.56 
10.56 

2-10 

0-2 

2-8 

2-9 

0-5 

0-5 

0-5 

0-4 

2-8 
(Continued) 
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Table 1 (Continued) 
Estimated DRAiVI Price Benchmarks—North American Bookings (Contract Volume of 100,000-200,000; Dollars)* 

Part 
256Kxl6 DRAM 70ns SOJ 

Minimum 
Maximum 
Average 

lMbx8 SIMM 100ns (2-piece) 
Mirumum 
Maximum 
Average 

lMbx9 SIMM 80ns (3-piece) 
Minimum 
Maximum 
Average 

256Kx9 SIMM 100ns 
Minimum 
Maximum 
Average 

256Kx36 SIMM 80ns 
Minimum 
Maximum 
Average 

512Kx36 SIMM 80ns (24-piece) 
Minimum 
Maximum 
Average 

4Mbx9 SIMM 80ns (9-piece) 
Minimum 
Maximum 
Average 

lMbx36 SIMM 80ns (9-piece) 
Minimum 
Maximum 
Average 

4Mbx4 DRAM 70ns SOJ 400 mil 
Mirumum 
Maximum 
Average 

1992 
Q4 

11.80 
14.40 
13.40 

24.00 
24.00 
24.00 

26.00 
34.00 
28.13 

12.50 
13.25 
12.88 

29.68 
38.00 
33.84 

54.69 
72.00 
66.03 

90.50 
90.50 
90.50 

93.00 
93.00 
93.00 

95.00 
110.00 
102.50 

1993 
Ql 

11.35 
14.50 
13.04 

22.00 
22.00 
22.00 

25.00 
25.35 
25.18 

12.50 
13.25 
12.88 

32.68 
32.78 
32.73 

62.68 
70.60 
66.76 

90.50 
90.50 
90.50 

93.00 
93.00 
93.00 

74.00 
90.00 
82.00 

1993 
Q2 

10.50 
14.50 
13.13 

20.90 
20.90 
20.90 

23.77 
23.77 
23.77 

12.50 
13.25 
12.88 

31.11 
32.78 
31.95 

62.68 
63.00 
62.84 

NA 
NA 
NA 

NA 
NA 
NA 

58.00 
58.00 
58.00 

1 Million 
Volume 

Discount (%) 

2-6 

2-8 

0-8 

0-4 

0-5 

0-8 

0-5 

0-5 

2-6 
NA = Not available 
*Contract volume = at least 100,000 per order except VRAMs 
Source: Dataquest (December 1992) 
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Table 2 
Estimated Static RAM Price Benchmarks—North American Bookings (Volume: Slow SRAM/50,000 per Year; Fast SRAIW 
20,000 per Year; Package: PDIP; Dollars) 

Part 
1992 

Q4 
1993 

Ql 
1993 

Q2 

2.05 
2.10 
2.07 

2.00 

2.00 
2.00 

2.20 
2.40 
2.27 

2.00 
2.25 
2.06 

1.90 
2.00 
1.97 

2.00 
2.00 
2.00 

1.90 
2.00 
1.95 

NA 
NA 
NA 

18.75 
18.75 
18.75 

50,000 
Volume 

Discount (%)* 

5-10 

5-10 

0-15 

0-15 

0-10 

0-15 

0-15 

• 0 

5-12 

4Kx4 25ns 
Minimum 
Maximum 
Average 

2Kx8 25ns 
Minimum 
Maximum 
Average 

64Kxl 25ns 
Minimum 
Maximiim 
Average 

16Kx4 25ns 
Minimum 
Maximum 
Average 

8ICx8 25ns 
Minimum 
Maximimi 
Average 

16Kx4 35ns 
Minimum 
Maximum 
Average 

8Kx8 45ns 
Minimum 
Maximum 
Average 

8Kx8 100-120ns 
Minimum 
Maximum 
Average 

64Kx4 10ns 
Minimimi 
Maximum 
Average 

1.91 
2.18 
2.11 

1.91 
2.15 
2.07 

2.20 

2.50 

2.33 

2.10 
2.50 
2.26 

2.00 
2.15 
2.10 

2.10 
2.50 
2.26 

1.70 
2.15 
1.95 

1.60 
1.75 
1.69 

14.25 
22.00 
20.05 

2.05 
2.10 
2.07 

2.05 
2.05 
2.05 

2.20 
2.50 
2.33 

2.00 
2.50 
2.17 

2.00 
2.15 
2.03 

2.00 
2.50 
2.15 

1.70 
2.00 
1.90 

1.60 
1.75 
1.68 

20.00 

20.00 

20.00 

(Continued) 
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Table 2 (Continued) 
Estimated Static RAM Price Benchmarks—North American Bookings (Volume: Slow SRAM/50,000 per Year; Fast SRAM/ 
20,000 per Year; Package: PDIP; Dollars) 

Part 
64Kx4 25ns 

Minimum 
Maximum 
Average 

32Kx8 12ns 
Minimum 
Maximum 
Average 

32Kx8 35ns 
Minimum 
Maximum 
Average 

32Kx8 100ns SOJ 
Minimum 
Maximum 
Average 

256Kx4 20ns 
Minimum 
Maximum 
Average 

128Kx8 20ns 
Minimum 
Maximiim 
Average 

128Kx8 25ns 
Minimum 
Maximum 

Average 
128Kx8 100ns SOJ 

Minimum 
Maximum 
Average 

1992 
Q4 

4.75 
5.75 
5.26 

10.50 
14.80 
12.74 

4.35 
5.50 
5.21 

3.43 
4.00 
3.70 

22.00 
35.00 
28.32 

18.00 
30.94 
26.58 

23.50 
23.50 
23.50 

9.06 
11.25 
9.95 

1993 
Qi 

4.65 
6.00 
5.23 

9.25 
13.61 
11.62 

4.11 
5.10 
4.80 

3.25 
4.00 
3.63 

23.00 
29.00 
26.21 

16.25 
27.87 
23.04 

20.00 
21.75 
20.88 

9.00 
11.25 
9.59 

1993 
Q2 

4.45 
4.65 
4.58 

8.15 
12.00 
10.05 

0.98 
4.74 
3.44 

3.60 
3.60 
3.60 

22.00 
26.80 
23.93 

12.50 
26.12 
20.21 

19.42 
19.42 
19.42 

8.90 
8.90 
8.90 

50,000 
Volume 

Discount (%)* 

5-15 

0-10 

0-15 

0-12 

0-10 

5-15 

5-22 

0-5 

»100,000 volume discount for slow SRAM 
NA = Not available 
Source: Dataquest (December 1992) 
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Table 3 
Estimated Flash Memory Price Benchmarl<s—Nortli American Bool<ings (12 Volts; Volume: 10,000 per Year; 
Speed: 150ns; Dollars) 

Product 
1992 

Q4 
1993 

Ql 
1993 

Q2 

100,000 
Volume 

Discount 
32Kx8, PDIP/PLCC 

Minimimi 
Maximum 
Average 

64Kx8, PDIP/PLCC 
Minimum 
Maximum 
Average 

128Kx8, PDIP/PLCC 
Minimum 
Maximum 
Average 

128Kx8, TSOP 
Minimim; 
Maximum 
Average 

256Kx8, TSOP 

Minimum 
Maximum 
Average 

4.94 
5.00 
4.95 

5.60 
6.00 
5.92 

6.65 
7.00 
6.92 

7.70 
9.00 
8.13 

13.00 
14.60 
13.45 

4.75 
4.95 
4.79 

5.60 
5.75 
5.64 

6.75 
8.00 
7.04 

7.40 
8.75 
8.08 

12.55 
13.80 
13.03 

4.56 
4.75 

4.63 

5.35 
5.75 
5.45 

6.50 
7.50 
6.73 

7.20 
8.55 
7.80 

12.15 
13.35 
12.57 

0-5 

0-5 

5-10 

0-10 

0-10 
Source: Dataquest (December 1992) 

here on electrorucs indvistry component price 
benchmarks wotild be criticized by some as 
merely perpetuating an ineffective industry 
practice. 

Nevertheless, SPS remains committed to serving 
our clients' short-term practical needs while also 
addressing long-term strategic trends. For the 
latter assessment, see the aforementioned "What 
Price 'Benchmarking'?" 

The information in Tables 1 to 5 of this report 
should serve as a practical guide for users of 
memory ICs interested in benchmarking their 
purchasing performance regarding price paid. 
We immediately bring attention, however, to 
the many elements that shape that final price. 
Whether the lowest price is the "best price" 
remains an open issue, although current 
recessionary market conditions say that lowest 
equals best. 

For example, the recent shift in the DRAM mar
ketplace from the buyers market of the past 12 
to 18 months to more of a sellers market— 
especially on the spot market—drives the point 
home. For the past year, some SPS clients have 
been frustrated in their effort to achieve the best 
worldwide 4Mb DRAM price. Some of these 
clients had long-established relations with sup
pliers, and their price, either at a typical contract 
volume or higher volumes, tended to be under
cut by spot-market pricing reports, whether real 
or not. A former SPS client who buys only on 
the spot market boasted about always paying a 
"better" price than the SPS published price—and 
rejected our advice regarding the value of close 
user-supplier relations. 

Tlie point is that quantifjdng the "value" of 
established user-supplier relations is a somewhat 
ephemeral exercise. But at a time such as now, 
when the DRAM marketplace seems to be 
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Table 4 
Estimated EPROM Price Trends—Worth American Bookings (Volume: 50,000 per Year; Package: Windowed CERDIP; 
Speed: 150ns and Above; Dollars) 

Part 
1992 

Q4 
1993 

Ql 
1993 

Q2 

100,000 
Volume 

Discount (%) 

16Kx8 EPROM 
Minimum 
Maximum 
Average 1.65 1.61 1.72 0-5 

32Kx8 EPROM 
Minimum 
Maximum 
Average 1.59 1.60 . 1.62 0-5 

64Kx8 EPROM 
Minimum 
Maximiim 
Average 2.37 2.33 2.28 0-5 

128Kx8 EPROM 
Minimum 
Maximum 
Average 3.05 2.96 3.05 0-10 

256Kx8 EPROM 
Minimum 
Maximum 
Average 6.18 6.09 6.07 0-5 

128Kxl6 EPROM 
Minimum 
Maximiun 
Average 6.35 6.14 6.15 0-5 

512Kx8 EPROM 
Minimum 
Maximum 
Average 10.59 10.24 10.08 0-5 

256Kxl6 EPROM 
Minimum 

Maximum 
Average Um 1238 1134 0-5 

Source: Dataquest (December 1992) 

1.25 
1.75 
1.65 

1.40 
1.75 
1.59 

2.00 
3.00 
2.37 

3.00 
3.25 
3.05 

6.10 
6.50 
6.18 

6.22 
6.75 
6.35 

10.25 
10.70 
10.59 

14.00 
14.00 
14.00 

1.32 
1.80 
1.61 

1.45 
1.80 
1.60 . 

2.10 
2.75 
2.33 

2.75 
3.25 
2.96 

6.00 
6.25 
6.09 

6.09 
6.30 
6.14 

10.00 
10.80 
10.24 

11.00 
14.00 
12.38 

1.60 
1.80 
1.72 

1.45 
1.80 
1.62 

2.20 
2.40 
2.28 

2.80 
3.25 
3.05 

5.90 
6.20 
6.07 

5.99 
630 
6.15 

9.70 
10.70 
10.08 

10.67 

12.00 
11.34 
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Table 5 
Estimated ROM Price Trends—North American Bool<ings (Speed/Pacl<age: <1Mb Density—150ns and Above; 28-Pin PDIP 
>2Mb Densi1y^200ns and Above; 32-Pin PDIP) (Volume: 50,000 per Year; Dollars) 

Part 
1992 

Q4 
1993 

Qi 
1993 

Q2 

100,000 
Volume 

Discount (%) 
32Kx8 ROM 

Minimum 
Maximum 
Average 

64Kx8 ROM 
Minimtmi 
Maximum 
Average 

128Kx8 ROM 
Mitumvim 
Maximum 
Average 

64Kxl6 ROM 
Minimum 
Maximum 
Average 

256Kx8 ROM 
Minimum 
Maximum 
Average 

512BCx8 ROM 
Mirumum 
Maximum 
Average 

256Kxl6ROM 
Minimum 
Maximum 
Average 

lMbx8 ROM 
Minimum 
Maximum 
Average 

lMbxl6 ROM 
Minimum 
Maximum 
Average 

2Mbx8 ROM 
Minimum 
Maximum 
Average 

1.50 
1.50 
1.50 

1.75 
1.75 
1.75 

1.80 
1.85 
1.81 

1.80 
1.80 
1.80 

2.55 
2.55 
2.55 

3.30 
4.20 
3.51 

3.30 
4.20 
3.60 

5.10 
5.80 
5.54 

10.00 
10.75 
10.33 

10.00 
10.75 
10.45 

1.40 
1.40 
1.40 

1.70 
1.70 
1.70 

1.70 
1.80 
1.78 

1.80 
1.80 
1.80 

2.50 
2.50 
2.50 

3.25 
4.20 
3.44 

3.25 
4.20 
3.57 

5.00 
5.75 
5.48 

9.80 
10.50 
10.05 

9.80 
10.50 
10.12 

1.35 
1.35 
1.35 

1.65 
1.65 
1.65 

1.75 
1.75 
1.75 

1.80 
1.80 
1.80 

2.50 
2.50 
2.50 

3.20 
3.25 
3.23 

3.20 
3.50 
3.35 

4.90 
5.70 
5.37 

9.60 
9.75 
9.68 

9.60 
9.95 
9.78 

0-2 

0-2 

0-2 

0-2 

0-4 

0-4 

0-4 

0-4 

0-4 

0-4 
Source: Dataquest (December 1992) 
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moving toward a tighter supply-demand 
scenario, the value of these relations is 
obvious—if not quantifiable. 
By Ronald Bohn 

Dataquest Looks at the DRAM Price 
Learning Curve 

Executive Summary 
A recurring question at Dataquest concerns our 
research methodology. For SIS Memory and SPS 
analysts, a key inquiry becomes the methodol
ogy behind our DRAM price forecast. As noted 
in prior articles, the SPS forecast is based on 
quarterly survey results along with the analyti
cal judgment of SIS and SPS analysts. Dataquest 
strives to utilize—using clients' phraseology—an 
"analytically rigorous" forecasting model. This 
article reports on the combined effort to date 
involving a team of Dataquest analysts— 
Terrance Birkholz and Ade Olorunsola of Data-
quest's Research Operations, SIS DRAM analyst 
Lane Mason, and SPS pricing analysts Mark 
Giudici and Ronald Bohn—to estimate the 
historic DRAM price learning cvirve. 

What Happens to Those Who Ignore History? 
Santayana said those who ignore history are 
condemned to repeat it. To avoid that scenario, 
Dataquest recently developed a model that we 
believe accurately represents the historic DRAM 
price learning curve. Dataquest does not plan 
nenceforth to blindly use this model to spill out 
a DRAM price forecast—and ignore analysts' 
experience and judgment in the process—^but 
rather as a tool for strengthening the DRAM 
price forecast process. 

First, we describe the definition and assump
tions regarding learning curve theory. Next, we 
describe the preliminary results of our research. 
Finally, and most importantiy, we describe the 
impUcations of the research and Dataquest's 
plans, 

The Learning Curve—Definition, 
Assumptions, Model 
A learning curve—which derives from the air
frame industry—may be defined in its basic 
form as a line that expresses the relationship 
between the variable cost of production and the 
cumulative volume of production. 

The learning curve theory is based on the 
following three assumptions: 

• The variable cost required to produce a unit 
of a product, here a DRAM bit, will be less 
each time the productive task is undertaken. 

• The variable cost will decrease at a decreasing 
rate. 

• The reduction in variable cost will follow a 
specific and predictable path, for example, an 
exponential function. 

Dataquest's model uses ordinary least squares 
(OLS) regression analysis. The model makes a 
logarithinic plot of the fimctioncil relationship 
between cumulative DRAM bits shipped as a 
predictor of DRAM price per bit. Dataquest's 
quarterly DRAM shipment/pricing data utilized 
in the model covers the period from 1974 
through 1991—more than 70 quarters. 

The Results 
Figure 1 provides the results in graphic form. 
The regression statistics show that the model 
"fits" ttie data reasonably well. For example, 
the adjust coefficient of determination is 0.96. 
Clients interested in the data behind this figure 
or the full set of regression statistics should 
contact SPS via the inquiry service. 

A key statistic from this analysis, of course, is 
the learning-curve factor—72 percent. 

Under learning curve theory, this statistic in 
turn says that for every doubling of cumulative 
DRAM bits shipped, DRAM price-per-bit 
declines by 28 percent (that is, 1.0 to 0.72). 

Note in the figure recent deviations of actual 
DRAM price-per-bit from the OLS line. These 
occur during the 1986, 1989, and 1991 periods. 
During 1986 actual DRAM pricing fell below the 
line—a reflection of Japan's aggressive pricing 
strategy at that time. By contrast, for 1989 actual 
DRAM pricing move above the OLS line— 
an aftermath of the fair market value system 
established xmder the United States-Japan Trade 
Arrangement. For 1991, actual DRAM price per 
bit again moved under the OLS line—a reflec
tion of the brutal pricing conditioris in the 
DRAM since the latter half of 1990. 

Implications 
Dataquest analysts see two implications from 
this research. 

First, for 1991—and quite likely most of 
1992—actual DRAM pricing has been below the 
level to be expected, according to Dataquest's 
DRAM price learning curve. The implication is 
that there will be less intense DRAM pricing 
competition during the 1993 to 1994 period vis
a-vis the 1990 to 1992 time firame. What are the 
current market signals? Mr. Mason reports that 
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Figure 1 
Woridwide DRAM (All Densities): Logarithmic Learning Curve 
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the 4Mb DRAM supply-demand equation has 
already started to tighten somewhat—a critical 
factor overshadowed by more lurid spot-market 
conditions associated with the Micron case 
decision—and that supply-demand should 
remain relatively tight into 1994. 

Second, without dwelling too much on history, 
Dataquest can use the DRAM price learning 
curve to more rigorously anticipate market 
turning points—inflection points—which most 
models cannot forecast. Dataquest—and our 
clients can join us in this exercise—will initially 
focus on the market conditions associated with 
some of the key periods shown on Figure 1, for 
example, pre-1980s, 1984 to 1986, and 1989 to 
1991. Then we can qualitatively and/or quantita
tively identify major DRAM/semiconductor 
market shifts that we expect in the post-1992 
period. The ultimate goal is to estimate the 
effect of likely future changes in DRAM market 

Figure 1 
U.S. Semiconductor Distribution Bool<-to-Bill Ratio 

conditions on the proximity of quarterly DRAM 
price per bit to learning curve line. 

By Terrance Birkholz 
Lane Mason 
Ade Olorunsola 
Mark Giudici 
Ronald Bohn 

News and Views 

Procurement Supplement 
Figure 1 shows the U.S. semiconductor distribu
tion book-to-bill ratio since April 1992. The over
all book-to-bill ratio trend is generally picking 
up momentum. With lead times stretching out, 
this pickup in distributor bookings is likely to 
continue. 

Book-toBil! Ratio 

1.15-r! 

1.10-

1.05-

1.00 • I I 
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Source: Dataquest (December 1992) 22001967 
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Inquiries of tlie Montli 

Semiconductor Procurement Inquiry 
Higiiiigiits 
Ql What is the availability status of the 8Mb 
flash memory now and into the near future, and 
what alternative product solutions are there for 
high-derisity programmable memory? 

A Much of the current availability problems in 
the 8Mb flash supply stem from the inability of 
one Intel foimdry—NMB of Japan—to bring the 
flash process up to production levels (the second 
delay). Current estimates of NMB 8Mb flash 
production are for July 1993. 

What Are the Options? 
Because the 8Mb flash from Intel is a sole-
sourced proprietary device, users of this part are 
stuck with long lead times, limited shipments, 
and little recourse aside from expensive redesign 
work. 

As far as the best available alternative flash 
configurations/manufacturers, the most readily 
available devices are densities of 1Mb and 
below. Regarding compatibility with Intel's flash 
technology, AMD offers devices in densities of 
256K to 1Mb. If Intel-compatibility is not an 
issue, Atmel is a source for 3V and 5V flash 
devices in densities of 1Mb or less. Catalyst 
Semiconductor also offers densities of 1Mb and 
less. Toshiba has a 256K flash device. Mitsubishi 
has just started shipping these densities of flash 
memory, and Hitachi shoiild start in several 
months. Texas Instruments forecasts first-quarter 
1993 market entry. 

In terms of ease of technology, Dataquest 
recommends the following alternatives to flash 
memory: 

• EEPROMs: First choice. Available suppliers 
include Atmel, Catalyst, Microchip, SGS-
Thomson or Xicor. 

• EPROM: Next choice, but less preferable. Sup
pliers include, of course, AMD and Intel, plus 
Fujitsu, SGS-Thomson, Microchip, and Texas 
Instruments, among others. 

• ROM: Least recommended choice. Sharp— 
Intel's alliance partner—is the leading world
wide ROM supplier. Other suppliers include 
Hitachi, Mitsubishi, and Toshiba. 

Contrary to some reports, users shoiild not pay 
twice the price for flash memory because of 
allocation of devices. For example, pricing for 
devices in PDIP/PLCC should firm up some
what—^perhaps 5 percent to 10 percent in North 
America for nonmajor customers. Some major 
users in North America stiU report flat or even 
slightly declining pricing moving into 1993, 
altiiough the second-quarter 1993 ouflook 
remains quite uncertain. By contrast, users of 
flash memories in TSOP should expect to pay 
a minimum 10 percent to 20 or 25 percent 
premium for these parts because of package 
constraint. 

Current Status 
The response to this situation from users ranges 
from calm—^because they are just moving into 
lower-density flash memory—to anger, especially 
regarding the 8Mb part. These Norfli American 
users are actively talking to as many cvirrent/ 
suppliers of flash memory and EPROM as possi
ble. No common solutions have emerged. Some 
major buyers here have not qualified the 
EEPROM suppliers (except SGS-Thomson and 
then more so for EPROM), so this market alter
native has not yet attracted attention. With the 
market for flash memory quickly growing, 
aggregate dememd is expected to soon exceed 
supply levels, with resiilting longer lead times 
and firmer pricing for most of the flash product 
offerings. Links should be made now with flash 
suppliers for steady delivery commitments for 
the upcoming year. 

Q2 What are the introduction dates and prices, 
highest volume shipment levels, and current 
prices for the 80286, 80386, and 80486? 

A See Table 1. 
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Table 1 
Historical Data for the 80286, 80386, and 80486 

Product 
80286 
80386DX 
80386SX 
80486DX 
80486SX 

Introduction 
Year 
1983 
1985 
1988 
1989 
1991 

Highest VolumeA'ear 
13,000,000 umts/1990 
4,500,000 units/1991* 
9,900,000 units/1991* 
1,900,000 units/1991* 

600,000 units/1991* 

Introduction 
Price ($) 

150.00 
300.00 
164.00 

1,000.00 
260.00 

Current 
Price ($) 

7.50 
70.00 
48.00 

325.00 
96.00 

*1991 is the latest shipment data available. 
Source: Dataquest (December 1992) 
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On the topics in this issue Mark Giudici, Director (408) 437-8258 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest publications (408) 437-8285 
Via fax request (408) 437-0292 
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Regional Pricing Update 

DQ Monday Report: Volume Mean Pricing* 

Device Family 
74AC244 
Lead Time: (Weeks) 

4F244 

Lead Time: (Weeks) 

7805-TO92 
IMSG171D-35-MHZ 

Lead Time: (Weeks) 

DRAM lMbxl-8 

DRAM 256Kxl6-8 
DRAM 3 CHIP MOD 

DRAM 4Mbxl-6 

DRAM 4Mbxl-8 
DRAM 4Mbx4-70 

DRAM 512Kx9-8 
EPROM 2Mb 170n 
FLASH 1Mb 
FLASH 2Mb 
SRAM 128Kx8-70 
SRAM 32Kx8-70 
SRAM 64Kx4-25 

VRAM 128Kx8-8 
Lead Time: (Weeks) 

68040-25 

80386DX-40 

80386SX-20 

80486DX-33 
R3000-25 
Lead Time: (Weeks) 

United 
States 

0.43 
8 

0.22 

6 

.,. 

-

-

3.05 

12.95 

26.50 
11.75 

10.75 
100.50 

13.38 
6.25 
7.08 

13.18 
11.03 
3.35 
5.38 
7.10 

8 

385.00 

49.00 
48.50 

326.50 
90.00 

4 

Japan 
0.41 

5 

0.26 

5 

0.14 

3.51 

5 

2.97 

11.08 

24.98 

9.99 
9.37 

97.57 

10.15 

6.01 
7.03 

13.27 
9.76 
3.04 

5.46 
6.40 

6 

468.35 

93.67 

36.69 

312.23 
93.67 

7 

Europe 

0.37 

4 

0.21 

4 

0.14 

3.05 

8 

3.30 
12.76 

26.50 
-

10.30 
92.00 

13.26 
4.30 
5.85 

13.50 
8.00 
3.00 
4.50 

6.95 
4 

370.00 

85.00 

38.00 

350.00 
80.00 

4 

Taiwan 

0.26 
-

0.22 

-

-

-

^ • 

3.00 

11.20 

27.50 
11.00 

10.30 
130.00 

-
-

6.50 
-

10.50 
3.15 
4.00 

10.50 
-

-

52.50 

32.75 

315.00 
-

-

Korea 

0.36 

5 

0.22 

5 

0.15 
-

-

2.65 
-

23.00 

10.00 

9.60 
-

-

0.46 
-
-

7.70 
3.00 
4.20 

-

-

-

74.00 

32.00 

304.50 
-

-
*Prices in VS. doUais 
Source: Dataquest O^ovember 1992) 
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Market Analysis 

November Procurement Pulse: DRAM 
Disturbance Disrupts Semiconductor 
Order Outiooic 
The Procurement Puke is a monthly update of 
critical issues and market trends based on sur
veys of semiconductor procurement managers. 
This article explains what the semiconductor 
inventory and order changes mean to semicon
ductor users. 

Semiconductor Order Rates Expected to Slip 
The booking rate for semiconductors is expected 
to decline by about 25 percent because uncertain 
memory supplies have catised some buyers to 
slow spot market bookings at relatively high 

prices (see Figxire 1). This correlates with the 
relatively static equipment order rate outlook for 
systems, compared with last month. The overall 
sample six-month growth forecast dedined 
slightly to 6.6 percent, down from last month's 
6.8 percent outlook, while the computer subset 
slipped to a 6.2 percent outlook, compared with 
the 7.0 percent forecast last month. Although the 
semiconductor future looks relatively soft, sys
tem sales stabilized, moving from last month's 
6.1 percent increase to the current 6.4 percent 
levd of sales growth. Overall semiconductor 
prices fell less than 1 percent (0.3 percent), 
reflecting the concern with the recent U.S. 
Department of Commerce (DOC) Korean DRAM 
dumping determination, combined with the con
tinued short supply of SOIC standard logic. The 
SMT logic situation appears to be unfolding into 

Figure 1 
Averaged Monthly Semiconductor Orders 

Order Index, 12/88=100 

440-fT 
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Figure 3 
Actual vs. Target Inventory Levels 

(All OEMs) 
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Figure 2 
Averaged Semiconductor Lead Times 
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Figure 4 
Actual vs. Target Inventory Levels 

(Computer OEMs) 

5/92 6/92 7/92 a/92 9/92 10/92 

Source: Dataquest (November 1992) G2OO03(3t 
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a long-term problem because suppliers are hesi
tant to add back-end test and handling capacity 
without absolute order guarantees. This and the 
relatively long time for additional capacity 
qualification (6 to 9 months) make it appear 
now that the easing of supply for these pack
ages has been pushed out from the late fourth-
quarter 1992 time firame to a best-case third-
quarter 1993 window. Although additional SOIC 
capacity planned to come online this quarter has 
not been fully utilized, xmexpected increases in 
demand have continued to outstrip supply. As 
mentioned in earlier reports, other SMT devices 
(TSOP memory and SOIC hnear) are also seeing 
higher-than-expected demand levels. 

Semiconductor Lead Times Stabilize 
The average seniiconductor lead time stabilized 
at 10.6 weeks, compared with last month's 
10.7-week average (see Figtire 2). The continued 
ready availability of microprocessors, DIP logic, 
and memory continues to hold the average lead 
time down, while SMT devices (logic, memory, 
and linear) are tending to puU it upward. As 
mentioned earlier, the SOIC logic situation is 
taking a lengthened allocation turn, with lead 
times heard to stretch as long as 36 weeks for 
some new customers scrambling for parts. There 
are rumblings that incremental price hikes for 
these parts may begin soon. Contract memory 
lead times (key word is contract) remain rela
tively stable, despite the stiff penalties levied 
against the Korean DRAM suppliers. The spot 
market is another story. Lead times and prices 
both have shot up for all DRAMs (especially 
SIMMs). DRAM spot market volatility is not 
unknown, but for the recent past it has been 
notably absent, given the market d^jmamics over 
the last 18 months. Dataquest continues to see 
adequate supplies of DRAM meeting overall 
demand levels for the next 3 to 6 months as 
suppliers balance internal capacity product mix 
with demand levels. Once the reshuffling of 
existing capacity is fuUy used, the resulting 
capacity crunch wiU extend overall lead times. 
Given a 9- to 12-month lead time for additional 
capacity to go from grovmd-break to production-
level shipments, the third quarter of 1993 would 
be the earliest that any additional capacity 
started now w^oiUd be able to meet demand 
growth. As we have mentioned before. Data-
quest has not seen any appreciable capacity 
expansion begin beyond that planned two-plus 
years ago. 

Semiconductor Inventories Continue to Be 
Scrutinized 
Cost control (often read inventory control) 
remains closely monitored and, per this month's 
respondents, well under wraps (see Figures 3 
and 4). This barometer of semiconductor avail
ability also lends credence to the existence of 
predictable, adequate supplies meeting current 
demand levels. Overall targeted and actual 
semiconductor levels for October were 16.3 and 
20.5 days, compared with respective 16.1- and 
22.2-day levels noted for September. For the 
computer subset, the latest targeted and actual 
chip inventory levels increased slightly to tar
geted and actual levels of 18.4 and 21.2 days, 
compared with September's target/actual range 
of 18.0 and 20.6 days. Even though the numbers 
show sHghtiy increased inventory activity, in 
reality inventory control is alive and well, 
anchoring a sense of stability in an otherwise 
uncertain market. As mentioned many times in 
the past, continual, persistent, and accurate 6- to 
9-month semiconductor forecasts backed with 
P.O. cortmiitments that are updated quarterly (in 
some cases monthly) now are taking priority by 
many suppliers as certain product supplies 
become stressed. Maintaining predictable deliv
ery schedules wiU go a long way toward con
trolling inventory levels in the upcoming 
months. 

Dataquest Perspective 
The continued demand ptiU of the low-cost/ 
high-performance PC market is keeping pressure 
on both prices and capacity levels of strategic 
semiconductors. The recent DOC preliminary 
determination against Korean DRAM suppliers, 
while not disrupting contract buyers, highlights 
the level of imease in the memory market in the 
way the spot market reacted to the news. While 
existing capacity levels may be shifted to meet 
specific product needs, the overall size of the 
capacity pie is not getting bigger. As demand 
continues to chug along at a reasonable 5 to 
7 percent level of growth, plans to meet this 
long-term trend need to be put in place now. 
Regional market softness in Japan is dela3nng 
capacity addition there at this time, yet world
wide demand is dependent on Japanese semi
conductor supply for sustained growth now 
and into 1993. (Opportunities exist for suppliers 
providing, or plarming to provide, SMT logic, 
linear, and specific memory products to U.S. and 
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European markets. Disciplined procurement of 
these parts now continues to require excellent 
levels of commttnication that will have pay
backs in more predictable delivery/availability 
schedules. 

By Mark Giudici 

Semiconductor Capital Spending Fore
cast: A Secular Cliange for Uie Market 
Worldwide semiconductor capital spending is 
expected to dedine 9.5 percent in 1992 (see 
Table 1) largely because of severe cuts in spend
ing by Japanese companies. Dataquest believes 
that 1992 will mark the bottom of the spending 
cycle. However, we are only forecasting moder
ate growth in spending in 1993. Moreover, the 
five-year worldwide compound annual growth 
rate for spending through 1996 is estimated to 
be 6.9 percent. This rate is at an historic low and 
is caused in the short term by weak global eco
nomic conditions and an overhang in production 
capacity. Over the longer term, the slower 
growth scenario is attributable to weak growth 
in the global economy and uncertainty about 
the emergence of a high-octane semiconductor 
appUcation. 

Worst-Case Scenario for Japanese 
Semiconductor Capital Spending Unfolds 
Our recent svirvey of Japanese device makers 
reveals that capital spending on new plant and 

equipment will drop 24.0 percent in 1992. Sharp 
cuts in spending can be attributed to several 
fectors, including a large production capacity 
overhang caused by the boom in spending in 
the late 1980s, weak domestic and export mar
kets, and mounting trade friction with Western 
coxmtries. 

The vertically integrated Japanese computer 
makers will make on average the smallest cuts 
in semiconductor capital spending in 1992. Even 
so, we expect companies such as Fujitsu, NEC, 
and Toshiba to cut spending levels 13 to 30 per
cent (see Table 2). These companies face a weak 
domestic economic environment and poor 
returns on their 4Mb DRAM investment. Data-
quest estimates that Japanese 4Mb lines are run
ning at 60 to 65 percent capacity utilization. 

The slow adoption of the 4Mb DRAM and an 
anticipated slow ramp up of the 16Mb DRAM 
have caused the computer makers to turn cau
tious on capital spending. In addition, Korean 
DRAM vendors are continuing to win a larger 
share of the market, thus adding to the competi
tive pressures in the memory segment. 

Weak domestic consumer demand and weak 
export markets have prompted the large verti
cally integrated consumer electronic companies 
to deeply cut their spending on their semicon
ductor operations. Consumer electronic equip
ment inventories contitiue to mount, although 
companies such as Sony and Matsushita are 

Table 1 
Worldwide Capital Spending by Region Forecast, Including Merchant and Captive Semiconductor Companies 
(Millions of U.S. Dollars) 

North America 
Percentage Growth 

Japan 
Percentage Growth 

Europe 
Percentage Growth 

Asia/Pacific 
Percentage Growth 

Worldwide 
Percentage Growth 

1991 

3,851 

-5.8 
5,636 

3.9 
1,234 
-18.4 

2,274 
52.1 

12,995 
3.8 

1992 

3,559 

-7.6 
4,312 
-23.5 
1,087 
-11.9 

2,808 
23.5 

11,765 
-9.5 

1993 
3,754 

5.5 

4,601 
6.7 

1,011 
-7.0 

2,676 
-4.7 

12,042 
2.4 

1994 
4,344 

15.7 
5,107 

11.0 
1,110 

9.8 
2,914 

8.9 

13,475 
11.9 

1995 

4,883 
12.4 

5,551 
8.7 

1,359 
22.5 

3,138 
7.7 

14,932 
10.8 

1996 
5,688 

16.5 
6,634 

19.5 
1,808 
33.0 

4,002 
27.5 

18,131 
21.4 

CAGR (%) 
1991-1996 

8.1 

3.3 

7.9 

12.0 

6.9 

Source: Dataquest (November 1992) 
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Table 2 
1991 and 1992 Calendar Year Semidconductor Capital Spending Estimates (Merchant), Millions of U.S. Dollars, 
Top 11 Rankings 

1 

2 
3 
4 

5 

6 
7 

8 

9 

10 
11 

Intel 

NEC 
Motorola 
Fujitsu 

Hitachi 

Toshiba 

Mitsubishi 

Sony 

Samsung 

Matsushita 
TI 

1991 
Rank 

1 

3 
5 

4 
7 

2 

6 

9 
8 

10 
11 

1991 

948.0 
751.8 

673.0 

703.0 
649.7 

788.9 

664.5 

519.8 
530.0 

462.2 
383.0 

1992 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 
11 

1992 

1,000.0 

610.8 

550.0 
514.7 

512.3 

492.6 

472.9 

374.4 
360.0 

352.7 

323.0 

Percentage 
Change 

5.5 

-18.8 
-18.3 

-26.8 

-21.1 

-37.6 

-28.8 
-28.0 

-32.1 

-24.0 

-16.0 
Source: Dataquest (November 1992) 

doing a better job at managing the problem than 
they were at the beginning of the year. However, 
shrinking profit margins and quarterly losses 
suggest that capital spending by consumer elec
tronic companies wiU not snap back in 1993. 

Japanese steel companies such as Kawasaki Steel 
and NKK, which were late entrants to the semi
conductor game, are in a more precarious posi
tion. In a scramble to diversify beyond the 
declining steel industry, the largest steel compa
nies in Japan made large investments in the 
semiconductor business in the late 1980s. 

Dataquest believes that the production capacity 
brought on by the steel companies is currenfly 
running at less than 50 percent capacity utiliza
tion. Moreover, Japanese steel companies will 
face serious problems filling those factories if the 
weak economic enviroiunent persists because 
steel companies do not have a captive market 
for their devices. 

Many Japanese companies announced delays in 
200mm line investment plans late in 1991. 
Japanese companies have not earned a return on 
their 4Mb investment, and their strategy to 
achieve this return is to postpone the next round 
of investment in 16Mb lines. However, because 
of the severity of capital spending cuts in 1992, 
we now expect that some of these delayed lines 
wiU not be built at all. 

Japanese spending on advanced semiconductor 
hnes in the United States and Eiirope is also 
expected to decline. Though Japanese companies 
have completed most of their "green-field" 
investment in offshore fabs, many capacity 
additions to these facilities are not expected to 
proceed anytime soon. 

U.S. Spending Pulled Down by Japanese 
Companies' Cuts 
Capital spending in the United States will 
decline by 7.6 percent in 1992. The largest fall-
off will be experienced by Japanese companies 
spending in the United States, from more than 
$400 million in 1991 to less than $200 million 
in 1992. This precipitous drop will be attributed 
to the completion of some major green-field 
projects by Japanese companies such ais Fujitsu 
and NEC. 

Spending by U.S. companies in the United States 
win be down slightiy in 1992. Investment in 
new microprocessor lines by Intel, Digital 
Equipment Corporation, and Hewlett-Packard 
will prevent capital spending from decreasing 
steeply. Intel is bxiilding a new development Une 
in Oregon and is converting its R&D hne in 
Santa Clara, California to 200mm. There also are 
rumors that Intel has selected Austin, Texas as a 
site for a new green-field facility, on which con
struction will begin either at the end of the year 
or the beginning of 1993. Both Digital and HP 
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are commerciahzing their RISC microprocessor 
technology and are investing in fabs to ramp 
device production. 

Other new fab activity not in the MPU area 
includes National Semiconductor's expansion 
in Arlington, Texas and AT&T's new line in 
Orlando, Florida. IBM is also refurbishing build
ings 222 and 223 in East FishkUl, New York. 

Europe Expected to Decline through 1993 
Capital spending in Europe is forecast to decline 
11.9 percent in 1992 and sink another 7 percent 
in 1993. The bleak outlook for spending is based 
on steep cuts by European companies and cut
backs by Japanese companies that have recently 
completed a round of investment in new fobs. 
The situation woxild be much worse if it were 
not for the major projects being undertaken by 
IBM in France and Intel in Ireland. 

However, Intel wiU complete the lion's share 
of its spending in 1992, leaving only the IBM 
project as the main driver for spending in 1993. 
Consequently, we are expecting 1993 to be a 
down year as well. Dataquest is more optimistic 
from 1994 and beyond as we expect the Euro
pean economy to begin benefiting from tinifica-
tion. Even so, the timing on this upturn is stiU 
very speculative. 

Korean Companies Place Some Big Bets 
Dataquest believes that the Asia/Pacific region 
will be the one bright spot in terms of semicon
ductor capital spending in 1992. We are forecast
ing that spending wUl leap ahead 23.5 percent. 
The Korean chaebols (conglomerates) •v\ill 
accoimt for the bvilk of that spending. Invest
ment in Korean fabs is expected to cUmb to 
U.S.$1.8 biUion in 1992. 

In the short term, with excess worldwide DRAM 
capacity, the gamble for the Korean companies 
rests on the strength and timing of the recovery 
in the U.S. and Ettropean economies. If the 
Western economies have a strong recovery over 
the next several years, DRAM demand will 
grow quickly and the Korean companies may 
exit the recession with more market share than 
they had prior to the recession. Toshiba pursued 
a similar strategy in the 1985 recession with the 
1Mb DRAM and was very successful. On the 
other hand, if the Western economies limp out 

of recession and there is only moderate growth 
in DRAM demand, then these investments are 
not expected to pay off financially. 

There is a more fundamental problem for the 
chaebols over the longer term. History has 
shown that the health of a company's semicon
ductor operations cannot rest on merchant sales 
of devices alone. For companies involved in the 
production of commodity devices, a healthy 
semiconductor operation is increasingly depen
dent on captive operations using those devices. 

Yet, Korean electronic products are losing their 
competitive edge. Increases in wages are driving 
up the prices of Korean eiectronic products, 
although their quality still lags beldnd high-end 
Japanese and U.S. products. On the low end, 
developing countries such as China and 
Thailand, with much lower labor costs, are 
grabbing market share. 

Dataquest believes that Asian/Pacific investment 
wiU decline 4.7 percent in 1993 as the three large 
Korean companies complete the current round of 
investment in 4Mb and 16Mb hnes. However, 
we expect the Asia/Pacific region to remain the 
fastest-growing region in terms of capital spend
ing. Much of tiie growth in capital spending wiU 
occur outside of Korea, which now dominates 
the semiconductor industry in the region. As 
countries such as China and India develop, we 
believe that semiconductor production capability 
wiU be a key strategy in building their industrial 
infrastructure. 

Dataquest Perspective 
Capital spending growth rates are expected to 
decline from the double-digit compound annual 
growth rates of the late 1980s to single-digit 
growth over the next five years. The biggest 
Change in spending levels will happen in Japan 
as companies adjust to a more restricted capital 
environment. U.S. spending, on the other hand, 
wiU benefit from the region's strong position in 
the microprocessor market, although we do not 
expect capital spending levels to achieve the 
growth rates of the past decade. European 
spending will remain in a downward spiral 
through 1993, though we expect unification to 
kick life back into this market toward the mid
dle of the decade. And finally, the Asia/Pacific 
region is exp>ected to remain the star performer 
in terms of spending, although w ê strongly 
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beheve that there will be a rotation away from 
the current countries that dominate the capital 
spending roster in this region. 

By Rebecca Burr 
Mark FitzGerald 

Product Analysis 

The SRAM Supplier Base—Crowded, 
Shifting, and Stili Vibrant 
For many users, SRAMs rank next to DRAMs as 
their most crucial memory IC supply base con
cern. For users such as rnilitary system manufac
turers, fast SRAMs are the most critical memory 
product. Dataquest estimates that worldwide 
production of SRAMs totaled 704 million imits 
during 1991 and should expand at a 5.4 percent 
compound annual growth rate to 915 million 
units during the 1991 to 1996 period. 

Based on Dataquesf s final estimate of suppliers' 
1991 SRAM market share, this article assesses 
the product hfe stage as of Noverriber 1992 for 
fast SRAMs in densities of 16K through 1Mb 
and slow SRAMs in densities of 64K through 
4Mb. It also assesses the evolving supply/sup
plier base for these critical products today and 
for the remainder of this decade. In line with 
prior SRAM supply base reports by Dataquesf s 
Semiconductor Procurement service (SPS), for 
pxirposes of this report we use an operating 
definition of fast SRAMs as SRAMs with access 
times at or less than 70ns. Slow SRAMs are 
defined as devices with access times of more 
than 70ns, including pseudo SRAMs (PSRAM). 

As noted in prior articles in this series of IC 
supply base reports, a key element to the SPS 
strategy for SRAM demand management is for 
users to match system life cycles with SRAM life 
cycles. This evaluation enables systems manvifac-
turers to compare their long-term system migra
tion plans against SRAM life cycles for the pvir-
pose of managing SRAM costs and planning for 
SRAM product changes in cases where system 
and SRAM life cycles do not match. 

Modeled in the same fashion as previous Data-
quest articles in our series of IC supply base 
reports, this article is organized in three main 
sections. The first section develops a guide to 

cost-effective procurement of SRAMs through 
the use of product life cycle analysis. The second 
section focuses on the top-ranked suppliers of 
SRAMs and looks at market positions, product 
strategies, and technology strengths of leading 
suppliers. The thud section of this article com
bines the analyses of SRAM life cycles and the 
supplier base. This section supports users of 
SRAMs in assessing which direction to take for 
SRAM products and suppliers over the long 
term. 

SRAM Product Life Cycles 
This section uses information on SRAM product 
hfe cycles as a guide to assist users in adjusting 
to forces affecting the marketplace over both the 
short and long term. This section also lays the 
basis for other analyses based on SRAM life 
cycle curves. 

Typical Life Cycles for SRAM Products 
Figure 1 shows a series of curves that depict the 
life cycles of fast SRAMs with densities of 16K, 
64K, 256K, and 1Mb and slow SRAMs with den
sities of 64K, 256K, and 1Mb. This figure is 
based on historic and projected unit shipment 
information. 

Figure 1 reveals that SRAMs—excluding the 
R&D phase—^historically experience a life cycle 
in the range of 12 to 15 years. Users of fast 
SRAMs can expect a decreasing supply of 64K 
parts in 1993—^fewer than 70 rniUion imits ver
sus just more than 80 million units for 1992. An 
exception is the sub-lOns niche, which continues 
to expand from less than 1 million units for 
1992 to 2.6 million units for 1994. The supply of 
fast 16K SRAMs also continues to decline and 
should fall imder 15 million ttnits during 1992 
as this part moves toward the end of a life cycle 
that started more than a decade ago. 

Supply of 256K fast SRAMs should continue to 
grow— f̂irom 120 million units for 1992 to nearly 
150 million units for next year. As stated in last 
year's report, supply of 1Mb fast SRAMs is 
expected to start to ramp up dxuing 1993. 

Regarding slow SRAMs—^which include 
PSRAMs—^Figure 1 shows that the 256K device 
has started to lose its position as a mainstream 
part, a trend will become more pronounced dur
ing 1993. Supply of 256K slow SRAMs/PSRAMs 
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Figure 1 
SRAM Product Life Cycles, by Density (As of Novemt)er 1992) 
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Source: Dataquest (November 1992) GZ0aiB52 

should decline sharply after 1993, faUing from 
more than 250 million for 1992 to 154 million for 
1994. The supply of 1Mb slow SRAMs/PSRAMs 
began to ramp dvuing 1992 and should hit 
nearly 75 million vmits this year and exceed 100 
million units for 1993. 

Figure 1 signals that users of 64K slow SRAMs 
can expect supply cutbacks. Barring an tmex-
pected change in suppliers' strategies for this 
older market, 64K slow SRAM unit output 
should drop below 100 million during 1993 and 
decrease to 30 million vmits for 1994. 

SRAM Life Cycle Stages 
Figure 2 depicts SRAM life cycles on the basis of 
density and technology, breaking each stage of 
the cycle into specific time intervals. The SRAM 
R&D stage occurs over a three- to fovir-year 
period. ITie introduction and growth stages 

extend for five years. The peak maturity-
saturation stage totals three years, which is 
somewhat shorter vis-a-vis other memory ICs. 

Dataquest sees some shortening of the decline/ 
phase-out stages of the SRAM life cycle. For 
example, in prior years Dataquest estimated the 
length of these stages as being in the range of 
6 to 9 years—^versiis 5 years now. Two reasons 
account for this change of perspective. First, the 
dedine of the military market should decrease 
the willingness of suppliers to support military 
and other specialized demand for extended 
periods. Second, in earlier generations of fast 
SRAM (such as 4K and 16K) suppliers periodi
cally prolonged the product life cycle l y 
introducing faster-speed versions of these densi
ties. Now, suppliers such as Motorola aim to 
introduce the very-fast-speed parts in the 
earlier—and not later—stages of the life cycle. 
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Figure 2 
SRAM Life Cycles, by Stage Over Time 
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SRAM Life Cycle Stages, by Density 
Figure 2 shows that 16K fast SRAMs and 16K 
slow SRAMs approach the phase-out state on 
the part of most suppliers. The 64K slow SRAM 
is in the decline stage of its curve. For these 
devices, users should monitor the supply base or 
else forge longer-term user-supplier relations to 
protect against procurement disruption. 

The 256K slow SRAM stands at the saturation 
stage of its life cycle. The decline stage for 256K 
slow SRAMs should start dttring 1994. 

The 64K fast SRAM has moved into the decline 
stage of the life cycle. The life cycle of CMOS 
256K fast SRAMs now moves through the peak 
maturity/saturation stage, while BiCMOS 256K 
devices still move through the growth phase. 

The life cycle of 1Mb slow SRAMs and 1Mb fast 
SRAMs—^which are in the growth stage—shoiild 
extend imtil the end of the 1990s. The life cycle 
for 4Mb slow SRAMs and 4Mb fast SRAMs— 
which will continue to be introduced by 
suppliers—should extend toward the year 2000. i 
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Supplier Analysis 
This section anal3rzes the product and market 
strategies of the leading SRAM suppliers. This 
assessment covers market strategy, product posi
tioning, and market ranking. 

This assessment reflects recent SRAM supplier 
base. The supplier base remains poised for more 
reshuffling over the long term. For example, 
although Japan-based suppliers predominate in 
the SRAM business—especially the more lucra
tive higher-density segments—emerging market 
fectors should result in some re-evaltiation and 
reshuffling in the Japan-based SRAM supplier 
base over the next several years. Vertically 
integrated Japan-based suppliers have encoun
tered lower system revenue during 1992, which 
shotild undercut some Japan-based suppliers' 
capital resources for sustaining leading-edge 
market positions. Another factor is that non-
Japanese Asian suppliers, being Korea-and 
Taiwan-based mantLfacturers, are increasing their 
role in the market. This scenario applies to both 
local markets (such as United Microelectronics 
Corporation (UMC) of Taiwan in fast SRAMs) 
and worldwide markets (Samsung in slow 
SRAMs and fest SRAMs). A related factor 
among North America-based suppliers has been 
the rise of Motorola in the fest SRAM market
place and recent slippage by smaller suppliers 
such as C3rpress Semiconductor and Integrated 
Device Technologies. 

Table 1 shows Dataquesf s final 1991 worldwide 
market share ranking of the top suppliers for 
devices with densities of 16K to 1Mb. 

Table 1 continues to show a wide suppUer base 
for fast SRAMs and a more narrow base for 
slow SRAMs. The suppUer base for fast SRAMs 
remains somewhat more flexible in terms of 
market entrants/departures vis-a-vis the slow 
SRAM supplier base. For example, the informa
tion in Table 1 contains names such as EDI, 
Paradigm, and Winbond Electronics Corporation, 
which might be less familiar to users of SRAMs. 
Other names such as AT&T, National Semicon
ductor, and Texas Instruments may be quite 
familiar to market players, but less so as suppli
ers of SRAMs. 

The profiles of leading SRAM suppliers are 
presented in descending order of 1991 world
wide SRAM factory revenue, which includes 
internal captive consumption. 

Hitachi 

Hitachi ranks first in terms of 1991 worldwide 
SRAM fectoiy revenue in part because of its 
structure as a vertically integrated supplier As 
measured in 1991 unit shipments, Hitachi 
ranks first among suppliers of 256K fast and 
256K slow SRAMs as well as 1Mb fast and 
1Mb slow SRAMs. This major force in the 
SRAM business also ranks second in the 16K 
fest, 64K fast, and 64K slow segments, 
although those markets should be de-empha
sized over time by Hitachi. 

At Hitachi, internal consumption—^for example, 
mainframes and supercomputers—drives fest 
SRAM product/process technology including 
the bipolar and BiCMOS processes. A recent 
slowdown in returns from systems' businesses— 
in part because of the worldwide recessionary 
environment but also because of restructuring 
of demand tow^ard workstation systems—could 
undercut the long-term flow of SRAM R&D 
and capital spending. 

Nevertheless, Hitachi should remain at the 
forefront of SRAM technology regarding 
product speed and density. In addition, as a 
leading supplier of DRAMs, Hitachi has 
DRAM technology development that enables it 
to advance its leadership role among suppliers 
of high-density slow SRAMs including 
PSRAMs. 

Fujitsu Ltd. 

Fujitsu advanced its market ranking by several 
notches during 1991 in terms of fectory 
revenue. Even so, the company now confronts 
challenges similar to other vertically integrated 
Japan-based manufacturers. For example, inter
nal captive demand requires that Fujitsu main
tain the leading edge in fast SRAM technology 
and manufacture slow SRAMs. However, the 
systems business remains under restructuring 
pressure. In addition, the supplier feces 
increased competition in terms of new product 
introductions. 

Regarding unit shipments, Fujitsu ranks third 
among suppliers of 64K slow, 256K fest, and 
1Mb fast SRAMs and sixth in the 16K fast, 
64K fest, and 1Mb slow SRAM segments. The 
company ranks 11th in tiie 256K slow SRAM 
arena. 
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Table 1 
1991 Worldwide Ranking of Top SRAM Suppliers, by Density (Based on Unit Shipments) 

Includes pseudo SRAMs. 
Excludes Ininos. 

Source: Dataquest Q^ovember 1992) 

i 
Company 
AMD 

ATT 

Cypress 

Fujitsu 

Goldstar 

Harris 

Hitachi 

Hyundai 

IDT 

Ininos 

Matra MHS 

Matsushita 

Micron 

Mitsubishi 

MOSel 

Motorola 

National Semiconductor 

NEC 

Paradigm 

Old 

Performance 

Philips 

ROHM 

Samsung 

Sanyo 

Seiko 

SGS-Thomson^ 

Sharp 

Sony 

Texas Instruments 

Toshiba 

Vitelic 

UMC 

\Ato.bond 
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6 
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10 
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10 
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3 

11 
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21 

3 

6 

11 
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13 

8 
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12 
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11 
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22 

2 
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18 

15 

16 

24 

8 

17 

13 

20 

6 

5 
14 

10 

1 

9 

7 

12 

19 
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Fast 

20 

7 

3 

1 

10 

21 

13 

6 

9 

11 

5 

14 

16 

12 

15 

22 

17 

8 

4 

2 

23 

18 

Slow" 

11 

19 
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9 

4 

13 

22 
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12 

20 

6 

17 

7 

14 

10 

5 

3 

16 

23 

1Mb 
Fast Slow' 

3 6 

1 1 

4 

5 

11 

9 

7 

6 4 

8 
8 

6 

9 

5 7 

2 3 
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i 
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Toshiba Corporation 
Toshiba, another vertically integrated Japan-
based manufacturer, continues to rank as a 
leading player in the slow SRAM marketplace 
and a major factor in the fast SRAM segment. 
Although Piitachi focuses quite strongly on 
leading-edge fast SRAM technology, Toshiba's 
strategy centers somewhat more so on slow 
SRAMs along with mainstream ^ t SRAMs. 
Toshiba ranks second in the 1Mb slow SRAM 
segment and third in the 256K slow SRAM 
marketplace. The slow SRAM product portfolio 
includes PSRAMs. Toshiba ranks first in the 
64K fast SRAM segment, second in today's 
mainstream 256K fast SRAM arena, and 
twelfth in the now expanding 1Mb fast SRAM 
business. 

NEC Corporation 
NEC is another vertically integrated Japan-
based supplier. Unlike Hitachi and Fujitsu, 
NEC's internal captive demand slants less 
toward leading-edge fest SRAMs. 

Table 1 shows that NEC ranks second in 
terms of tmit shipments of 256K slow SRAMs 
and fourth in 1Mb slow SRAM units. Users 
of slow SRAMs can expect NEC to play a 
continuing strong role in the slow SRAM busi
ness including next-generation 4Mb devices. 
Regarding fast SRAMs, NEC ranks sixth in the 
emerging 1Mb btisiness but below the top tier 
in the lower-density segments. 

Sony 
Sony—still another vertically integrated Japan-
based company—^has earned a leadership repu
tation in terms of SRAM product technology 
and market strength. Sony ranks among the 
top five suppliers in terms of 256K fast SRAM 
and 256K slow SRAM unit shipments and also 
the 1Mb fast SRAMs and 1Mb slow SRAMs. 
Sony's strategy aims for leadership in densities 
of 1Mb and greater and gradual de-emphasis 
on densities of 256K and below. 

For Sony, the fast SRAM is a technology-
process driver, and SRAM serves as a critical 
element to Sony's product portfolio and long-
term IC market strategy. Like other vertically 
integrated Japan-based suppliers, Sony must 
adjust to the aftermath of the worldwide eco
nomic slowdown. However, it continues to do 
ŵ eU because of its focus on higher-density 
SRAMs. 

Mitsubislii Electronics Corporation 
Mitsubishi maintained its overall ranking as 
measured in factory revenue in this highly 
competitive business during 1992. The strategy 
at Mitsubishi, a vertically integrated Japan-
based supplier, calls for a long-term commit
ment to the SRAM technology. Mitsubishi 
ranks fourth in terms of unit shipments 
among suppliers of 256K slow SRAMs and 
fifth in the 1Mb slow SRAM marketplace. 
Mitsubishi ranks among the top 10 suppliers 
of 64K fast and 256K fast SRAMs and is mov
ing into the fast 1Mb arena. 

Motorola Incorporated 
Motorola continues to advance in the world
wide memory market, boosting its worldwide 
SRAM ranking in terms of factory revenue by 
one notch during 1991. Motorola focuses on 
the high-density fast SRAM segment, which 
offers higher selling prices and profit margins 
versus low-density SRAMs and other memory 
ICs. Motorola's product direction in SRAMs 
links to its role as a supplier of application-
specific memories. Motorola ainns to introduce 
leading-edge product speeds based on its 
BiCMOS process (such as 256K SRAM 10ns). 

Motorola ranks among the top five suppliers 
of fest SRAMs in densities of 16K fest, 64K, 
and 256K. Users should expect Motorola—^now 
ranked ninth—^to advance in the 1Mb fast 
SRAM marketplace. 

Cypress Semiconductor Corporation 
C57press, a relatively small supplier that 
focuses on fast SRAMs as a technology-process 
driver, experienced corripanywide challenges 
dtiring 1991. Cjrpress lost one place regarding 
SRAM market ranking as measured in factory 
revenue. Regarding unit sales. Cypress ranks 
first among suppliers of 16K fest SRAMs and 
third among 64K fast SRAM suppHers—^two 
segments marked by a host of new competi
tors. Cypress lags, however, at the critical 
higher densities w^here competition is less 
brutal and pricing/profit margins are higher. 

The North America-based supplier faces mar
ket pressure in terms of remaining at the lead
ing edge of fast SRAM product technology. 
Even so. Cypress remains a viable com.petitor. 
Management is carefully evaluating the current 
and future direction of all product technologies 
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including fast SRAMs. Users should expect 
continued adherence by Cypress to pushing 
fast SRAM technology including product den
sity, configuration, and speed during 1993— în 
fact, to accelerate the rate of fest SRAM tech
nical innovation so as to regain market stature 
and strategic posture. 

Sharp 
Sharp has garnered great market recognition 
from other memory products, for example, 
ROM or the Intel alliance on flash memory. 
Regardless, vertically integrated Sharp ranked 
ninth among the top 10 suppliers of SRAM 
during the 1990 to 1991 period. 

Like other Japan-based suppliers. Sharp must 
balance memory R&D/mantifacturing budgets 
in hne with a drop in system revenue. Sharp 
aimotmced discontinuation of DRAM technol
ogy development plans during the second half 
of 1992, which should be an even stronger 
commitment to the SRAM business. 

Sharp ranks among the top 10 suppliers of 
256 fest and 1Mb fest SRAMs, which places it 
in a good position regarding the mainstream 
product technology through 1993. Sharp ranks 
seventh among suppliers of 1Mb slow SRAM, 
another mainstream product. Sharp sells slow 
SRAMs through North American suppliers 
such as EDI and National Semiconductor. 

Samsung Electronics Company Ltd. 
Samsung, the vertically integrated Korea-based 
supplier, aims to make an aggressive advance 
in liie global SRAM marketplace. Samsung 
ranks sixth across-the-board in the slow SRAM 
business—64K, 256K, and 1Mb densities. Users 
should expect continued commitment by Sam
sung to serving slow SRAM demand, especially 
should trade friction impede the company's 
DRAM effort. 

The big news concerns Samsung's plans for 
the fast SRAM business. Samsung appears 
to lag the market leaders in the fast SRAM 
arena. However, during the second quarter 
of 1992 it introduced a broad range of fast 
SRAMs in densities of 64K, 256K, and 1Mb. 
Then, late in the third quarter of 1992, Sam
sung aimounced samples of stete-of-the-art 
1Mb BiCMOS SRAM that operate at a speed 
of 10ns. Samples of Samsung's 256Kb BiCMOS 
SRAM 8ns were scheduled for release during 

the first quarter of 1993—signaling Samsung's 
intent to compete against suppliers such as 
Hifechi, Fujitsu, and Motorola. 

Supply Base Analysis 
This section uses infonnation on SRAM product 
hfe cycles and SRAM suppliers to present an 
evaluation of the supply/supplier base for these 
devices in the 16K, 64K, 256K, 1Mb, and 4Mb 
densities during 1993 and over the long term. 
Product life cycle analysis serves as the basis for 
a sucdnct assessment from the tisers' viewpoint 
of the anticipated supply base for each SRAM 
density. Table 1 serves as the basis for the sup
plier analysis. This assessment aims to provide 
users with advice for choosing suppliers. 

In addition to the information on suppliers in 
Table 1, users in Europe and North America 
should note supplier leadership for their respec
tive regions. Regarding Europe, leading SRAM 
suppUers, in descending order (measured in 
fectory revenue) are as follows: Hitachi, NEC, 
Toshiba, Matra MHS, Motorola, SGS-Thomson, 
Mitsubishi, Samsung, Sony, Cypress Semiconduc
tor, Micron Technology, and H5nindai. For North 
America, the regional ranking also shows 
Hifechi first, followed by Toshiba, Cj^press Semi
conductor, Motorola, Micron Technology, Fujitsu, 
Mitsubishi, NEC, Sony, Integrated Device Tech
nology (IDT), Samsung, and MOSel. 

Supply Base for 16K Fast SRAMs 
Figtores 1 and 2 reveal that 16K fast and 16K 
slow SRAM are moving toward the phase-out 
stage of the life cycle. Regarding 16K slow 
SRAM, the information in Table 1 shows that 
users should focus on the following suppliers— 
Sanyo (24 percent share of tmit shipments), 
Goldstar (17 percent). Sharp (13 percent), and 
Hjomdai (12 percent). 

Users of fast 16K SRAMs continue to face a 
tighter supply scenario as this product moves 
through the latter stage of its life cycle. As 
recommended last year, supply base managers 
with systems that use 16K fast SRAMs should 
plan for system redesigns during the 1993 to 
1994 period. As noted, the decline/phase-out 
stage of the life cycle for fast 16K SRAMs has 
contracted somewhat dvuing the past year, 
which could mean procurement challenge for 
some tisers (such as military users) during the 
1993 to 1994 period. 
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Users of 16K fast SRAM must monitor suppUers' 
medium-term strategies for serving demand for 
these devices. Most suppliers are reevaluating 
their strategy for this segment. For example, 
during late 1992 and the first half of 1993 s u p 
pliers will signal their intention to remain or 
withdraw from this market. 

Based on 1991 tmit shipments, market leaders 
are as follows. Cypress (19 percent share), 
Hitachi (15 percent), IDT (15 percent), SGS-
Thomson (11 percent), Motorola (10 percent), 
Fujitsu (10 percent), and Matra MHS (6 percent). 

Cypress's product portfolio focuses on devices 
witii the full range of access times, but espe
cially foster than 45ns. IDT's strategy parallels 
that of Cypress. Based on 1993 tinit shipments, 
Cjrpress holds 25 percent share of the market for 
sub-20ns devices, which places it third behind 
Micron (37 percent) and Performance Semicon
ductor (26 percent). 

Hitachi focuses on devices that operate at a 
speed of 20ns or slower. Hitachi joins Cypress as 
coleader based on 1991 unit shipments in the 
market for 16K SRAMs that operate at 20ns to 
44ns. These two suppUers each hold a 22 per
cent share, foUowed by IDT and Motorola at 
18 percent each. 

SGS-Thomson and Fujitsu focus on fast SRAMs 
that operate at 45ns to 70ns. These suppUers 
hold 24 percent and 22 percent share, respec
tively, of 1991 unit shipments. Other leading 
suppUers include Cypress (13 percent), IDT 
(11 percent), Matra MHS (11 percent), and 
Hitachi (9 percent). 

Supply Base for 64K SRAMs 
Buyers of fast 64K SRAMs now face a somewhat 
less favorable long-term supply situation vis-a
vis the outlook of one year ago. 

Supply Base Outlook for Fast 64K SRAMs 
Figure 2 shows that 64K fast SRAMs now 
stand at the decUne stage of the Ufe cycle. 
SuppUers wiU focus on devices that operate at 
speeds of faster than 45ns because these parts 
command higher pricing. Users should note 
that the x4 configuration Ukely wiU have a 
somewhat longer Ufe cycle than organizations 
such as the xl. 

First-tier Japan-based suppUers will de-empha
size this density for higher-density devices. 
Users—depending on Aeir region—shovild 
focus on suppUers such as Cj^ress, Matra 
MHS, SGS-Thomson/INMOS, IDT, and Perfor
mance. Less famiUar market suppUers for 
evaluation include AT&T, V>tobond, and UMC. 

Cjrpress' 64K fast SRAM market strength has 
centered on CMOS devices across the fuU 
range of speeds and especiaUy faster than 
45ns. Motorola has established a market 
position in the CMOS segments. Motorola's 
product portfoUo focuses exclusively on 
devices ttiat operate foster than 45ns. Micron 
also concentrates exclusively on products with 
sub-45ns access times. Matra MHS suppUes 
devices that operate foster than 20ns. However, 
its largest market share rests at slower speeds, 
for example, 45ns and slower. SGS-Thomson 
has also centered its position on the 45ns and 
slower marketplace. 

Regarding market share in terms of product 
speed segmentation, based on 1991 tmit ship
ments, Nficron leads the ranking in the 
sub-20ns segment with 22 percent, closely fol
lowed by Motorola (19 percent). Performance 
Semiconductor (18 percent), Hitachi (16 per
cent), C5rpress (9 percent), Toshiba (8 percent), 
and IDT (6 percent). 

In the 20ns to 44ns segment of the 64K SRAM 
bxisiness, Toshiba (16 percent) ranks first in 
terms of 1991 imit shipments. North America-
based suppUers foUow—Cypress (13 percent), 
Motorola (13 percent), and Micron (12 percent). 
Other leading suppUers include Japan-based 
companies Ififochi (9 percent), Fujitsu (7 per
cent), Mitsubishi (6 percent), and Sony (6 per
cent)—along with IDT (5 percent). During 
1992, UMC, a Taiwan-based suppUer, increased 
pricing competition in this product segment, 
especiaUy in the Asia/Pacific-Rest of World 
(ROW) region. 

For users of 64K SRAMs that operate at 
speeds of 45ns to 70ns, the suppUer base is 
more regionaUy dispersed. For example, Fujitsu 
joins Matra NfliS and SGS-Thomson in the 
leadership position—each holds 13 percent 
share of 1991 unit shipments—^foUowed by 
Hitachi (12 percent) and Inmos (11 percent). 
Like UMC, Taiwan-based VN^bond (5 percent) 
demonstrated competitive pricing competition 
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in this segment during 1992 in the Asia/ 
Pacific-ROW region. 

Supply Base Outlook for Slow 64K SRAMs 
The supplier base for slow 64K SRAMs cotdd 
contract somewhat abruptly during the 1993 
to 1994 titne frame as this product continues 
to move through the decline stage of its life 
cycle. As shown in Table 1, Sharp ranks first 
in terms of worldwide unit shipments. Other 
Japan-based suppliers such as Hitachi and 
Fujitsu have migrated in effect to higher-
density slow SRAMs. 

In addition to Sharp and Sanyo of Japan—^who 
held 17 percent and 9 percent shares of 1991 
worldwide unit shipments—^users that need 
long-term supply of 64K slow SRAM should 
concentrate on non-Japan-based suppliers. The 
supplier base includes Korea-based suppliers— 
H3nmdai (9 percent), Samsung (9 percent), and 
Goldstar (3 percent)—along with Europe-based 
SGS-Thomson (5 percent) and Taiwan-based 
UMC (2.4 percent). 

Users should note, however, that aU suppliers 
are re-evaluating their longer-term commitment 
to this segment of the SRAM marketplace. 

Supply Base for 256K SRAMs 
Users of 256K SRAMs face a favorable long-term 
supply base. Figure 2 shows that 256K fast 
SRAMs stand at the late-growth/early-maturity 
stage of the life cycle. 256K slow SRAMs have 
moved further along the life cycle ctirve to the 
late sattiration stage. 

Supply Base Outlook for Fast 256K SRAMs 
Worldwide unit shipments of 256K fast SRAMs 
should peak during 1994 at more than 
200 million imits. By 1995, supply of 256K 
devices that operate at speeds of 20ns or 
slower will start to decline. However, the 
much smaller sub-20ns 256K marketplace 
should stiU be growing. 

Regarding product speed segmentation, based 
on 1991 vinit shipments. Motorola (56 percent 
share) has positioned itself in the sub-20ns 
segment along with Hitachi (29 percent) and 
Toshiba (12 percent). Historically, Japan-based 
suppliers lead in leading-edge fast SRAM 
product markets. The BiCMOS process is a 
key competitive element in this potentially 
lucrative high-priced segment. 

Leading suppliers of 256K devices that operate 
at speeds from 20ns to less than 45ns include 
Fujitsu and Toshiba—each wltih 18 percent of 
1991 unit shipments—followed by Micron 
Technology (11 percent). Motorola (10 percent), 
Hitachi (9 percent). Cypress (6 percent), and 
Sony (6 percent), among others. North 
America-based suppliers including AT&T, 
National Semiconductor, Paradigm, and Perfor
mance Semiconductor serve demand for these 
parts. 

For 256K devices that operate at speeds from 
45ns to 70ns, Japan-based supphers hold major 
market shares. Hitachi (30 percent) leads the 
ranking, followed by Sony (24 percent), 
Mitsubishi (12 percent), and Sony (8 percent). 
Table 1 shows that other suppliers include 
Cypress, EDI, Inmos, MOSel, Matra MHS, 
NEC, SGS-Thomson, and Winbond. 

Supply Base Outlook for Slow 256K SRAMs 
Users of 256K slow^ SRAMs face a generally 
favorable supply base outiook through 1993. 
However, the supply shotild contract some
what dramatically tiieieafier. For example, 
worldwide output of 256K slow SRAM should 
reach 200 miUion units for 1993 and be aug
mented by nearly 70 miUion imits of 256K 
PSRAM. Some Japan-based suppliers likely will 
migrate from this marketplace—especially in 
the second half of 1993—such that output 
should drop to 100 million units of 256K slow 
SRAM for 1994. 

Based on 1991 unit shipments, NEC (18 per
cent share) ranks as the leading supplier with 
a host of Japan-based suppliers following— 
Mitsubishi (14 percent), Sony (12 percent), and 
Hitachi (10 percent). For 256K PSRAM, Hitachi 
and Toshiba lead the market, joined by Sharp. 

As in the 64K slow SRAM marketplace, users 
should view Korea-based supphers of 256K 
slow SRAM—^Samsving (9 percent) and 
Hytmdai (5 percent)—as suppliers likely to 
increase their focus on this market during 
1993. 

Supply Base for 1Mb SRAMs 
Figure 2 reveals that slow 1Mb SRAMs con
tinues to move through the growth (or ramp) 
stage of a life cycle. The fast 1Mb SRAM 
product has moved into the growth stage of the 
cycle although suppliers continue to enter the 
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marketplace. The BiCMOS technology competes 
against the mainstream CMOS technology for 
high-performance fast SRAM applications. 

Supply Base for 1Mb Fast SRAMs 
Although the market just started to develop 
during 1991, in terms of product speed seg
mentation based on 1991 unit shipments of 
1Mb fest SRAMs, Hitachi and Motorola are 
staking early positions in the leading-edge 
sub-20ns segment Leading suppliers of 
1Mb SRAMs that operate at speeds from 
20ns to less than 45ns include Hitachi, Micron 
Technology, Sharp, NEC, National Semiconduc
tor, Paradigm, Motorola, EDI, MOSel, and 
Toshiba. 

Regarding 1Mb slow SRAMs that operate at 
speeds from 45ns to 70ns, Japan-based suppli
ers hold early market share leadership. In 
terms of 1991 tmit shipments, Hitachi and 
Sony each held just more than one-third of the 
marketplace, and Fujitsu just less than a third. 
Micron also shipped this product during 1992. 

Supply Base for 1Mb Slow SRAMs 
Japan-based suppliers continue to dominate the 
1Mb slow SRAMs business. Hitachi leads with 
a 29 percent share of 1991 unit shipments, 
trailed by Sony (19 percent), NEC (15 percent), 
Toshiba (12 percent), and Mitsubishi (11 per
cent). As noted earlier, regarding low-density 
slow SRAMs, users should monitor Korea-
based suppliers such as Samsung (10 percent 
share). 

For users of 1Mb PSRAM, Hitachi and 
Toshiba lead the market, joined by Sharp 
and Samsung. 

4Mb SRAMs 
Figure 1 reveals that 4Mb slow SRAMs are mov
ing into the introductory stage of the product 
Hfe cycle. This pace of the introduction of this 

next-generation product density has lagged 
based on original expectations. For example, 
during 1991 only Hitachi and Toshiba entered 
the marketplace, each with 4Mb PSRAM. During 
1992, the following suppliers also entered the 
marketplace—^Fujitsu, NEC, and Samsimg. 

Dataquest Perspective 
For users, the slow SRAM supplier base has 
been viewed since the mid-1980s as essentially 
the DRAM supplier base stripped of non-Japan-
based companies. That reality is shifting with 
the emergence of Korea-based suppliers of slow 
SRAMs including Goldstar, H5mndai, and 
Samsung. Japan-based suppliers have been re
evaluating their long-term capital plans for the 
DRAM/slow SRAM markets—a review rein
forced by disappointing 1992 high-performance 
system sales. Korean suppliers—^DRAM trade 
friction aside—should emerge as even more criti
cal to the worldwide users of slow SRAMs. 

In the fast SRAM arena, the supplier base 
remains quite vibrant and competitive—brutally 
competitive in the 16K and 64K segments— 
which means continviing pressure for smaller-
size suppliers. Motorola's relentless rise to the 
ranks of leading-edge suppliers such as Hitachi 
and Fujitsu bodes ill for smaller-size suppliers 
such as Cypress and IDT. The fast SRAM busi
ness still offers some "niche" market opportuni
ties, but in reality the market continues to 
evolve into a global commodity-type business. 
The only real niche wiU be the fastest-speed/ 
highest-density device—^where industry giants 
such as Hitachi and Motorola focus their 
strategic effort. With the emergence of price-
competitive Taiwanese suppliers such as UMC 
and \A^bond, the only small to medium-size 
suppUers that wiU succeed—^and survive—^wiU 
be weU-managed companies that adhere closely 
to their new product/technology road nmp. 

By Ronald Bohn 
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News and Views 

Procurement Pop 
Table 1 shows 1991 U.S. and Japanese semicon
ductor manufacturer R&D expenditure as a 
percentage of revenue. 

Table 1 
U.S. and Japanese Semiconductor Manufacturer R&O Expenditure As a Percentage of Revenue 

Company 1991 Percentage 
United States 

Advanced Micro Devices 
Altera 

Analog Devices 
Chips & Technologies 
C)rpress Semiconductor 

Harris 
Integrated Device Technology 

International Microelectronic Products 

Intel 

LSI Logic 
Linear Technology 

Micron Technology 
Motorola 
National Semiconductor 
SEEQ Technology 

Texas Instruments 
VLSI Technology 

Xicor 

Japan 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Sanyo 
Sharp 
Sony 
Toshiba 

17.0 
13.0 
17.0 
32.0 
26.0 
12.0 
24.0 
31.0 
15.0 
12.0 
10.0 
8.0 

10.0 
12.0 
17.0 
13.0 
13.0 
24.0 

16.4 
18.4 
19.5 
19.0 
14.8 
12.0 
13.8 
17.6 
23.1 
15.1 

Source: Dataquest (November 1992) 
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Inquiry of the Month 

Semiconductor Procurement Inquiry 
Higliiigiits 
Q. What is the latest status regarding the 'T-5" 
product? 

A. Intel has named its next-generation 'T-5" 
microprocessor the Pentium. This device wiU 
run at 66 MHz and be offered with and without 
on-board cache RAM. 

Pentium chip pridng with cache RAM is about 
$1,500; without cache RAM it is less than $1,000. 

These noncache-device prices are similar to the 
introductory price of Intel's 80486DX. 

In the nteantime, competitor Cyrix has success
fully cloned and introduced a true 486DX 
device; Advanced Micro Devices plans to 
introduce its version of the 486DX device in 
December. AMD's announcement follows a 
recent legal decision in its ongoing 287 micro
code case. The Cyrix 486-25 has an internal 
speed of 50 MHz and is priced at $249. 
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DQ Monday Report Volume Mean Pricing 
The voltune contract pricing taken from the latest 
online DQ Monday Iteport highlights the differ
ences in regional semiconductor prices. Begirming 
this month, Dataquest has changed its product mix 
for the DQ Monday report. This change of covered 
products better reflects the need for pricing infor
mation on newer technologies and the most price-
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procurement managers and explains what inven
tory and order rate corrections mean to both semi
conductor users and manufacturers. 
By Mark Giudici Page 3 
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Semiconductor Industry Conference on October 6 
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issues for 1993 are analyzed, along with the 
product and price trends of the major microproces
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with a review of two emerging technologies that 
will impact semiconductor procurement now and 
in the future. 

By Ronald Bohn and Mark Giudici Page 4 
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A brief item of interest for procurement managers 
in the semiconductor industry. 
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Regional Pricing Update 

DQ Monday Report: Volume Mean Pricing* 

Device 
FamUy 

United 
States Japan Europe Taiwan Korea 

74AC00 
74AC138 
74AC244 
Lead Time: (Weeks) 

4F00 

4F138 
4E244 

Lead lime: (Weeks) 
7805-TO92 
IMSG171D-35-MHZ 

Lead Time: (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 

DRAM 256Kxl6-8 
DRAM 4Mbxl-8 

DRAM 4Mbx4-70 
DRAM 512Kx9-7 

EPROM 2Mb 170n 
FLASH 1Mb 

FLASH 2Mb 
SRAM 128Kx8-70 

SRAM 32Kx8-70 

SRAM 64Kx4-25 

Lead Hme: (Weeks) 

68040-25 

80386DX-40 

80386SX-20 

80486DX-33 

R3000-25 
Lead Tune: (Weeks) 

0.18 
0.34 
0.44 

4 

0.10 
0.16 
0.22 

4 

0.16 
5.44 

-

2.98 
27.50 

12.05 
10.28 

102.50 
13.25 

-

6.95 

13.88 

10.90 

3.30 

5.30 

8 
385.00 

-

52.00 

204.00 
93.00 

8 

0.17 
0.32 

0.26 
5 

0.11 
0.18 
0.26 

5 
-

-:. 

4 

3.22 

27.63 
11.89 
10.46 

113.02 
11.22 
6.57 

7.95 
16.74 

10.05 

3.26 

5.86 

6 
100.46 

100.46 

40.18 

326.50 
-
-

0.14 
0.21 
0.36 

5 

0.09 
0.14 
0.22 

5 

0.15 

2.65 

9.60 

74.00 
32.00 

*Prices in U.S. dollars 
**Data collection was insuGGdent to warrant a full report. We expect a full report to appear in the November table. 
Source: Dataquest (October 1992) 
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Market Analysis 

October Procurement Pulse: Inventories 
Down, Lead Times Up, and Bookings 
Are Flat 
The Procvttement Pulse is a monthly update of 
critical issues and market trends based on sur
veys of semiconductor procurement managers. 
Tlds article explains what the semiconductor 
inventory and order changes mean to semicon
ductor users. 

Semiconductor Order Rate Expected to Plateau 
While Prices Resume Declining Ways 
The semiconductor booking outlook of this 
month's respondents remains flat with last 
month's forecast (see Figure 1). The static order 
rate expectations tie in with an average lower 
six-month overall and computer systems sales 

outiook, relative to last montii. The overall sam
ple six-month forecast fell from last month's 
9.1 percent to a current 6.8 percent prognostica
tion, while the computer subset expects six-
month sales levels to be 7.0 percent higher, com
pared with last month's 9.0 percent view. This 
month's respondents estimated that overall end-
equipment sales rose over last month by 6.1 per
cent, while the computer subset of our sample 
also saw a rise, albeit a lower 3.7 percent uptick. 

Overall semiconductor prices are expected to 
continue to fall by slightiy less than 2 percent 
(1.8 percent), reflecting continued good availabil
ity for most devices, while one respondent noted 
an overall 2 percent price rise. The surfece 
mount technology (SMT) standard logic supply 
situation continues, with anotiier strong 73 per
cent of the respondents noting deliveiy problems 
and price increases for these devices. As men
tioned in earlier reports, it is expected that this 

Figure 1 
Averaged Monthly Semiconductor Orders 

Order Index, 12/88=100 

440-jT 

T 1 r 
5/92 6/92 7/92 8/92 9/92 10/92 

Figure 3 
Actual vs. Target Inventory Levels 

(All OEMs) 
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Figure 2 
Averaged Semiconductor Lead Times 
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Figure 4 
Actual vs. Target Inventory Levels 

(Computer OEMs) 
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assembly-related problem will resolve itself, as 
many of the suppliers have already begun to 
add SMT assembly capacity that should be 
online within two to three months. Besides stan
dard logic, other SMT products (TSOP SRAMs, 
SOIC linear devices, and some discrete semicon
ductors) are firming in price as aggregate 
demand begins to surpass some suppliers' 
capacity hnidts. 

Semiconductor Lead Times See-Saw Up Again 
The average lead time for semiconductors 
inched upward this month to 10.7 weeks from 
last month's 9.9-week average (see Figure 2). 
This slight increase in the average is attributed 
to the continuing extended lead times for sur
face mount logic combined with selected SMT 
memory parts that in some cases have reached 
16 to 24 weeks. Apart from the SMT situation, 
the majority of products stitl have manageable 
lead times in the range of 6 to 9 weeks, with 
DIP standard logic devices still available in 
4 weeks. Evidence from some memory suppliers 
is that overall lead times may begin to stretch 
out by the end of the year as a result of con
tinual steady demand slowly filling the capacity 
pipeline. Dataquest expects current semiconduc
tor capacity (and the resulting steady lead times) 
to adequately meet demand levels through the 
next three to six months, barring a draconian 
verdict in the pending Micron versus Korean 
memory supplier International Trade Commis-
sion/U.S. Department of Commerce (TTC/DOC) 
case. It is possible for demand to balance overall 
capacity by mid- to late 1993, especially if— în 
an imlikely event—^the domestic Japanese elec
tronics market turns around. 

Semiconductor Inventories Remain 
Under Control 
The continued reduction/maintenance of inven
tory levels from this month's respondents attests 
to the fociis on inventory control, despite 
specific device delivery problems. It ailso high
lights that overall semiconductor availability 
remains predictable and that user-supplier com
munication has improved. The overall targeted 
and actual semiconductor levels this montii 
were 16.1 and 22.2 days, compared with last 
month's respective 15.4- and 23.0-day levels (see 
Figure 3). The computer subset respondents 
averaged targeted 18.0- and actvial 20.6-day 
levels, relative to last month's respective 15.8-
and 21.0-day target/actual range (see Figvire 4). 

Although inventory reduction is stiU a key goal, 
a comfort zone of sUghtly more than a month of 
on-hand inventory appears to be taking shape, 
and an average target of 3 weeks is now the 
new accepted goal. As mentioned last month, 
availability of semiconductors combined with 
good communication is at the heart of the cur
rent low-inventory level situation. To maintain 
low inventories regardless of availability, regular 
and persistent communication with suppliers 
must be adhered to because, as the saying goes, 
"the squeaking wheel gets the grease." 

Dataquest Perspective 
The continued strength of the U.S. electronics 
market is being fueled in part by ever more 
affordable high-performance (that is, 386 and 
up) PC offerings and their "necessary" 
peripherals—^laser printers, memory additions, 
and graphic cards, among others. Continued 
good overall availability of semiconductor com
ponents is allowing the price wars at the system 
level to descend to the semiconductor level, 
where competitive pricing has become a way of 
life. As other areas of the electronics market 
show increased signs of growth (that is, trans
portation and telecommvmication), additional 
stress will be placed on existing capacity tiiat 
wiU call for increased attention at tiie forecast/ 
supplier communications level. The pending 
outcome of the Micron versus Korean memory 
supplier antidumping case in the extreme coidd 
have a serious impact on Samsung, Goldstar, 
and Hjrundai, as well as the users of memory 
devices from these companies, or it could leave 
the suppliers imaffected. If the Korean compa
nies are found guilty of dumping DRAMs, 
preliminary penalties could force users to inves
tigate alternate suppliers or alternate means of 
acquiring these Korean devices. Stay tuned for 
the outcome of this important FTC case. 

By Mark Giudici 

Procurement Issues 1993: Is the Law of 
Supply and Demand Subject to Appeal? 
Mark Giudici and Ronald Bohn of the Semicon
ductor Procurement Service (SPS) m a d e a joint 
presentation on 1993 Procxwement Issues en-
titied, "Is the law of supply and d e m a n d subject 
to appeal?" at the Dataquest 1992 Semiconductor 
Conference held in Monterey, California on 
October 6. The presentation explored three 
specific areas of interest: key procurement issues 
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based on a recent client survey; product technol
ogy and price trends; and emerging technologies 
affecting semiconductor procurement. Three 
main points highlighted in the presentation were 
as follows: 

• Cost control 

• Competitive pricing 

• Benchmarking 

We examined the impact on procurement of the 
now fragmenting 32-bit microprocessor market 
and the next-generation "spedaltj^" memory 
offerings and how they translate into delivera
ble, cost-effective solutions. The session ended 
with a discussion revolving around two, new 
technologies that are and will continue to affect 
semiconductor users: flash memory and 3V 
semiconductor devices. 

Procurement Issues 
SPS conducted a telephone survey of its top 
20 U.S. clients to uncover the key issues they 
expect to fece in the upcoming year. The respon
dent companies represented estimated 1991 elec
tronic sales of $170.4 billion and estimated 1991 
semiconductor purchases of $1.7 billion. 

The respondents' title and industries represented 
were as foUows: 

• Purchasing Manager/Senior Buyer: 50 percent 

• Procurement Manager/Component Engineer: 
35 percent 

Table 1 
Historical Procurement Issues 

• Buyer: 15 percent 

• Data Processing/Communication: 50 percent 

• Industrial/Cons\imer: 43 percent 

• Military/Tiansportation: 7 percent 

As mentioned, the three main points of the 
Procurement Issues presentation revolved 
around cost control, competitive pricing, and 
benchmarking. The constant focus on cost con
trol over the past two-plus years is expected to 
continue as electronics companies cope with 
increasingly competitive markets. A large part 
of cost control is price and competitive pricing, 
which will remain a closely scrutinized area, 
another result of the ongoing system price wars 
expected to continue thiough 1993. In line with 
competitive pricing, the global marketplace is 
causing many companies to benchmark their 
total cost variables (quality, price, delivery 
schedules, and inventory levels, among others) 
on a regional basis in order for them to remain 
competitive. 

From the actual survey, this year's respondents 
reported that the top three issues were cost con
trol, lead times, and availability/allocation (see 
Table 1). In historical perspective, these have not 
been critical issues. Because cost control encom
passes most if not all of the other individual 
issues, this sampling of procurement managers 
has become more sophisticated in coordinating 
efforts to reduce overall cost through lead time 
reduction, competitive price negotiation, and 
development of strong supplier relations. 

Cost Control 

Lead Times 

Availability/Allocation 
Pricing 
Developing Supplier Relations 

Quality/Reliability 

JIT/Inventory Contirol 
Memoiy Products 
On-Ume Delivery 
Packaging Standards 

1993 
1 

2 
3 
4 

5 
6 
7 
8 

9 
10 

1992 

6 
-

4 
1 

10 
2 
7 

0 

3 
-

1991 
3 
-

2 
1 

-
5 

4 
0 

6 
-

1990 
3 
-

4 

2 
-
6 

5 
0 
1 
-

1989 
7 

-

1 
2 
-
4 

6 
5 
3 
-

1988 
4 

-
1 

2 
-

6 
9 
5 
3 
-

Source: Dataquest (October 1992) 
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Although the individual issues remain, the com
bination of effectively balancing them toward 
the goal of tangible cost control remains the key 
concern. 

As we did last year, this year we asked respon
dents to rank the variables that comprise total 
cost. As seen in Table 2, there has been little 
change in the priority of total cost parameters. 
Quality and on-time delivery remain prerequi
sites for cost control, while overall price, techni
cal support, and customer service continue to 
be differentiators in the current market. If and 
when suppliers fill their semiconductor capaci
ties next year, it is estimated that on-time deliv
ery will also become a supplier differentiation. 

This year we asked what top technical needs of 
semiconductor users were not being met by sup
pliers (see Table 3). 

Nearly one-third of the respondents needed 
more wide-woid, specialty memories earlier and 
in higher volume for testing, evaluation, and 
production. One-quarter of those with vmmet 
technical needs noted the broad area of ASICs— 
primarily in choosing a particular ASIC solution 
in terms of supplier viability, process characteri
zation, and long-term migration paths for the 
product. On a similar note, one-fifth of the 

Table 2 
Ranking of Total Cost Variables 

1992 Issue 
1 Quality 
2 On-Time Delivery 
3 Overall Price 
4 Technical Support 

5 Customer Service 
Source: Dataquest (October 1992) 

Table 3 
Top Three Unmet Technical Needs 

Need 
1. Specialty/Next-Generation 

Memories 

2. ASICs 
3. Standard Logic Alternatives 

1991 
1 
2 
3 
4 
4 

Percentage 

30 
25 
20 

Source: Dataquest (October 1992) 

respondents noted a lack of clearly defined stan-
darid logic alternatives as systems become 
increasingly integrated. This involves the ASIC 
system solution dilemma (need No. 2) because 
many current, standard logic functions will be 
integrated into ASIC parts. ASIC suppliers need 
to have better migration plans for current and 
prospective customers as mature, standard logic 
devices lose their technical edge. 

Another area of interest was contract manufec-
turing. As seen in Figure 1, nearly two-thirds 
(65 percent) of the respondents had used a con
tract manufacturer (CM). Of this percentage, a 
CM was in service an average 7.5 years. The 
trend toward contract manufacturing is not new 
to this set of respondents; many cited lower total 
costs, equal or better quality, and on-time deliv
ery as the reasons to go with a contract 
manufacturer. 

Pricing and Teciinology Trends 
As noted, benchmarking—specifically, price 
benchmarking, which directly relates to the cost-
containment trend—serves as a backgroxmd to 
our discussion of microprocessor and memory 
IC price trends. The title given this article was 
chosen to highlight the conflict between the eco
nomic and legal systems. The interplay and con
flict between IC market economics and the law 
provides a second backdrop to the discussion. 

32-Bit MPUs 

Intellectual property law has moved to the 
forefront among issues that have been affecting 
80486 price trends during 1992. Two sets of 
cases affect the supply/demand and pricing 
trends for the 80486 device. First, there is the 
287 microcode cases—which include Intel's 
stunning victory during June before a federal 
cotut jury and Advanced Micro Devices' 
(AMD) earlier victory in the 386 arbitration 
case. In effect, the so-called "287 case" really 
is a "80486 case." AMD has not established a 
legal right to the 287 microcode and conse
quently missed the 1992 window of opportu
nity to enter the 80486 market. 

The second set of cases focvis on the right, if 
any, of Intel's cross-licensees to serve as foun
dries for alternate suppliers of x86 devices. 
Here we refer to cases that pit Intel against 
ULSI Systems via Hewlett-Packard; against 
C5mx and SGS-Thomson—a case that Cyrix/ 
SGS won in a federal court in Texas during 

October 26,1992 ©1992 Dataquest Incorporated SPWW-SW-DP-9210 



Semiconductor Procurement 

Figure 1 
Contract Manufacturing Usage 

@ Used Contract Manufacturer 

[ 3 Not Used Contract Manufacturer 

Average Time Contract Manufacturer Used = 7.5 Years 

Source: Dataquest (October 1992) 

July 1992; and against Chips & Technologies 
and Texas Instruments. Intel views its position 
as protecting itself against x86 patent launder
ing. The other parties claim clean, simple, and 
lawful foundry activity. The courts have issued 
conflicting decisions—and the U.S. Supreme 
Court likely will make the ultimate decision in 
this set of cases. Any final victory for Intel 
means a more narrow 80486 supplier base— 
while any defeats would mean supply base 
expansion. 

How should this state of the law affect 80486 
pricing over the next six months? A hot ques
tion associated with Figure 2 is as follows. 
Wm the 33-MHz 80486DX price curve—which 
should be priced at $325 in North American 
1,000-tmit orders during the fourth quarter of 
1992—^take a step function down? Dataquest 
believes that they will. If so, then when? The 
80486SX price cvirve took a step function 
down during the second quarter of this year, 
which undercut Intel 386 competitors sudi as 
AMD and Cyrix (see Figure 2). 

As of early October 1992, two factors indicate 
that Intel will slash 80486DX pricing during 
early 1993—^but not much sooner. First, at the 
top of the curve, we see the "586" (also 
known as "P5") price curve. Intel could have 

G2002281 

introduced that part this qiiarter, but instead 
chose early 1993. The 80486DX price plimge 
that we expect should occur in sjmchronization 
with the "586" introduction. Second, during 
1993, competitors such as AMD shovdd enter 
the 80486DX market. A lowering of the 80486 
price curve for 1993 would hurt Intel's compe
titors more than Intel. We also learned recently 
that Intel's 80486DX capacity is nearly fuUy 
booked—meaning slyrocketLng pricing on the 
gray market for the 33-MHz 80486DX device— 
another signal that the likely price break 
should occur during early 1993 but not sooner. 
Cyrix and Texas Instruments have a 80486-type 
device, but that part is basically a 386DX with 
a 487 coprocessor. 

Figure 2 shows pricing for Motorola's 68040 
device. Motorola is reporting impressive ship
ment levels during 1992 for this device as 
well as the embedded control version. Users 
shovdd expect a steady long-term downward 
sUde in pricing. Pricing for the 68040 likely 
will mirror the 80486DX price curve, but with 
a lag of 6 to 12 months. 

A comparison of the 32-bit MFU suppliers' 
market share table for 1991 versus tiie 1988 
table is highlighted in the expansion of the 
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Figure 2 
32-Bit MPU Price Trends (Nortii American Bookings; Volume: 1,000-5,000 CPGA) 
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** Pricing excludes accessory parts such as floating point and memory management. 

Source: Dataquest (October 1992) 

32-bit MPU supplier base—especially of RISC 
processors. This supply base trend should 
translate into more competitive pricing versus 
the monopoly environment of several years 
ago. 

In feict, a few years ago this table had just 
four names or categories: Intel, Motorola, 
National Semiconductor, and "other." System 
manufacturers such as Sun and MIPS—^through 
technology licensing programs for their respec
tive SPARC and NHPS architectures—^have 
increased the supplier base with varying 
degrees of success since the late 1980s. 

Today's "other" category might contain the 
most dramatic information for the next several 
years, when users can look forward to emer
gence of RISC suppliers such as the Apple-
IBM-Motorola alliance on the Power PC 
processor; Digital Equipment's 64-bit ALPHA 
device; HP's Precision Airchitecture; and new 
suppliers of the SPARC fenuly including Texas 
Instruments but also perhaps Motorola. We 
will examine the RISC veisvis QSC "thing" 
later in this article. 

G2002282 i 
Price Benchmarking 
Dataquest sees that "benchmarking" in its 
broadest sense refers to the process by which 
corporations strive to learn—and then 
surpass—^the performance parameters of the 
so-called "best-in-world-dass" performers 
regarding any given organizational process or 
function. Earlier at this conference, Mr. Ko 
Nishimura, CEO of Solectron Corporation, 
provided an excellent discussion of how his 
company's use of benchmarking led to its 
status as a winner of the Baldridge award— 
and recent outstanding financial performance. 

In a more narrow sense, price benchmarking 
represents the search by a growing number of 
SPS clients for the so-called "best price"— 
translated, the lowest market price with qual
ity as a given—^for critical devices such as a 
standard 4Mbxl DRAM. Dataquest does not 
believe that this trend toward price bench
marking will be problem-free. For example, for 
many companies the broader strategic bench
marking effort often proves to be more of a 
short-term fad than a long-term trend. i 
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Nevertheless, with cost containment now the 
No. 1 procurement issue, SPS expects increased 
client interest in price benchmarking for now 
and 1993. 

Memory ICs 
Figure 3 highlights the standard 4Mbxl DRAM 
price curve. As a price benchmark, many SPS 
dients have inquired as to whether the fourth-
quarter 1992 North American bookings price 
for this device will break below the $9 level. 
Our sturvey restilts—and the current market 
scenario—vindicate a "no" answer. The SPS 
qviarterly survey of users and suppliers in this 
region Mtimates a fourth-quarto- price range 
from $9.50 to nearly $10.50 for oniers of 100,000 
to 200,000 units. First-tier Japanese suppliers and 
most North American suppliers likely will aim 
for a $10 price—and not much below $9.50 even 
for half-ndUion volume oiders. They likely wiU 
remain fiam regardless of the decision in the 
Micron case. Should Micron prevail in the 
antidtmiping case against the Korean suppliers, 
sub-$9 pricing becomes even less likely. 

Pricing for standard IMbxl DRAM approaches 
the trough at the bottom of Figure 3. Fourth-
quarter pricing in North America should hover 

near a best price benchmark of $3 for otu: speci
fied contract volume—and about $2.85 for liie 
occasional half-million or mUlion-unit oiders. We 
should note that pricing for this device during 
1992 has periodically—iut not inconsistently— 
been below the $2.85 level in other world 
regions such as Einrope and Asia. 

Two points are stressed regarding the separate 
16Mb DRAM price curve. Barring a complete 
reversal in the 1993 DRAM capacity outlook— 
which we wiU look at soon—16Mb DRAM pric
ing should move down the curve during 1993 as 
supply/demand ramps up. Second, Dataquest 
expects the 4:1 crossover to 16Mb DRAM to 
occur during 1994—not the end of 1993 nor 
delayed to 1995, but by the middle of 1994. 

DRAM Price Forecast Assumptions 
Recent imposition by the European Community 
(EC) of the 10.1 percent antidumping duty 
on Korean suppliers—and the impending 
announcement by the U.S. government of the 
Micron case decision—^mandates a review of 
two key DRAM pricing assumptions. SFS 
documents the assumptions behind critical 
price forecasts so that as n\arket conditions 
change—which may alter some operating 

Figure 3 
DRAM Price Trends (North American Booiongs; Volume: 100,000-200,000) 
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assumptions—vfe can adjust our price forecast 
and assxunptions in line with market reality. 

The following two assumptions envelop the 
antidumping cases: 

• Non-Japanese Asian suppliers will increase 
DRAM market share. 

• The legal jurisdiction of intellectual property 
and otiher laws will expand across tiie globe 
and be more aggressively enforced at the 
local level. 

The first assumption postures increased impact 
from Korean DRAM suppliers such as 
Samsung, Goldstar, and Hyundai. The next 
assumption returns us not only to intellectual 
property law— f̂or example, Wang's claims to 
the x9 modules and Texas Instrument's royalty 
campaigns—but also to trade laws such as the 
U.S. and European antidumping acts. A strong 
victory for Micron coiild flatten somewhat the 
fixst-half 1993 price curves for standard 4Mb 
and 16Mb DRAMs. At the time of the confer
ence, we learned that the preliminary result 
should be available toward late October 
1992—an example of how legal decisions can 
be delayed and delayed again. 

Dataquest distinguishes standard DRAM from 
specialized DRAM. Standard DRAM are 
organized in the xl or x4 configuration and 
packaged in an SOJ, TSOP, or module. Special
ized DRAM include VRAMs, the so-called 
wide-word configiurations such as the x8 or 
xl6, and the host of emerging cache-DRAM, 
R-DRAM, and other niche products. Regarding 
pricing, the supplier base for specialized 
DRAM—^which is a growth segment—^will be 
somewhat more narrow and more likely to 
shift over time versus the standard DRAM 
supply base. 

In terms of price benchmarking, this means 
that users likely will pay higher prices and 
can expect a flatter price curve for specialized 
DRAM. For example, pricing for 1Mb VRAMs 
currently remains over $6.50, while standard 
1Mb DRAM moves toward $3. Standard 1Mb 
DRAM lead times range from 1 to 6 weeks— 
versus 3 to 20 weeks for 1Mb VRAM. Why? 
A 1992 surge in VRAM demand caught the 
entire market off guard. Dataquest expects 
1Mb VRAM supply-demand to return to 
balance during the first quarter or half of 

1993. The central point is that users of special
ized DRAM should prepare for higher pricing, 
flatter price curves, and periodic spot 
shortages. 

A Snapshot of Fourth-Quarter 1992 Pricing Trends 
A summary of the main fourth-quarter 1992 
price trends is that users should expect a com
petitive pricing environment with exceptions 
such as SMT standard logic, VRAM, EPROM, 
and gray-market pricing for the 80486 
processors. 

For 1993, however, the DRAM capacity outlook 
might tighten—and with it the entire IC 
supply-demand equation. The basic point is 
that for 1991 and 1992 most DRAM suppliers 
had adequate or more than adequate 4Mb 
DRAM capacity. Some Japan-based suppliers 
such as Toshiba publicly declared their inten
tion to sharply cut back on their original 
plans for DRAM capacity expansion. By the 
first half of 1993, the trend could be toward 
tighter DRAM supply and less competitive 
pricing. Even so, there is a wild card that 
could serve as coimterbalance to the capacity 
squeeze—^IBM. At this time, IBM is evaluating 
entry to IC merchant markets including the 
DRAM bvisiness. 

Emerging Technologies 
We now turn to emerging technologies such as 
flash memory and 3V technology. 

Just as DRAM suppliers see a profit cycle ahead, 
a competitive technology—especially so in porta
ble applications—emerges: flash memory. As 
Table 4 shows, prior to 1992 flash memory was 
viewed as a competitor to nonvolatile technolo
gies such as EPROM, and to a m.uch lower 
extent, DRAM. 

Table 4 
The History of an Emerging Teclinology 

Year 
1991 
1992 
Q4/92 

Technology 
Flash memory versus EPROM 
Flash memory versiis DRAM 
Flash memory supply-demand 

imbalance 
Souice: Dataquest (October 1992) 
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Flash technology was always the product of 
tomorrow—^to such an extent that Toshiba, the 
inventor, in effect ceded market growth responsi-
bihty to Intel During the first quarter of tlids 
year, Intel boldly, if not prematurely, announced 
that henceforth flash memory pricing would be 
com.petitive against DRAM on a price-per-bit 
basis. In effect, Intel wants system designers to 
benchmark long-term pricing parity between 
flash memory and DRAM. For 1992, Intel suc
ceeded dramatically in capturing market share 
of mind. However, the flash memory supplier 
base has not been able to keep balance with 
demand. For the rest of this year, lead times 
are stretching beyond 10 weeks and Intel has 
apparently put some users on allocation. With 
standard DRAM pricing quite competitive, the 
pricing angle fades from ttie attention of users 
that now have a somewhat jaundiced but still 
hungry appetite for flash memory. Despite the 
current supply-demand imbalance, flash memory 
represents a key emerging technology for the 3V 
systems that will proliferate in the worldwide 
markets during this decade. According to Nick 
Samaras, an analyst in Dataquesf s Semiconduc
tor Applications Markets service, AMDs 3V 
flash technology likely will be a market winner. 
Other suppliers such as TI and Hitachi will bat
tle AMD, Intel, and Toshiba for a leadership 
role. 

A Last Look at tlie RISC/CISC 'Tiling" 
Systems manufacttuers care mostly about 
system performance and software applications. 
They care much less about this RlSC-versus-
CISC "thing." Intel's next-generation 
processor—^fhe 'T5" or "586"—aims to drive 
CISC PC technology upward into RISC 
workstation applications. The P5 should be 
a wirmer. 

Even so, as shown at ISSCC 1992, systems 
manufacturers such as Digital Equipment and 
the Apple-IBM-Motorola alliance remain decid
edly uncomfortable with technology depen
dence on any single source, includybng Intel. 
Everyone will keep an eye out as IBM—the 
potential wild card in the entire semiconductor 
business including processors—continues to test 
the market with its boeird-level 80486 products. 
In turn, Intel has aces up its sleeve. During 
November 1992, the 80486SL device will ena
ble users to place a workstation in their lap. 
The Intel marketing campaign on the future-
generation "686" and "786" processors—or 
perhaps we should call them the 'T6" and 

"P7"—^has already started. Again, IBM could 
serve as a wild card supplier. Right now, IBM 
is testing the merchant market waters in the 
Silicon Valley with a board-level 80486 device. 

3V Technology Trends 
The current status of 3V semiconductors at press 
time was that the JEDEC standard JESD8.0 is in 
the approval process. This standard covers the 
so-called "unregulated" 3V products for those 
applications that can utilize a voltage supply 
range between 2,7V and 5.5V, thus extending 
battery life These devices are designed for por
table applications where speed is not as impor
tant as low power. "Unregulated" refers to the 
wide range of supply voltages not requiring a 
voltage regulator. The status of the "regulated" 
(3.3V ±10 percent, or 2.97V to 3.63V) volt JEDEC 
standcud is also moving along and could be 
approved within a month. 

Many of the current offerings of 3V devices are 
rescreened parts made under a 5V process. 
Except for in a few instances, (such as ultralow-
temperatura -20°C) these devices will meet the 
needs of most current 3V applications. Where 
high speed and low power are required, true 
3.3V designed parts (set to the pending "regu
lated standard") often are needed. Current price 
premiums range from plus 25 to 30 percent for 
rescreened 5V parts and at least 40 to 50 percent 
more for 3V designed parts, depending on the 
supplier. As the number of suppUers increases 
for these parts in 1993, the price premium differ
ence between rescreened and "true" 3V designs 
will diminish. 

The 3V trend is being driven by four main 
points, as follows: 

• Systems miniaturization 

• PortabiUty—extended battery life 

• Shrinking line widths 

• Faster access times 

As the size of systems gets smaller and smaller 
the need for more integration pushes for higher 
chip densities. Smaller systems are often porta
ble, reqinring batteries. TTue lower the supply 
voltage, the longer the battery life. As process 
geometries decline below 0.5 microns (higher 
chip density), voltages above 3.5V often short 
out circuits, so 3V circuits are being mandated 
by physics. With clock speeds of some micro
processors approaching upward of 50 MHz or 
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more, the combined need for speed and low 
power is driving 3V devices. Research is ongo
ing for even lower supply voltage devices. ITiese 
are long-term issues and will continue to push 
for 3.3V-and-lower devices. 

Dataquest Perspective 
This year's client survey highlights the need for 
continued focus on cost control and all of the 
issues needed to accomplish it. The concern of 
many semiconductor users over availability and 
lead times coincides with competitive pricing 
requirements and the instigation by many com
panies of formal benchmarking programs. Legal 
issues and supply status both will continue to 
affect the procurement of microprocessors and 
commodity memory into the 1993 time frame. 
Barring an imlikely strong resurgence of domes
tic Japanese demand, memory supplies in the 
upcoming months shoiold remain adequate, with 
predictable pricing. A key tmresolved issue is 
the impact if DRAM suppliers moderate 1993 
capacity plans. The microprocessor supply equa
tion is even more obtuse, but supply should 
become more competitive as 1993 progresses, 
especially in the x86 market. 

The emergence of flash memory technology and 
the overriding trend for lower voltages (tiiat is, 
3.3V) are being pushed by shrinking process 
geometries, the portability trend requiring batter
ies, shrinking process geometries, and the 
increasing speeds of systems. 

The 1993 economic outlook at best foresees 
moderate worldwide electronics growth com
pounded by competitive pricing. This environ
ment is conducive to the implementation of 
finance-driven cost control measures such as 
benchmarking. Semiconductor procurement oper
ations need to continue their cost-control pro
grams and enhance their efficiency by utilizing 
increased forecast discipline, regular price and 

delivery reviews with suppliers, and demanding 
no less than the absolute best quaKty level avail
able. Dataquest is now conducting a semicon
ductor ttser wants and needs survey as to what 
constitutes standards in these and other key 
areas of interest Dataquest plans to ship this 
report by the end of the year. 

By Ronald Bohn 
Mark Giudici 

News and Views 

Procurement Pop 
The book-to-biU ratio gathered for the National 
Electronic Distributors Association (NEDA) has 
risen to a strong 1.10 from an unseasonably 
st3x>ng July ratio of 1.08 (see Table 1). The con
tinued strength of the data processing market is 
keeping business brisk and the increase in 
inventory turns is ensuiing that the increased 
business is not catching dust on the shelf. 
Demand for some Intel microprocessors is so 
strong that the volume market price exceeds the 
asking price by Intel for 1,000-piece orders. The 
continvdng price wars at the system level are 
fueling this demand for semiconductors and dis
tributors are in a good position to provide users 
with product as market conditions continue to 
change. 

Table 1 
Book-to-Bill Ratio 

SIA Book-to-BiU 
NEDA Book-to-Bill 
NEDA Inventory 

Turnover Rate 

May 
1.11 
1.06 

4.20 

June 
1.14 
1.08 

4.19 

Jiily August 
1.08 1.08 
1.08 1.10 

4.12 4.17 
Source: NEDA/SIA 
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Regional Pricing Update 
DQ Monday Report: Volume Mean Pricing* 

Device Family 

74AC00 
74AC138 
74AC244 
74AC74 
Lead Time: (Weeks) 
4F00 
4F138 
4F244 
4F74 
Lead Time: (Weeks) 
7805-TO92 
CODEC-FLTR 1 
CODEC-FLTR 2 
Lead Time: (Weeks) 
DRAM lMbxl-8 
DRAM lMbx9-8 
DRAM 256Kxl-8 
DRAM 256Kx4-8 
DRAM 4Mbxl-8 
EFROM 1Mb 170ns 
EPROM 2Mb 170ns 
SRAM 1MB 128KX8 
SRAM 256K 32Kx8 
SRAM 64K 8Kx8 
Lead Time: (Weeks) 
68020-16 
80286-16 

80386DX-25 
80386SX-16 
R3000-25 
Lead Time: (Weeks) 

United States 
0.18 
0.28 

0.42 
0.24 

4 
0.11 
0.15 

0.22 
0.13 

4 
0.13 
1.73 
3.95 

6 
2.98 

28.50 
1.13 
3.00 

10.78 
3.03 
6.45 

10.90 
3.28 
1.68 

4 
27.00 
6.88 

90.00 
38.50 
94.50 

2 

Japan 
0.17 
0.31 
0.43 
0.20 

3 
0.11 
0.17 

0.26 
0.14 

4 
0.15 
1.99 
4.30 

3 
3.12 

29.57 

1.56 
3.16 

10.54 
3.16 
6.48 

10.49 
3.16 
1.56 

4 
29.57 

9.12 
99.23 
42.93 

101.26 
7 

Europe 
0.15 
0.24 
0.37 
0.18 

12 
0.10 
0.14 

0.21 
0.12 

4 
0.11 
2.50 
5.00 

6 
3.00 

25.50 
1.50 
3.00 

10.70 
2.70 
4.30 
9.25 

3.20 
1.55 

4 
26.00 
10.00 
94.00 
45.00 
80.00 

4 

Taiwan 

0.12 
0.23 
0.34 
0.14 

4 
0.11 
0.14 
0.24 
0.12 

4 
0.09 
1.60 
4.25 

3 
2.70 

28.00 
0.75 
2.70 
9.50 
2.20 
3.60 
9.00 
3.70 
1.45 

4 
32.00 

8.00 
78.00 
40.00 

Korea 
0.15 
0.22 
0.37 
0.16 

5 
0.10 
0.15 
0.24 
0.11 

5 
0.15 
1.45 

2.85 
28.50 

1.05 
2.85 

10.00 
2.40 
4.70 
7.90 
3.15 
1.10 

4 

6.90 

70.00 
37.00 

*Prices in U.S. dollais 
Source: Dataquest (September 1992) 

September 28,1992 ©1992 Dataquest Incotpotated SPWW-SVC-DP-9209 



Semiconductor Procurement 

Market Analysis 

September Procurement Pulse: Orders, 
Inventories Decline while Lead Times 
Remain Steady 
The Procurement Pulse is a monthly update of 
critical issues and market trends based on 
surveys of semiconductor procurement 
managers. This article explains what the semi
conductor iciventoiy and onier changes mean to 
semiconductor users. 

Semiconductor Order Rate Expected to Slip 
wliile Overall Prices Stabilize 
The overall semiconductor order rates of this 
month's respondents for September again axe 
expected to decline about 16 percent compared 

with last month (see Figure 1). This lowering of 
order levels directly corresponds with the 
seasonally affected lower system sales noted last 
month by some of the current noncomputer 
company respondents. Even though the respon
dents' system sales levels are slightly down for 
August, the overall six-month outlook for 
system sales improved from 8.0 percent noted 
last month to a cturent 9.1 percent forecast now 
through the end of March 1993. The computer 
segment of the survey buoyed the overall 
six-month forecast average from last month's 
6.25 percent six-month outlook to a 9.0 percent 
average forecast reported as the latest computer 
update. 

Prices on average are expected to remain flat 
with last month; one respondent noted an 
average price increase since then. This is 

Figure 1 
Averaged Monthly Semiconductor Orders 

Order Index. 12/88=100 

hf: 

Gays 
40 

4/92 5/92 6/92 7/92 8/92 9/92 

Figure 3 
Actual vs. Target Inventory Levels 

(All OEMs) 

Current Actual 

8/92 

Figure 2 
Averaged Semiconductor Lead Times 
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Figure 4 
Actual vs. Target Inventory Levels 

(Computer OEMs) 
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Source: Dataquest (September 1992) 
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primarily because of shortages in SMT standard 
logic and selected analog devices. Overall prices 
have stabilized as demand continues to slowly 
build in the United States across the board, but 
mainly in the data processing segment of the 
market. Capacity to meet incremental demand 
increases remains available to meet long-term 
commitments, yet many suppliers are chary to 
commit capacity to newfound aistomers without 
a probationary lengthened lead time. The SOIC 
standard logic situation continues to cause 
headaches, as the major suppliers add back-end 
test capacity that is expected to alleviate alloca
tions by the November/December time frame. 
Look to long lead times and higher prices for 
these parts in particular for the next few 
months. In addition to SMT logic, other 
problem products noted this month were ASICs, 
analog, and some discrete devices in surface 
mount packages. Emphasizing the svirface 
mount problem is that nearly three-fourths 
(72.7 percent) of the respondents noted problems 
with surface mount device availability. 

Semiconductor Lead Times Again Slip Under 
10 Weeks 
The 9.9-week average lead time shown in 
Figure 2 reflects the stable availability of large-
volume conrunodity memory, microprocessor, and 
DIP package logic devices. Lead times of up to 
26 weeks for some SOIC standard logic parts 
make the headlines, but the majority of logic is 
stiU shipped in DIP packages that have 4- to 
8-week lead times. Besides SMT logic, most 
products still have manageable lead times pri
marily because of a larger number of suppliers 
able to cushion demand fluctuations. Lead times 
in the United States (and the world) are stable 
in part becavise the level of Japanese demand is 
down, freeing suppUes planned for Japanese 
consumption to be used elsewhere. Although the 
Japanese market is stiU sluggish, when demand 
there increases then overall lead times will 
stretch out because most Japanese suppliers are 
not increasing long-term capacity at this time to 
account for a general market upturn. 

Inventory Levels Correct Themselves—Again 
Semiconductor inventory levels for both the 
overall and computer sample feU last month, 
thus highlighting that cost control is alive and 
well (see Figures 3 and 4). The overall targeted 
and actual semiconductor levels this month were 

15.4 and 23.0 days, compared with last nionth's 
respective 18.0- and 25.1-day levels. The com
puter company respondents averaged a targeted 
15.8- and an actual 21.0-day level relative to last 
month's respective 21.0- and 23.0-day target/ 
actual range. Inventory levels have almost cor
related with semiconductor order expectations, 
and this month is no exception. Availability of 
product is key to this tight inventory control 
Enstuing adequate deliveries requires consistent 
forecast/availability information exchange 
between user and suppher that has gotten better 
over the years, but there is always room for 
improvement. 

Dataquest Perspective 
The anticipated summer slowdown of 1992 has 
not occurred primarily for two reasons: Ready 
availability caused continued competitive pricing 
(for both semiconductors and systems); and 
rigorous cost control measures kept inventories 
low, forcing continual reordering to meet 
demand. Coverall electroiucs demand continues 
to grow slowly, with much of semiconductor 
growth now going to the data processing appli
cations for upgrades or low-end personal com
puter markets. As competition increases in this 
low-end market, prices for these systems wiU 
continue to fuel demand for the chips that go 
into them. The question arises, 'Tor how long?" 
VJith big players such as IBM, Compaq, and 
Apple entering the low-price fray, it is possible 
that price-fueled demand could continue 
through the end of the year and more likely 
through mid-1993. If Japanese demand picks up 
by then, the overall availability of semi
conductors may shift back to a sellers' market. 
Until then, though, Dataquest foresees good 
availability and predictable prices for the major
ity of semiconductors. As the 1993 contract ses
sions begin, being aware of "exogenous vari
ables" not directly impacting locad regional 
supplies of semiconductors should be included 
in contract decisions. 

By Mark Giudici 

i 
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Product Analysis 

Dataquest's Fourth Quarter 1992 
PerspecSve on Key IC Pricing Trends 
This article presents key results from Dataquesf s 
August 1992 North American bookings price 
survey. The economic backdrop is as follows: the 
North American economy remains sluggish as 
the November presidential election approaches. 
However, the IC business has not experienced 
the typical summer downturn. For example, lead 
times in general increased somewhat during the 
third quarter and—^notwithstanding recent press 
reports to the contrary—^DRAM pricing has not 
collapsed. 

This article will provide a second-half 1992 
perspective on pricing trends for devices that 
usually command less marketlike standard logic, 
ROMs, and SIMMs, although we will not ignore 
4Mb DRAMs nor 32-bit MPUs. The goal will be 
to present Dataquesf s perspective on the IC 
pricing scenario as the market moves to year-
end 1992—and to anticipate for users some 
likely market breaks as suppUers refine and 
revise 1993 product and pricing strategies. A 
snapshot use of product life cycle analysis will 
guide the assessments. 

(Survey information was collected by Data
quesf s Research Operations. For SPS clients that 
use the SPS On-Line service, the pricing 
presented here correlates with the quarterly and 
long-remge price tables dated September 1992. 
The price tables are available in the Source: 
Dataquesf document entitied North American 
Semiconductor Price Outlook: Fourth Quarter 1992, 
dated September 1992. For additional product 
coverage and more detailed product specifica
tions, refer to those sources.) 

Memory Trends 
The results of the quarterly price survey signal a 
continuation of competitive memory pridng in 
North America during the last qviarter of 1992. 
DRAM suppliers wOl resist, however, a collapse 
in pridng as we advised in the DQ Alert enti
tied "DRAM Advisory: Dataquesf s Latest Price 
Survey Signals Continued Price Erosion but No 
Fourth-Quarter Collapse!" dated August 21, 
1992. As noted there, the short-term strategy of 
some Japan- and North American-based suppli
ers of DRAMs focuses on profits—and not mar
ket share—^meeining resistance to a year-end 1992 
"lowball" pricing scenario. In addition. Micron's 
dvunping allegations against Korean suppUers 
continues to moderate against an aggressive 
downward trend in megabit-density DRAM pric
ing in North America (see Table 1 and Figure 1). 

Table 1 
Estimated Semiconductor Pricing Trends (Nortii American Booldngs, Volume Orders) 
(per Third-Quarter Survey of Pricing Trends) (Dollars) 

Part 
IMbxl DRAM 
80ns, DIP/SOJ 
4Mbxl DRAM 

80ns, SOJ 
32x8 SRAM 
100ns SOJ 
68040-25 
CPGA 
80486DX-33 
CPGA 

Estimated 
for Fourth 

Quarter 1992 ($) 
3.20 
3.45 
9.85 

3.90 

375.00 

325.00 

Estimated 
Fourth Quarter 

1992 Price Range ($) 
3.00 to 

3.45 
9.50 to 

10.40 
3.60 to 

4.00 
375.00 

325.00 to 
335.00 

First Quarter 
1993 Price ($) 

3.20 

9.00 

3.85 

350.00 

288.00 

Lead-Time 
(Weeks) 

1-6 

2-12 

4-9 

4-8 

6-8 

Note: This information coordinates with Dataquesf s quarterly forecast for 1992-1993 dated September 1992. 
Source: Dataquest (September 1992) 
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Figure 1 
DRAIW Price Trends (North American Booldngs; Volume: 100,000-200,000) i 

Price (Dollars) 
180-«fe! Note: This information coordinates with Dataquest's quarterly 

forecast for 1992-1993, dated September 1992. 

1Mb X 1 DRAM 80ns (DIP/SOJ) 
512K X 36 SIMM 80ns (24 pc) 

' 1MB X 36 SIMM 80ns (12pc) 

4Mb X 1 DRAM 80ns SOJ 
4Mb X 4 DRAM 70ns SOJ 

Source: Dataquest (September 1992) 

Life cycle analysis in part explains these fest 
SRAM pricing trends. 64K and 256K fast SRAMs 
now approach the peak stage of the cycle. 
Manufacturers have the fast SRAM manufactur
ing process vmder control, augmented by ade
quate capacity. For example, regarding price 
premivims based on speed or coixfiguration, 
Dataquest sees a disappearance of configuration-
based pricing differentials (for example, xl ver
sus x4 versus x8), although some premiums 
could recur periodically because of shifting sup
ply/demand patterns. A similar trend emerges 
regarding speed-based price premiums for 64K 
and 256K devices that operate at speeds of 
25ns through 45ns. As these products mature in 
terms of life cycle analysis, they move toward 
parity pricing. A similar trend is emerging at the 
1Mb density, although the pattern should 
become more clear to users during 1993. 

Figure 2 shows, however, that devices—of 
whatever density—that operate at speeds of 
15ns or faster still command healthy premiums. 
Why? These devices in effect are still in the 
growth stage of the life cycle and supported by 

G2001612 

a more narrow supplier base, for example, two 
to three proven suppUers in some cases. 

Slow SRAM Pricing? Keep an Eye on DRAM 
Price Trends 

Over the years, Dataquest has identified a 
relationship between DRAM and slow^ SRAM 
pricing that continues to hold: the symmetry 
and correlation—sometimes with a lag— 
between any given density of DRAM and 
the next lower density of slow SRAM, for 
example, 4Mb DRAM/lMb slow SRAM or 
1Mb DRAM/256K slow SRAM. Typically, the 
slow SRAM product price is somewhat higher 
than that of the corresponding DRAM price, 
but clearly within the same range. The reason 
is that DRAM suppliers that also produce 
slow^ SRAMs—^traditionally, vertically integrated 
Japan-based suppHers joined more recently by 
vertically integrated Korea-based suppliers—can 
shift capacity back and forth with a lag 
between a given density of DRAM and the 
lower-density slow SRAM, which translates 
into parallel price trends. 

i 

i 
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Figure 2 
Fast SRAM Price Trends (North American Booldngs; Volume: 20,0(X3; PDIP) 

Price (Dol lars) 
^ T f 

50-

4 0 -

3 0 -

Note: This information coordinates with 
Dataquest's quarterly forecast for 
1992-1993, dated September 1992. 

Q1 
^ 1 ^ 
Q2 Q3 

1992 

T-
Q4 Q1 Q2 

^ ^ 
Q3 Q4 

1993 

16Kx4SRAI\/I25ns 

32K X 8 SRAM 35ns 

32Kx8SRAM12ns 

128Kx8 SRAM 25ns 

>-«- 256K X 4 SRAM 20ns 

Source; Dataquest (September 1992) 

In terms of product life cycle analysis, for 
users of slow SRAMs in the growth stage 
(1Mb devices for 1992-1993), the DRAM price 
trend often can provide—one or two quarters 
in advance—a "preview" of the slow SRAM 
price trend. 

For users of slow SRAMs in the mature stage 
(256K devices for 1992), the corresponding 
DRAM price trend (here, the 1Mb device) can 
provide a signal of how low suppUers might 
be able to go in terms of slow SRAM pricing. 
For example, the low-end of the fourth quarter 
1992 price range as shown in Table 1 is con
servative. Information from Dataquesf s SPS 
On-Line service shows that pricing for 32Kx8 
slow SRAM already approaches the $3 level in 
North America—^which is close to the low end 
of the 1Mb DRAM price range. 

What's Happening in the ROM Business? 
Most major North American users of ROM 
demand high-speed devices that operate at a 
speed of 120ns and faster, while the Japan-
based supplier base historically has geared 

GE001613 

output to demand from video game 
manufacturers—^who use slower-speed parts. 
The supplier base appears to have shifted 
more of its effort to the higher-density/higher-
speed devices, leading to some recent reports 
of more aggressive pricing in North America 
for users of the high-performance parts. Sharp 
has positioned itself to protect and expand 
its stake in the North American market. 
Dataquest will continue to monitor develop
ments in this segnient as ROM suppUers make 
fourth qtiarter 1992 decisions regarding 1993 
plans. 

EPROf/l versus Flash Memory versus DRAM 

Intel's 1992 leapfrog strategy in flash 
memory—^higWighted by the second quarter 
effort to position flash pricing against DRAM 
pricing in long-term theory if not current 
reality—continues to reverberate through the 
nonvolatile mem^ory user/supplier community. 
At press time, lead times for higher-density 
flash memory had increased to a range of 
6 to 10 weeks—^with reports that the relatively 
small suppher base was coping to meet 

SPWW-SVC-DP-9209 ©1992 Dataquest Incoiporated September 28,1992 



Semiconductor Procurement 

mounting North American demand. VJiih Intel 
moving from the EPROM marketplace, the 
likelihood of a fourth quarter 1992 EPROM 
supply base disruption becomes likely. 

The flash product technology stands at the 
early stage of the technology life cycle, 
although some sub-lMb density devices in 
effect already approach the maturity stage. 
Flash memory represents a key growth product 
technology for the 1990s and beyond—and 
certainly for 1993. 

Regarding suppliers, most suppliers of nonvol
atile memory claim a commitment to a flash 
memory product portfoUo— îf not this year and 
quarter, then next year, or the year after. Less 
humorously, though, these suppliers are under 
great pressure as the year 1992 ends to refine 
tiieir flash memory and EPROM product strat
egies because many suppUers run the risk of 
permanently falling behind Intel, the early 
market leader. Advanced Micro Devices' 
(AMD) 3V product appears to be the most 
serioxis threat to Intel's market leadership 
position at this time. 

For the fourth quarter of 1992 and early 1993, 
Intel's de-emphasis of EPROM could leave 
some EPROM xisers—and also suppliers— 
figuratively twisting in the wind. The EPROM 
product technology has somewhat suddenly 
started a rapid "aging" process. As Intel 
departs the market, it will make some depart
ing shots in terms of low-level EPROM 
pricing—^which for remaining suppliers could 
throw gas onto smoldering EPROM prices. 
More likely, EPROM suppliers will resist an 
aggressive pridng scenario as the year 1992 
ends. Should EPROM lead times stretch some
what, pricing shovild firm for major buyers 
and might rise on the spot market. Regardless, 
during the fotirth quarter of 1992 users should 
give serious consideration to their post-1992 
and -1993 commitment to the EPROM product 
technology—especially with the clear applica
tions trend being toward portable systems that 
in effect mandate 3V memory cards. 

Standard Logic: Decline versus Growtit 

Figure 3 shows long-iange standard logic price 
trends for products in the PLCC package. 
Pricing for bipolar families generally should be 
flat but at competitive levels. Survey results 

indicate a continuing if not steep decline in 
pricing for CMOS-based devices. Life cycle 
analysis supports this forecast—^the bipolar 
products are now^ moving toward or through 
the decline stage while ti\e AC and BiCMOS 
families are stiJl in the growth or maturity 
stage. 

Users of bipolar standard logic in the SOIC 
package should expect firm pricing or a price 
increase in the case of some suppliers. There 
are two reasons for this trend. First, pricing 
for many bipolar products already stands near 
the break-even level, meaning marginal busi
ness opportunity at best for suppliers. Second, 
suppliers of standard logic wfll focus more on 
profitability and less so on market share dur
ing the second half of 1992 and for 1993. The 
emerging strategy by key standard logic sup
phers especially of the older bipolar parts is 
as follows: users that truly need SOIC parts 
must pay for the increased cost suppliers incur 
by allocating capacity for SOIC assembly and 
test. Users that buy standard logic in the 
SOIC package on the spot market must brace 
for erratic pricing trends for the next half year. 
Users that pttrchase by contract order should 
consider a longer-term arrangement, for exam
ple, one- or two-year contracts at a flat price. 

Brutal Gate Array Pricing Trends 

As shown by the recent financial travails of 
LSI Logic, pricing for commodity- t j^e gate 
arrays and ceU-based ICs remains brutally 
competitive in North America. For example, 
for mainstream density arrays—between 7,500 
and 20,000 gates— în a volume of 50,000 vmits 
or more, some 1992 price quotes excluding 
NRE hover near the 30 miUicent-per-gate leveL 

In terms of life cycle analysis, these are 
mature devices in a market segment that con
tinues to experience recession. For a recent 
detailed look at ASIC life cycles and the sup-
pher base, see "The User's View on ASICs— 
Is Supply Base Contraction Ahead?" in the 
Semiconductor Procurement Dataquest 
Perspective dated August 24, 1992. LSI Logic 
announced its intention during August 1992 to 
focus on higher-density/higher-performance 
segments, which may ease North American 
gate array pricing competition in North 
America somewhat during 1993, but not before 
year-end 1992. 

i 

i 

i 
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Figure 3 
Long-Range Standard Logic Price Trends (North American Bookings; Volume: 100,000; PLCC) 

Price (Dollars) 
0.8-

74 F 244 - A - 74 AC 244 

74HC244 - • - 74ALS244 

74 AS 244 

74 BC 244 

0 .7-
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0.4-

0.3-

0.2 ? 
1992 

I 
1993 1994 1995 1996 

Source: Dataquest (September 1992) 

PLDs 
Although recent reports of the death of bipolar 
PLDs remain a bit premature, the market 
move is dearly toward the CMOS technology. 
As with bipolar standard logic, bipolar PLDs 
carry an "aged" product connotation in terms 
of company 1993 product strategies. Suppliers 
of bipolar devices miust carefully evaluate their 
ability to earn a profit in this marketplace, 
meaning a gradual de- emphasis during 1993 
and perhaps more abruptly so thereafter. The 
supplier base for high-speed CMOS parts that 
operate at a speed of faster than 10ns aims to 
price these devices equal to if not lower than 
the traditionally lower-priced bipolar 
alternative. 

Microprocessors: Legal and Other Trends 
Price forecasting for 32-bit MPU increasingly 
calls for a review of supphers' legal dockets. 
For example, AMD and Intel were scheduled 
to meet twice in court dioring the September. 
An early September case date involves AMD's 
effort— unlikely—to overturn or otherwise 
minimize the effect of Intel's victory in the 
federal 287 microcode case. The second case 
concerns Intel's effort to have a federal court 
proceed with Intel's intellectual property claims 

G2001614 

against AMD for alleged 386 microcode 
violations—^notwithstanding the 386 remedy 
granted to AMD by California state courts via 
file arbitrator's decision. Intel's action is more 
likely to succeed—^which would eventually 
threaten AMD's "right" to the 386 technology. 

The September 1992 docket barely describes 
the hst. For example, Intel might be headed 
toward the U.S. Supreme Cotirt because of an 
apparent federal court judicial split in cases on 
the right, if any, of Intel's foundry partners 
and/or Intel's foxindiy partners' partners to 
X86 technology. Also, the U.S. Federal Trade 
Commission investigation quietly proceeds. 

A Fourth-Quarter Step Function Down in 80486DX 
Pricing? 
Against this backdrop. Figure 4 show^s 
Dataquest's estimate of the 80486DX price 
curve based on the results of SPS August 1992 
price survey. Since the midyear victory in the 
287 microcode case, Intel has geared itself for 
the rest of 1992 to protect the 80486DX price 
structure in order to maintain corjjorate 
revenue and profit goals. The figure also 
presents the forecast on 80486DX, 80486SX, 
and 68040 pricing—and a first look at 
the 1993 curve for the as-yet-unnamed 
"586" device. 
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Figure 4 
32-Bit MPU Price Trends (l\lorth American Booldngs; Volume: 1,000-5,000; CPGA) i 

Price (Dollars) 
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Note: This information coordinates witti Dataquest's quarterly forecast for 1992-1993, dated September 1992. 
* Includes cache memory on chip, volume of 100-1,000 for the first quarter of 1993, estimated but not by survey. 

Source: Dataquest (September 1992) 

In last quarter's price report, we stated that 
"(f)or the second half of 1992, Intel has at 
least three options: first, to slash 486DX 
pricing before or during the anticipated late 
third quarter/fourth quarter 1992 introduction 
of the "586" part; second, to slash 486DX 
pricing after the introduction of the "586" 
part—toward the end of 1992; or third, to not 
aggressively cut 486DX pricing till 1993 or 
later. 

"An examination of the assvimptions behind 
Dataquest SPS's long-range X86 price forecast 
indicates that Intel wiU pursue the second 
option. This approach would enable Intel 
to enjoy higher 486DX pricing for most of 
1992 and also to protect the "586" price 
curve—should that be Intel's intent for this 
year—^wlule still allowing an ultimate response 
to merging competition in the 486DX 
marketplace." 

Our viewpoint this quarter remains consistent 
with last quarter. Dtiring the fourth quarter of 

i 
G2001615 

1992, for example, the November-December 
time frame, Intel likely will ease pricing on 
the 80486DX femily of parts. A similar 
scenario occurred with 80486SX pricing dviring 
May 1992 for pricing effective the third 
quarter. 

The underl5dng rationale is that, for Intel, the 
mainstream 80486DX-33 device now 
approaches the maturity/saturation stage of 
the Ufe cycle— în Intel's strategic eye if not the 
market's mind. The 80486DX2 series stiU 
moves through the growth stage, but Intel 
now wants to position leading-edge users for 
a first-half 1993 migration to the successor 
"586" (also known as P5) product. 

Intel Will Not Go Gently into the Night with Its 
80486DX Price Cut 

Shoxild Intel cut 80486DX pricing as the year 
1992 ends, Intel is hkely to duplicate its 
approach to the 80486SX price cut—a blaring 
well-publicized action during the middle of i 
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the quarter (that is, November) for pricing 
effective the next quarter, being Jantiary of 
1993, regaixiing the 80486DX products. This 
approach wiU enable it to protect the 80486DX 
price curve for the remainder of 1992, yet also 
create considerable uncfertainty for users as 
they make critical fourth-qiiarter decisions 
regarding the possible use of other MPU alter
natives. Intel is not likely to quietly cut 
80486DX pricing, as occurred recently with the 
muted announcement of the 80386SL price 
drop. 

What about Motorola's 68040? 
In the midst of all the X86 legal/marketing/ 
pricing noise, we should also note that Motor
ola has been making some impressive strides 
during 1992 with its 68020, 68030, and 68040 
family of products. For example. Motorola 
reports robust demand for the 68040 and 
68EC040 devices. For Motorola, the 68040 
product did not move through the early 
growth stage in line with the original expecta
tion. However, the length of the life cycle now 
starts to conform with the company's original 
expectations—^which call for a cycle that 
extends into the latter half of this decade. 

Dataquest Perspective 
As the year 1992 moves to a close, semiconduc
tor suppliers are evaluating and adapting their 
product strategies for a North American market 
that appears headed upward. As suppliers antic
ipate 1993 revenue and profit growth, however, 
tiiey will encoimter a North American purchas
ing commtmity under enormotis organizational 
pressure to achieve the best possible market 
price for critical devices—^with users' 1992 and 
1993 performance evaltiations in some cases 
directily tied to the price paid for these products. 
For the rest of 1992 and beyond, "bench 
marking"—based on inquiries received by SPS 
analysts—should take on hallmark status in the 
IC user lexicon. 

Some leading suppliers of 4Mb DRAM that 
predicted worldwide shortages during 1992 con
tinue to call for a shortage—^but six months later 
than originally expect, or the first half of 1993. 
Dataquest does not foresee this scenario. 
However, we do not blindly ignore the 
perspective of industry players with 20-years-
plus experience. For example, the preliminary 
resiolt should be known by the end of September 
1992 of the investigation by the Intematicmal 

Trade Commission/U.S. Department of 
Commerce into Micron's dum.ping complaint 
against Korea-based suppliers. Shoiald a 
dumping penalty in excess of 5 percent be 
imposed on Korean suppHers—and at this time 
we do not know what the preliminary resvilt 
v ^ be—then Korean suppliers likely will re
evaluate their 1993 position in the North Ameri
can market. As always, the specter of a DRAM 
shortage continues to pervade flie volatile North 
America DRAM marketplace and especially as 
first-tier Japan- and North American-based 
suppliers re-evaltiate their 1993 capacity plans. 

As noted, pricing should remain quite com
petitive for growth products such as CMOS 
PLDs, 0.8-micron gate arrays, and 1Mb 
SRAMs. Recent lead-time extensions (see the 
"Procurement Pop" elsewhere in this document), 
however, augtir potentially unsettling market 
conditions not only for users of older product 
technologies such as EPROMs and bipolar stan
dard logic but also newer technologies such as 
flash memory and video RAMs. Major buyers 
likely will experience some supply base 
headaches such as tmfevorable lead times—and 
suppliers might try to increase some prices—but 
users that purchase on a contract-volume basis 
should largely avoid the havoc that may soon 
hit gray market players. 

By Exmald Bohn 
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News and Views 

Procurement Pop 
The information in Table 1 compares lead times 
for a host of critical devices as reported by par
ticipants in the SPS qxiarterly svirvey during 
August 1992 versus February 1992. Semiconduc
tor users shottld be aware that the general 
second-half 1992 trend toward longer lead times 
continues and becomes more ominous. Not all 
lead times are increasing. For example, the lead 
time for Motorola's 68040 device has contracted 
dramatically over the past half year. Even so, 
several recent reports to SPS analysts indicate 
longer lead times for users of EPROMs and flash 
meniory. The 1Mb VRAM supply constraint has 
not been alleviated, although supply shovild 
move more in line with demand as the year 
ends. 

Table 1 
Estimated Semiconductor Lead-Time Trends (North American 
Bookings, Volume Orders) 
Lead Time (Weel<s) 

Part 
February 

1992 
versus August 

1992 
256Kx4 VRAM 
100ns, ZIP 
4Mbxl DRAM 
80ns, SOJ 
74ASXX PLCC 
128Kx8 Flash 
Memory, 150ns 

TSOP 
CMOS PLD, 7.5ns 
PDIP/PLCC 24-pin 
68040-25 CPGA 
80486DX-25 
CPGA 

8-12 

2-10 

0-7 
4-12 

4-10 

14-20 
6-8 

3-20 

This infonnation coordinates with Dataquest's quarterly forecast 
for 1992-1993 dated September 1992. 

Source: Dataquest (September 1992) 

Inquiry of tlie IMontli 

Semiconductor Procurement Inquiry 
Highligtits 
Q. What are the military price conversion mul
tipliers for parts in the Quarterly Price Survey? 

A. See Table 1. 

Table 1 
Military Price Conversion for Quarterly Price Survey Parts 

883/SMD 
Product Multiplier 
STD Logic (10,000 Units) 

LS245 
HC245 

DRAM (10,000 Units) 
IMbxl-lOOns 

SRAM (10,000 Units) 
8Kx8-120-150ns 
8Kx8-45ns 

Microprocessing (1,000 to 
5,000 Units) 

68000-8 MHz 
80286-10 MHz 

i 

5.6 
5.9 

8.0 

11.8 
6.3 

21.9 
35.8 

i 
2-12 Source: Dataquest (September 1992) 

8-10 
6-10 

1-20 

4-8 
6-8 

i 
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Errata 
Table 2 in the article entitled "Semiconductor 
Cost Trends 1992" in the Semiconductor Procure
ment Dataquest Perspective dated July 27, 1992 
contained incorrect data. The corrected Table 2 can 
be found on page 14 of this document. 

\ 

\ 
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Conference Announcement 

Dataquest's 18th Annual Semiconductor Industry Conference 

Each October, Dataquest brings together the top executives in the electronics industry for a 
forum on the latest issues facing this industry. This year's conference will focus on today's 
semiconductor marketing and technology issues, and preview tomorrow's major semicon
ductor applications that are Fueling the Engines for Growth. 

Highlights of the conference are as foUows: 

• Special guest speaker: David Packard, Cofounder and Chairman of the Board of Hewlett-
Packard, 

• Eleven top industry executives sharing their insightful perspectives, real-world 
experiences, lessons, and bottom-line analyses. 

• Two interactive panel discussions covering ASICs and strategic processor directions. 
Panels will be moderated by Dataquest and feature key industry leaders. 

• Four breakout sessions presented by Dataquest senior analysts. The sessions will focxis on 
manvtfacturing trends, semiconductor procurement issues, and two emerging appUcations 
areas: personal information and communications devices (PICDs), and multimedia. 

In addition to the presentations and panel disciissions, this year's agenda has been designed 
to allow social time for conferring with your peers on the critical issues and challenges fac
ing the industry. You'll find the two days interesting, very informative, and, ŵ e hope, 
thoroughly enjoyable. 

Seats are limited for this premier semiconductor event. To register for this conference, or to 
request a complete conference agenda, please call ovir toU free nvunber, 1 (800) 457-8233, 
today! 

Semiconductor Industry Conference 
Monterey Conference Center 
Monterey, California 
October 5 and 6, 1992 
Dataquest Client Rate: $1,095 
NoncUent Rate: $1,295 

Conference Registration Desk 
Telephone (ToU Free): 1 (800) 457-8233 
Telephone: (805) 298-3262 
Fax: (805) 298-4388 
18265 Soledad Canyon Road 
Canyon Country, CA 91351 

i 

i 

For More Information . . . 
On the topics in this issue Mark Giudici, Director (408) 437-8258 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest pubHcations (408) 437-8285 
Via fax request (408) 437-0292 

The content of this report represents our interpretation and analj^is of information generally available to the public or released by responsible individuals 
in the subject companies, but is not guaranteed cis to accuracy or completeness. It does not contain material provided to us in confidence by our clients. 
Individual companies reported on and analyzed by Dataquest may be clients of this and/or other Dataquest services. This information is not furnished in 
connection with a sale or offer to sell securities or in connection vrith the solicitation of an offer to buy securities. This firm and its parent and/or their 
officers, stockholders, or members of their families naay, from time to time, have a long or short position in the securities mentioned and may sell or buy 
such securities. i 
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Regional Pricing Update 

DQ Monday Report: Volume Mean Pricing* 

Device 
Family 
74AC00 
74AC138 
74A.C244 
74AC74 
Lead Hme: (Weeks) 

4F00 
4F138 
4F244 
4F74 
Lead lime: (Weeks) 

7805-TO92 
CODEC-FLTR 1 
CODEC-FLTR 2 
Lead Time: (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 
DRAM 256Kxl-8 
DRAM 256Kx4-8 
DRAM 4Mbxl-8 
EPROM 1Mb 170ns 
EPROM 2Mb 170ns 
SRAM 1MB 128KX8 
SRAM 256K 32Kx8 
SRAM 64K 8Kx8 

Lead Time: (Weeks) 

68020-16 
80286-16 ' 

80386DX-25 
80386SX-16 
R3000-25 
Lead lime: (Weeks) 

United 
States 

0.18 
0.28 
0.43 
0.24 

3 

0.11 
0.15 
0.22 
0.13 

3 

0.14 
1.75 
4.05 

6 

2.95 
30.00 

1.10 
2.95 

10.90 
3.03 
6.53 

11.15 
3.10 
1.65 

4 

27.25 
7.15 

93.50 
41.50 
94.50 

2 

Japan 
0.15 
0.29 
0.40 
0.18 

3 

0.10 
0.18 
0.24 
0.12 

4 

0.15 
1.81 
3.91 

3 

2.87 

28.52 
1.42 
2.89 
9.98 
2.93 
5.99 
9.87 
2.96 
1.43 

4 

28.13 
8.22 

98.62 
41.27 

104.09 
7 

Europe 
0.15 
0.24 
0.37 
0.18 

12 

0.10 
0.14 
0.21 
0.12 

4 

0.11 
2.50 
5.00 

6 

3.20 
25.50 
1.55 
3.20 

10.80 
2.60 
4.55 
9.25 
3.20 
1.55 

4 

26.00 
10.00 
94.00 
45.00 
80.00 

4 

Taiwan 
0.14 
0.22 
0.34 
0.18 

4 

0.09 
0.13 
0.20 
0.10 

4 

0.09 
1.60 
4.25 

3 

2.90 
30.00 

1.00 
3.10 

10.50 
2.50 
4.50 

11.50 
3.00 
1.20 

4 

32.00 
8.00 

78.00 
40.00 

Hong 
Kong 

-

Korea 
0.14 
0.21 
0.36 
0.17 

5 

0.09 
0.14 
0.23 
0.11 

5 

0.11 
1.45 

3.00 
28.50 

1.05 
3.00 

10.40 
2.40 
4.70 

3.10 
1.10 

4 

6.90 
70.00 
37.00 

•Prices in VS. Dollars 
Source: Dataquest (August 1992) 
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Market Analysis 

August Procurement Pulse: Orders and 
Lead Times Stabilize, While Inventories 
Remain Controlled 
The Procurement Pube is a monthly update of 
critical issues and market trends basad on sixr-
veys of semiconductor procurement managers. 
Tlds article explains what the semiconductor 
inventory and order changes mean to semicon
ductor users. 

Semiconductor Order Rates Dip, but Long-Term 
Trend is Stiil Up 
Although the outlook for semiconductor orders 
is lower than it was last month, the overall six-
month trend remains positive at a time when 

summer slows normally accelerate a seasonal 
decline in order levels (see Figure 1). The 5 per
cent decline in order activity from Jvdys hig^ 
level is stiU close to 21 percent (20.9 percent) 
over June expectations. Many of the suppliers 
that Dataquest has spoken with also see the rela
tively positive order outlook. Along with the 
semiconductor order outlook, the system sales 
expectations for tiie next six months remains 
positive, rising from last month's overall forecast 
of 6.8 percent to 8.0 percent for the next six 
months through February 1993. The computer 
subset also has raised its sales expectations to 
6.25 percent, up from last month's 4.0 percent 
forecast. 

Overall prices are expected to fall by 2.1 percent 
from last month, resiiming the trend that was 
stalled because of the Micron ITC complaint 
over Korean DRAM dumping. Memories and 

Figure 1 
Averaged Monthly Semiconductor Orders 
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Averaged Semiconductor Lead Times 
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ASICs are leading the price declines, while 
selected 386 microprocessors also have seen 
aggressive price cuts. On the other side of the 
availability/price coin is the continiiing problem 
of sur^ce mount standard logic combined 
recently with some high-end 386/486 micropro
cessor products. The SOIC standard logic short
age apparently is being caused by suppliers that 
do not expect to see large demand in this pack
age t3rpe later being swamped by vmforecast 
demand in the short one- to two-month period 
that began in May. The vmcertainty of a return 
on additional SOIC test capacity costs weighed 
heavily in the supplier decisions, the conse
quences of which are now being felt. Prices for 
diese SOIC parts now take an additional 5 per
cent over similar DIP product. For the first time 
in recent memory, selected high-end X86 micro
processors are becoming difficult to obtain 
without solid forecasts primarily because of 
demand for system upgrades. 

Lead Times Seesaw Up to 10.4 Weeks 
This month's respondents noted an average 
lead time of 10.4 weeks, an increase from last 
month's reported 9.8 weeks (see Figure 2). 
Although commodity memory products, DIP 
standard logic, and sub-33-Nffiz microprocessors 
remain readily available, there are some 
products with lengthening delivery schedules. 
Lead times of up to 26 weeks for selected SOIC 
logic devices have been quoted, with an average 
of 12 to 16 weeks now normal. DIP packaged 
logic parts still have lead times under 8 weeks, 
highlighting the need for SMT test capacity for 
these devices. T092 packaged discrete parts also 
have extended lead times as high as 20 weeks 
for some parts. Both of these situations revolve 
around a contracted supply base that was not 
given adequate notice of short- and long-term 
demand trends. Common sense dictates that the 
smaller the number of suppliers, the longer and 
more accurate forecasts need to be. The longer 
lead time (12-plus weeks) situation with high-
end Intel X86 microprocessors is now isolated to 
some users, but again highlights the need for 
accurate forecasting when the number of suppli
ers is low. Dataquest is also hearing of isolated 

longer lead times for some wide-word 4Mb 
DRAMs that should be rectified within one to 
two months, if not sooner, because of current 
available memory capacity levels. 

Inventory Levels Bounce Up Two Days—Not a 
Big Deal 
Although inventory levels for both the overall 
and computer sample rose slightly since last 
month (see Figures 3 and 4), tiie delta between 
target and actual has declined. The overall tar
geted and actual semiconductor levels for this 
month were 18.8 and 25.1 days, compared with 
last month's respective 17.0-and 22.9-day levels. 
The computer respondents averaged a targeted 
21.0- and actual 23-day level relative to last 
month's 18.8- and 21.6-day target/actual range. 
While rising inventories often correspond with 
rising sales, some inventory build may be due to 
critical component inventory that recentiy had 
lead times stretch. Increased popularity in long-
term contacts is being noticed for many semi
conductors while users with procurement mixes 
of both street and contract pricing are shifting 
more of their total buy to contracts. 

Dataquest Perspective 
The summer of 1992 is so far breaking pattern 
with most, if not all, previous summer month 
slowdowns in business activity. Inventory levels 
waver between 20 and 30 days while overall 
availability remains very good. Although there 
are continued supply glitches in SMT standard 
logic and selected discrete and high-end X86 
microprocessors, the overall market in North 
America continues to grow at a healthy pace. 
End market demand forecasts remain steadily 
positive with no large swings up or down to 
give credence to extended shortage scenarios 
often heard beginning at this time of the year on 
through November. Contract negotiation season 
is fast approaching and expected demand levels 
warrant dose attention paid to those semicon
ductors that have limited numbers of suppliers 
and are critical to system manufacture. 

By Mark Giudid 
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Product Analysis 

The User's View on ASICs—Is Supply 
Base Contraction Ahead? 
This article is based on Dataquesf s final esti
mate of suppliers' 1991 application-specific IC 
(ASIC) market shares and related information 
and examines the technology life cycle for ASIC 
products as of Augtist 1992. It also provides 
users with an evaluation of the supply/supplier 
base for these ICs during the 1990s. TTte primary 
focus will be MOSXBiCMOS gate arrays, but 
will include assessments for users of bipolar 
arrays and MOSXBiCMOS CBICs. 

This report provides ASIC users with practical 
and strategic information for choosing devices 
to use, and from which supplier or suppliers. 
This article contains three sections, as did other 
articles in this product trends series. The first 
section develops a gtiide to cost-effective, long-
term procurement by analysis of the ASIC tech
nology migration path. The second section 
examines the product strategies, merchant/ 
captive market postures, strategic alliances, and 
fab networks of the leading ASIC suppliers. The 
thini section combines the analyses of ASIC Ufe 
cycles and the supplier base. This formation 
gives visers a practical way of assessing their 
ability to obtain a supply of these devices from 
the various suppliers during the 1990s. The goal 
of this report is to enable users to develop a 
sovmd strategy for satisfying ASIC demand on a 
consistent cost-conscious basis over the long 
term, despite shifts in supplier base. 

Definitions 
An ASIC is a logic product customized for a sin
gle user. Dataquest defines ASICs as including 
gate arrays, cell-based integrated circuits 
(CBICs), programmable logic devices (PLDs), 
and fuU-custom ICs. Gate arrays are defined as 
semicustom digital or linear/digital ICs contain
ing a configuration of vincommitted logic ele
ments, which are customized by interconnecting 
the logic elements with one or more routing lay
ers. CBICs are digital or mixed-linear/digital ICs 
that are customized using a full set of masks; 
the product consists of precharacterized cells or 
macros including standard cells, megaceUs, and 
compilable cells. 

At the outset, we should note that the ASIC 
supplier base—especially suppliers of MOS gate 

arrays and CBICs—^has been under intense com
petitive presstue for the past several years. The 
wide suppUer base for MOSXBiCMOS gate 
arrays means intense supplier competition— 
augmented by competition ft-om alternative 
ASIC choices such as programmable gate arrays, 
a type of PLD. For suppUers of MOS/BiCMOS 
gate arrays, the business has not been especially 
profitable, with suppliers eyeing each other for 
potential market departures. 

Section 1 : ASIC Technology Life Cycles 
This section vises information on ASIC product 
life cycles as a guide to assist users in adjusting 
to forces affecting the marketplace over both the 
short and long term. To some extent, an ASIC 
does not easily lend itself to product life cycle 
analysis becavise an ASIC is as much a technol
ogy as a product. Nevertheless, a look at ASIC 
product technology life cycle curves can assist 
users in positioning ASIC products among other 
IC life cycles such as standard logic. For exam
ple, although any given gate array is not at a 
specific point on the life cycle curve, the various 
gate array technology levels as measured in line 
geometry tend to follow the movement of the 
curve. 

Figure 1 shows the life cycle stage for gate 
arrays, CBICs, field-programmable gate arrays 
(FPGAs), and PLDs as of August 1992. The 
ASIC product technology life cycle, which typi
cally runs four to seven years excluding R&D, is 
shorter than most IC life cycles. ASICs can 
approach the peak stage within two or three 
years after introduction. 

The life cycle of ASICs in the growth stage 
should extend tmtil the latter half of this decade. 
As shown in Figure 1, these devices include 
0.8-micron gate arrays, 0.8-micron CBICs, gal
lium arsenide (G As) gate arrays, l.O-micron 
BiCMOS gate arra)^, embedded gate arrays, 
0.5-micron gate arrays, and 0.6-micron gate 
arrays. 

In terms of product technologies, CMOS remains 
the workhorse technology. BiCMOS and GaAs 
wiU grow in terms of market share with bipolar 
technology on the decline. For 3V applications, a 
debate wages regarding the value— îf any—of 
BiCMOS over the CMOS technology. The BiC
MOS and GaAs technologies stand at virtual 
price parity (about $0,005 per gate). 
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Figure 1 
ASIC Product/Technology Life Cycle as of August 1992 (Production Unit Volume) 

Phase 

Units 

R&D 

1-2 Years 

i<15ns 
^>15ns 

Introduction-Growth 

1-2 Years 

0.8-Micron -
Gate Array 

0.8-Micron —, 
CBIC 

GaAs 
Gate 
Array 

IMicron — 
BiCMOS 

Embedded 
Gate Array 

0.5/0.6-Micron 
Gate Array 

_ l 

Maturity-Saturation 

1-2 Years 

1-Micron-
Gate Array 
1,5-Micron 

CBIC 
1 

1.5-Micron 
1.2-Micron 
Gate Array 

• 2-Micron 
CBIC 

3-Micron 
CBIC 

Decline 

1-2 Years 

PLDs" 
2-Micron 

Gate Array 

Phaseout 

1 Year 

Source: Dataquest (August 1992) 02000404 

The information in Figure 1 reveals that 
1.5-micron gate arrays and 1.2-micron gate 
arrays have neared the decline stage of the 
cycle. This development marks a change from 
the perspective of last year's report. As will be 
discussed, the life cycle expectation for these 
devices does vary in some cases on a supplier-
by-suppUer basis. The 2-micron gate array and 
2-miciDn CBIC products are moving through 
the decline stage—^with phase-out to occur 
about 1994. Figure 1 also shov r̂s that the life 
cycle for 3-micron gate arraj^ and 3-micron 
CBICs is winding down, except for some 
military/aerospace applications. 

Section II: Supplier Analysis 
This section analyzes the product and market 
strategies of the leading suppliers of ASIC 
products. This analysis covers product position
ing, market ranking, geographic focus, and 
related issues. Table 1 shows Dataquesf s final 
1991 worldwide ASIC market share ranking of 
the top 10 suppliers in dollars. Table 2 shows 
Dataquesf s estimate of these suppliers' world
wide ASIC fab capability as of 1991. The infor
mation in these tables serves as the background 

for the analysis of the top 10 suppliers and also 
the analysis of product hife cycles/supplier base. 

Fujitsu 

Fujitsu, a vertically integrated electronics man
ufacturer, continues to maintain its position as 
the topranked supplier of ASICs in terms of 
total factory revenue, which comprises captive 
consumption and merchant market sales. Cap
tive consvunption is a key element to Fujitsu's 
ranking. 

Fujitsu ranks first among suppliers of bipolar 
gate arra57s and third in the MOS/BiCMOS 
array business. Fujitsu has established an 
excellent reputation in the merchant market
place as a supplier of bipolar ECL and TTL 
gate arrays. Fujitsu holds sixth position among 
suppliers of MOS/BiCMOS CBICs versus an 
eighth place ranking the year before. ASIC 
users can expect a firm commitment by Fujitsu 
to serve demand for these products. However, 
the company focuses somewhat more strongly 
on Asian markets than on other regions (for 
example. North America). 
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Table 1 
ASIC Suppliers Ranking (Factory Revenue in U.S. Dollars) 

1991 
Overall 

Ranking 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Market 
Share 

(%) 
11.6 
10.0 
7.8 
6.3 
6.0 
5.9 
5.8 
3.7 
3.5 
3.1 

Company 
Fujitsu 
NEC 
LSI Logic 
Texas Instruments 
AT&T 
Toshiba 
Hitachi 
AMD 
VLSI 
Motorola 

Subtotals of Segments ($B) 
Total Market ($B)* 

Gate Arrays 
MOS/BiCMOS 

3 
2 
1 

16 

4 
5 

6 
10 

2.84 
7.07 

Product Ranking 
CBIC PLDs 

Bipolar MOS/BiCMOS MOS/BiCMOS 
1 
2 

17 
5 

3 
12 

4 
1.07 

6 
9 

12 
2 
1 
7 

17 

4 
21 

2.17 

10 
9 

4 

0.56 

'Includes some segments not shown 
Source: Dataquest (August 1992) 

Table 2 
Estimated Number of Wafer Fabrication Production and Pilot Lines of Top-Ranked ASIC Suppliers (As of July 1992) 

Fujitsu 
NEC 

Lsr 
Texas Instruments^ 
AT&T 
Toshiba^ 
Hitachi 
AMD 
VLSI 
Motorola 

North 
America 

1 
2 
1 

10 
9 
0 
1 
4 
3 

21 

Japan 
20 
24 
2 
5 
0 

28 
27 
0 
0 
2 

Europe 
1 
2 
1 
4 
1 
0 
1 
0 
0 
5 

Asia/ 
Pacific-ROW 

0 
0 
0 
3 
0 
0 
0 
0 
0 
1 

Total 
22 
28 
4 

22 
10 
28 
29 
4 
3 

29 

Total 
Theoretical 

Capacity* 
111.1 
149.1 

NA 
95.1 
22.4 

158.6 
141.3 
16.8 
7.3 

103.6 

NA = Not available 
Includes LSI/MTG Arrangement 

"includes TI/Acer 
^oes not include Tohoku Semiconductor 
^Theoretical capacity stated in millions of square inches per year 
Source: Dataquest (August 1992) 

Fujitsu's critical strategic alliance is the rela
tionship with Amdahl for suppljong ECL 
gate array products used in Amdahl's high-
performance computers. 

NEC 
Second-ranked NEC also capitalizes on its 
position as a vertically integrated manufac
turer to achieve economies of scale in ASIC 
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production. NEC ranks second among suppli
ers of MOS/BiCMOS gate arraj^ and second 
in the bipolar (ECL) array business. Its expan
sion during 1991 stennmed in part from strong 
growth in Japan and Asia/Rest of World. The 
BiCMOS process represents a key element of 
NEC's product direction in ASICs. 

NEC has set a long-tenn strategic goal to 
advance in the CBIC market. A result is that 
during 1991 NEC moved into the top-10 tier 
of suppliers of MOS/BiCMOS CBICs, advanc
ing five places in the process. NEC's ceU 
library includes 8-bit Intel microprocessor 
architectures. 

LSI Logic 
Third-ranked LSI Logic continues to rank first 
in the MOS/BiCMOS gate array marketplace. 
The company serves only merchant market 
customers. LSI holds 12th position among 
MOS/BiCMOS CBIC suppliers. 

LSI Logic's strategy has remained consistent 
over tibtne: Push ASIC technology as hard 
and as fast as possible into submicron Une 
geometry and into high-density configurations. 
For example, LSI has announced a 600,000-gate 
array (utilized gates) based on a 0.6-micron 
CMOS process. Volume shipments of this 
device are expected for the first half of 1993. 
LSI Logic's long-term product direction in 
ASICs caUs for more of the same—^pushing the 
development of MOS/BiCMOS gate arrays and 
CBICs in terms of technology, performance, 
and software, including silicon compilers. 

Although it should continue to withstand the 
intense competition from huge vertically inte
grated companies, LSI publicly expresses its 
concern regarding the long-term challenge of 
earning profits in part because of the biUion-
dollar-plus investment required for competitive 
state-of-the-art ASIC fabs (see Table 2). LSI 
likely will continue to rely on strategic alli
ances as a way of strengtiiening its competi
tive position in the ASIC business. 

Texas Instruments 
Fourth-ranked Texas Instruments (TI) holds 
second ranking among suppliers of MOS/ 
BiCMOS CBICs. The company has been a ris
ing star in this segment of the ASIC market
place, with a strong showing in the Japan 
market. 

Along with its lOth-place ranking among sup
pliers of MOS/BiCMOS PLDs, TI ranks second 
in the now declining bipolar PLD business. TI 
also ranks among the top 20 companies in 
gate arrays: 16th in the MOS/BiCMOS gate 
segment, and 17th in the bipolar gate array 
arena. 

AT&T 
Fifth-ranked AT&T continues to rank first 
among suppliers of MOS/BiCMOS CBICs and 
fifth among suppliers of bipolar gate arrays. 
The company jumped several notches during 
1991 in terms of worldwide market ranking. 

This vertically integrated manufacturer's posi
tion derives in part from captive consumption. 
However, merchant nnarket sales represent a 
key element of AT&T's long-range ASIC strate
gy. For example, AT&T's recent advance in the 
CMOS PLD sector—a ninth-place ranking for 
1991—^was highlighted by its competitive entry 
into the field-programmable gate array (FPGA) 
segment with device densities of 20,000 gates 
and less. In addition to its own line of 
FPGAs, AT&T formed a second-source arrange
ment with Xilinx on some lower-gate-count 
products and with NEC on gate arrays. 

Toshiba 
As do other Japan-based suppliers, sixth-
ranked Toshiba draws on its position as a 
vertically integrated manufacturer to achieve 
competitive economies of scale in ASIC pro
duction. Table 1 shows that Toshiba ranks 
fourth among suppliers of MOS/BiCMOS gate 
arrays and seventh in the MOS/BiCMOS CBIC 
marketplace. Toshiba experienced (slow) 
growth in North America and Europe during 
file past year 

For users of high-gate-coimt gate arrays and 
CBICs, the merchant market represents a key 
strand of Toshiba's leading-edge ASIC strategy. 
For example, on pace with its alliance partner 
LSI Logic, Toshiba has announced a 
500,000-gate-array (utilized gates, 05-micron 
process) with volume production schedule for 
the first half of next year. 

Hitachi 
Seventh-ranked Hitachi ranks third among 
bipolar gate array suppliers, fifth in the 
MOSXBiCMOS segment, and seventeenth in 
the MOSXBiCMOS CBIC segment. Hitachi 
views the BiCMOS process as a key product 
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technology for the long term. For this large 
vertically integrated company, captive con
sumption accotmts for a substantial share of 
ASIC revenue. 

This supplier has shown impressive perfor
mance over recent years in the QBC market 
through its 0.7-micron and l.O-micron technolo
gies. Key applications for these CBICs include 
disk drives and telecommunications systems. 

Advanced Micro Devices (AMD) 
Eighth-ranked AMD ranks fourth among sup
pliers of MOS/BiCMOS PLDs and twelfth in 
the bipolar gate array business. AMD con
tinues to hold first ranking among suppliers 
of bipolar PLDs, a declining business segment. 
This supplier is making the migration to 
CMOS PLDs, offering a product portfoHo that 
includes both simple and complex devices. 

VLSI Teclinology 
Ninth-ranked VLSI holds fotirth position 
among MOS/BiCMOS CBIC suppliers. The 
company has been maintaining its position in 
the competitive CBIC segment. The company 
ranks sixth in the MOS/BiCMOS gate array 
marketplace—^which represents an impressive 
reboimd versus prior years' performance in 
this highly competitive marketplace. How 
impressive? VLSI vaulted five notches during 
1991. In two to three years, the alliance witii 
Intel on 386SL chip sets should mean an 
attractive market opporttmity for VLSI as the 
requirements of hand-held PCs shift from chip 
sets to ASICs. 

Motorola 

Motorola moved into the top-lO tier of world
wide ASIC suppliers during 1991. Tenth-ranked 
Motorola holds fourth position among bipolar 
gate array suppliers, tenth in the 
MOS/BiCMOS gate array segment, and 
twenty-first in the MOS/BiCMOS CBIC arena. 
The company jumped two places in terms of 
MOS/BiCMOS gate array ranking during 1991. 

Part ill: Supply Base Analysis 
This section uses information on ASIC product/ 
technology life cycles and suppliers to present a 
product-by-product evaluation of the supply 
base over the long term for gate arrays and 
CBICs. The goal of this section is to provide 
users with a practical means of gauging the 

long-term supply base for these ASICs and 
direction for selecting suppliers of the devices. 

Each section contains a table showing the size of 
the market in terms of fectory revenue during 
1991 and a ranking including suppliers' shares 
in each product segment The product/technol
ogy life cycle analysis serves as the basis for a 
summary assessment from a user's perspective 
on anticipated availability of MOS/BiCMOS gate 
arrays and MOS/BiCMOS CBICs. The summary 
includes a succinct statement on whether the 
user faces a favorable or a critical supply base 
for each product technology. Building on the 
prior sections, factors affecting the supply base 
such as supplier strategies are discussed here. 

Supply Base for MOS/BiCMOS Gate Arrays 
Table 3 provides information on the market 
size and leading suppliers of MOS/BiCMOS 
gate arrays. 

Worldwide factory revenue totaled $2.84 billion 
during 1991. The table also shows that the top 
four suppliers continue to account for nearly 
60 percent of MOS/BiCMOS gate array market 
share. 

Mainstream Gate Array Technology: 0.8- and 
1.0-Micron CMOS 
Figure 1 reveals that in Dafaquesf s estimate 
arrays in hne geometries between 0.8 and 

Table 3 
Supply Base for MOS/BiCMOS Gate Arrays 
(Percentage Share of Factory Revenue) 

Company Market Share (%) 

LSI Logic 
NEC 
Fujitsu 
Toshiba 
Hitachi 
VLSI Technology 
Seiko-Epson 
Matsushifa 
GEC Plessey 
Motorola 
Others 

Total 
Total Market ($B) 

17.5 
15.5 
15.0 
11.7 
7.1 
3.5 
3.2 
2.9 
2.7 
2.7 

18.2 
100.0 
2.84 

Source: Dataquest (August 1992) 
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1.0 microns represent the mainstream MOS 
gate array technology for 1992 and 1993. This 
trend applies especially to arrays in gate 
counts of greater than 5,000 and 20,000 gates. 
The life cycle for these arrays should extend 
imtil 1994 or 1995. For arrays in gate counts 
of greater than 20,000 gates (for example, 
0.8-micron technology), the greater complexity 
and associated higher development cost shoiild 
extend the life cycle to the 1996 time frame. 

In terms of regional segments, the leading 
suppliers of MOS/BiCMOS gate arrays in 
North America (in descending order) are LSI 
Logic, Motorola, VLSI Technology, National 
Semiconductor, AT&T, and Rayfiieon. For 
Etirope, they are GEC Flessey, SGS-Thomson, 
Siemens, Matra-MHS, and Philips. 

Users of gate arrays in line geometries of 
1.0 microns and less—which are typically 
higher-gate count devices with average densi
ties in excess of 10,(K)0 gates—can expect an 
ample supply situation for the next several 
years, barring a major and unexpectedly severe 
contraction of the supplier base. Leading-edge 
suppliers such as LSI Logic, NEC, Fujitsu, 
Toshiba Hitachi, and VLSI will compete to 
meet user demand for these parts. Figure 1 
also shows other products for which Dataquest 
expects growth over the next several years: 
0.8-micron CBICs, GaAs gate arrays, l.O-micron 
BiCMOS gate arrays, enibedded gate arrays, 
and 0.5-/0.6-micron CMOS gate arrays. 

By contrast, the 2.0-micron technology now 
declines while 3.0-micron arrays face phase-out 
except for some highly specialized military/ 
aerospace applications. 

1.5-Micron Gate Array Life Cycle: Varies Supplier 
by Supplier 

The advisory issued in last year's report—^that 
users can expect some contraction of the 
MOS/BiCMOS gate array business during the 
medium-tenn—continues to hold true. The 
intense level of supplier competition, as indi
cated before, has meant low levels of profit
ability or losses for many suppliers over the 
past two years. In response, during late 1991 
and early 1992, a number suppliers of 
1.5-micron arrays reassessed tiieir strategy for 
this market segment. 

The result in effect was that the life cycle for 
15-micron arrays has been truncated somewhat 

vis-a-vis original expectations—with the Ufe-
cycle outlook varying during the 1992 to 1993 
period on a supplier-by-suppUer basis. For 
example, during the first quarter of 1992, VLSI 
closed its 1.5-micron gate array lines. Based 
on information provided by industry sources, 
Dataquest beUeves that LSI Logic and Motor
ola have in effect left the 1.5-micron MOS gate 
array business. Fujitsu's view for 1992 is that 
it v/Hl continue to support users but expects 
the life cycle to terminate during 1993. By 
contrast. National Semiconductor and Toshiba 
remain committed to serving user demand 
over the medium term—^meaning a somewhat 
longer 1.5-micron cycle in the case of these 
suppliers. 

Supply Base for Bipolar Gate Arrays 
The bipolar ECL gate array technology wiU 
experience a steady but nondramatic dedine 
during the 1990s. The BiCMOS technology and 
the GaAs technology will each take share from 
the bipolar ECL approach, although the bipo
lar technology is not nearing the end of the 
product/technology life cycle. Users can expect 
a dependable supply of tihe high-performance 
bipolar technology during the 1990s. However, 
users should be prepared over time to forge 
long-term relationships with key suppliers. 

Table 4 provides information on the market 
size and leading suppliers of bipolar arrays. 

Table 4 
Supply Base for Bipolar Gate Arrays 
(Percentage Share of Factory Revenue) 

Company Market Share (%) 

Fujitsu 
NEC 
Hitachi 
Motorola 
AT&T 
Ra5iheon 
GEC Flessey 
AMCC 
National Semiconductor 
Siemens 
Others 

Total 
Total Market ($B) 

26.3 
18.5 
16.9 
11.3 
4.7 
4.2 
3.3 
2.9 
2.6 
2.0 
7.3 

100.0 
1.07 

Source: Dataquest (August 1992) 
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Worldwide factory revenue totaled $1.07 biUion 
during 1990, down from $1.12 billion during 
1990. The table reveals a highly concentrated 
supplier base: The top four suppliers—^Fujitsu, 
NEC, Hitachi, and Motorola—accoimt for more 
than 70 percent of bipolar gate array fectory 
revenue. In terms of regional segments, the 
leading suppliers of bipolar gate arrays in 
North America (in descending order) are 
Motorola, AT&T, Rajiheon, Applied Micro 
Circuits Corp. (AMCC), National Semicon
ductor, and Exar. For Etuope, they are GEC 
Plessey and Siemens. 

Supply Base for MOS/BiCMOS CBICs 
Table 5 provides information on the market 
size and leading suppliers of MOS/BiCMOS 
CBICs. Worldwide fectoiy revenue totaled 
$2.17 billion during 1991. The table shows key 
differences vis-a-vis the gate array markets: 
less concentration of the supplier base, and 
US. leadership in terms of market share. In 
terms of Europe, the leading suppliers (in 
descending order) are Mietec, GEC Plessey, 
SGS-Thomson, Austria Mikro Systeme, 
European Silicon Structures, and Siemens. 
Mietic has grown impressively in Europe. 

Figure 1 reveals that the product technology 
life cycle for MOS/BiCMOS CBICs parallels 
that of MOS/BiCMOS gate arrays. However, 

Table 5 
Supply Base for MOS/BiCMOS CBICs 
(Percentage Share of Factory Revenue) 

Company Market Share (%) 
AT&T 
Texas Instruments 
Hewlett-Packard 
VLSI 
Mietec 
Fujitsu 
NCR 
Toshiba 
NEC 
Harris 
GEC Plessey 
Others 

Total 
Total Market ($B) 

16.4 
13.5 
9.5 
7.0 
4.3 
4.2 
3.9 
3.9 
3.2 
3.0 
3.0 

28.1 
100.0 
2.17 

Soun:e: Dataquest (August 1992) 

in most cases the CBIC life cycle likely will 
persist for a somewhat longer period because 
CBICs are better suited for more complex 
functionality including analog, mixed-signal, 
and/or microperipheral appUcations—^which 
means slower rates of system/CBIC redesign. 

Dataquest Perspective 
Although ASIC technology life cycle analysis 
can serve as a tool for a long-term assessment of 
the supply/suppHer base for these deviceSj, the 
comparatively short ASIC technology life cycles 
can make management of the ASIC supply base 
a challenging task for procurement teams. To 
answer the question posed in the title of this 
article, users should prepare thennselves for a 
nondramatic, long-term contraction of the sup
plier base, especially in commodity-type arenas 
such as MOS gate arrays. 

E>ataquesf s final 1991 market ranking for ASIC 
suppliers shows that 6 of the top-lO-ranked sup
pliers are North America-based companies. The 
ottier four are vertically integrated Japan-based 
suppliers whose ASIC factory revenue includes a 
substantial percentage of internal captive con-
sunnption. These companies are not likely candi
dates for market departure. Howevei> their 
world geographic market orientation may shift 
periodically. For example, some North America-
based companies qmte active today in the 
European region might be forced to reevaluate 
their positions should trade friction increase. 
Another example is that Japan-based companies 
are taking differing approaches this year to serv
ing demand in North America, given rising 
trade tension in this region. Some Japan-based 
suppliers are increasing their focus on North 
America, despite the current trade tension, while 
other suppliers are focusing on Asian regions. 

Despite some consolidation of the supplier base 
for corrunodity-type gate arrays and CBICs, 
users can continue to also expect less familiar 
market players such as Mietec and Xilinx to 
make their mark in the complex ASIC arena, 
which stiU offers windows of opportunity for 
entrepreneurial companies—as well as entre-
prenextrial divisions of large organizations. 
Indeed, given the even greater level of competi
tion in other IC markets such as DRAMs, the 
ASIC marketplace likely will attract increased 
strategic emphasis over time from companies 
such as Siemens—even as other suppliers exit. 

By Ranald Bohn 
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Inquiry of the Month 

Semiconductor Pncurement Inquiry 
Higliligfits 
Q. What are the historical and current main 
component costs of a tjrpical laptop computer? 

A. Table 1 shows Dataquesf s estimates costs of 
a typical laptop computer dvuing the fourth 
quarter of 1991 and the third quarter of 1992. 
Note that the disk capacity is now more than 
two times that of the fourth-quarter 1991 
machine. The following assumptions should 
be kept in mind while reading the table: 

Pricing for integrated circuits based on North 
American bookings (volume order) forecast 
dated December 1991 and July 1992 

Pricing for subsystems based on North Ameri
can/Silicon Valley spot market estimates dur
ing December 1991 and July 1992 

Memory cost based on DRAM/SIMM pricing 
and not flash memory 

Screen assumed is a 10-inch triple super 
twisted nematic LCD (TSTN LCD), which 
ranged in price in North America from $850 
to $1,150 during December 1991 and from 
$300 to $600 in August 1992 

Table 1 
Typical Laptop Computer Prices 

Component 
Processor 
System RAM 
Expanded RAM 
Screen* 
Resolution 
Hard Disk 

ROM on Board 
Extension Card 
Fax 
Modem 
Battery 
Power Supply 

Total Cost 

Description 
80386SL-20 MHz with cache 
2MB 
8MB 
LCD 
640 X 480 VGA 
20MB (Q4'91) 
42MB {Q3'92) 
2MB 
4MB 
9,600 bps** 
2,400 bps** 
Rechargeable 
Autosensing 
110-220/240V 

Q4'91 Cost 
($ Est.) 
135.00 
75.52 

301.36 
950.00 

90.00 
-

13.00 
150.68 
80.00 

27.00 
80.63 

1,903.19 

Q3'92 Cost 
($ Est.) 

67.00 
44.10 

176.40 
450.00 

230.00 
11.90 
88.20 
76.00 

25.00 
80.00 

1,248.60 
*Note assumptions 
"̂ Combined cost for fax/modem 
Source: Dataquest (August 1992) 
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On the topics in this issue Mark Giudid, Director (408) 437-8258 
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Regional Pricing Update 

DQ Monday Report: 
Mean Pricing* 

Device 
Family 
74AC00 
74AC138 
74AC244 
74AC74 
Lead Time: (Weeks) 

4F00 

4F138 
4E244 
4F74 
Lead Time: (Weeks) 

7805-TO92 
CODEC-FLTR 1 
CODEC-FLTR 2 

Lead Time: (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 

DRAM 256Kxl-8 
DRAM 256Kx4-8 
DRAM 4Mbxl-8 
EPROM 1Mb 170ns 
EPROM 2Mb 170ns 
SRAM 1MB 128KX8 
SRAM 256K 32Kx8 
SRAM 64K 8Kx8 

Lead Time: (Weeks) 

68020-16 
80286-16 
80386DX-25 
80386SX-16 

R3000-25 
Lead Time: (Weeks) 

Volume 

United 
States 

0.18 
0.28 
0.43 
0.24 

5 

0.10 
0.15 
0.22 
0.11 

5 

0.12 
1.75 
4.05 

7 

3.13 
31.50 

1.13 
3.18 

11.45 
3.05 
6.50 

11.50 
3.53 
1.73 

2 

27.25 
7.28 

94.50 
44.00 

100.00 
2 

Japan 
0.17 
0.33 
0.44 
0.20 

3 

0.12 

0.20 
0.27 
0.14 

4 

0.17 

2.13 
4.39 

3 

3.22 

32.38 
1.60 
3.24 

11.06 
3.36 
6.83 

10.86 
3.28 
1.56 

4 

34.36 
9.28 

120.44 
47.78 

116.49 
7 

Europe 
0.15 
0.26 
0.35 
0.20 

12 

0.09 
0.15 
0.21 
0.12 

12 

0.11 
2.50 
5.00 

6 

3.20 
27.00 

1.55 
3.20 

11.50 
2.85 
4.20 
9.25 
3.25 
1.55 

4 

26.00 
10.00 
94.50 
45.00 

110.00 
4 

Taiwan 
0.16 
0.25 
0.38 
0.20 

4 

0.10 

0.16 
0.23 
0.12 

4 

0.11 
1.80 
4.55 

3 

3.33 
33.50 

1.05 
3.40 

12.15 
3.03 
5.70 

13.00 
3.45 
1.40 

4 

33.75 
9.50 

98.00 
47.50 

Hong 
Kong 

0.15 
0.24 
0.39 
0.20 

5 

0.09 
0.16 
0.23 
0.12 

5 

0.11 
1.94 
4.70 

4 

3.10 

36.80 
1.20 
3.40 

12.50 
3.10 

6.33 
13.60 
3.80 
1.37 

7 

31.50 
10.10 
96.00 
47.20 

Korea 
0.14 
0.21 
0.36 
0.17 

5 

0.09 
0.14 
0.23 
0.11 

5 

0.11 
1.45 

3.25 

30.00 
1.05 
3.25 

11.00 
2.40 
4.70 

3.20 
1.40 

4 

6.90 
75.00 
37.00 

*Prices in U.S. dollars 
Source: Dataquest Ouly 1992) 

July 27, 1992 ©1992 Dataquest Incorporated SPWW-SVC-DP-9207 



Semiconductor Procurement 

Market Analysis 

July Procurement Pulse: Orders Take 
Off, While Lead Times and Inventories 
Correct Themselves 
The Procurement Pulse is a monthly update of 
critical issues and market trends based on sur
veys of semiconductor procurement managers. 
This article explains what the semiconductor 
inventory and order changes mean to semicon
ductor xisers. 

Order Rates for Semiconductors Expected to 
Buck Summer Slows 
As seen in Figure 1, the expected order level of 
semiconductors is expected to jump appreciably 
from the relatively static forecasts of ttie past 
five months. This 28 percent anticipated increase 
in order activity is coming primarily from non-
data processing applications covmtering the tra
ditional stmuner slowdown trend. Even if this 

forecast is cut in half, the next month's resulting 
double-digit growth level stilll attests to a steady 
growth pattern emerging that is involving the 
majority of electronic applications. 

Even though the semiconductor order rate is 
expected to rise, the six-month system sales rate 
continues to slip. The outiook for the computer 
segment of this month's survey averaged plus 
4.0 percent through January 1993, while the 
overall sample expects sales to increase by 
6.8 percent over the same period. This is down 
from last month's relatively positive computer 
outiook of plus 6.2 percent and overall plus 
8.0 percent system forecast. Part of this dedine 
is due to seasonal end-of-year pvill-in shipment 
expectations, yet some is also due to concern of 
a slackening of computer shipments. Some com
puter companies continue to do well in the cur
rent market by meeting upgrade and low-cost 
replacement needs. 

Overall prices are expected to drop a flat 1.1 per
cent, very similar to last month's 1.3 percent 

Figure 1 
Averaged Monthly Semiconductor Orders 

Order Index. 12/88 = 100 

Figure 2 
Averaged Semiconductor Lead Times 
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12-

1 1 -

1 0 -

9 

8 -

7 -

6 -

5 

2/92 3/92 4/92 5/92 6/92 7/92 1/92 2/92 —r-
3/92 4/92 

X 
5/92 6/92 

Days 

40. 

Figure 3 
Actual vs. Target Inventory Levels 
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Figure 4 
Actual vs. Target Inventory Levels 

(Computer OEMs) 
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decline. Memoiy prices have restmied their rate 
of dechne now that the effect of the Micron 
dumping allegation has been absorbed. The 
main stabilizer of prices has been the surface 
mount logic market, where capacity levels have 
been stretched with resulting longer (up to 
13 weeks) lead times and firmer/higher prices 
for these parts. Ehie to the condensed supply 
base of standard logic, the capacity strain on 
surface mount product is expected to remain for 
the next three to six months, lied in with the 
contracted logic supply base is the need from 
suppliers to announce end of Ufe buy in enough 
time for users to find adequate replacements or 
redesigns. 

Lead Times Fall below 10 Weeks 
The crisp decline of lead times down to 
9.8 weeks relative to the gradual increases seen 
over the past five months, as noted in Figure 2, 
corresponds to the easing of memory availability 
and the aggressive delivery stance taken by 
AMD in the 80386 market after the 80287 micro
code decision favoring Intel. As mentioned earli
er, the surface mount standard logic market and 
some discrete packaging options (T092) continue 
to prop up the overaJl lead time average, while 
the rest of the market continues to enjoy good 
availability and controllable lead times. The 
longer lead times noted for DRAM/VRAM last 
month have come down as hiingry suppliers 
have increased output to meet demand. This 
correction of supply meeting demand has been 
noted in past articles and there remains addi
tional capacity, should demand continue to 
grow. The SMT logic situation is the result of a 
contracted supply base in a marginally profitable 
market reluctant to add SMT capacity without a 
predictable return on investment. 

Anticipated Semiconductor Inventory 
Corrections on Track 
Figures 3 and 4 highlight the pervasiveness of 
cost containment in the current market and how 
inventory level adjustments generally correct 
imbalances within a two- to three-month period. 
The overall targeted and actual semiconductor 
levels for this month were 17.0 and 22.9 days, 
compared with last month's respective 20.7- and 
27.1-day levels. The computer subset saw a simi
lar shift with targeted and actual levels falling 
from last month's 22.2 and 28.7 days to a 
respective current 18.8- and 21.6-day range. This 

correction was anticipated (especially with the 
data processing companies) and is expected to 
continue as the longer-term deniand picture 
appears to be returning to a slow growth mode. 
TTie contraction of inventory targets and actual 
levels while expecting increases in semiconduc
tor orders implies confidence in good communi
cation both internally and externally with sup
pliers. Dataquest expects the inventory balancing 
act to continue to be a good bellwether of future 
business conditions and testament to tight cost 
control. 

Dataquest Perspective 
The expected slowing of demand at the turn of 
the year, combined with above-acceptable target 
inventory levels noted over the past two 
months, has resulted in a back-to-basics 
approach in cost control and forecasting. The 
ability of suppliers (with the exception of SMT 
logic) to meet additional demands of the market 
has been tested but not stressed. While demand 
levels for end-use products appears to be level
ing off, the slow growth juggernaut that was 
launched early this year continues to steam on. 
As price erosion for semiconductors continues, 
room wiU remain for system price competition. 
Dataquest continues to see steady growth in 
available semiconductor sales predicated on the 
consistent system sales expansion that is antici
pated for the rest of this year. 

By Mark Giudici 

Everything You Heed to Know about 
DRAM and 80X86 Pricing—Midyear 
1992 to me Year 1996 
Economic signals remain mixed as of midyear 
1992. Although lead times for devices such as 
256Kx4 VRAM ZIP stretched in North America 
during the second quarter, tisers and suppliers 
face uncertainty whether the industry will 
experience a typical summer seasonal slowdown 
th^ year—or sustain momentum toward robust 
second half 1992 growth. From this economic 
backdrop, our article presents k ^ results from 
Dataquesf s May-Jime 1992 North American 
bookings price svuvey. 

The article's focus is the long-term price outlook 
in North America for DRAMs and 80X86 
MFUs—along with an assessment of the market 
assumptions that guide the forecasts. The 
modest goal, as stated in the titie, is to provide 
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our clients with everything they need to know 
about DRAM and 80X86 pricing from now to 
1996. Or at least, more realistically, to provide a 
structured framework for managing short- and 
long-term pricing strategies in these volatile 
markets. 

Readers should note that the pricing analysis 
presented in this article correlates with the 
quarterly and long-range price tables mailed to 
Semiconductor Procvtrement Service (SPS) clients 
dated June 1992. The survey information was 
collected by Dataquesf s Research Operations. 
For SPS clients that use the SPS online service, 
the pricing presented here correlates with the 
quarterly and long-range price tables dated June 
1992 in the SPS online service. The price tables 
are available in the Source: Dataquest document 
entitled ''North American Semiconductor Price 
Outlook Third Quarter 1992." For additional 
product coverage and more detailed product 
specifications, refer to those sources. 

Dataquest added the following ICs, among 
others, to its quarterly survey of North Ameri
can bookings pricing: 386SX-25 PQFP; 386SL-25 
CPGA; 80486DX2-50; 4Mbx4 DRAM 70ns SOJ 
400 mil; lMbx36 SIMM 8Qns; and lMbxl6 ROM. 
Let us know your recommendations on price 
survey coverage. 

Memory Trends 
The recent pickup in IC demand generates 
concern over the second half 1992 DRAM price 
outlook Even so, the results of the quarterly 
price survey signal continued competitive 
DRAM pricing in North America during the last 
half of 1992—^barring an unexpectedly drastic 
short-term change in the supply-demand equa
tion (see Table 1 and Figure 1). Micron's dump
ing allegations against Korean suppliers should 
moderate against an aggressive downward trend 
in megabit-density DFIAM pricing in North 
America. 

Table 1 
Estimated Semiconductor Pricing Trends (North American Bool<ings, Volume Orders) 
per Second Quarter Survey of Price Trends (Dollars) 

Part 
IMbxl DRAM 

80ns, DIP/SOJ 
4Mbxl DRAM 

80ns, SOJ 
256Kxl6 DRAM 

70ns, SOJ 
4Mbx4DRAM 

70ns SOJ 400 mil 

lMbx36 SIMM 
80ns (9 piece) 

386SX-25 PQFP 
386DX-25 PQFP 
80486SX-20 PQFP 
80486DX-33 

CPGA 
80486DX2-50 

CPGA 

Forecast for 
Third Quarter 

1992 ($) 
3.45 

11.05 

13.99 

119.60 

107.00 

68.99 
74.00 
99.00 

365.00 

465.00 

Estimated 
Fourth Quarter 

1992 Price 
Range ($) 

3.10 to 
3.55 

10.00 
11.02 

12.00 to 
13.60* 
95.00 

101.00 
100.00 
107.30 
57.75* 
68.00* 
96.00* 

325.00 to 
370.00* 
415.00* 

Estimated 
Foxuth Quarter 

1993 Price 
Range ($) 

2.90 to 
3.55 

8.95 to 
10.06 

9.45 to 
10.45* 

55.00 to 
59.10 
75.90 
88.25 

34.00* 
57.00* 
82.00* 

160.00* 

224.00* 

Forecast 
for 1996 ($) 

3.70 

5.50 

5.72 

14.00 

56.10 

20.00 
34.00 
53.00 
80.18 

80.99 

•Estimated but not by sirrvey. 
Note: This information coordinates with Dataquesfs quarterly forecast for 1992-1993 dated June 1992. 
Source: Dataquest Ouly 1992) 
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Figure 1 
DRAM Price Trends (Nortii American Bookings; Volume: 1,000,000) 
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quarterly forecast for 1992-1993, dated June 1992. 

Source: Dataquest (July 1992) 

The DRAM Price Outloolc This Year, Next Year, 
and 1996 
Table 1 shows the price outlook for DRAMs for 
select periods between 1992 and 1996. For exam
ple, the table shows that pricing for standard 
IMbxl DRAM shovdd range from a low of $3.10 
to a high of $3.55 for major buyere in North 
America for the fourth quarter of 1992. The sur
vey results indicate that low-end pricing for 
1Mb DRAM in some cases should decline to a 
price of just under $3 during the second half 
of 1993, although Dataquest expects that the 
market average likely wiU be higher. For 1996, 
Dataquesf s projected price of $3.70 stems in 
part from the product's being in the decline 
stage of the life cycle at that time. 

Table 1 reveals the following price outlook for 
major North American usere of standard 4Mbxl 
DRAM: Pricing should range from $10 to just 
more than $11 for the fourtti quarter of 1992. 
Because of a possible change in the DRAM 
capacity outlook, 1993 should be a critical year 
in terms of the long-range 4Mb DRAM price 
outlook. Under current market conditions, the 

62000309 

svirvey results call for a price range from $8.95 
to just more than $10 for the 4Mb part during 
the fourth qtiarter of 1993. The North American 
price for 4Mb DRAM should decline to a conser
vative level of $5.50 or less for the 1995 to 1996 
period. 

The 16Mb DRAM is just now approaching the 
early growth stage of its Ufe cycle. For firet-tier 
North American buyere pricing for 4Mbx4 
DRAM—as shown in Table 1—^prices should 
hover near $100 as 1992 ends. 

Survey respondents foresee a price in the range 
of $55 to $60 for the foiorth quarter of 1993. 
However, pricing for this next-generation device 
likely will be volatile and uneven between now 
and the end of 1993 if the history of the DRAM 
marketplace serves as any guide. For example, a 
recent analysis of full-year 1993 pricing for this 
device indicates that pricing shoiild range from 
$44 to just more than $100. If so, the low end of 
the range for the fovirth quarter of 1993 could 
approadi $25. 

Talk today of a North American price during 
1996 of $14 for 16Mb DRAMs might sound 
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premature, but users already seek information 
on price projections for later years (for example, 
year 2000). A less distant concern is managing 
the next DRAM price crossovers, from 4Mb- to 
16Mb DRAM, which Dataquest projects for the 
first half of 1994. 

Assumptions behind tlie Long-Range DRAM 
Price Forecast 
As noted in prior articles, five assumptions 
guide Dataquesf s long-range DRAM price fore
casts (see Table 2). 

We Interplay of the Pricing Assumptions and 
Price Forecast 

The range of DRAM prices garnered through 
the recent quarterly price survey reveals the 
uncertainty that leading users and suppliers 
experience when making forward price projec
tions in this volatile market. An assessment 
of the interplay between Dataquesf s price 
assumptions and the price forecasts should 
enable SPS clients to better luiderstand the 
message behind Dataquesf s price "nvimbers" 
and to adapt as the DRAM market evolves. 

An assessment of the DRAM pricing asstunp-
tions for the 1Mb, 4Mb, and 16Mb devices 
certainly shows similarity regarding the 
assiimptions at each density. Equally signifi
cant, however, the evolution of the DRAM 
market also means emerging long-term differ
ences regarding the five assumptions— 
differences that become noticeable at the 4Mb 
density vis-a-vis the 1Mb part and pronounced 
at the 16Mb density. 

Wb DRAM: Justifiable "Conservatism" 

Dataquesf s long-term outlook on 1Mb DRAM 
pricing—^which calls for a market average 
that does not drop below $3.40—^has been 
described as conservative. The assumptions 
explain the rationale for our "conservatism." 

The first assumption in Table 2 states that 
users can expect continued DRAM cost 
reductions because of suppliers' manufocturing 
technology improvements (hereafter, the "cost-
reduction" assumption). The information in 
Table 1—^which shows a low-end price of 
just under $3 for this product for year-end 
1993—confirms the validity of cost-reduction 
assmnption. The third assumption in Table 2— 
that non-Japanese/Asian suppliers wiU increase 
DRAM market share (that is, "Asian supplier" 
assumption)—^also signals an aggressive long-
term price ciarve for 1Mb DRAMs, signaling 
sub-$3 pricing. 

Several factors mitigate, however, against a 
long-term market price of less than $3 for 
1Mb DRAMs in North America. The impact of 
the fourth assimiption—that the legal jurisdic
tion of intellectui property law and related 
laws will be more aggressively enforced at the 
local level (the 'legal assumption")—mani
fested itself during the first half of 1992 when 
North America-based Micron accused Korean-
based suppUers of diunping in the local North 
American market. The allegations abruptly 
moderated low-baU pricing competition among 
some suppliers and caused North American 
spot market pricing to increase after temporar
ily falling—according to some reports—below 

Table 2 
Assumptions for Long-Range North American DRAM Price Forecast 
(Descending Order of Significance) 

1. Users can expect continued DRAM cost reductions because of suppliers' manvifacturing tech
nology improvements. 

2. DRAM capacity shovild adequately meet long-term demand. 
3. Non-Japanese Asian suppliers will increase DRAM market share. 
4. The legal jurisdiction of intellectual property and other laws will expand across the globe and 

be more aggressively enforced at the local level. 
5. Alliances—^not only involving DRAM suppliers but also other players such as tisers and 

goverrunents—^wUl exert growing influence over market trends such as pricing. 
Source: Dataquest Quly 1992) 
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$3. Independently, but simultaneously, the 
European Commission (EC) nears the likely 
imposition of antidumping penalties against 
Korean suppliers in the Eviropean market. 

Another factor indicates that 1Mb DRAM pric
ing should continue at $3 or more over the 
long tenn. Not all suppliers are capable of 
achieving the manufacturing efficiencies that 
would enable thenm to earn a profit at a price 
of less than $3. Still other suppliers might be 
able to pursue a low-cost 1Mb DRAM strategy, 
but have no strategic interest in doing so. 

4Mb DRAM: $4 Pricing by 1995? 
Dataquesf s long-range 4Mb DRAM price 
forecast—^which calls for a price of $5.50 for 
1996 in North America—^has been described by 
some as overly aggressive on the low side but 
by others as too conservative on the high side-
Why too high? Because some market players 
believe 4Mb DRAM pricing will eventually 
decline to the sajone low level as expected for 
1Mb DRAM—the mid-$3 range. Why too low? 
Because some users and suppliers believe that 
there will be a long-term shortage of 4Mb 
DRAM capacity. 

Cost-Reduction Assumption 
In terms of the cost-reduction assumption, 
users of 4Mb DRAMs can anticipate that some 
suppliers such as Micron will continue to 
aclueve 4Mb DRAM manufacturing efficiencies 
over the long term. The issue then becomes: 
on the low side, how far could 4Mb DRAM 
pridng sink, allowing for a reasonable sup
pliers' profit of about 8 percent? 

At a conference held during June 1992 for 
Dataquest clients attending SEMICON/West in 
San Francisco (Dataquesf s SEMICON/West 
Seminar), Lane Mason, Dataquesf s Director 
and Principal Analyst for Memory ICs, made 
the following salient observation: Since the 
64K density—^in part because of increased 
DRAM R&D/fab expenses—^the low-end price 
for each density of DRAMs has increased 
vis-a-vis the low-end price of the prior-
generation part. For example, in North 
America, pricing for 64K DRAM fell as low 
as $0.75 for million-piece orders dxuing tiie 
late 1980s. By contrast, the low-end price for 
256K DRAMs in North America was higher— 
at $1—dvuing the early 1990s. As noted, 
Dataquest does not expect the low side of 

1Mb DRAM pridng in North America to fall 
near the $1 level. 

In light of this historic market trend, vjsers 
should expect that the low-end North Ameri
can price for 4Mb DRAM will be higher than 
low-end 1Mb DRAM pricing. As shown in 
Table 1, Dataquest calls for a low-end North 
American price for 4Mb DRAMs of $5.50 dur
ing the 1995 to 1996 period. By contrast. Data-
quest expects the North American booking 
price to hit $3.40 or lower in the 1992 to 1994 
time frame for the 1Mb device. 

A&'an Suppliers in a HostHe Legal Environment 
Another assumption, the Asian-supplier 
assumption, signals intensifying 4Mb DRAM 
pricing competition but only under the correct 
legal/trade conditions. For example, as noted, 
Korean-based suppliers were slashing 4Mb 
DRAM pricing in North America during early 
second quarter of 1992, which dropped the 
low-end price to $11.50 on some oiders, until 
Micron filed dtmiping allegations. The timing 
of a legal decision—^let alone the ultimate 
North America market impact—^is uncertain 
this time. However, the story should unfold 
by the first half of 1993. 

The main point is that, depending on the 
direction in which the trade winds blow, the 
legal/trade environment will cause 4Mb 
DRAM pricing competition, in imeven alternat
ing fashion, to ease and intensify in different 
world markets. Should legal and trade tensions 
ease over time in regions such as North 
America and Europe, non-Japanese Asian sup
pliers likely wovild compete more aggressively 
on 4Mb DRAM pricing than warranted by the 
current trade and legal enviroiunent. 

Adequate 4Mb DRAM Capacity: A Changing 
Assumption? 
For users of 4Mb DRAM, a key difference 
between the 1Mb and 4Mb DRAM price 
assumptions shown in Table 2 emerges with 
the second assumption—^that DRAM capacity 
should adequately meet long-term demand 
("adequate capacity" assumptiDn). Why? Users 
of INfti DRAM enjoyed adequate supply/ 
capacity for this part during the peak stage 
of its hfe cycle, which now approaches the 
decline stage. By contrast, the assumption of 
adequate ^Mb DRAM capacity undergoes close 
re-examination just as the 4Mb product nears 
the critical peak stage. 
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Overview to Table 3 and Table 4 

At Dataquesf s SEMICON/West Seminar, 
Dataquesf s Mark FitzGerald, Senior Industry 
Analyst in the Semiconductor Equipment, 
Manufacturing, and Materials Service (SEMMS), 
provided a midyear 1992 update regarding 
the adequacy of 4Mb DRAM capacity for 1992 
to 1993. 

Tables 3 and 4—which were presented at the 
seminar—demonstrate why there are two 

differing market perspectives regarding the 
4Mb DRAM capacity outlook for the second 
half of 1992 and 1993. 

Readers should note at the outset of this 
analysis—as will be shown—^that Dataquest 
has not changed its stated assumption that 
Noith American users can expect adequate 
4Mb DRAM capacity for the next several 
years. Even so, Dataquest analysts continue to 
examine the worldwide supply-demand equa
tion to determine whether ttiere should be any 

Table 3 
Capacity Utilization, Distribution of 1992 Slices (<0.5 and <0.8 Micron) into 4Mb DRAM Die* 

1. Forecast 4Mb DRAM, Million Units per 
Month 1992 

2. Theoretical Die Capacity Million Units per 
Month in 1992 

3. Assumption of Percent Theoretical Die Capacity 
in 4Mb Production 

4. Adjusted Theoretical Die Capacity Asstiming 
70% Yield 

5. Capacity Utilization (%) 

34.3 34.3 34.3 34.3 34.3 34.3 

113 113 113 113 113 113 

50 m 70 80 90 100 

39.6 47.5 55.4 63.3 71.2 79.1 

86.8 72.3 62.0 54.3 48.2 43.4 

»77iran die size/170 die per wafer 
Source: Dataquest 0uly 1992) 

Table 4 
Delayed 200mm Fab Plans in Japan 

Products 
Type 
of Fab 

Fujitsu 
Hitachi 
Kn 
Matsushita 
Matsushita 
NEC 
NEC 
NKK 
Oki 
Sanyo 
Sharp 
Toshiba 
Toshiba 
Toshiba 
Toshiba 

16Mb DRAM 
4Mb/16Mb DRAM 
ASIC 
16Mb DRAM 
16Mb/64Mb DRAM 
16Mb, MPU 
4Mb/16Mb DRAM, EPROM 
4Mb SRAM, ASIC, MPU 
16Mb DRAM 
16Mb DRAM 
4Mb DRAM, ROM 
16Mb DRAM 
4Mb/16Mb DRAM 
4Mb/16Mb DRAM 
16Mb DRAM 

Production 
Production 
Production 
R&D 
Production 
Production 
Production 

Pilot 
Production 
Production 
Production 
Pilot 
Production 
Production 
Production 

Source: Dataquest (July 1992) 
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change to the assumption of adequate 4Mb 
DRAM capacity. 

The Message of Tables 3 and 4 
Table 3 provides an estimate for June 1992 of 
worldwide 4Mb DRAM capacity utilization. As 
shown in the footnote to Table 3, this capacity 
analysis assumes the availability of 170 4Mb 
DRAM die from each 0.5- through 0.8-micron 
wafer slice. The 4Mb DRAM capacity analysis 
in Table 3 flows on the basis of the following 
assumptions and estimates: 

• Line 1. Dataquest estimates worldwide 4Mb 
DRAM at 34.3 rniUion units per month dur
ing 1992. 

• Line 2. Dataquest estimates theoretical die 
capacity from 0.5- through 0.8-micron fabs 
at 113 million vmits per month in 1992, as 
stated in the note to Table 1. 

• Line 3. Dataquest assumes the percentage 
theoretical die capacity in 4Mb DRAM 
production in a range from 50 percent to 
100 percent. 

• Line 4. Dataquest assumes a 70 percent 
yield rate for 4Mb DRAM manufacturers 
and then adjusts the information in Lines 2 
and 3 into an estimate of 4Mb DRAM theo
retical die capacity as measured in millions 
of vmits. 

FormtUa: Line 4 = Line 2 x Line 3 x 0.70. 

• Line 5. Shows an estimate of 4Mb DRAM 
capacity utilization based on the estimate in 
Line 1 and the estimates/assumptions in 
Lines 2, 3, and 4. 

Formula: Line 5 = Line 1 / Line 4. 

Table 4 shows 200mm fab plans that have 
been delayed in Japan by suppliers of 4Mb 
and 16Mb DRAMs. 

Adequate 4Mb DRAM Capacity: Dataquest's 
Midyear 1992 Perspective 
In his presentation at the Dataquesf s 
SEMICON/West Seminar, Mr. FitzGerald noted 
that the conclusion he makes can be viewed as 
conservative. He assumed that just 70 percent of 
the 0.5-/-0.8-micron capacity is being used for 
4Mb DRAMs during 1992—when in feet market 
reality would allow Dataquest to assume a 
higher percentage. 

The salient point from Table 3 and the 
SEMICON/West Seminar is that Dataquest esti
mates current 4Mb DRAM capacity utilization at 
a 62 percent rate, which should mean adequate 
worldwide supply for users barring a niajor 
market change. Dataquest also believes that 
additional capacity will be available in the 
Republic of Korea over the next 12 to 18 
months. Mr. FitzGerald's conclusion is that 
adequate 4Mb DRAM capacity exists as of 
midyear 1992. 

A 4Mb DRAM Shortage? 
A DRAM shortage should never be discotmted. 
For example, what about the latest vmverified 
reports (aka rumors) of a 1992 or 1993 DRAM 
shortage? 

Table 4 shows that the worldwide network of 
4Mb DRAM users must continue to monitor 
DRAM capacity trends. The mata point from 
this table is that, in response to harsh DRAM 
market realities, Japan-based suppliers such as 
Fujitsu, Hitachi, NEC, and Toshiba have chosen 
to delay the opening of some 4Mb/16Mb DRAM 
fabs that otherwise would be open by now or 
else be opened during the period from mid-1992 
through 1993. The table does not speak of can
cellations nor close-downs of operating febs, but 
rather of delays in schedvde openings. Neverthe
less, Dataquest expects that some of the delays 
will become permanent scuttles, which could 
over time change the long-term DRAM supply-
demand scenario. 

To answer the question posed earlier regarding a 
near-term shortage, the information in Table 3 
indicates that any shortage during the second 
half of 1992 or the first half of 1993—should one 
occur—^likely would be a short-term spot short
age. The impact would be m.uch less than the 
massive DRAM supply base disruption that 
occurred during the 1987 to 1988 shortage. 

The Next-Generation 16Mb DRAM 
The assimiptions in Table 2 apply to the 16Mb 
DRAM price forecast. However, over time the 
order of significance might reshuMe given the 
evolving nature of the DRAM marketplace. In 
summary feshion, Dataquest assumes the follow
ing market impacts on tiie 16Mb DRAM price 
curve: 

• Cost-reduction assumption: akin to the 1Mb 
and 4Mb DRAM outlook 
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• Adequate capacity assvunption: akin to the 
4Mb DRAM scenario 

• Asian supplier assumption: akin to 1Mb and 
4Mb DRAM outlook 

• Legal assumption: akin to 1Mb and 4Mb 
DRAM perspective 

Of these four assumptions, the capacity assiunp-
tion could have the greatest impact on the long-
term 16Mb DRAM price outlook, especially if 
the worldwide network of suppliers decide to 
significantly reduce capacity. 

The fifth assttmption in Table 2, which assiunes 
that DRAM technology alliances wiU exert grow
ing influence on pricing trends, should have 
greater impact at densities of 16Mb and greater 
tiian at lower densities. For example, some 1Mb 
DRAM alliances (for example, Hitachi-Goldstar) 
affected pricing trends but not until the product 
was beyond the critical forward, or introduc
tory/early growth, stages of the life cycle. 

By contrast, Dataquest foresees a strong impact 
on 16Mb DRAM price trends from alliances 
among others sudi as the IBM-Siemens and 
Hitachi-Texas Instruments arrangements. Some 
alliances likely will evince an impact on 16Mb 
DRAM pricing during 1993, which could set the 
tone on long-range pricing. 

(For a full listing and report on DRAM alliances, 
see "Worldwide DRAM Technology Alliances: 
Global Evolution Motivated by Survival of the 
Fittest," in the Semiconductor Procurement 
Dataquest Perspective, Vol. 1, No. 17.) 

Microprocessor Trends 
Intel's recent victory in the U.S. federal cotirt 
over Advanced Micro Devices (AMD) in the 
287 microcode case, which remains subject to 
appeal and other legal maneuvering by all par
ties, keeps the spotlight on the X86 MPU mar
ketplace. These two litigants should return to the 
court during July when, among other issues, 
AMD will strive to preserve 386 "rights" that 
derive from the California arbitration case. As 
we wrote in last quarter's pricing article, reports 
of the AMD's impending death at the hands of 
Intel remain greatly exaggerated. However, rejec
tion by the federal court of the remedy granted 
to AMD by the California arbitrator—^AMD's so-
called 386 "rights"—^hkely wovild have a pro
foundly negative impact on AMD during the 

medium term. Regardless, AMD's entry into the 
486 segment likely will not occur this year, and 
at earliest perhaps not until the second qtiarter 
of 1993. 

Intel's victory shifts attention to other X86 com
petitors, specifically the Cyrix/Texas Instruments 
team, which now stands to gain at AMD's 
expense. Cyrix/Tl is currently embroiled in a 

. lawsuit with Intel over the X86 technology/ 
manufacturing rights. And at this writing, 
tmverified reports of an AMD alliance with 
Chips & Technologies were circtilattng. 

X86 Price Trends: Today, Tomorrow, and tlie 
Distant Future 
Against this legal/marketing background, 
Table 1 and Figure 2 show price trends for key 
X86 devices. Table 1 and Figure 2 show more 
aggressively priced forecasts for 80X86 devices 
than did prior forecasts. The reasons are 
straightforward: The 32-bit CISC marketplace 
has evolved partially to date from a sole source 
arena into an oligopolistic market, and suppliers 
of 32-bit a S C MFUs face increased competition, 
not only from each other but also from suppliers 
of 32- and 64-bit RISC devices. 

The Multisourced 386 IVIarketplace 
Subject to ultimate legal reversal, AMD's success 
in the arbitration case in effect makes the 80386 
marketplace a second-sovured marketplace. 
Cjnix adds to the X386 party. However, the com
pany has not truly entered the 80486 marketplace— 
Cyrix's product nomenclature notwithstanding. 

The effect of competitive multiple sources is 
stamped on the price forecast for 386SX-25 and 
386DX forecasts. For example, in North America 
the 386DX FQFP (1,000-to 5,000-unit volume) 
broke below tiie $100 barrier in terms of Intel 
list pricing as of the second qviarter of this year. 
Dataquest expects additional price erosion dur
ing 1992, resulting in a year-end price of less 
than $60. The voltmie discount curve is steep as 
of midyear 1992. 

Dataquest estimates the cost of manufocture for 
the 386DX device to be less than $35 to $40. 
Dataquest foresees a fourth-quarter 1993 price of 
$34 in the current intensely competitive environ
ment. For the distant future (that is, 1995 to 
1996), maniifacturing improvements should 
allow North American pridng to drop to $20. 
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Figure 2 
x86 Price Trends (Nortli American Bool<ings; Volume: 1,000 to 5,000) 
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Note: This information coordinates witli Dataquest's quarterly forecast for 1992-1993, dated June 1992. 

•Pricing for 80486DX-33 is the same as the 25-MHz version. 

Source: Dataquest (July 1992) G2000310 

The price outlook for 386SX devices parallels the the likelihood and timing of any 80486 price 
386DX scenario. cuts. 

The Emergence of Multiple Sources for 
486 MPUs 
Subject to legal appeal, with reversal not likely, 
AMD's loss in the 287 microcode case means 
that Intel should remain the sole source of 80486 
MPUs during most of 1992. The year 1993 
should be a different scenario, with the race con
tinuing between suppUers such as AMD and 
Cyrix to crack Intel's 80486 monopoly as soon as 
possible. 

As shown in Table 1 and Figure 2, under these 
market conditions Dataquest foresees multiple 
sovures in the 486 arena but not tmtil the first 
half of 1993. For example, in North American 
pricing for the 80486DX PQFP (1,000- to 
5,000-unit volume) should run more than $300 
over the second half of 1992. 

WTith sub-$100 pricing for Intel's 80486SX 
products hitting the markets effective July 1, 
1992, users continue to anticipate more competi
tive pricing for the 80486DX devices during the 
second half of 1992. In prior reports we assessed 

The scenario we outlined before remains 
consistent—although the time shoiild shift 
toward early 1993. Users can expect that the 
price curve for the 80486DX-25 and 80486DX-33 
devices wiU take a step-function downward, but 
Kkely not until after the introduction of the 
80586 chip and/or a competitor's successful 
80486DX market enfay. As noted, the 287 micro
code decision likely wiU prevent AMD from 
entering the 486DX market tintil the first half of 
1993 at the earliest. Cyrix might enter the 486DX 
arena sooner, but any market impact would not 
be felt until tiie first half of 1993. 

Intel's Wild Card, and Options 
Under this scenario, the wild card in the 486DX 
pricing equation becomes the timing of the 
"586" introduction, which appears to be Septem
ber 1992. The microcode decision provides Intel 
with a vital respite as of midyear 1992 regarding 
486DX pricing competition. 
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For the second half of 1992, Intel has at least 
three options: first, to slash 486DX pricing before 
or during the anticipated late third quarter/ 
fourth quarter 1992 introduction of tine 586 part; 
second, to slash 486DX pricing after the intro
duction of the 586 part—toward tiie end of 1992; 
or third, to not aggressively cut 486DX pricing 
till 1993 or later. 

An examination of the assumptions behind 
Dataquest SPS's long-range X86 price forecast 
indicates that Intel wiU pursue the second 
option. This approach would enable Intel to 
enjoy higher 486DX pricing for most of 1992 and 
also to protect the 586 price curve—should that 
be Intel's intent for this year—while stiE allow
ing an ultimate response to merging competition 
in liie 486DX marketplace. 

Assumptions for the 80486 Price Forecast: 
Deja Vu, AH Over Again 

The assumptions behind the X86 price fore
casts might make SPS clients who have 
tracked X86 pricing trends over the past sev
eral years feel—to quote the U,S. baseball 
player Yogi Berra—that "If s deja vu all over 
againf" For example, despite enormous changes 
in the competitive environment, several key
note assumptions remain remarkably consistent 
with assumptions stated in prior years. Cer
tainly, the altered conipetitive MPU landscape 
means modification of original assumptions— 
and some entirely new ones—^but readers 
should not be suiprised if they experience 
some deja vu while reading this section. 

The following summarizes the assiunptions 
that guided our long-range X86 price forecast 
dviring the firet half of 1991: 

• Assumption 1: Best to be synchronized with 
Intel product migration plans 

• Asstimption 2: New and shifting rules of 
the MPU game 

• Assumption 3: Intel will remain impervious 
to pricing competition 

• Assxmiption 4: No Intel price war against 
tiie AM386 

Table 5 shows the assumptions as of Jvdy 1992 
that guide Dataquesf s SPS forecast on X86 
pricing for the 1992 to 1996 period. 

Assumption 1: A Reshaped Environment Means 
Competitive 80X86 Pricing 

The first assumption—that Intel is not impervi
ous to pricing competition—^may seem old 
news. However, this assumption still causes 
lingering shock for market players that remem
ber the sole-souiced 32-bit MPU world of just 
two years ago. The level of pricing competi
tion during the 1980s between Intd-AMD or 
Intel-Motorola should pale against the competi
tive pricing tactics likely from the set of X86 
market players that includes AMD, C&T, 
Cyrix/TI, and UMC Subject to ultimate legal 
decision, the long-term 80X86 environment has 
been reshaped into an oligopoly if not a 
purely competitiye market, which translates 

Table 5 
Assumptions for Long-Range North American x86 Price Forecast (Descending Order of Significance) 

1. Intel is not impervious to pricing competition. However, it will accelerate the shift to 
higher-priced/leading edge parte—^where competitive pressures are less—^with a goal of 
leaving competitors such as AMD, Chips & Technologies, Cyrix/TI and UMC (Taiwan) to 
battle on price in mature product markets like the 80386. 

2. Users are best advised to be synchronized with Intel product migration plans, which 
should accelerate during the 1992 to 1996 period. 

3. The shifting rules of the MPU game mean complicated price/performance comparisons and 
choices for users of x86 devices. 

4. Intellectual property lawsuits and related legal action will also complicate x86 price fore
casting, signaling—^with a time lag— l̂ess competitive pricing when Intel wins and more 
competitive forecasts when Intel loses, subject of course to appeal. 

5. The current investigation of Intel by the U.S. Federal Trade Commission wiU cause Intel to 
compete defensively on price—and not offensively—against competitors such as AMD, 
Chips & Technologies, and Cyrix/Tl tmtil the case is adjudicated-

Souree: Dataquest (July 1992) 
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into the aggressive long-range 80X86 price 
forecasts shown in Table 1 and Figtire 2. 

A central element to be discxissed, however, 
has not changed: Intel's adherence to a migra
tion strategy by which it will shift its focus to 
higher-priced/leading-edge parts where com
petitive pressures are less and profit margins 
are greater Competitois will be left to battle 
on price in more mature MPU product 
markets. 

Assumption 2: Mel Will Accelerate X86 
Migration Schedules 
As stated in prior reports, Intel will most 
favorably support users that coordinate system 
life cycles in Une with Intel's product migra
tion schedule—^meaning procurement headaches 
for users not synchronized with Intel's plans. 
Users should expect Intel to accelerate ttie 
pace of new product and technology introduc
tions in the years ahead. 

Looking at the recent past, the following top 
the list of examples of Intel's eventual willing
ness to "reward" tisers who timely migrate 
with Intel a step-function decline in price: the 
1991 price curve for the 80486DX products, 
and the 1992 curve for the 80486SX devices. 

Dataquest realizes that users have a range of 
reasons for not avoiding synchronization with 
Intel's migration plans. In addition, we realize 
that nonfirst-tier customers of Intel face a 
challenge in terms of being in sjmchronization 
with Intel even if these srnaUer customers aim 
to synchronize with Intel For examples, some 
users were late to learn that Intel would 
introduce the following devices: 80386SX-25, 
80486SX, and 80486DX2. 

As indicated earlier, users mxist be prepared 
because Intel plans to accelerate the pace of 
new product and technology introductions 
during the 1992 to 1996 period. Table 6 
shows the introduction year and the first year 
of volume production for X86 products, includ
ing an estimate for next generation "586" and 
"686" devices. 

The key point for users is that, unlike the 
1980s, when system manufacturers had an 
interval of foiu: years in which to absorb new 
X86 technology, during the 1990s users will 
face a flow of new technology every one to 
two years. 

Table 6 
X86 Life Cycle Analysis: The Introductory Stage 

Part 

80386 
80486 
"586"* 
"686"* 

Year of 
Introduction 

1985 
1989 
1992 
1993 

Year of 
First Volume 

Production 
1986 
1990 
1993 
1994 

*Future, unannounced x86 product families 
Source: Dataquest (July 1992) 

Assumption 3: Market Shifts Mean More 
Complicated 80X86 Product Choices 

This assumption augurs a challenging future 
for all users of MPUs—CISC-based as well as 
RISC-based. As noted in prior reports. Data-
quest assumes that Intel will strive to establish 
new and shifting rules as users move to the 
80486 and its likely successor, the "586". There 
will be short-term periods of market confusion 
while Intel varies lite mix of MPU architec
tures and/or packaging to tailor device specifi
cations in line with customer needs regaiding 
MPU price/perfonnance trade-off. For examiple, 
the 80486DX2 product exemplifies Intel's will
ingness to respond to user demand—^whether 
system manufacturers or ultimate end users— 
in order to respond to marketplace demand. 

Another example is that Intel might name the 
"586" product in an entirely different i^shion 
than originally expected—^fhat is, some name 
other than "586"— în order to protect intellec
tual property claims. This is a small point, 
perhaps, but still reflective of the shifts that 
users must prepare for as Intel battles to 
maintain market leadership position. 

A more fundamental example is that Intel's 
"586" and successor product technology shotdd 
drive CISC-based MPU technology upward 
from the PC market into a new and less 
familiar system market—^workstations, which 
have been dominated to date by RISC-platform 
processors. 

Assumption 4: Legal Actions Will Have Increased 
Impact on 80X86 Price Trends 
As indicated, also consistent with prior MPU 
pricing assumptions is that Intel will continue 
to ground its strategy on aggressive legal 
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protection for what Intel claims as its intellec
tual property. Although AMD to date has 
undercut Intel's claim to a 80386 legal 
monopoly—and other competitors such as 
Cyrix and Integrated Information Technology 
(ITT) have apparently developed "clean room" 
versions of somie Intel-developed microcodes— 
Intel will continue to make wovild-be competi
tors prove in the courtroom adherence to U.S. 
and international intellectual property laws. 

Users can expect the wild first-half 1992 swing 
in legal momentum to recur—^from AMD's 
early stunning arbitration case victory to 
Intel's subsequent equally stimning victory in 
the 287 microcode case—with concomitant 
impact on pricing tactics and strategies. In 
order to gauge 80X86 pridng trends, users will 
need to track the host of legal actions and 
anticipated decision days—and not ignore the 
appeal process. The key point is that more so 
than ever before, MPU marketing and manu
facturing teams aim to aggressively exploit 
every window of opportunity opened by the 
legal process—and minimize the marketing 
downside associated with any loss. 

Assumption 5: The FTC Investigation Keeps Intel 
in a Defensive Pricing Posture for the Short Term 

Government intervention into the economy 
always has an effect—often vmintended. The 
current FTC investigation into Intel's business 
practices to some extent thwarts Intel from 
pricing its parts as aggressively as it could in 
the absence of such government scrutiny. 

For example, sub-$100 pricing for the 80386DX 
device becomes less impressive with the reali
zation that the cost of manufacture is likely 
less than $40. At this time, Intel must avoid 
any appearance of product diunping in North 
America vis-a-vis competitors such as AMD. 
In the absence of the FTC investigation, the 
80386 pricing shown in Table 1 for 1995 likely 
would become a reality for 1993— îf not 
sooner. 

The central point is that the FTC rather 
quietly continues its investigation of Intel— 
keeping the company somewhat defensive 
on pricing tactics as of midyear 1992. Users 
should monitor the government's legal pro
ceedings over the second half of this year— 
with an eye to 1993 market impacts. 

Another Look at "586" Price Estimates 
In prior reports, Dataquest SPS has used MFU 
life cycle price analysis to generate an estimate 
of pricing during the forward stages of the Ufe 
cyde. Table 7 presents the results of that assess
ment. (For analysis behind the "586" price esti
mate, see "The Risky, CISC-y, Sexy World of 
32-Bit MFUs Means Stressful Opportunity for 
Procurement Managers," in the Semiconductor 
Procurement Dataquest Perspective dated 
May 25, 1992.) 

During early June 1992, Dataquest learned tihat 
Intel might be considering a more aggressive 
introductory price for the "586" than is shown 
in Table 7. In effect, some large customers w^ould 
receive the same 58 percent (fiscount—off the 
price estimate shown in Table 7—that Intel 
recently gave to users of the 80486SX device. If 
Intel were to pursue this strategy, the introduc
tory price shown in the table would fall to $533. 
We noted before that the introductory date may 
sldft to the end of the third quarter of 1992. 

For several reasons, most users should not 
expect a sub-$600 introductory price for the 
"586" part. First, the volume assumed in Table 6 
for the introductory price is stated as 100 to 
1,000 units, whereas first-tier buyer volume most 
likely would be much higher (1,000 to 5,000 
units, if not more). Second, Intel's recent victory 
in the 287 microcode case eases somewhat its 
need to demonstrate aggressively pricing on this 
state of tile device at this time. Third, the lurk
ing FTC investigation should have the same 
effect. 

Table 7 
Estimated "586" Pricing by Product Life Cycle Stage 

Stage: Price ($) 
Introduction (Second Half 1992) 

First Volume Production^ 1,268 

Early Growth (1993) Price at First 
FuU Year of Production^ 788 

Growth (1994) Price at Second 
Full Year of Production^ 694 

Assumptlcins; Specs: 3 miUicm transistors; 50 MHz; CFGA (not 
tntiltichip module). Intel's strategy: conforms more so with 
historic forwaid-pridng strategy associated with competitive 
market environment and less so vrith monopoly-pxidng pow
er. Life cycle: starts by second half of 1992 

Volume of 100-1,000 units 
Volume of 1,000-5,000 units 
Souice: Dataquest QvXy i99Z) 
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Dataquest Perspective 
Dataquesf s most recent North American book
ings price svtrvey was conducted imder typically 
volatile market conditions: Intel crashed down 
the 80486SX price curve—-just before its stuiming 
victory over AMD in the 287 microcode case. 
Meanwhile, as some DRAM suppliers ponder 
their long-term role in the DRAM business, IBM 
announced its plan to become a merchant mar
ket IC supplier. In the midst of these swirling 
market dynamics, the report provides Dataquest 
SPS's perspective on the "scenario"—the set of 
assumptions—^which we believe will guide 
DRAM and X86 price trends diuing the 1992 to 
1996 period. 

For users of DRAMs—as shown in Tables 3 and 
4—capacity should adequately meet demand 
during the 1992 to 1993 time frame—barring a 
wholescale cutback in 20Chnm fab plans. DRAM 
pricing should continue to be com.petitive over 
the long term. 

For users of X86 processors, Intel is not as 
impervious to pricing competition as during 
prior years. However, it will use an accelerated 
X86 product migration schedule during the 1992 
to 1994 period to protect the 486DX/586/686 
price curves in line with corporate profit dic
tates. The threatening tide of X86 market 
entrants—^which apparenfly can not be stifled 
on legal groimds alone—might be obviated by 
Intel's rapid move to higher technology groimds. 

By Ronald Bohn 

Product Analysis 

1992 Semiconductor Cost Trends 

Applications of Cost Model Analysis 
Cost model use falls into two broad areas: near-
term cost/price optimization planning and long-
range system cost analysis. A usable model 
allows for both applications. The Dataquest 
semiconductor cost model uses 17 key variables 
of semiconductor manufacture after raw silicon 
wafers have been processed. 

Semiconductor cost models are predominantly 
used to compile costs for use in near-term con
tract negotiations. By identifying areas where 

costs can be reduced, price negotiation results 
often benefit the parts buyer. Applying 
experience-curve theory to cost model applica
tions can give both short- and long-term cost 
price scenarios that can be a basis for strategic 
planning. 

Strategic use of cost models in long-range plan
ning has been underutilized mainly because 
long-range variables are perceived as too erratic 
to model, let alone base plans on. By utilizing 
different learning curves to individual variables 
in the model and then modehng these derived 
inputs, one can better imderstand future trends 
and have alternative strategies at hand if any 
variable actually differs from its expected trend 
fine. This method of cost model use can easily 
be made part, or the basis, of a proactive stra
tegic plan. 

The high rate of technological change in the 
semiconductor industry has caused the cost per 
function to decrease at an average rate of 35 
percent per year for the last 20 years. This high 
rate of change is expected to continue. 

Cost Analysis 
Cost versus Price 
In a competitive market, semiconductor 
manufacttirers pass cost reductions on to their 
customers. Therefore, a knowledge of semicon
ductor costs and cost trends is useful for 
projecting long-term procurement costs and 
selecting the most cost-effective semiconductor 
device for a particular application. 

The cost/price relationship for semiconductor 
products varies from product to product, from 
company to company, and with time as a 
function of business conditions. A good way 
to perform cost/price analysis is to monitor 
prices and costs over a period of several years 
for selected product types and identify the 
average gross margin for these types. By using 
this procedure, semiconductor users can 
develop a good feel for the cost/price relation
ship for the semiconductor products they buy. 
Buyers can use the cost/price data provided 
here to estimate the cost of purchased materi
als and determine target prices for future price 
negotiations. 

This article provides semiconductor users with 
the cost data necessary for cost/price analyses 
of specific semiconductor products. 
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Figure 1 
Commercial and MIL-STD Manufacturing Flow 
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Source: Dataquest (July 1992) 

Cost Factors 

The cost of a semiconductor device is deve
loped by adding the cost of each step in the 
manufacturing process. Figure 1 shows the 
manufactvuing process flow for semiconductor 
devices and identifies the important cost steps 
in the process. 

Our cost model categorizes costs into the fol
lowing four areas: 

• Wafer processing and die sort 

• Assembly 

• Final test 

• Screening, qualification, mark, pack, and 
ship 

G2000311 

Screening and qualification tests include 
bum-in and MIL-STD quality and reliability 
assurance processing requirements. 

In our analyses, we have assumed that the 
product being modeled is being manufactured 
with technology that has passed the start-up 
phase. For example, shifts to 6-inch wafers 
win be indicated at a time when most manu
facturers have made the change, rather than 
when the first manirfacturer begins production. 

The manufecturing process starts with an 
unprocessed silicon wafer that costs from $15 
to $25. After completing more than 100 proces
sing steps, the cost of a processed wafer is 10 
to 30 times the initial cost of the unprocessed 
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wafer. The wafer cost is a function of the 
following: 

• The number of mask layers required 

• The photolithographic reqioirements 

• The quality of chemicals and purchased 
wafers 

• The clean room environment 

A complex relationship exists among each of 
these elements, the processed wafer cost, and 
the end cost of the product. 

Number of Mask Layers 
The cost of the wafer increases with each 
layer required. Additional mask layers could 
introduce more defects and decrease yields. 
Generally speaking, more complex processes 
produce more expensive die. Table 1 lists the 
t5rpical number of mask layers for most com
mon integrated circuit processes. 

Photolithographic Requirements 
Wafer costs increase as device features become 
smaller. However, smaller features result in 
more die or more functions per wafer. 
Although the wafer cost will be higher, the 
cost per function wiU often be lower. 

Quality of Materials and Clean Room Environment 
As device features become smaller, semicon
ductor circuits become more susceptible to 
defects in the semiconductor material. These 
defects result in lower yields. Defects occur in 
the purchased silicon wafers and masks; the 
defects are introduced during processing by 
chemicals and particles in the air. 

Table 1 
Number of IC Process Mask Layers 

Process 
Schottky TTL 
Bipolar 

Linear 
ECL 
NMOS 
HMOS 
CMOS 
HCMOS 
BiMOS 

Single -Layer 
Metal 

7 

7-9 
8 
8 
9 

10 
11 
14 

Multilayer 
Metal 

9 

9-11 
10 
10 
11 

12-15 
13-16 
16-18 

Source: Dataquest Culy 1992) 

Increasing the quality of materials and improv
ing the clean room environment increases the 
cost of processed wafers. However, the result
ing lower-defect material produces higher 
yields and lower unit costs. This is especially 
true for VLSI products. 

Finished wafers are then tested and electrically 
sorted to separate the good die from the bad. 
The primary cost factors at wafer sort are the 
yield (percent) of good die on the wafer and 
the testing costs, which are a function of the 
cost per hour of using the test equipment and 
the time required to test each die. Increased 
wafer sort yield is the single most important 
factor in reducing the cost of VLSI products. 

Package Costs 
Electrically sorted die are then assembled into 
packages. Packaging costs vary from pennies 
to several dollars, depending on the type of 
packages needed. Table 2 provides cost esti
mates for representative packages used for 
integrated circuit products. As automation 
increases, labor content per device decreases. 

Assembled units then receive their final tests. 
The most important final test costs are the 
equipment operating cost, test time, and yield. 
The cost of performing tests over time is 
assumed to increase moderately, while 5delds 
increase as test methods and manufacturing 
methods are improved. 

The fibtial mark, pack, and ship step has only 
a minimal effect on the total product cost. 
Labor, shipping containers, and a 1 percent 
yield loss are the primary cost factors at this 
stage of manufacturing. 

Cost Model 
This cost model determines the variable cost for 
the device modeled. The variable cost includes 
the cost of direct labor and materials for each 
product modeled. 

Processed wafer cost, number of die per wafer, 
test cost per hour, and assembly cost are all 
empirical data; so are the peld percentages used 
in each step. Table 3 shows how each hne of the 
cost model is developed. 

Understanding Yields 
Only a portion of die on a given wafer wiU 
meet the electrical test specifications to which 
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Table 2 
1991 Package Cost Estimates—Total Assembled Cost (Die-Free) 

No. of 
Pins 
(Vol.) 
8 

14 

16 

18 

20 

22 

24 

28 

32 

40 

44 

48 

52 

64 

68 

84 

100 

128 

144 

160 

208 

244 

256 

308 

Plastic 
DIP 
(500K) 
0.10 

0.16 

0.16 

0.18 

0.24 

0.24 

0.26 

0.30 

0.38 

0.45 

0.50 

0.56 

0.74 

CERDIP/ 
QUAD 
(lOOK) 
0.30 

0.35 

0.36 

056 

0.62 

0.65 

0.67 

0.90 

0.99 

1.25 

3.00 

3.97 

Side-
Braze 
(25K) 
1.95 

2.00 

2.05 

2.20 

2.40 

2.86 

3.12 

3.64 

4.12 

5.15 

6.15 

SOIC/ 
SOJ 
(500K) 
0.12 

0.18 

0.18 

0.19 

0.19 

0.24 

0.25 

0.32 

0.36 

0.40 

PLCC 
(500K) 

0.16 

0.18 

0.25 

0.29 

037 

0.51 

0.60 

0.75 

LDCC 
(25K) 

3.00 

3,69 

4.59 

6.64 

7.31 

CLCC 
(lOOK) 

1.08 

1.20 

1.44 

1.68 

1.92 

2.80 

3.08 

3.36 

.3.84 

4.42 

4.70 

5.74 

Ceramic Plastic 
PGA 

(25K) 

9.28 

11.48 

13.10 

13.80 

16.78 

18.46 

24.01 

35.54 

PGA 
(25K) 

2.88 

3.69 

4.56 

5.50 

6.45 

7.65 

9.20 

11.97 

14.05 

14.75 

17.75 

QFP 
(EIAJ) 
(lOOK) 

0.38 

0.48 

0.52 

0.68 

0.68 

0.70 
(801d) 

0.95 

1.50 

1.97 

2.60 

3.65 

4.80 

PQFP-
JEDEC 
(lOOK) 

1.20 

1.70 
(1321d) 

2.65 
0641d) 

(O to to 



Table 2 (Continued) 
1991 Pacl<age Cost Estimates—Total Assembled Cost (Die-Free) 

s 
A 

I 

No. of Plastic CERDIP/ Side-
Pins DIP QUAD Braze 
(Vol.) (500K) (lOOK) (25K) 

SOIC/ Ceramic Plastic QFP PQFP-
SOJ PLCC LDCC CLCC PGA PGA (EIAJ) JEDEC 
(500K) (500K) (25K) (lOOK) (25K) (25K) (lOOK) (lOOK) 

Material 
Consideration: 

Ld Frame Maf 1 

Ld Form 

Wire 

Lid 

Preform 

C194 

TH 

Au 

Epoxjf 

NA 

A42 

TH 

Al 

Ceramic 

Qass 

A42 

TH 

Al 

Au/Kovar 

Au/Sn 

C194 

Gull/J 

Au 

Epoxy 

NA 

C151 

J 
Au 

Epaxy 

NA 

A42 None A42 Cu Ati 

Gull None TH TH Gull 
Al Al Al Au Au 

Au/Kovar Au/Kovar Au/Kovar Au/Epoxy Epoxy 

Au/Sn Au/Sn Au/Sn NA NA 

C194 

Gull 

Au 

Epoxy 

NA 

Note: Costs reflect offshore assembly. Plated metal not included in lead-frame cost (except TAB). 
NA = Not available 
Source: Dataquest Qvly 1992) 
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Table 3 
Semiconductor Cost Model Algorithms or Variables 

Wafer Sort 
Wafer size (diameter in inches) 
Capacity utilization (%) 
Geometry (microns) 
Processed wafer cost ($) 
Die area (square mib) 
Active area fector 
Number of masks 
Defect density per square inch per mask 
Gross die per wafer 
Processed wafer cost per gross die ($) 
Test cost per hour ($) 
Wafers tested per hour 
Wafer sort cost per gross die ($) (K/L)/I 
Cost per gross die at wafer sort ($) J + M 
Wafer sort yield (%)=(((E/F/10*)*GxH)*100) 
Cost per sorted die ($)=NxlOO/0 

Assembly 
Material cost/sorted die-SOJ pkg. ($) 
Number of Pins 
Assembly yield (%) 
Cost per assembled die ($)=(P + Q)/S*100 

Final Test 
Test time per die (sec.) 
Cost per hour of testing ($) 
Test cost per die ($) U » V/3600 
Final test yield (%) 
Cost per final tested unit ($) 

Mark, Pack, and Ship 
Cost at 99% yield (%) = 0.01*Y 

Total fabrication cost per unit ($) 

Foreign Market Value (FMV) Formula Adders 
R&D expense (15%) = 0.15*AA 
SG&A expense (10%) = (AA + AB)»0.10 
Profit (8%) (AA + AB + AC)*0.08 
Constructed FMV = AA + AB + AC + AD 

Algorithm or Variable 
= A 
= B 
= C 
= D 
= E 
= F 
= G 
= H 
= I = (0.9 X Ji X (A/2)* X 10*)/E 
= D/I = J 
= K 
= L = l/(((* X D/60)/60) 
= M 
= N 

= o 
= P 

= Q 
= R 
= S 
= T 

= U 
= V 

= w 
= x 
= Y = cr + w)/x*ioo 

= z 
= AA = Y+Z 

= AB 
= AC 
= AD 

* = Test seconds per die 
Source: Dataquest (July 1992) 

the die was designed. The percentage of good 
die per wafer is known as yield. As a silicon 
wafer is processed, each step decreases the final 
yield of good parts that meet specification and 
are shippable. 

Calculating Yield 
There are several methods to calculate electri
cal test yields of semiconductor wafers. 

Dataquest uses an exponential equation called 
Murphy's formula to approximate jdeld: 

Yield = e^" '̂; 

where e is the constant 2.72, D is the defect 
density in defects per square inch, and A is 
the area of the chip in square inches. This 
mathematical formula is useful for analyzing 
the key factors that affect semiconductor 
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yields: the ntm:iber of defects on the wafer 
and the ntimber of chips on the wafer. The 
number of chips per wafer is determined by 
the area of each chip. Defects on a wafer are 
caused by particles in the air falling on the 
wafer during semiconductor manufacture. The 
number of defects on a wafer is determined 
by the number of particles in the air and the 
ntimber of mask steps required in the proces
sing of the wafer. An increase in mask levels 
requires more time in the fab area, thus 
increasing the chances of particles falling on 
the wafer and causing a reduction in yield. 

Figure 2 
Semiconductor Yield Defect-Density Effect 

Yield Trade-Offs 

Figure 2 describes graphically the effect of 
defects on wafer electrical test yield. Each line 
represents the jdeld curve size for a given 
defect density. Many facilities now in produc
tion produce 8 to 20 defects per square inch, 
while state-of-the-art VLSI facilities will 
produce only from 1 to 5 defects per sqtiare 
inch. As the size of a die continues to 
increase, the effects of defects p>er square inch 
become increasingly detrimental to yield. In 
response to this necessity. Class 10 and lower 
dean rooms are becoming the norm for 
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competitive semiconductor manufacturers. 
(Class refers to the amoiuit of particulates of 
a certain size per sqviare foot tiiat exist in a 
clean room. For example, a Class 10 clean 
room has no more than 10 particulates per 
square foot.) 

By taking a typical 4Mb DRAM with two dif
ferent die sizes (approximately 112K sqtiare 
mils and 142K square nuls) in two different 
manufacturing areas, one with 5 defects per 
square inch and the other with 1 defect per 
square inch, one can easily see in Table 4 the 
advantages of utilizing a clean room with less 
particulates. This points out why it is more 
economical to ship larger die if the fabrication 
area is cleaner, because more die per wafer 
are shippable. 

Yield and Related Costs 
Semiconductor chips are electrically tested 
several times to separate die that meet speci
fications firom those that do not. Wafer sort, 
assembly, and final test are the three areas in 
semiconductor manufacturing where related 
testing occurs. 

Electrical Wafer Sort 
The first test, electrical wafer sort, is done on 
processed wafers by a computer-based tester 
at a test station specifically designed for that 
device. The tester automatically tests each die 
on the wafer by contracting each pad on each 
chip and marking with a dot of ink those die 
that do not pass the test. Test costs consist of 
equipment operating costs, direct operator 
costs, and the amotmt of time reqviired to test 
each wafer. 

Equipment operating costs are dominated by 
the depreciation of the test equipment. Semi
conductor test equipment is generally 

Table 4 
4Mb DRAM Yield Loss to Defects 
(Percentage Good Die/Number of Good Chips per 
6-inch Wafer) 

Chip Size Fab Area 
(Mils') 5 Defects/In." 1 Defect/In.' 

127,000 
110,583 

52.9—105 die 
57.4—132 die 

88.1—176 die 
89.5—205 die 

Note: A deaner fabrication area allows for more shippable 
product even if the die size is larger than in a "dirtier" 
area. 

Source: Dataquest 0uly 1992) 

depreciated over five years and can ninge in 
price firom $250,0(X) to $1 mUlion, depending 
on test requirements. Dataquest uses estimates 
of test costs per hour ranging from $25 to 
$100 f>er hour. The most complex integrated 
dbrmt test costs range from $50 to $100 per 
hour. 

Dataquest assmnes that a test operator sup
ports each piece of test equipment and esti
mates the labor cost per hour to be $17. The 
total test cost, including labor, then ranges 
from $40 to $115 per hour. 

The time to test a wafer is determined by the 
circuit complexity, the niunber of chips per 
wafer, and the jdeld. Good die take about five 
times as long to test as bad die. Test pro
grams are formulated and used to minimize 
test time by testing functions of the device 
statistically proven to most likely fail first. Test 
times for good die are kept to a minimum by 
performing only those tests that assure 85 to 
90 percent test yield when packaged. Wafer 
sort test times for full-production VLSI chips 
takes no longer than 9 seconds for each chip. 

Applying the above to a 4Mb DRAM example 
results in the following: there are 228 gross 
die per 6-inch wafer, and 118 (52 percent) are 
good. The test time for each wafer is about 
51 minutes. For this example, w ê use a test 
cost per hour of $58 ($41 for eqtiipment, $17 
for the operator). Total test cost per wafer is 
$49.30, with the test cost per die totaling 
$0,239. 

Assembly and Packaging 
Semiconductor chips in the form of processed 
and tested wafers are electrically functional 
and could be used as they are. Functional die 
in wafer form, although tiieoretically function
al, are too fragile in tiiat state for commercial 
or other use. In order to have a protective 
container for a device, various packages have 
been created to provide different devices with 
different degrees of ruggedness. Ranging from 
ceramic packages with gold contacts to blobs 
of plastic covering chips on PC boards, the 
encapsulation method for electrically good die 
is detennined by the end use of the system 
that the device is part of. 

Packaging technology has continuotisly 
improved, but the basic assembly steps have 
not changed significantiy during the past 
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20 years. The three main areas of assembly are 
as follows: 

• Die separation 

• Die attach and lead bond 

• Encapsulation 

Die Separation. This step refers to the method of 
separating the individual die on a wafer. One 
technique is very similar to the method of cut
ting and breaking glass. A diamond stylus 
automatically scratches the wafer in the areas 
between the die, called scribe lines. Once the 
total wafer has been scribed, the wafer is 
placed on a machine that fractures the wafer 
along the scribe lines. Some manufacturers use 
laser scribe machines to etch a hne along the 
scribe Une. Thick wafers require diamond saw
ing along the scribe lines. 

After the wafer is completely broken into indi
vidual die, each chip is visually inspected 
under a microscope to remove any that have 
been physically damaged during manufactur
ing. Chips are also eliminated at this point if 
they do not conform to dimensional design 
rules. Good chips are separated and moved to 
the next step of manufacture, die attach and 
lead bond. 

Die Attacti and Lead Bond. Assuming the use of 
a standard plastic small outline J-lead (SOJ), 
good die are attached to metal lead frames 
with a small amount of molten gold or low-
cost epoxy. It is imperative that a die be 
securely attached to the lead frame in order 
for it to withstand later testing requirements 
made of the finished device. The next step is 
bonding the pads of the chip to individxial 
leads of the package with either gold or 
aluminum wire that is between 1.0 and 
1.5 thousandths of an inch in diameter. Ther-
mocompression bonding involves heating the 
lead frame and attached die to about 340° C. 
The bonding wire is automatically pressed 
against the bonding pad on the heated die, 
fusing the wire to the die. The wire is then 
drawn to its respective bonding pad on the 
lead frame, which is also fused. Automated 
bonding machines are capable of bonding 
more than 1,000 packages per hour. Once 
the die is attached witih bonded leads, 
another visual inspection is performed to 
eliminate devices that were damaged or 
bonded incorrectiy. 

Encapsulation. Assembled lead frames for plastic 
SOJs are placed in molds into which molten 
plastic is injected, thus forming the body of 
the semiconductor device. Between 20 and 
50 packages are encapsulated at once, resulting 
in low production costs. The molded packages 
are cured in a 200° C oven for 40 hours. 
Excess metal is then removed from the devices 
and the leads are formed to the finished 
product configuration. The parts are tested 
for open or shorted circuits that might have 
resulted during encapsulation. The packaged 
parts are now ready for final test. 

Hnal Test 
After the die have been packaged, they 
undergo one final test. Packaged parts are 
transferred from assembly to the final test area 
in static-free plastic tubes that are inserted into 
automated package handlers. The handler 
releases one package at a time into a test 
socket or head that is wired to an automated 
test computer. Many manufacturers are using 
multiple-head test systems to increase the 
throughput of a test system. 

Each unit is stringently tested at this step, 
across "worst case" conditions. The circuits are 
tested for maximiun and minimum speeds, for 
power dissipation, and for many combinations 
of inputs and outputs—that is, they are tested 
to ensirre that they will meet all of the manu
facturer's specifications and guarantees. The 
automatic test equipment performs thousands 
of separate tests in seconds. A t5rpical final 
test by the manufacturer runs from less than 
one second on a TTL logic device to up to 
10 seconds or more on some 4Mb DRAMs. 

The final test must be stringent enough to 
ensure that the device performs over its 
guaranteed temperature range. The environ
mental conditions are usually ensured in one 
of the following two ways: 

• AH devices are tested at the high-
temperature end of the specifications. 

• The devices are tested at room temperature 
over sufficientiy wide tolerances (guard 
bands) so that operation at the temperature 
extremes is ensured. 

The first approach is obviously the safer 
method, but it is also niuch more expensive. 
As a result, many semiconductor manufectur-
ers will correlate the room temperature charac
teristics with the characteristics at temperature 
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extremes, add a safety guard band to the 
room temperature test parameters, and then 
test at room temperature. Samples are regu
larly taken from the production lots and tested 
across the full range of environmental condi
tions to ensure that the correlation parameters 
are accurate. 

The functions of wafer sort and final test 
correlate very closely. Often both tests are per
formed in the same room and/or on the same 
test machine; the chief difference is the test 
program. One of the main functions of the 
wafer sort program is to minimize the amount 
of additional labor and materials that would 
be assigned in producing bad circuits. This is 
especially important to devices with low die 
costs and higher assembly costs. 

Wafer sort caimot eliminate all potentially 
defective die, however, for the following 
reasons: 

• Most sophisticated circuits such as 4Mb 
DRAMs cannot completely be tested in 
wafer form due to parasitic effects resvilting 
from the probes and wiring, incident room 
light, and other factors involved with physi
cally sorting the die. 

• Some of the die may be damaged during 
the assembly process. 

• The die caimot be tested across the temper
ature range in wafer form because the wafer 
and probes cannot be easily maintained at 
temperatures below the ambient. 

The objective of wafer sort is to ensure that 
enough of the potentially rejectable circuits 
have been discarded so that final test yields 
will be high enough to support a desired level 
of profitability. Excessively high final test 
yields are not necessarily acceptable. This may 
mean that potentially good devices are being 
thrown away at wafer sort. As a result, many 
manufacturers will adjust the tightness of their 
internal wafer-sort test to allow the final test 
yields to fall in the range of 80 to 90 percent 
good vmits. 

Cost Model Usage 
As shown in Table 5, ŵ e expect improvements 
in yield to be made over time as specific 
product processes become better understood. 
Yield improvements result directiy in lower 

costs. The more existing capacity (for example, 
plant and machinery) utilized, tiie lower the per-
unit cost, because fixed costs are spread over 
more units. High capacity utilization combined 
with higher yields results in lower costs per imit 
that are directiy reflected in lower prices under 
normal circumstances. This characteristic of 
the semiconductor industry can be used to 
knowledgeably estimate current and future price 
trends for product planning or price negotiation 
decisions. 

The 4Mb DRAM 
The 4Mb DRAM cost model shown in Table 4 
reflects both yield improvement trends (1990, 
1991, and 1992) and capacity use effects (1991; 
100 percent to 25 percent utilization). Capacity 
utilization greatiy affects unit cost even as 
yields improva At a certain point, low utiliza
tion of capacity results in lower yields as 
process control procedures become difficult to 
monitor because of the lower volumes manu
factured. This compound effect (higher fixed 
costs plus lower yields) in down markets is 
often cited in antidumping rhetoric as market 
prices temporarily dip below costs. The oppo
site occurs in growing markets imder norrnal 
situations as shown in the 1991 and 1992 
cost/price trends. 

Dataquest Perspective 
Individual unit costs of semiconductors form 
the most tangible variable in the total cost of a 
semiconductor device. The understanding of cost 
modeling and the variables that go into that 
model allows for more efficient allocation of 
resources both in planning and in the execution 
of those plans. By appl5dng different assump
tions to different variables in the model, one can 
uncover areas of cost not previously considered 
important. Many different "what if" scenarios 
are often required to utilize cost modeling fully 
in long-range system analysis. 

Modeling is inherentiy flexible and can be 
updated if proven historical data basically differ 
from calculated model results. Checking and 
updating a model against known data enstires 
that the model is correct and current. Revisions 
to existing algorithms to better match reality are 
made when basic changes occur, not for pertur
bations that deviate from the norm. 

Those in procurement can use cost modeling 
and experience curve analysis for both short-
and long-term contract negotiations. Periodic 
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Table 5 
Semiconductor Cost Model, 4Mb DRAM 

Wafer Sort 
Wafer Size (inches diameter) 
Capacity Utilization (%) 
Geometry (microns) 
Processed Wafer Cost ($) 
Die Area (sqioare mils) 
Active Area Factor 
Number of Masks 
Defect Density per Square Inch 
Gross Die per Wafer 
Processed Wafer Cost per 

Gross Die ($) 
Test Cost per Hour ($) 
Wafers Tested per Hour 
Wafer Sort Cost per Gross Die ($) 
Cost per Gross Die at Wafer Sort ($) 
Wafer Sort Yield (%) 
Cost per Sorted Die ($) 

Assembly 
Material Cost/Sorted Die— 

SOJ Pkg.($) 
0.1800 
Number of Pins 
Assembly Yield (%) 
Cost per Assembled Die ($) 

Final Test 
Test Time per Die (sec.) 
Cost per Hour of Testing ($) 
Test Cost per Die ($) 
Final Test Yield (%) 
Cost per Final Tested Unit ($) 

Mark, Pack, and Ship 
Cost @ 99% Yield (%) 

Total Fabricated Cost per Net Unit ($) 
FMV Formula Adders 

R&D Expense (15%) 
SG &A Expense (10%) 
Profit (8%) 
Constructed Foreign Market 

Value (FMV) 

1991 

6 
100.00 

0.90 
520 

127,000 
1.00 

14 
0.350 

200 

2.5952 
90.00 
2.25 

1.0088 
3.6040 

54 
6.7150 

0.1800 

20 
91 

7.5769 

12.00 
90.00 

0.3000 
90 

8.7521 

0.0875 
8.8396 

1.33 
1.02 
0.89 

12.08 

1992 

6 
100.00 

0.80 
487 

110,583 
1.00 

14 
0.200 

230 

2.1163 
90.00 
3.13 

1.2237 
3.3400 

73 
4.5522 

0.1800 

20 
•92 

5.1437 

10.00 
90.00 

0.2500 
91 

5.9272 

0.0593 
5.9864 

0.90 
0.69 
0.61 

8.18 

1992 

6 
75.00 
0.80 
609 

110,583 
1.00 

14 
0.200 

230 

2.6454 
171.90 

3.13 
2.3373 
4.9827 

55 
9.0547 

0.1800 

20 
92 

10.0378 

10.00 
171.90 
0.4775 

88 
11.9221 

0.1192 
12.0413 

1.81 
1.38 
1.22 

16.45 

1992 

6 
50.00 

0.80 
761 

110,583 
1.00 

14 
0.200 

230 

3.3068 
214.87 

3.13 
2.9216 
6.2284 

37 
16.9776 

0.1800 

20 
92 

18.6496 

10.00 
214.87 
0.5969 

86 
22.2667 

0.2227 
22.4894 

3.37 
259 
2.28 

30.73 

1992 

6 
25.00 

0.80 
951 

110583 
1.00 

14 
0.200 

230 

4.1334 
302.97 

3.13 
4.1195 
8.2529 

18 
44.9926 

0.1800 

20 
92 

49.1006 

10.00 
302.97 
0.8416 

82 
60.8204 

0.6082 
61.4286 

9.21 
7.06 
6.22 

83.92 

1993 

6 
100.00 

0.70 
456 

92,000 
1.00 

14 
0.150 

277 

1.6486 
90.00 
2.60 

0.8470 
2.4956 

82 
3.0275 

0.1800 

20 
93 

3.4489 

10.00 
90.00 

0.2500 
93 

3.9773 

0.0398 
4.0171 

0.60 
0.46 
0.41 

5.49 

Source: Dataquest (July 1992) 
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"reality checks" of the model ensure that, when 
cost and price trends track in the same or differ
ent directions, plans can be made with confi
dence that the best information was available at 
that time. Cost modeling can also be vised as an 
internal audit to note where actual costs com
pare with model costs. Ttaditional use of cost 
models in price negotiations combined with 
experience curve trends can fine-tune the final 
outcome of these important agreements. 

By Mark Giudici 

Inquiry of the Month 

Semiconductor Procurement Inquiry 
Higliliglits 
Q. What are the top 10 procurement issues over 
the past seven years? 

A. See Table 1. 

Table 1 
Top Semiconductor User Issues 

1992 
Rank 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

Pricing 

Quality/Reliability 
On-Time Delivery 
Availability 
New Products/Obsolescence 
Cost Control 
JIT/Inventories 
Forecasting 

Trade Restrictions 
Developing User/Supplier 

Relationship 

1991 
1 
5 

6 
2 
7 

3 
4 
-
8 

-

Historical Rankings 
1990 

2 
6 
1 
4 
7 

3 
5 
9 

10 

-

1989 
2 
4 
3 
1 
8 
7 
6 
-
-

-

1988 
2 
6 
3 
1 
8 
4 
9 
-
-

-

1987 
1 
3 
4 

2 
-

6 
7 
-

5 

-

1986 
1 
2 
3 
4 
7 
-

5 
9 
-

-
Source: Dataquest Quly 1992) 
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In Future Issues 
The following topics will be addressed in future 
issues of Semiconductor Procurement Dataquest 
Perspective: 

u August Procurement Pulse 

• ASIC product update 

• Regional pricing 

For More information 
On the topics in this issue Mark Giudici, Director (408) 437-8258 
About online access (408) 437-8576 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest publications (408) 437-8285 
" ^ f a x request (408) 437-0292 

The content of this report represents our interpietation and anal3rsis of information generally available to the public or released by responsible individuals 
in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in confidence by our clients. 
Individual companies repotted on and analyzed by Pataquest may be clients of this and/or other Dataquest services. This infbimation is not furnished in 
connection with a sale or offer to sell securities or in connection with the solicitation of an offer to buy eecuritiee. This £rm and its parent and/or their 
ofScers, stockholders, or members of their families may, from time to time, have a long or short position in the securities mentioned and may sell or buy 
such securities. 
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June Procurement Pulse: Orders and Inventories 
Plateau, While Lead Times Rise 
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tory and order rate corrections mean to both semi
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By Mark Giudici Page 3 

Product Analysis 
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Regional Pricing Update 
DQ Monday Report: Volume Mean 
Pricing* 

Device 
Family 

74AC00 

74AC138 
74AC244 

74AC74 

Lead Tune: (Weeks) 

4F00 
4F138 
4F244 
4F74 

Lead Tune: (Weeks) 

7805-TO92 
CODEC-FLTR 1 
CODEC-FLTR 2 
Lead Time: (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 

DRAM 256Kxl-8 
DRAM 256Kx4-8 

DRAM 4Mbxl-8 

EPROM 1Mb 170ns 

EPROM 2Mb 170ns 
SRAM 1MB 128KX8 
SRAM 256K 32Kx8 

SRAM 64K 8Kx8 

Lead lline: (Weeks) 

68020-16 
80286-16 

80386DX-25 

80386SX-16 
R3000-25 

Lead Time: (Weeks) 

United 
States 

0.18 

0.29 
0.44 

0.24 

5 

0.10 
0.15 
0.22 

0.11 
5 

0.12 
1.78 
4.10 

8 

3.20 

31.50 
1.13 
3.25 

11.73 
3.15 
6.85 

11.75 
3.70 

1.78 

2 

27.25 
8.08 

94.50 

46.50 
102.50 

2 

Japan 
0.18 
0.34 

0.46 

0.22 

3 
0.12 
0.20 

0.28 
0.14 

3 
0.18 

2.20 
4.45 

3 
3.27 

34.20 
1.61 

3.30 

11.25 

3.50 
7.00 

11.01 

3.42 
1.55 

4 

36.95 
9.83 

135.62 

51.89 
122.25 

7 

Europe 

0.15 

0.26 

0.35 
0.20 

12 

0.09 
0.15 
0.21 
0.12 

12 

0.11 
2.50 
5.00 

6 

3.15 

30.00 
1.52 
3.15 

12.00 

2.90 
4.40 

9.30 
3.25 

1.65 

4 

26.00 

10.00 
95.00 

47.50 

110.00 
4 

Taiwan 

0.16 

0.25 

0.38 
0.20 

4 

0.10 
0.16 

0.23 
0.12 

4 

0.11 
1.73 
4.55 

3 

3.33 
34.00 

1.05 

3.40 

12.25 

3.03 
5.70 

13.50 
3.45 

1.30 
4 

34.75 

9.50 
100.00 

48.00 

Hong 
Kong 

0.15 
0.24 

0.39 
0.20 

5 

0.09 
0.16 
0.24 

0.12 
5 

0.11 
1.94 

4.70 
4 

3.10 

36.80 
1.20 
3.40 

12.50 

3.30 

6.33 

13.60 
3.80 
1.37 

7 

31.50 
10.10 

96.00 

47.20 

Korea 
0.14 

0.21 
0.36 
0.17 

5 

0.09 
0.14 

0.23 
0.11 

5 

0.11 
1.45 

3.30 

31.00 
1.05 
3.30 

11.30 

2.40 
4.70 

3.30 

1.40 
4 

6.90 
75.00 

37.00 

*Pdces in US. dollars 
Source: Dataquest (June 1992) 
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Market Analysis 

June Procurement Pulse: Orders and 
Inventories Plateau, While Lead rimes 
Rise 
The Procurement Pulse is a m.onthly update of 
critical issues and market trends based on sur-
veys of semiconductor procurement managers. 
This article explains what the semiconductor 
inventory and order changes mean to 
semiconductor users. 

Semiconductor Order Rate Correction 
Expected 

As shown in Figure 1, the respondents to this 
month's survey expect to book approximately 
tiie same level of semiconductor orders in June 
relative to last month's strong increase. This flat-
tening in semiconductor order rates correlates 
with the six-month system sales outlook that 
is expected to decline 4.2 percent, down to a 
positive 8.0 percent from last month's heady 
12.2 percent forecast. The current 8.0 percent 

Figure 1 
Averaged Monthly Semiconductor Orders 
Order Index, 12/88 = 100 
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Actual vs. Target Inventory Levels 
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Averaged Semiconductor Lead Times 
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six-month forecast is still even with the 
8.0 percent outlook outlined two months ago. 

The largest decline in system sales is expected to 
come from the computer segment of our survey 
with the forecast dropping from last month's 
10.6 percent to a current six-month outlook of 
6.2 percent. Many of the computer company 
respondents are expecting flat sales relative to 
last month, which effectively lowers the aver
aged forecast rate. Sales estimates are relative 
and there were still no negative forecasts 
reported from our respondents. 

Overall prices are expected to decline 1.3 percent 
since our last report, primarily due to the 
extreme caution in DRAM pricing brought on by 
Micron's antidiimping action taken against 
Korean DRAM suppliers, as noted last month. 
Additionally, surface mount standard logic 
prices have inched upward for some users due 
to a short-term supply/demand imbalance. 
Based on key supplier inputs, there remains ade
quate semiconductor capacity to meet the needs 
of the gradual growth cycle that we are now 
seeing. Accurate forecast commimications to 
suppliers should ameliorate the need to worry 
about shortage possibilities. 

Lead Times Rise Above 11 Weeks 
There has been a marked trend of average lead 
time increase since February (See Figure 2). 
There are several causes for this increase in 
average lead times. Direcfly impacting lead 
times is the steady increase of demand com
bined with some material shortages (discrete 
T092 packages and surface mount technology 
standard logic lead firames). Indirectly causing 
delays is the strong end-user demand for TAftn-
dows software. Because Windows requires 
incremental DRAM and VRAM to run optimally, 
system companies are now ordering DRAM/ 
VRAM in addition to their regular bill of mate
rial orders. Distributors are also experiencing 
lengthened lead times of standard logic and 
DRAM/VRAM due to unseasonable strong 
demand levels. The isolated lead time stretches 
will correct themselves in the DRAM/VRAM 
area because of the capacity levels available. The 
delays associated with surface mount logic may 
last longer because of the relative few numbers 
of suppliers remaining in this market. The 

situation is by no m.eans dire enough to force 
buyers to the spot market, but accurate forecast
ing of order levels now will prevent shortage 
concerns for SMT standard logic in the future. 

Semiconductor Inventory Correction Underway 
While the overall semiconductor inventory levels 
remained flat for both target and actual levels as 
shown in Figure 3, the computer subset of our 
survey saw actual levels rise and target levels 
fall, creating a large target versus actual inven
tory delta (see Figure 4). The overall sample tar
get and actual inventory levels went from a 
respective 20.2 and 26.5 da)^ to the current com
parable 20.7 and 27.1 days. The computer seg
ment went from a 25.5 and 26,7 target versus 
actual inventory level to this month's respective 
target of 22.2 days, with 28.7 days of semicon
ductor inventory on hand. As mentioned in last 
month's Procurement Pulse, a correction in 
inventory levels is still anticipated, but the com
puter segment of our survey still requires addi
tional work in getting actual inventory levels in 
line with target. W t̂h the aforementioned reduc
tion in computer system sales expected relative 
to last month, a reduction in order activity from 
data processing companies is likely in order to 
keep inventory levels imder control. 

Dataquest Perspective 
In todajr's economy, for every two steps forward 
it seems there is one step taken backward, and 
the current pickup in electronics activity is no 
exception, llie ongoing gradiial increases noted 
in demand over the past several months have 
had some lead time stretch-outs, inventory ups 
and downs, and price flattening; however, the 
underlying growtii pattern remains. The nuts 
and bolts of procurement success is accessing 
material at low overall cost regardless of busi
ness level activity. As business levels increase, 
the stakes of this success are raised relative to 
the competition. The aggregate capacity level of 
the semiconductor suppliers remains good and 
will come to production levels as sustained 
demand levels are realized. Pickups and slow
downs in Older activity need to be minimized in 
order to convince suppliers that the cost to acti
vate capacity wiU be rewarded with consistent 
higher levels of sales. 

By Mark Giudici 
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Product Analysis 

DRAM User Alert: Managing Your 'Year 
2000" Supplier Base Starts Today 
Eight years ago, the author of this report 
worked with the Korea Trade Center, which 
alerted the world that Korean-based firms like 
Samsung were intent on achieving world leader
ship in DRAMs—a ludicrous thought at the 
time. Today, Samsung ranks among the very top 
suppliers in the DRAM world, with Goldstar 
and Hyundai aiming to join Samsung as a mem
ber of this exalted rank. Looking ahead eight 
years from today, users of DRAM must start 
preparing now to manage anticipated major 
changes in the DRAM supplier base by the year 
2000. 

For many users, DRAMs rank along with 
microprocessors (MPUs) as their most critical 
supply base concern. Dataquest estimates that 
worldwide production of DRAMs totaled 1.3 bil
lion imits during 1991, a 5 percent increase from 
the 1990 level. Based on Dataquesf s 1991 
DRAM market share ranking, this report evalu
ates the life cycle stage for DRAMs in 256K 
through 16Mb densities and assesses the evolv
ing supply/supplier base for these critical 
products not only today but for the remainder 
of this decade. 

A key element to the Semiconductor Ptocure-
ment Service (SFS) strategy for DRAM demand 
management is for users to match system life 
cycles with DRAM life cycles. This evaluation 
enables systems manufecturers to compare their 
long-term system migration plans against 
DRAM life cycles for the purpose of managing 
DRAM costs and planning for DRAM product 
changes in those cases where system, and DRAM 
life cycles do not match. 

Modeled in the same fashion as previous Data-
quest articles in ova series of IC supply base 
reports, this article is organized in five main sec
tions. The first section develops a guide to cost-
effective procurement of DRAMs tiiroug^ the 
use of product life cycle analysis. The second 
section focuses on the top-ranked suppliers of 
DRAMs and looks at market positions, product 
strategies, technology strengths, strategic alli
ances, and the worldwide fob network of lead
ing suppliers. The thiid section of this article 

coiribines the analyses of DRAM life cycles and 
the supplier base. This section supports users of 
DRAMs in assessing which direction to take for 
DRAM products and suppliers over the long 
term. The fourth section, on DRAM Ufe cycle 
pricing, serves as a tool for "forward piidng" 
analysis—^with the focus here on the next-
generation 16Mb DRAM. The fifth and final sec
tion presents Dataquesf s overall perspective on 
the DRAM market. 

DRAM Product Life Cycles 
This section uses information on DRAM product 
hfe cycles as a guide to assist users in adjusting 
to forces affecting the marketplace over time. 
This section also lays the basis for other analysis 
based on DRAM life cycle curves. 

DRAM Life Cycles by Product Density 
Figure 1 illustrates a series of curves that map 
the product life cycle of DRAMs in densities 
of 256K to 16Mb. This figure is based on 
Dataquesf s historical DRAM unit shipments 
and forecast information. 

Figure 1 reveals that DRAMs experience a life 
cycle in the range of 15 years, excluding the 
R&D phase. The figure also Ultistrates fliat the 
DRAMs with densities of 4Mb and below typ
ically reach Hxe peak stage of the life cycle 
dtuing the sixth year. 

Historically a new density of DRAM has been 
introduced every three years—with a concomi
tant three-year interval for piice-per-bit cross
overs. The trend is toward longer DRAM life 
cycles as measured by the interval between 
price-per-bit crossovers. 

Factors Ttiat Affect DRAM Ufe Cycle Behavior 
The following factors are among those affect
ing DRAM life cycle behavior: system applica
tion trends, DRAM manufacturing trends, and 
the levels of R&D and capital spending. We 
believe that the huge R&D expense and fab 
costs associated with designing and manufac
turing DRAMs with densities of 4Mb and 
greater account for the trend toward longer 
DRAM life cycles when compared to priOT 
generations. 

Key DRAM manufecturing trends include the 
following: the move to ever smaller submicron 
processes—which will face ultimate laws of 
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Figure 1 
DRAM Product Life Cycles by Density as of June 1992 
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physics after the year 2000; the increased 
niunber of masks/processes; the rate of yield 
improvement; and the pace of the industry's 
shift to larger-size wafers (from 8-inch to 
10- or 12-inch wafers). 

Some significant application trends include the 
evolving relationsldp between system main-
memory requirements and DRAM storage 
capacity. For example, growth in noncomputer 
DRAM demand (VCRs, telecom systems) 
means increased use of DRAMs with smaller 
storage capacity than that necessary for com
puter systems. Another application trend 
entails the growth in demand for low-voltage, 
low-power, high-speed systems—meaning 
increased consumption of wide DRAMs (xl6). 

A bottom-line financial factor that will affect 
megabit density DRAM life cycles is the 
industry's ability—or inability—to profitably 
sustain enormous levels of R&D and capital 
spending, which are needed to produce ever-
denser and more complex DRAM devices on 
schedule (for example, 1-Gb DRAM prototypes 
by the year 2000). 

DRAM Ufe Cycles by Conriguration 
Figure 2 depicts the life cycles for DRAMs 
and video RAMs (VRAMs) on the basis of 
organization. The figirre breaks each stage into 
specific time intervals. 

DRMA Life Cycle Stages 

Rguie 2 shows that the DRAM R&D stage 
occurs over a three- to five-year period. The 
DRAM introduction and growth stages extend 
for five years. The maturity and saturation 
stages—^which total four years—^represent the 
peak of the life cyde. The decline/phaseout 
period typically persists for five to seven 
years. Figure 2 illustrates that the 1Mb DRAM 
life cycle—^which peaked during 1991 in terms 
of unit shipments—should move through the 
decline phase starting in 1993. The 1Mb 
DRAM life cyde should extend well past 1995. 
Dataquest expects a long life for 4Mb DRAMs, 
with the life cyde peak not expected until the 
1994 time frame. Rgure 2 also shows that the 
16Mb DRAM has entered the introductory 
stage of a cyde that should extend to the year 
2000, and that 64Mb DRAMs are in the R&D 
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Figure 2 
DRAM Product Life Cycles by Configuration as of June 1992 
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phase. At the other end of the curve, the 256K 
DRAM continues to move through the decline 
stage. 

DRAM Product Configurations 

The xl and x4 designs have been the main
stream DRAM organizations; however, the 
DRAM trend should be toward product 
proliferation in terms of wide-word configura
tions (x8; xl6/xl8), single in-line memory 
modules (SIMMs), the range of speeds, pack
age choices (TSOP, ZIP), and specialty applica
tions like 2Mb VRAMs. Kgure 2 shows that 
the life cycle for the newer wide-word 
organizations lags behind that of the more 

J^miliar xl and x4 configurations. SIMM life 
cycles are virtually the same as those of the 
imderlying DRAM devices. VRAM life cycle 
lags behind the stage of the eqmvalent-density 
DRAM by approximately one year. 

DRAM Suppliers 

This section analyzes the product and market 
strategies of leading DRAM suppliers. The anal
ysis covers each company's DRAM market rank
ing, product positioning, strategic alliances, and 
global fab network. 

Users of megabit-density DRAMs should be 
aware that the introductory stage of the DRAM 
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product Ufe cycle often means a sharp competi
tive advantage for early entrants, which are able 
to enjoy premixun pricing through the introduc
tion and growth phases of the product. Further
more, the DRAM'S extended maturity stage 
eventually tips the competitive balance to low-
cost producers. Regarding the next-generation 
16Mb DRAM, early 1992 reports to Dataquest 
indicate an aggressive pricing curve for the 
product during the forward stages of the life 
cycle; however^ dumping allegations in North 
America against Korean suppHers have xmdercut 
that scenario. 

Table 1 presents the 1991 worldwide ranking of 
DRAM suppliers by product. The table presents 
each companjr's ranking in terms of tmits for 
densities ranging from 256K through 4Mb. 

Table 2 presents the estimated total world
wide fab capacity of leading DRAM suppliers, 
including percentage devoted to DRAMs. 

Table 1 
Top Worldwide DRAM Suppliers by Product 

Table 3 displays the worldwide network of 
DRAM technology alliances. 

For a detailed analysis of DRAM technology alli
ances, see the Semiconductor Procurement Data-
quest Perspective article "Worldwide DRAM Tech
nology Alliances: Global Evolution Motivated by 
Survival of the Fittest," VoL 1, No. 17, December 
23, 1991. 

Tables 1, 2, and 3 are guides in the anal5^is of 
the 256K, 1Mb, 4Mb, and 16Mb DRAM supplier 
base. 

Toshiba 

Table 1 reveals that Toshiba holds a second-
place ranking in both 1Mb DRAMs and 4Mb 
DRAMs as measured in unit shipments. 
Toshiba is waging a neck-and-neck batde with 
Samstmg during 1992 for total DRAM market 
share leadership. 

Supplier 
Toshiba 
Samsung 
Hitachi 
NEC 
Texas Instruments 
Fujitsu 
Mitsubishi 
Micron 
Oki 
Siemens 
Hyundai 
Motorola 
Goldstar 
Matsushita 
NMB 
Vitelic 
Sharp 

Total (Million of Units) 

Preliminary 
1991 

Revenue 
Ranking^ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Unit Shipment Ranking By 
256K 1Mb 

10 
1 
8 
2 
4 
7 
6 

11 
5 

13 
3 

19 
9 

12 
17 
16 
15 

299 

2 
1 

13 
5 
3 
8 
9 
4 

11 
6 

10 
7 

12 
15 
14 
16 
18 

835 

Product 

4Mb 
2 
3 
1 
4 

10 
5 
6 

13 
7 
8 
9 

11 
12 
14 
15 

16 
138 

Density*^ 

16Mb 
2 

1 
4 

3 
7 

6 

5 

0.1 

Note: Total indudes other suppliers not shown on table 
In terms of revenue 
Includes VRAMs 

3, 

m units 
Source: Dataquest (June 1992) 
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Table 2 
Estimated Number of V\^er Fabrication Production and Pilot Lines of Top-Ranked Dram Suppliers 

Estimate of 
Percent 

Theoretical 
Total Total Capacity 

North Asia/Pacific No. of Theoretical for 4Mb 
America Japan Eiuope Row Lines Capacity^ Drams 

Toshiba^ 
Samsung 

Hitachi 

NEC 
Texas 

Instruments' 
Fujitsu 

Mitsubishi 
Micron 

Old 
Siemens 

Hyundai 

0 
0 
1 

2 

10 
1 

1 
3 

0 
1 

0 

29 
0 

27 

24 

5 
20 
17 
0 

8 
0 

0 

0 

0 
1 

2 

4 
1 

0 
0 

0 
7 

0 

0 
7 

0 

0 

1 

0 
0 
0 
0 
0 

5 

29 
7 

29 

28 

20 
22 
18 
3 

8 
8 

5 

158.6 
57.9 

141.3 
149.1 

92.2 
111.1 
88.1 
22.4 

65.9 
35.4 

26.3 

17.0 
57.1 

38.5 

20.6 

35.9 
18.4 

18.6 
50.4 
40.4 

34.2 

50.0 
Theoietical capadiy stated in millians of square inches of silicon per year 
Includes Toh<dcu Semiconductor (Japan) 
Includes TI/Acer 

Source: Dataquest Quae 1992) 

The vertically integrated Japan-based supplier 
positions itself as a leader in terms of DRAM 
manufacturing capability. Toshiba is well pre
pared to battle aU suppliers for 4Mb and 
16Mb DRAM market share. Even so, Toshiba 
has publicly expressed concern about the 
DRAM supply and demand outlook—^not only 
for 1992 and 1993, but also the long term A 
major concern for Toshiba is the accurate 
industry gauging of the DRAM fab capacity 
required to meet demand. 

The indtistiy giant should remain a leader in 
the DRAM market for the foreseeable future. 
Ehiiing the short term, Toshiba will emphasize 
the 4Mb DRAM density. The information in 
Table 2 shows that Toshiba has started the 
shift to the 16Mb device that will become the 
mainstream product by the 1995/1996 time 
frame. 

Toshiba's competitive product portfolio 
includes high-speed DRAMs, VRAMs, wide-
word configurations, and SIMMs. Toshiba 
recendy announced samples of its R-DRAM, 

which is based on Rambus' hig^-tiiroughput 
DRAM. Based on 1991 unit shipments, Toshiba 
is the leading supplier of 1Mb VRAMs. Dur
ing 1992, Toshiba introduced a 2Mb VRAM. 
The supplier should be a major player in the 
4Mb VRAM segment as ihe market emerges 
during 1993. 

A key DRAM alliance for Toshiba is the well-
. publicized DRAM/MPU arrangement with 
Motorola (Table 3). In this alliance, Toshiba 
provides the DRAM design and manufacturing 
technology. The alliance partners manufacture 
DRAMs in their joint Tohoku (Japan) fab, and 
Motorola resells them in world regions such as 
North America. 

Users in Europe should monitor the evolution 
of the Toshiba-Motorola alliance as the rules 
on local diffusion become final. For example, 
Motorola has established five fabs in Europe. 
Toshiba has none outside Japan except for a 
small facility in North America (CaUfomia); 
however, the firm has announced new fabs 
for Germany and North America (Oregon). 
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Table 3 
Estimated Worldwide DRAM Technology Alliances as of June 1992^ 

1Mb DRAM Alliances 

Second-Source Fab Joint-Ventuie 
Supplier Asreements Agreenients Agreements 

4Mb DRAM AlUances 16Mb DRAM Alliances 
Joint-

Fab Venture Joint 
Asreements Agreements Development 

Goldstar 
Goldstar 
Hitachi 
Hitachi 

IBM 

IBM 

Intel 

Matstishita 

Micron 

Micron 

Motorola 
NMB 

NMB 
NMB 
Old 
Sanyo 
TI 

TI 
TI 
Thom-EMI 

Toshiba 
Toshiba 

ViteUoMOSel 
Hitachi (FA) 

Goldstar 

TI (and 64Mb 
DRAM) 

Siemens 

Goldstar (OEM) 

NEC (Mutual 

OEM) 

Sanyo (64KX16 
device) 

Goldstar (OEM) 

Micron (LA) 

Goldstar (OEM) 

Intel (also Sales 
Agency Agree
ment) 

NEC (Mutual OEM) 

Goldstar (OEM) 
Hitachi (OEM arrangement 

based on Hitachi produc
tion technology) 

Ramtron International (JD) 

Mosaid 
HP-Canon-Singapore 

Acer 

NEC (Mutual 
(OEM) 

ViteUc-MOSel 
Ramtron 
Vitelic-MOSel 

HP-Canon-
Singapore 

Mitsubishi 
NMB (LA per 

Thorn's Inmos-
based patent) 

Motorola 
Siemens (LA) 

Motorola 

Definitior»s/Notes: 
FA = Fab agreement: supplier offers fab capacity for partner's product technology. In most cases, the supplier provides fab capacity 

and produces the partner's DRAM design. 
JD = Joint development: the companies jointly agree to develop new products, which may or may not be marketed separately. 
JV = Joint venture: the companies form a new joint-venture company to develop, manufacture, and market new products. 
LA = Licensing agreement: supplier receives or issues a license to partner for an an up-front fee and/or royalties. 
OEM = OEM arrangement: supplier sells product to alliance partner, which is sold under partner's name. 
SA = Sates agency agreement: supplier sells its partner's products as either a sales representative or a value-added reseller. 
SS = Second-source agreement: the companies agree to develop consistent specifications to ensure a second source. 
'Excludes SIMMs (e.g., Wang's X9 SIMM) and other patent royalties. 
Source: Dataquest Qune 1992) 
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Samsung 
Samsung of the Republic of Kofrea continues 
its impiessive advance in the global DRAM 
marketplace, now aiming to move a notch 
higher into a first-place ranldng. Table 1 rev
eals that Samsung ranks first in the 256K and 
1Mb segments, and third in the 4Mb arena. 
Samsung holds the No. 8 position in the 
1Mb VRAM marketplace. A key factor is that 
the company has used a 'low-cost" manufac
turing strategy to gain share in world markets 
like North America and Etirope. 

Dataquest advised in last year's report that 
to protect its long-term position in the world
wide DRAM arena, Samsung must avoid trade 
friction—which would be challenging. A recent 
obstacle to Samsung's advance in North 
America are the dumping allegations by North 
America-based Micron Technology against 
Korea-based suppliers, allegations that have 
caused trade friction for Samsung. For exam
ple, during the first half of 1992, Samstmg 
positioned itself for a forward-stage price 
strategy on the 16Mb device—similar to the 
256K pricing scenario by Japan-based suppliers 
during the 1985-1986 period. Micron's allega
tions might throttle such aggressive pricing. 
Samsung also remains under trade scrutiny in 
Europe. Samsung's vulnerability to trade res
traints is heightened by the lack of fabs out
side of Korea and the absence to date of any 
key DRAM alliances. 

Regardless, Samsung now positions itself as 
a DRAM technology leader and aims for a 
global leadership role in the 16Mb market
place. Users can expect a competitive product 
portfolio. As shown by its second-place rank
ing in the 4Mb segment and competitive posi
tion in the early stage of the 16Mb life cycle, 
Samsung ranks among the world leaders in 
the DRAM technology race. 

Hitachi 
Hitachi, a Japan-based vertically integrated 
supplier, now batties Samsvmg and Toshiba, 
among others, to maintain its first-place 
ranking in the mainstream 4Mb segment, 
while migrating to the emerging 16Mb arena. 

Hitachi's DRAM strategy continues to focus as 
in past years on the company's design exper
tise and manufacturing prowess augment^ by 
marketing skill. Users can expect a competitive 

product portfolio from Hitachi in terms of a 
fuU range of product speeds, configurations, 
and packaging options toward a goal of 
DRAM product differentiation. For example, 
Hitachi's 4Mb DRAM product line includes 
wide-word configurations, single in-line mem
ory modules (SIMMs), and high-speed DRAMs. 
Hitachi de-emphasizes 256K DRAMs and 1Mb 
DRAMs except for VRAM products. Hitachi 
ranks third in the 256K VRAM business 
(64Kx4) and sixth in the 1Mb segment 
(256Kx4; 128Kx8). The supplier will make 
an orderly move to 3-volt DRAM and 4Mb 
VRAM as those markets develop. 

Hitachi's fab network includes one facility in 
both the European and North American 
markets—an important consideration in a 
period of rising trade tension (Table 2). A sign 
of Hitachi's DRAM manufacturing prowess is 
that the fab network includes state-of-the-art 
8-inch wafer capability. 

The information in Table 3 reveals that Japan-
based Hitachi has forged two k ^ DRAM tech
nology alliances—one with Korea-beksed Gold
star, and the other with North America-based 
Texas Instruments. The alliances are still evolv
ing. For example, the alliance with TI on 
16Mb DRAMs resulted in two different DRAM 
designs—but a common package. The 64Mb 
alliance aims at a second-sovirce arrangement. 
Hitachi's 1Mb DRAM alliance with Goldstar is 
a second-soiuce deal. In the 4Mb foundry 
arrangement, Goldstar makes the device vising 
Hitachi's design, with the product sold by 
HitachL 

NEC 
NEC holds a second-place ranking in the 256K 
DRAM segment, the No. 5 ranking in the 1Mb 
arena, and fourth place in the 4Mb market
place. NEC has somewhat of a reputation as a 
DRAM "follower of the leader." For example, 
the information in Table 1 indicates that NEC 
acts somewhat from a DRAM technology 
"catch-up position"—but the firm does not 
trail the market leaders by far. The vertically 
integrated Japan-based company has success
fully executed this strategy in past years by 
supporting superior manuJ^cturing planning 
with deep-pockets financial strength. 

NEC should remain a top worldwide DRAM 
supplier. Like other leading suppliers, NEC's 
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long term strategy focuses on DRAM densities 
of 4Mb and greater; however, the firm is 
strong in some lower density segments as 
welL For example, NEC is tiie leading supplier 
of 256K VRAMs and holds the No. 5 spot in 
the 1Mb VRAM arena. During first half of 
1992 this supplier started volume production 
of 2Mb VRAMs. Users of 4Mb DRAMs can 
look to NEC for a competitive product port
folio including high-speed 4Mb DRAMs, wide-
word configurations, SIMMs, and VRAMs. 

NEC has positioned itself nicely to withstand 
potential trade friction in regions like North 
America and Europe, having two fabs in each 
of those regions (see Table 2). The just-
announced OEM arrangement with Micron 
(see Table 3) puts NEC onto the DRAM 
alliance map. Others should evolve. 

Texas Instruments 
Texas Instruments trails the market leaders in 
the 4Mb DRAM business. The North America-
based supplier ranks fourth in 256K density, 
third in the 1Mb arena, and is No. 10 in tiie 
mainstream 4Mb arena. In terms of global 
coverage, however, Tl stands in good position 
to make a DRAM market advance over the 
next few years in each world region (see 
Table 2). 

The industry giant offers a competitive 4Mb 
DRAM product portfolio that includes wide-
word configurations and SIMMs. TL, which 
invented the VRAM in 1983, ranks second 
among suppliers of 1Mb VRAMs and fifth in 
the 256K VRAM marketplace. TI wiU bypass 
any 2Mb VRAM and concentrate on the 4Mb 
VRAM product, aiming for volume production 
during the fourth qviarter of 1992. 

Texas Instruments centers one prong of its 
DRAM strategy on alliances that spread the 
risk and benefits of participation in the global 
DRAM business to a network of alliance part
ners that includes users, otiher suppliers, and 
governments. Table 3 presents information on 
a host of TI alliances. The joint venture agree
ment on 4Mb and 16Mb DRAMs between TI, 
Canon, Hewlett-Packard, and the government 
of Singapore—along with the TI-Acer (Taiwan) 
alliance on 4Mb DRAMs—^might serve over 
the long term as industry models of user-
supplier alliances not only in DRAMs but 

also with other ICs. The TI-Hitachi alliance 
has been discussed. Another aJUance not 
shown in Table 3 is a venture between TI 
and the Italian government to produce 4Mb 
DRAMs in Italy. 

A second prong of Tl's DRAM strategy calls 
for aggressive protection of its entire IC patent 
portfolio—whetiier through litigation or 
negotiation—^toward the goal of collecting roy
alty payments. In fact, TI reports patent royal
ties and related payments as operating income 
on its balance sheet 

Users should expect continuing adherence by 
TI to this set of strategies. 

Fujitsu 
Fujitsu holds the No. 5 spot in the 4Mb 
DRAM market, but lower rankings in the 
256K segment and the 1Mb market (see Table 
1). For this vertically integrated Japan-based 
supplier, internal demand reduces the compa
ny's exposure to DRAM merchant market 
volatility. 

Fujitsu's product portfolio will be competitive. 
Fujitsu has a market reputation for good 
DRAM technology (small die sizes). Users can 
look to Fujitsu for VRAMs. The company 
ranks third among suppliers of 1Mb VRAMs 
and fourth in the 256K VRAM marketplace, 
and Fujitsu will evolve with the market to 
higher density VRAMs. Fujitsu has evolved its 
SIMM product portfolio in line with market 
demand trends (wide-word configurations). 
Fujitsu will place less emphasis on 256K and 
1Mb DRAMs during 1992 and 1993. 

Table 2 shows that Fujitsu has fab locations in 
Eiuope and North America in addition to 
Japan. To date, Fujitsu has not been a player 
in the world of DRAM technology alliances. 
Users can look to Fujitsu as a dependable and 
competitive long-term suppUer of DRAMs. 

Mitsubishi 
Mitsubishi holds the No. 6 position among 
suppliers of 256K DRAMs and 4Mb DRAMs, 
and it is ninth in the 1Mb segment The verti
cally integrated Japan-based company ranks 
second among suppliers of 256K VRAMs and 
fovirth in the 1Mb VRAM segment During the 
first half of 1992, Mitsubishi sampled 2Mb 
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VRAMs. Mitsubishi's 4Mb DRAM portfolio 
includes high-speed DRAM and wide-word 
configurations. 

Mitsubishi's overall DRAM ranking has 
slipped somewhat in recent years; however, 
the company remains a competitive world-class 
supplier. For example, Mitsubishi strives for 
process and packaging technology expertise, 
which might translate into a market advantage 
at the 16Mb and 64Mb densities. The zig-zag 
in-line package (ZIP) and the thin small-
outline package (TSOP) were Mitsubishi inno
vations. Even so, if success in the 4Mb DRAM 
business serves as a key indicator of long-term 
success, the signals remain mixed regarding 
any ultimate leadership role for Mitsubishi. 

Micron 
Micron, a relatively small North American 
supplier surrounded by industry giants, ranks 
fourth in the 1Mb DRAM arena. Micron did 
not crack the top 10 in the 256K and 4Mb 
segments based upon 1991 tmit shipments. 
Micron gained one position during 1991 versus 
its 1990 ranking. 

There are four prongs to Micron's competitive 
strategy. Unlike its vertically integrated compe
titors, Micron does not aim at leading-edge 
DRAM technology leadership. Instead, the first 
key prong of the company's strategy calls for 
leadership in low-cost DRAM manufacturing 
capability. For example. Micron is able to 
reduce its capital reqvurements—a critical con
cern for DRAM suppliers—^through innovative 
mask-reduction techniques. Micron's product 
portfolio is weighted toward mature DRAM 
devices (1Mb DRAMs during 1992) because 
the market typically favors low-cost producers 
during this peak stage of the DRAM Ufe cycle. 
A key to Micron's success is that the company 
gears its effort toward achieving die-shrinks 
for mature DRAMs, which means quality 
results in manufacturing and low market 
pricing. 

Alliances, indicated by Micron's just-aimounced 
OEM arrangement with NEC, serve as another 
prong of the companjr's strategy. Another 
Micron alliance, outlined in Table 3, with IBM 
on DRAM manufacturing process technology 
has supported Micron to implement its low-
cost manufacturing plan. 

A third prong in Micron's competitive strategy 
is that the company utilizes the global legal 
system to protect its stake in the market Inur
ing the first half of 1992, Micron alleged that 
Korea-based suppliers dumped DRAMs into 
the North American market. The action could 
stifle the advance into North America and 
other world regions of suppliers like Goldstar, 
Hyundai, and Samsimg. 

The fourth and final prong is that Micron 
aims to meet specialty memory needs. For 
example, tisers of 1Mb DRAMs can look to 
Micron for 64BCxl6 DRAMs and 128Kx8 
VRAMs. Another example is that Micron offers 
a triple-port DRAM. Micron ranks sixth among 
suppliers of 256K VRAMs and hopes to start 
volume production of 2Mb VRAMs during the 
third quarter of 1992. 

Users can expect Micron to become an increas
ing force in the 4Mb DRAM segment as the 
product nears and then moves through the 
maturity stage of the life cycle during 1993 
and 1994. 

Oki 
Old ranks fifth in the 256K DRAM segment, 
No. 11 in 1Mb density and seventh in tiie key 
4Mb marketplace. The vertically integrated 
manufacturer has encoimtered somewhat 
uneven results in the brutally competitive 
DRAM business over the last several years. 
For example, Oki slipped somewhat in overall 
market ranking during 1991 when compared to 
1990. 

Oki aims at leadership in the SIMM market
place. As noted in last year's rejjort, users can 
expect Oki to be a leader in the move to 4Mb 
SIMMs and later to 16Mb modules. For exam
ple, Old likely will ship the majority of its 
4Mb DRAMs in the form of SIMMs. 

Siemens 
Siemens ranks sixth in the 1Mb DRAM market 
and eighth in the 4Mb segment (see Table 1). 

For this vertically integrated Germany-based 
company, the geographic focus has reverted to 
Europe given the immense geopolitical changes 
in that region during the past several years 
and concomitant long-term opportunity. Users 
in Europe are likely to become more depen
dent on Siemens for DRAMs—certainly until 
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other suppliers are producing there and espe
cially if trade friction in that region increases. 
For example, the alliance between Siemens and 
IBM on 16Mb DRAMs signals for users that 
Siemens's DRAM future aims more at serving 
Etiropean demand—^including Eastern Europe— 
and less on North American or Asian demand 
(see Table 3). 

There are other rationales for the alliance. For 
example, Siemens wants to reduce its risk 
exposure in the volatile DRAM marketplace. 
Significantly, Siemens plans a shift in its 
strategic direction over the long term from 
the highly competitive memory business to 
other products such as ASICs. At press time, 
Siemens annoimced withdrawal from a 64Mb 
DRAM alliance with IBM. 

IBM 

Another player has emerged on the scene, a 
player that could end up in Table 1 by next 
year IBM, which at the time of this writing 
had just annoimced plans to enter the DRAM 
merchant market, should be a key wild card 
among DRAM suppliers. 

Supply Base Analysis 
This section of the article uses information on 
DRAM product Ufe cycles and suppliers to 

present a product-by-product evaluation of 
the supply base over the long term for 256K 
through 4MB DRAMs. l ike prior articles in this 
series of supply base reports, this section blends 
the DRAM life cycle analysis and supplier 
evaluations to generate a summary assessment 
from a viser's perspective on the anticipated 
DRAM supply and supplier base outlook. 

The goal of this section is not to present a 
detailed forecast on DRAM supply-demand 
trends, but rather to provide supply base 
managers with guidaxice as to whether users 
face a favorable or negative supply outlook for 
each density of DRAMs. Building upon the prior 
sections, factors affecting the supply base such 
as supplier strategies and strategic alliances are 
assessed here. 

Figures 3, 4, and 5 guide the analysis in this sec
tion. Figure 3 shows the size of the 256K DRAM 
market in terms of units shipped during 1991 
and a ranking of the suppliers of these devices 
including suppliers' shares. Figure 4 shows unit 
shipments and supplier ranking for 1Mb 
DRAMs. Figure 5 shows the same information 
for 4Mb DRAMs. Keep in mind that IBM's 
recent announcement does not spedfy its DRAM 
product strategy by density, although IBM's 
impact should be pronounced at densities of 
16Mb and greater. 

Figure 3 
256K DRAM Supplier Base 
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Figure 4 
1Mb DRAM Supplier Base 
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Figure 5 
4Mb DRAM Supplier Base 
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Supply Base for 256K DRAMs 
Figure 3 shows the top-ranked 256K DRAM 
suppliers based on 1991 unit shipments. The 
figure reveals that leading suppliers, in 
descending order, are Samsung, NEC, Hyundai, 
TI, Old, Mitsubishi, Fujitsu, Hitachi, Goldstar, 
and Toshiba. Table 1 shows the full range of 
suppliers. 

Figures 1 and 2 show that the 256K DRAM 
product is moving through the decline stage. 
Worldwide production of 256K DRAMs fell to 
a 299 million units during 1991 versus a 1990 
level of nearly 600 million units. The life cycle 
peaked during the 1988-1989 period. 

Suppliers are migrating to higher density 
devices that could cause short-term supply 
constraints for some users. In general, how
ever, users face a favorable outiook in terms 
of supply becaxise of decreasing market 
demand. 

To minimize the likelihood of any supply hne 
disruption, users should be prepared to forge 
long-term supply arrangements with current 
supphers or dse qualify new suppliers. For 
exam^ple, Korea-based suppliers likely wiU sup
port visers of 256K DRAMs in an effort to win 
qualification on other devices such as higher 
density DRAMs. The life cycle for high-speed 
DRAMs lags behind that of general DRAM life 
cycles, so suppliers like NMB shoidd remain 
supportive to users of the higher speed 
devices. 

The 256K VRAM life cycle lags behind that of 
the garden-variety 256K DRAM by about a 
year, meaning somewhat longer support from 
suppliers on this device. NEC is the leading 
supplier followed by Mitsubishi, Hitachi, Fujit
su, and TI. Users should target these firms for 
continuing support. 

Supply Base for 1Mb DRAMs 
Figure 4 presents the top-ranked 1Mb DRAM 
suppliers based on 1991 imit shipments. The 
figure shows that the top-ranked suppliers in 
descending order are as foUows: Samsung, 
Toshiba, TI, Micron, NEC, Siemens, Motorola, 
Fujitsu, Mitsubishi, Hyundai, Old, and Gold
star. Table 3 shows 1Mb DRAM alliances 
between these suppliers, including Goldstar/ 
Hitachi, Motorola/Goldstar, Micron/NEC, and 
Toshiba/Motorola. Table 1 shows the fuU line 
of supphers and their rankings. 

The information in Figure 1 and Figure 4 
reveals that worldwide production of 1Mb 
DRAMs totaled 835 ndllion units in 1991 ver
sus a 1990 level of just over 700 million units. 

The 1Mb DRAM stands at the saturation 
point—or peak stage—of its life cycle. Supply 
wiU decrease as the device moves along the 
decline stage of the curve, but volvime should 
still exceed 100 million units for the year 1995. 
Barring an imexpectedly severe cutback in 
capacity, users who p l ^ carefully can expect 
an adequate supply of 1Mb products for the 
next several years. 

StandanI versus Specialized DRAM 
Nevertheless, users must accurately forecjist 
long-term 1Mb demand in terms of spedfica-
tions hke speed, configuration, package, and 
application. Althougjh the impact will be 
stronger at the 4Mb level, users of 1Mb 
DRAM will be affected by the market trend 
toward displacement in system applications of 
standard DRAMs by spedaHzed DRAMs. Stan
dard DRAMs refer to devices which are 
organized xl or x4 and are contained in 
standard packages like SOJ, TSOP, or SIMMs. 
Specialized DRAMs include video RAMs 
(VRAMs), wide-word configurations, and other 
DRAMs that offer special I/O, that serve 
graphics-based applications, or that will 
become part of a ceU-based IC (CBIC) library. 

The challenge for users of 1Mb DRAMs is to 
align themselves with an appropriate supplier 
or set of suppliers as the supplier base shifts 
dttring the 1992 to 1994 period. In order to 
target 1Mb DRAM suppliers for long-term 
support, users should look for suppliers that 
have recently increased or decreased market 
share. For example, the following suppliers 
increased market share by more than 1 p>ercent 
in 1991: Goldstar, Hyvindai, Micron, Siemens, 
and TI. North America-based suppliers like 
Micron, Motorola, and TI likely will support 
demaiid from established customers, as wiU 
Europe-based Siemens. Korea-based suppHers 
like Goldstar, Hyxmdai, and Samsung likely 
v̂ dll support new users as well. 

Japan-based suppliers wiU continue to de-
emphasize 1Mb DRAM output. For example, 
the following suppUers lost more than 1 per
cent of market share during 1991: Fujitsu, 
Hitachi, Mitsubishi, NEC, Old, and Toshiba. 
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Their emphasis will be on higher density 
4Mb DRAM devices. 

1Mb VRAMs 
For users of 1Mb VRAMs, the supply base 
scenario is somewhat different. At the time 
of the writing of this report, some tisers had 
reported longer lead times during the second 
quarter of 1992 for 1Mb VRAMs such as the 
256Kx4 device. A possible cause is a supply 
and demiand mismatch stemming from boom
ing demand for Windows software—a graphics 
application that requires VRAM. If so, suppli
ers likely will adjust capacity accordingly 
during 1992 to meet demand. 

The leading suppliers of 1Mb VRAMs, in 
descending order, are as follows: Toshiba, TI, 
Fujitsu, Mitsubishi, and NEC. Users should 
target these firms for longer term support. 

Supply Base for 4Mb DRAMs 
Figure 5 presents the top-ranked 4Mb DRAM 
suppliers in terms of 1991 unit share. In 
descending order, the leading suppliers of 
4Mb DRAMs are Hitachi, Toshiba, Samsimg, 
NEC, Fujitsu, Mitsubishi, Old, Siemens, H)am-
dai, Texas Instruments, Motorola, Goldstar, 
and Micron. Goldstar/Hitachi; IBM/Micron, 
Micron/NEC, Motorola/Goldstar, and Toshiba/ 
Motorola were among the major 4Mb DRAM 
alliances (see Tables 1 and 3). 

Global 4Mb DRAM production totaled 138 
million tmits in 1991. The life cycle curves in 
Figures 1 and 2 show that the 4Mb DRAM 
device is now moving through the growth 
stage of the life cycle. The peak maturity stage 
of the life cycle should be reached during the 
1994 to 1995 time frame, when annual output 
should exceed 800 miUion units. The 4Mb 
DRAM life cycle should extend toward the 
end of this decade. 

Although the long-term supply base appears 
favorable for users of 4Mb DRAMs, there are 
some concerns. For example, the trend toward 
specialized DRAMs should mean continuing 
management challenges for users. The trend 
has picked up the pace in the 4Mb density 
marketplace—^m.eaning periodic supply and 
demand mismatches as occurred during 1992 
for some users of 1Mb VRAMs and/or ZIP 
devices. A more ominous example is public 
pondering by suppliers such as Toshiba 

regarding slower rates of DRAM capacity 
expansion compared to plans of two or three 
years ago—let alone outright capacity cutbacks. 
These public statements must not be ignored 
by the vsex community. Rising trade friction 
in world regions such as Europe and North 
America should add to users' wariness. 

The upshot for DRAM supply base managers 
is that some long-established user/supplier 
relationships will likely be strained by 
increased emphasis on low-cost pricing by 
buyers. Suppliers in turn already search for 
more profitable product lines. To some extent, 
Tl-type user/supplier alliances might become 
the best long-term protection for assured sup
ply of 4Mb DRAMs. Nevertheless, imder the 
current supply and demand scenario, users of 
4Mb DRAMs still fece a favorable supply base 
ouflook through 1994. 

Supply Base for 16Mb DRAMs 
The life cycle curves in Figures 1 and 2 show 
that the 16Mb DRAM product is now moving 
through the introdtictory stage of its cycle. 
Table 1 shows which suppliers shipped 16Mb 
DRAMs during 1991. A host of otiier suppliers 
have entered or wiU soon enter this market. 

The product life cycle of this part shotild 
extend beyond the year 2000. Early leadership 
for tiie next-generation product often signals 
future DRAM market leadership. For users 
looking ahead, Dataquest expects the 1994-1995 
total ranking to be strongly influenced by 
16Mb DRAMs. The battle during 1992 and 
1993 in the 16Mb market between suppliers 

. such as Hitachi, Samsimg, Texas Instruments, 
and Toshiba should set ttie stage for DRAM 
market leadership during the second half of 
this decade. 

Long-Term Supply Base Concerns 
Users should be forewarned that the trend 
toward DRAM product proliferation shovild 
intensify at densities of 16Mb and above, 
meaning tremendous long-term supply base 
stress. For example, at ISSCC 1992, representa
tives from DRAM manufacturers such as 
Hitachi, IBM, Mitsubishi, Etron (Taiwan), 
Toshiba, and TI expressed some pessimism 
regarding suppliers' ability to profitably over
come the teduiical barriers associated with 
long-term DRAM development. Why? Suppliers 
in ttie future must make numerotis cost 
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trade-offs—^perhaps leading to some wrong 
choices—^to accommodate the market trend 
toward DRAM product proliferation in regard 
to voltage levels, power, access time, refresh 
schemes, configtuation, and chip/die size. 

A long term scenario shows standard DRAMs 
accounting for less than 50 percent of DRAM 
shipments. At the 16Mb and 64Mb densities, 
Dataquest believes that DRAMs contained in 
SOJ and TSOP packages will hit a plateau in 
terms of their share of total DRAM 
shipments—^with the curve for specialty 
DRAMs pointing upward. 

What are the industry implications? For sup-
phers, the DRAM's role as a process and tech
nology driver should become accentuated as 
the market moves beyond the 16Mb density— 
not only regarding otiier memory ICs but also 
other products including CBICs and digital 
signal processors. A result imder such a sce
nario is that standard DRAMs would eventu
ally become fab-fillers akin to the role today 
played by slow SRAMs. A related scenario, 
according to one ISSCC panel member, is that 
flash technology will ecUpse DRAM technology 
by the end of this decade. Suppliers of flash 
memory, such as Intel, claim this will happen 
even sooner. 

Adequate Long-Term Supply? 
Users and suppliers are already debating 
whether there wiU be adequate long-term sup
ply of 16Mb DRAMs to meet demand. The 
pro argument by users and suppliers is made 
by pointing to past history. The con side says 
that huge costs in a time of changing financial 
and economic markets wiU translate into 
inadequate long-term supplies. This early 
debate should intensify during the second half 
of 1992. 

DRAM Life Cycle Pricing 
This section uses 1992 research information on 
DRAM hfe cycle pricing with a focus on the for
ward stage price outiook for the next-generation 
16Mb device. The analysis, excluding the 16Mb 
device, was first discussed in a Dataquest Per
spective article entitied "Is IC life Cycle Pricing 
Creative Destruction or Industry Smcide?," 
SPWW-SVC-DP-9204, dated March 23, 1992. 
Price forecasts have changed somewhat since 
then, but the analysis remains consistent. 

Figure 6 provides historic and foreceist pricing in 
North America in dollars over the first years of 
the product life cycle for densities of 64K, 256K, 
1Mb, 4Mb, and 16Mb DRAMs. Figure 7 converts 
the North America DRAM prices shown in Fig
ure 6 into a common measurement: miUicents 
per bit. Note that the 16Mb DRAM price curve 
rests at ttie bottom of Figure 7. Based on the 
information in Figures 6 and 7, Figure 8 presents 
the rate-of-price decline in North America for 
each density of DRAM relative to the prior 
generation device at each stage of the life cycle. 

Fomard Stage 16Mb DRAM Price Analysis 
For visers, a kejmote DRAM supply base issue 
has become the 16Mb DRAM price outiook 
during the early volatile years of the product's 
life cycle. 

In regard to the early hfe cycle (forward 
stage) 16Mb DRAM price outiook for North 
America, Figure 8 shows that dtuing 1992— t̂he 
first year of the 16Mb life cycle—^Dataquest 
expects that miUicents-per-bit pricing for the 
16Mb part will be 84 percent lower than 
milhcents-per-bit pricing for 4Mb DRAMs dur
ing the fiist year of their life cycle, which was 
1989. It is important to note that the first-year 
life price curve for 16Mb DRAMs most closely 
approximates the first-year curve for 256K 
DRAMs (1983), which in part led to U.S. 
allegations of dumping against Japan-based 
suppliers in the mid 1980s. 

The 1993 Scenario 
Prices in 1992 for 16Mb DRAMs in regions 
such as North America and Europe should be 
somewhat erratic and vary widely because 
suppliers are at different stages in terms of 
sampling, initial volume production, and full 
volume production. For 1993, however, the 
information in Figure 8 can be used to pro
vide a forecast of the estimated high and low 
range of North America 16Mb DRAM pricing. 

The information in Figure 8 historically depicts 
this range of percentage declines in DRAM 
pricing at the second year of any given prod
uct density relative to the prior generation 
device, from a low of a 35 percent decrease 
for 1Mb DRAM in its second year compared 
to 256K DRAM in its second year, to a high 
of a 90 percent decline for 256K DRAM versus 
64K DRAM. 
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Figure 6 
North American DRAM Pricing by Life Cycle Stage (Dollars per 100,000 Units) 
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Four assumptions guide this analysis. First, the 
256K scenario is unlikely to reoccur, not only 
because of trade friction but also because 
16Mb DRAM require much larger capital out
lays than did earlier generation devices, 
including 256K DRAM. The second assump 
tion is lliat if trade friction recedes dramati
cally during 1993 and supplier competition 
increases, Dataquest assumes millicents-per-bit 
prices for 16Mb DRAM on the low side of the 
range wUI be 70 percent lower than the 4Mb 
DRAM price at the second year of its life. The 
third assumption is that if trade friction does 
not recede during 1993, Dataquest asstunes 
nullicents-per-bit prices for 16Mb DRAM on 
the high side wiU stiU be lower than the 4Mb 
DRAM price in its second year, but only 
30 percent lower. The final assiimption is that 
the U.S. government wiU avoid in any legal 
action a repetition of increased DRAM prices 

for North American buyers, whether measured 
in dollars or miUicents-per-bit. (Should that 
scenario unexpectedly tinfold, users could 
expect a flat 16Mb DRAM price profile for 
1993). 

Table 4, using the assumptions outUned above, 
predicts that 1993 North American 16Mb 
DRAM pricing should range from a low of 
$44, which represents a millicents-per-bit price 
that is 70 percent lower than 4Mb DRAM 
pricing during its second year, to a high of 
$102.50, which represents a miUicents-per-bit 
price that is 30 percent lower than 4Mb 
DRAM pricing dtuing its second year. 

Dataquest Perspective 
DRAM cost management represents a priority 
challenge once again for users during 1992. This 
report couples DRAM life cycle analysis with a 

SPWW-SVC-DP-9206 ©1992 Dabquest Incoiporalad June 29,1992 



20 Semiconductor Procurement 

Figure 7 
North American DRAM Pricing by Life Cycle Stage (Millicents per Bit; Volume: 100,000 Units) 
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supplier base evaluation as a strategy for cost-
effective DRAM demand management during 
the 1990s. A critical element of the strategy calls 
for users to assess system migration paths 
against Dataquesf s DRAM hfe cycle forecasts. 

During the remainder of this decade, DRAM 
users will continue to confront periodic supply 
and demand mismatches, such as 256x4K 
VRAMs during the middle of 1992, which t5rpi-
cally recede after one or two quarters. Users in 
North America and Europe, however, fece the 
specter of fundamental long-term market 
dianges that should make life quite challenging. 

First, new technologies such as flash memory 
aim to displace DRAMs from system applica
tions. Second, DRAM/VRAM/SIMM supply and 
demand mismatches could become more drastic 

in the future as some suppliers reconsider tiieir 
long-term strategy for profitably serving 
demand, which may mean some market with
drawals. For example, packaging technology 
might be a barrier to future market evolution, 
and package shortages might prove more endiir-
ing and longer term than is experienced in 
today's market Third, IBM will be a key wild 
card in the entire worldwide DRAM business, 
not only in terms of demand and technology 
trends but also as a potential merchant market 
supplier. Fourth, users must manage continuing 
sharp shifts in the supplier base, as exemplified 
by Samsung's dramatic rise from the mid-1980s 
to worldwide DRAM market leadership by tiie 
early 1990s. Fifth, supplier survival means more 
DRAM alliances—alliances that will change, 
evolve, or terminate over time, meaning work 
and worry for users. 
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Figure 8 
Rate of DRAM Pricing Decline at Each Stage in the Life Cycle Relative to Prior Density (64K DRAM = Base) 
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Table 4 
Estimated 16Mb DRAM Price Range for 1993 
(North American Booldngs, Volume: 100,000-200,000) 

Part 
Estimated Forecast for 

Low Price ($) Market Average ($) 
Estimated 

High Price ($) 

4Mbx4 DRAM 
70ns, SOJ 400 mil 44.00 70.20 102.50 

Note: This infonnation correlates with Dataquesf s quarterly forecast for North American bookings dated June 1992. 
Source: Dataquest (June 1992) 

Even so, the ever-volatile DRAM market is huge their concern in the year 20(X) wiU be with sup-
and win not disappear. At the end of this pliers of then state-of-the-art 256Mb DRAMs. 
decade, users most likely wiU still be grappling And some of those suppliers are nonexistent 
with DRAM management strategies, although today. 
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Inquiry of the Month 

Semicottduetor Pmcurenwnt Inquiry 
Highlights 

Q1 
What is tiie historical cost trend for a typical 
TTL logic device over the past five years? 

Table 1 provides historical cost data for TTL 
octal standard logic devices, based on unit runs 

of 500,000. 

02 
Who are providing low voltage Oess than 
5 volts) logic products? 

Performance semiconductor (FCT, 3.3 volts); 
Integrated Device Technology (FCT, 3.3 volts); 
National Semiconductor (FACT); Philips/ 
Signetics (HC/HCT, HLL, 5.5 volts); and Texas 
Instruments (LVT) are currently providing these 
products (see Figure 1). 

Table 1 
Semiconductor Cost Model 
TTL Octal Standard Logic—500K Unit Run 

Wafer Sort 
Wafer Size (inches diameter) 
Processed Wafer Cost ($) 
EHe Area (square mils) 
Active Area Factor 
Number of Masks 
Defect Density per Square Inch 
Gross Die per Wafer 
Processed Wafer Cost per Gross 

Die($) 
Test Cost per Hour ($) 
Wafers Tested per Hour 
Wafer Sort Cost per Gross Die ($) 
Cost per Gross Die at Wafer 

Sort($) 
Wafer Sort Yield (%) 
Cost per Sorted Die ($) 

Assembly 
Material Cost per Sorted Die ($) 
Num.ber of Pins 
Assembly Yield (%) 
Cost per Assembled Die ($) 

Final Test 
Test Time per Die (sec.) 
Cost per Hour of Testing ($) 
Test Cost per Die ($) 
Final Test Yield (%) 
Cost per Final Tested Unit ($) 

"Mark, Pack, and Ship" 
Cost at 99% r idd (%) 

Total Variable Cost per Net 
Unit ($) 

1986 

5 
145 

6,400 
1.00 

8 
0.50 
2761 

0.0525 
34.84 

1.20 
0.0105 

0.0630 
90 

0.0700 

0.1800 
20.00 

95 
0.3053 

0.18 
35 

0.0018 
90 

0.3412 

0.0034 

0.3446 

1987 

5 
155 

6,400 
1.00 

8 
0.50 
2761 

0.0561 
34.84 

1.20 
0.0105 

0.0667 
90 

0.0741 

0.1800 
20.00 

95 
03095 

0.18 
35 

0.0018 
91 

03421 

0.0034 

0.3455 

1988 

6 
199 

6,400 
1.00 

8 
0.50 
3976 

0.0500 
36.58 
1.00 

0.0092 

0.0592 
92 

0.0644 

0.1800 
20.00 

96 
0.2963 

0.18 
35 

0.0018 
92 

03239 

0.0032 

0.3272 

1989 

6 
209 

6,400 
1.00 

8 
0.50 
3976 

0.0526 
38.41 

1.00 
0.0097 

0.0622 
92 

0.0676 

0.1700 
20.00 

97 
0.2862 

0.18 
35 

0.0018 
93 

0.3096 

0.0031 

0.3127 

1990 

6 
209 

6,400 
1.00 

8 
0.50 
3976 

0.0526 
4033 
1.00 

0.0101 

0.0627 
95 

0.0660 

0.1700 
20.00 

98 
0.2816 

0.18 
35 

0.0018 
95 

0.2983 

0.0030 

03013 

1991 

6 
209 

6,400 
1.00 

8 
0.50 
3976 

0.0526 
4235 

1.00 
0.0107 

0.0632 
95 

0.0665 

0.1600 
20.00 

98 
02720 

0.18 
35 

0.0018 
98 

0.2793 

0.0028 

0.2821 

Source: Dataquest 0une 1992) 
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Figure 1 
Standard jjogic U s Cycle as of June 1992 
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Regional Pricing Update 

DQ Monday Report: 
Pricing* 

Family 

74AC00 
74AC138 

74AC244 
74AC74 

Lead lime: (Weeks) 

4F00 
4F138 

4F244 
4F74 

Lead lime: (Weeks) 

7805-TO92 
CODEC-FLTR 1 
CODEC-FLTR 2 

Lead lime: (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 
DRAM 256KX1-8 
DRAM 256KX4-8 

DRAM 4Mbxl-8 

EPROM 1Mb 170ns 
EPROM 2Mb 17Qns 

SRAM 1MB 128KX8 

SRAM 256K 32Kx8 

SRAM64K8KX8 

Lead lime: (Weeks) 

68020-16 

80286-16 
80386DX-25 

80386SX-16 

R3000-25 
Lead lime: (Weeks) 

Voiume Mean 

United 
States 

0.18 

0.30 

0.44 

0.23 

5 

0.10 
0.15 

0.22 
0.11 

5 

0.12 

1.78 
4.13 

6 

3.20 
35.00 

1.15 
3.20 

12.03 

3.15 
6.88 

12.38 

3.60 
1.75 

6 

27.25 

8.08 
94.00 

46.50 
105.00 

6 

Japan 
0.17 

0.32 
0.44 

0.21 

3 

0.12 

0.19 

0.26 
0.13 

3 

0.18 
2.25 
4.35 

3 

3.29 
37.11 

1.54 
3.34 

11.24 

3.68 
7.05 

11.69 
3.49 

1.52 

4 

37.85 

10.39 
136.92 

53.43 
125.05 

7 

Europe 

0.15 

0.26 

0.35 

0,20 

8 

0.09 
0.15 

0.21 

0.12 

4 

0.11 
2.50 
5.00 

6 

3.20 
30.80 

1.58 
3.20 

13.00 

2.95 
4.50 

9.40 
3.25 
1.70 

4 

26.00 

10.00 
98.00 

48.00 
110.00 

4 

* 

Taiwan 

0.16 

0.25 

0.38 
0.20 

4 

0.10 
0.16 

0.24 

0.13 

4 

0.12 
1.73 
4.55 

3 

3.48 
35.75 

1.05 
3.45 

12.90 

3.10 
5.80 

13.50 
3.45 

1.30 

4 

35.50 

1035 

102.50 

50.00 

Hong 
Kong 

0.16 
0.24 

0.40 

0.20 

5 

0.09 

0.16 
0.25 

0.12 

5 

0.11 
1.94 
4.70 

4 

3.60 
37.80 

1.20 

3.60 

13.90 

3.50 
7.00 

14.40 
3.80 
1.37 

7 

33.90 

11.10 
126.00 

52.10 

Korea 

0.14 

0.21 
0.36 
0.17 

5 

0.09 
0.14 

0.23 
0.11 

5 

0.11 

1.45 

3.35 
31.00 

1.05 
3.35 

11.50 

2.40 
4.80 

3.30 
1.40 

4 

7.00 
98.00 

48.00 

'Prices in U.S. dollars 
Source: Dataquest (May 1992) 
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Market Analysis 

May ProcmemenH Pulse: Onlers, Lead 
Times, and Inventories All on the Rise 
As Business Picks Up 
The Procurement Pulse is a monthly update 
of critical issues and market trends based 
on surveys of semiconductor procurement 
managers. This article explains what the 
semiconductor inventory and order changes 
mean to semiconductor users. 

Semiconductor Order Rate Expected to Jump 
This month's respondents expect to order 
17 percent more semiconductors over last 
month's relatively flat level (see Figure 1). 
Corresponding with this increased order expecta
tion is the overall systems sales outlook, which 
rose 12.2 percent from last month's 8.0 percent 

six-month forecast. The computer segment also 
rose, but to a more modest 10.6 percent rate 
from last monfli's 8.3 percent expected leveL 
Although the low-end personal computer pridng 
bloodbath continues, value-added systems at the 
high end (workstations, servers, and add-on 
level products) continue to show signs of 
gradual but accelerating growth. Fttces continue 
to decline in a very gradual manner. In April 
the respondents averaged a 1.9 percent price 
slide, compared with a 1.7 percent price slip
page noted in March. Micron Technology's 
announced request for dumping investigations 
against selected Korean DRAM suppliers has 
had the effect of solidifying the low end of the 
4Mb DRAM spot price range at about $11.25. 
This has had a relative overall flattening effect 
on prices in general, since DRAMs make up a 
large portion of the semiconductor order list 
for most system companies. Despite abundant 
capacity to meet anticipated needs, fear of 

Figure 1 
Averaged Monthly Semiconductor Orders 
Order Index, 12/88= 100 
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Figure 3 
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Figure 2 
Averaged Semiconductor Lead Times 
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Figure 4 
Actual vs. Target Inventory Levels 
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market intervention is affecting pricing in key 
commodities and may have indirect impact on 
other products. 

Average Lead Times Ciimb above 10 Weeks 
For the first time in more than 18 months, the 
average semiconductor lead time has risen over 
10 weeks to the 10.1 week level (see Figure 2). 
The lead time range continues to be from 8 to 
12 weeks, with one respondent noting a 16-week 
lead time for new orders. Causing the average 
increase in lead time is the distribution of 
respondents now reporting lead time quotes 
closer to the midpoint rather than the lower end 
of the pre-existing range. In addition to the 
increase in lead times, there were noted prob
lems in obtaining selected discrete, analog, and 
ASIC parts. Not happy with just reporting the 
actual rise in lead times, many respondents 
reported lead times, end-of-Hfe buys, and assem
bly capacity as near-term issues needing atten
tion, As demand begins to pick up for semicon
ductors, the short-term dislocation of some 
supplies is a natural occurrence as the balanced 
market shifts to a new level of activity. Keeping 
lead times moderated is the good commtuu-
cation between user and supplier, which also 
keeps each current on demand and supply 
status. 

Semiconductor Inventories Also Creep Upward 
The targeted and actual inventory levels for 
April all rose, compared with the recent past 
(see Hguies 3 and 4). For the overall sample 
tiie respective target and actual semiconductor 
inventory levels were 20.2 and 26.5 days, 
compared with last month's similar figures of 
18.4 and 20.1 days. The computer segment's 
inventory levels rose more dramatically to 
respective targeted and actual levels of 25.5 and 
26.7 days, compared with the similar levels of 
18.1 and 18.6 days noted last month. The combi
nation of lead time increases, isolated problem 
products, and an overall increase in older 
activity is resulting in a near-term rise in inven
tory levels at the raw material level. Still within 
historical ranges, the current target and actual 
inventories highlight where improvements in 
communication between system sales forecasting 
and procurement can be made. Dataquest 
expects this blip in inventory levels to be cor
rected shortly, relative to the steady target inven
tory goal that has not wavered much over the 

past 12 months. As business levels in general 
improve, forecast accuracy and dissemination of 
market change information will be critical as the 
industry slowly puUs out of the current 
equilibriiun. 

Dataquest Perspective 
The optimistic outlook noted in system sale 
expectations and order rate levels is materializ
ing into a pickup in business activity both at the 
billing and inventory levels. Continued caution 
in commodity memory supply attributed to the 
threat of government intervention is keeping 
prices declining at a steady rate while capacity 
waiting in the wings is ready to fill needs as 
they materialize. Some isolated products (dis
crete packaging and mature ASIC devices) are 
becoming more of a problem for some respon
dents, yet more than half of this month's survey 
note no problems at alL Although there was a 
rise in lead times noted, availability remains 
very good and is expected to remain so for the 
upcoming six months. Dataquesf s finalized 
semiconductor forecast, which will be released at 
the end of this month, will reflect this expansion 
in market growth. 

By Mark Giudici 

Product Analysis 

The Risky "CISC-Y" Sexy World 
of SZ-Bit MPUs Means Stressful 
Opportunity for Procurement Managers 
In 1989 this author assessed the then-emerging 
32-bit microprocessor market from a user's per
spective in an article entitied "Semiconductor 
Usere Eye the Risky ' Q S C - / World of 32-Bit 
Microprocessors." This article revisits that theme 
and provides users with Dataquesf s annual 
assessment for 1992 of the long-term supplier/ 
supply base for these product technologies. 

Dataquesf s preliminary 1991 estimate of sup
pliers' microprocessor (MPU) market shares 
shows a marketplace in the throes of change— 
which means challenge if not stress for the user 
community. Why such stress? By tjing the com
pany to the "righf' MPU product teclmology, 
the supply base team can generate long-term 
growth and success; choosing a "wrong" 
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processor engine could mean long-term demise, 
The MPU supply base outlook is for bruising 
supplier competition as workstation-based RISC 
tedmology drives downward and PC-based 
CISC technology migrates upward in the batde 
for system applications—^with MPU buyers and 
system designers caught between. 

Overview 
This article contains five sections and its struc
ture is similar to the annual supply base reports 
that the Semiconductor Procurement service 
(SPS) does for users on major IC product fami
lies. In addition, based on client recommenda
tion, this article also looks at strategic alliances, 
fab networks, trends in process technology and 
die size, emd forward pricing. 

Section 1 serves as a guide to cost-effective 
procurement of MPUs through the use of prod
uct life cycle analysis- Section 2 examines the 
strategies of the leading suppliers of MPU 
products and technology. Section 3 combines the 
analyses of the life cycles and the suppher base 
and supports users of MPUs in assessing which 
supplier/technology direction to take over the 
long term. Section 4 examines trends in 
advanced MPU design and production. Section 5 
on life cycle pricing—-which can serve as a tool 
for "forward pricing" analysis—presents recent 
research results and advice for clients on how to 
make future tise of this research. 

It should be noted that, in terms of MPU word 
length, this article concentrates on 16/32-bit and 
32-bit MPUs. In line with market evolution, 
Dataquest now tracks the MPU market by 
processor class—^woid length now serves as a 
secondary dimension. WiMn the new segmenta
tion, the focus wOl be on the following proces-
soa: classes: 80X86 family, 68XXX family, and 
platform RISC processors. 

Section 1 : IVIOS IVIicroprocessor Product Life 
Cycles 
This section uses life cycle information as a 
guide to assist users in adjusting to forces that 
continue to reshape the worldwide MPU 
marketplace. 

Typical Life Cycles for MPU Products 
Figvue 1 shows the MPU life cycle, including 
the time span for each stage of the cycle. An 
MPU family's life cycle t3^ically lasts in 
excess of 10 years. 

For xisers, the lengthy R&D stage provides a 
valuable opportunity to monitor the vendor's 
pace of technical achievement as well as the 
supplier's timetable for bringing ttie state-of-
the-art device to the marketplace. Based upon 
inquires to Dataquest, many users are evaluat
ing these leading-edge MPUs among others for 
use in future systems: 80586; R4000; 21064 
(ALPHA); SuperSPARC. 

Figure 2 presents the product life cycle for 
select a S C 32-bit MPUs through the year 1991 
vising historical unit shipments data and show^s 
that 1991 marked another year of growth in 
terms of unit shipments for 68020, 68030, 
80386DX, and 80486DX products. The 1991 
boost in the 80386DX shipment stennmed in 
part from the entry by Advanced Micro 
Devices (AMD) to this once sole-sourced mar
ket. The information in Figures 1 and 2 shows 
that users should not expect market saturation 
for any of these products to occur for several 
years. 

Although life cycle expectations rentain consis
tent in terms of product families, the dynamics 
of the life cycle curve are being reshaped by 
factors such as the increased pace of new 
product introductions (for example, device 
speed and packaging). Figure 3, which is 
based on the information in Figure 2, depicts 
the 80X86 and 68000 life cycles in terms of 
device speed. 

Section 2: Supplier Analysis 
This section analyzes the product and market 
strategies of leading suppliers of MOS 
microprocessors. Because of the orientation of 
the SPS client base, this section focuses on sup
pliers that strongly serve demand in Europe and 
North America: Intel, Motorola, and AMD. 

As the table shows, Intel remains the worldwide 
market leader by far with nearly 60 percent 
share. During 1991, the following suppliers out
paced the market's growth in terms of revenue: 
AMD, Cypress, and Intel. LSI Logic, National 
Semiconductor, and Motorola also achieved 
growth rates in excess of 20 percent for 1991. 

Intel 
As shown in Table 1, an increase in shipments 
of high-priced OSC MPUs—«0386 and 
80486—^translated into nearly $2 biUion in 
MPU revenue during 1991 for top-ranked Intel. 
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Figure 1 

i\1iaoprocessor Product Life Cycle As of May 1992 

Phase 

I 

Un 

I 

t s 
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Figure 2 

CISC MPU Life Cycles through 1991 
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Figure 3 
CISC MPU Life Cycles by Speed 
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Table 1 
Preliminary 1991 Worldwide Microprocessor Market Share Ranking (Millions of Dollars) 

Ranking 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Company 
Intel 
Motorola 
AMD 
Hitachi 
NEC 
National 
SGS-Thomson 
Toshiba 
Cypress 
LSI Logic 
AU Others 

Total 

Segment 
Revenue ($) 

1,992 
359 
251 
90 
86 
85 
55 
55 
46 
42 

321 
3,312 

Market 
Share (%) 

58.0 
10.8 

7.6 
2.7 
2.6 
2.6 
1.7 
1.7 
1.4 
1.3 
9.7 

100.0 

1990-1991 
% Change 

39 
23 

130 
10 
8 

29 
4 

15 
254 
24 
16 
36 

Source: Dataquest (May 1992) 

The Intel product portfolio for these families 
includes the following devices: 80386SX 16-, 
20-, and 25-MHz; 80386SL 20- and 25-MHz 
(with on-board cache controller); 80386DX 16-, 
20-, 25, and 33-MHz; 80486SX 16-, 20-, and 
25-MHz (with on-board cache controUer, pltis 

low-power versions for each speed); 80486DX 
25-, 33-, and 50-MHz (with built-in coprocessor 
and cache controller, plus low-power version 
for 25-MHz speed); and 80486DX2 25- and 
50-MHz (with built-in coprocessor and cache 
controller). 
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The major long-term strategic issue concerns 
Intel's response to the move by AMD into the 
386 market last year—^with Qdps & Technolo
gies a prospective entrant—and the likely 
entry during this year or next year of suppli
ers such as AMD, Cyrix, and UMC into the 
486 camp. Despite increased competition, key 
strands of the Intel's product strategy remain 
quite consistent with the plan of several years 
ago. Users must note, however, that the com
pany now confronts a shift—^from the mind of 
a monopolist to that of an oligopolist if not 
pvire competitor—^in terms of adhering to long-
term strategic goals. 

Consistent Elements of the Intel Strategy 
As always, Intel aims at unparalleled techno
logical leadership in the CISC MPU arena. A 
key element of the product strategy is to drive 
the 80X86 technology—^via the soon-to-be-
released 80586 device—upward into the RISC-
based workstation marketplace. Intel continues 
its relentiess push to develop and manufacture 
state-of-the-art MPUs in terms of density, func
tionality, and performance. Users can expect 
Intel to eventually make the 80586 device 
available in a mtiltichip module (MCM). Intel 
will make massive expenditure on capital 
equipment and R&D during the 1990s in order 
to protect its leadership position. For example, 
for 1991 Dataquest estimates the company's 
capital budget at nearly $1 billion while R&D 
expenditure should hit $750 million. 

Another consistent is that Intel firmly grovmds 
its current success and plans on aggressive 
legal protection of what it claims as its 
intellectual property. AMD has made a major 
advance in terms of undercutting Intel's ability 
to preserve its prior 80386 legal monopoly—at 
least vis-a-vis AMD if not other would-be sup
pliers. Intel's powerful legal team in turn feces 
a full calendar of cases against powerful legal 
teams at AMD, Cyrix, Texas Instruments (TI), 
and other companies. The legal battles covild 
eventually take financial and other tolls on 
some litigants. 

Intel's Migration Strategy: Some Risk for System Users 
A key consistent is that Intel strives to adhere 
to its higher-performance/higher-priced MPU 
migration strategy—^which carries some risk for 
system users. For example, except for first-tier 
customers, users can expect Intel to keep its 

product direction somewhat veiled in order to 
keep competitors off balance. Some users 
report concern to Dataquest regarding Intel's 
plans during the 1992 to 1993 period for the 
80386, 80486, and 80586 families of MPUs. 
Intel's pace of technological advance has 
accelerated in response to the AMD competi
tive threat, catching some systems manufac
turers off guard or behind schedule. Specifical
ly, some system houses did not anticipate 
Intel's introduction during the first quarter of 
1992 of the 80386SX 25-MHz device. Intel 
developed this part based on first-tier cus
tomer demand—and in the fece of a direct 
competitive AMD product offering. This new 
part should become the 80386SX family's 
mainstream part through 1993. 

Intel aims to migrate users soon— îf not 
already—^from the lower-priced 80386 family to 
the higher-priced 80486/80586 families. Intel 
has indicated that the 80586 device will be 
introduced during the second half of 1992. 
AMD has been successful in extending the 
growth stage of the 80386SX/SL family, which 
counters Intel's 80486DX/SX migration plans. 

For some users, the Intel migration strategy 
carries risks at the 80486 level and higher. The 
first risk is that the 80486 device includes a 
processor enhancement slot (PES) that enables 
ultimate end users to upgrade systems without 
bujdng an entirely new system. In this trade
off between system user and ultimate end 
user, Intel—^in line with strategic market 
dictates—gives the nod to the viltimate cus
tomer at the expense of some intermediate 
customers. Another risk is the system user's 
inability to timely migrate in synchronization 
with Intel's migration path. For example, 
Intel's first-half 1992 introduction of its 
80486DX2 series could soon erode market 
demand for 80486DX devices. In effect, 
80486DX systems face prospective displacement 
during 1992 and 1993 by the 80486DX2 IC. 

What about the 80586? 

During 1992 Dataquest wiU closely track any 
developments on the Intel's 80586 device. To 
date, the following estimates are available: 
speed—^50 MHz to 66 MHz; number of tran
sistors—3.1 million; package—CPGA, later— 
MCM; introduction date—second half of 1992. 
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At press time Compaq Computer Corporation 
and Digital Equipment Corporation (DEC) 
separately indicated that they will ship 
80586-based systems dining the second half of 
1992. For example, Compaq had just received 
80586 engineering samples for use in technical 
evaluations. 

Motorola 

Motorola won Dataquesf s Semiconductor 
SuppUer-of-the-Year Award each year during 
the 1988 to 1991 period—^in the large company 
category for the past two years. In general, 
Motorola wiU draw on its position as a 
vertically integrated captive manufacturer to 
generate a full range of microcomponents. 

Second-ranked Motorola continues to target the 
MPU market as a key element of its long-term 
strategic plans. However, strategic alliances 
will play an increased role in tiie formulation 
and implementation of the company's MPU 
strategy. 

Contrasting Scenarios: 68020/68030 MPUs and 68040/ 
881000 MPUs 
As shown in Rgure 2, Motorola's penetration 
of the fast-growing technical workstation mar
ket meant a boost in demand dtuing 1991 for 
its high-perfonnance 68020 and 68030 32-bit 
MPUs. Motorola's delay during the 1990 to 
1991 period in ramping the 68040 device, how
ever, caitsed some key users (for example, 
Hewlett-Packard) to reevaluate long-term 
dependence on single-sotuce suppliers for criti
cal MPU technology. Market acceptance of 
Motorola's 88000 has been tmimpressive. 

Consequently, the life cycle expectations for 
the CISC 68040 and RISC 88000 architectures 
have become clouded. For example, the future 
role of the 68040 appears targeted over the 
long term for embedded applications. Users 
can expect the introduction of a 68ECO40 
series of parts during 1992 and 1993. Even so, 
Texas Instruments just annotmced an upgrade 
of its 15(K) MP (multiprocessing computer) sys
tem, which uses Motorola's new 33-MHz 68040 
MPU. 

A Key Industry Alliance: RISC PowerPC MPUs 
A crucial prong of Motorola's future MPU 
strategy is the alliance with Apple Computer 
and IBM on PowerPC RISC technology First, 
the alliance keeps Motorola aligned with a key 

long-term MPU customer—^Apple—and in turn 
enables Motorola and Apple to migrate to 
RISC MAC systems. Second, for Motorola, the 
alliance reduces some of the risky and expen
sive second-guessing associated with the 
development of a new MPU architecture that 
conforms to user wants and needs. Third, for 
Motorola, the alliance should enable Motorola 
to focus over the long term on its competitive 
strength—^IC design and volume production at 
awaid-winning quality standards. 

The latest word on the alliance is positive— 
including the development effort at the IBM-
Motorola R&D (Somerset) facility in Austin, 
Texas. Although Silicon Valley sources report 
some uncertainty regarding the alliance 
strategy on multimedia objectives, ttie IBM-
Apple team appears to be making consistent 
progress on the Taligent object-oriented operat
ing system that will be necessary to run 
systems. The time frame for the IC/opera-
ting system remains consistent with original 
expectations—1994. 

Advanced Micro Devices 

As shown in Table 1, third-ranked Advanced 
Micro Devices grew its MPU revenue by 130 
percent during 1991—directly at the expense of 
Intel. For AMD, the introduction of the AM386 
device dtuing 1991 inarked a rapid de-
emphasis of the prior-generation 80286 MPU. 

AMD Walks a Fine Legal Line 
In staking its long-term MPU and corporate 
future on the 386/486 architectures, AMD con
tinues to walk—^narrowly but successfully to 
date—^through a legal minefield. For users in 
the 386 segment, AMD can position itself as a 
pure second source including identical micro
code. AMD and Intel still await a final legal 
decision on the microcode law case. 

Critical Steps to AMD's Long-Term Survival 
For 1992, the recent step-function decline in 
386 pricing should extend the 386 product life 
cycle—^meaning strong 1992 demand—miuch to 
AMD's pleasure and Intel's chagrin. This 
achievement marks the first step to AMD's 
long-term success. There are two other steps. 

The second step is that AMD's strategy calls 
for volume production of a 486 device by 
the fourth quarter of 1992. AMD's long-term 
MPU strategy is to dog Intel and take MPU 
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revenue/profits at its competitor's expense. 
Slippage in the 486 schedule could mean clo
sure of AMD's window of market opportunity. 

For AMD, the 1992/1993 scenario could well 
shape its long-term future. From Dataquesf s 
perspective, the scenario unfolds like this: 
having lowered its 80386DX/SX price curves 
because of competition from AMD, Intel dur
ing 1992 collapses the 80486SX price curve 
onto the AMD's 386 price curve—^narrowing 
AMD's profit margins in the process. If AMD 
makes a timely move to the 486 device and 
survives Intel's legal onslaught—the third 
step—^AMD should continue to survive. 

Section 3: Supply Base Analysis 
This section uses information on MPU product 
life cycles and suppliers to present a product-by
product evaluation of the supply base over the 
long term for QSC 16/32-bit, QSC 32-bit and 
RISC 32-bit MPUs. The section includes infor
mation on the global MPU fob network of key 
suppliers. 

With the supply base trend toward multiple 
MPU sources, procurement managers, 
component engineers, and system designers face 
a challenge in terms of the selection of the most 
competitive and dependable long-term suppliers 

Table 2 
Supply Base for 16/32-Brt Microprocessors (1991) 

of these product technologies. The approach in 
this section is to mesh the product life cycle and 
supplier analyses so as to generate a summary 
assessment from a riser's perspective on the 
anticipated MPU supply/supplier base. The 
sxunmary includes a statement on whether the 
user faces a favorable or a critical supply base 
for each density. Building upon the prior sec
tions, factors affecting the supply base such as 
suppHer strategies and strategic alliances are 
discussed here. 

An Overview of Tables 2, 3, and 4 
Table 2 shows the size of the CISC 16/32-bit 
MPU market in terms of units shipped during 
1991, the relative market shares of tiie pre
dominant devices, and a ranking of the sup
pliers of these devices, including suppUers' 
shares in each product segment. 

Table 3 presents the information on the CISC/ 
RISC 32-bit MPU market. 

Although Tables 2 and 3 are based on 
Dataquesf s prior segmentation of MPU 
word length, the analysis in this section 
conforms with Dataquesf s new processor-class 
segmentation. 

Table 4 shows the estimated worldwide 
MPU process technology and fab capability— 
iacluding geographic locations—^for tiie 

Leading 
Products 

Froducfs Share of Total 
16/32-Bit MPU Market (%) 

Suppliers' Share of Respective 
Product Segment (%) 

68000 60.59 Motorola 
Toshiba 
Hitachi 

SGS-
Thomson 

Signetics 

81.23 
8.84 
5.12 

2.62 
2.19 

80386SX 36.83 
Intel 
AMD 

86.97 
13.03 

32000 2.58 National 100.00 

Total Market Share = 27.085 million units 
Source: Dataquest (May 1992) 
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Table 3 
Supply Base tor 32-Bit Microprocessors (1991) 

Leading 
Fioducts 

Product's Share of 
Total 32-Bit MPU 

Market (%) 
Supplier's Share of Respective 

Product Segment (%) 

80386DX 

80486DX 

68020 

68030 

32x32 

Sparc 

R3000 

30.14 

16.74 

15.00 

11.96 

335 

2.01 

1.22 

Intel 
AMD 

Intel 

Motorola 

Motorola 

National 

Cypress 

LSI 
Fujitsu 
Weitek 

Bit 

Performance 
IDT 

NEC 
LSI 
Siemens 

Others 19.58 

82.2 
17.8 

100.0 

100.0 

100.0 

100.0 

36.67 
31.67 
27.67 
4.00 

0.33 

29.67 

24.73 

21.98 

13.74 

9.89 

Total Market Share = 14.93 million units 
Source: Dataquest (May 1992) 

following suppliers: AMD, Cypress, Fujitsu, 
Hewlett-Packard (HP), Texas Instruments, Intel, 
Motorola, and NEC. The table shows that the 
process technology in most cases runs in the 
range of 0.7 microns to 0.8 microns. 

Tables 2, 3, and 4 guide the analysis in this 
section. 

Supply Base for 16/32-bit MPUs 

As shown in Table 2, unit shipments of 16/ 
32-bit MPUs expanded at a 53 percent rate 
during 1991 to a total of 27.1 million devices. 
In terms of Dataquesf s new MPU market 
segmentation, this arena includes elements of 

the 80X86 processor family and of the 68XXX 
processor iaxxaly. 

The 68000 family accounts for more than 
61 percent of the 16/32-bit market—and 
Motorola commands more than 80 percent 
of the 68000 segment. The 80386SX product 
accounts for 37 percent of the market—a gain 
of 10 percent over the 1990 share. Intel—the 
former market monopolist—^now holds less 
than 90 percent of the 80386SX/SL segment— 
with more loss of share likely during the 1992 
to 1993 period. AMD gains at Intel's expense. 
National Semiconductor's 32XXX family holds 
just less than 3 percent share. 

SPWW-SVC-DM205 ©1992 Dataquest Incoipoialad May 25,1992 
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Table 4 
Estimated Woridwide MPU Process Technology and Production Fab Capability 

Intel Motorola AMD 

@ 

54 

g 

Fujitsu TI Cypress 
Process Technology 0.8 Micron 0.8 Micron 0.7 Micron 0.7 Micron 

CMOS CMOS CMOS CMOS 

Geographic distribution of production and pilot lines by region of the world' 

Number of Wafer Fabrication Lines 

North America 8 5 2 

Europe 2 

Japan 1 2 

Asia/Pacific-Rest of World 1̂  l ' 

Total 8 8 3 2 
Geographic Distribution of Estimated Clean Room Space (in Square Feet) 

North America 211,000 126,800 30,700 

Europe 59,600 

Japan 23,800 56,500' 

0.5 Micron 

CMOS 

5 

1 

4 

0 

10 

144,500 

10,000 

98,000 

1.2 Micron 

CMOS 

ayjoo 

Asia/Pacific-Rest of World 24,000' 40,000' 

Facilities in production or slated to begin operation during 1992. 
2 
Intel Israel 

a 
Fab line available to AMD through foundry relationship with TSMC, Taiwan 
Clean room square footage not available for each line 

Source; Data quest (May 1992) 

-a 
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A Long Life Cycle for tlie 68000 Family, witli 
Several Exceptions 
Users can expect a long life cycle for the 
68000 family of MPUs, especially the 68000 
and 68HC00 devices. By contrast, the 68008 
device is being displaced by the 68EC000 
product. The 68010 should also decline over 
time, although not as rapidly as the 68008. 

Users of these devices clearly should turn to 
Motorola for long-term support. Table 4 shows 
that Motorola's extensive worldwide fab net
work puts the industry giant in good position 
to serve demand from whatever w^orld region 
for the long term. For example. Motorola has 
already positioned itself for Europe's evolving 
requirements on local "diffusion." 

Table 2 reveals that Toshiba, Hitachi, SGS-
Thomson, and Signetics also have stakes, 
albeit small, in this arena. 

AMD Likely to Prolong 386SX Life Cycle 
AMD's entry to the 386SX marketplace reduces 
supply base uncertainty for users. What is the 
backdrop to this statement? In the March 1991 
version of this report we stated that users 
of the 80386SX faced an imcertaiti outlook 
regarding long-term supply, given Intel's 
monopoly position and the company's then 
stated goal of migrating users during 1992 to 
80486 and above parts. AMD has changed the 
long-term supply base equation in favor of 
users of 386SX/SL devices. The entry of any 
other suppliers would strengthen the supply 
base outiook, although prospective entrants 
such as Chips & Technologies have not yet 
executed on original plans. 

Intel shovild continue to lose market share, 
not because of 80386SX/SL manufactxiring 
constraint but rather because of the compan3^s 
strategic decision to shift focus during the 
1992 to 1993 period to higher-priced 80486/ 
80586 devices. Table 4 shows tiiat Intel clearly 
has ample fab capability for supporting North 
American and European user demand. AMD 
has strong manufacturing capability in terms 
of serving European and North Americem 
demand—^with AMD aiming to fulfill such 
demand. European users must continue to 
monitor trade-regulation trends because these 
North America-based suppliers have no fabs 
running at this time in Europe. Regardless, the 
combined fab capability of Intel and AMD as 

shown in Table 4 should adequately support 
user demand during the 1992 to 1994 period. 

Under current market conditions, the life cycle 
of most 386SX and 386SL parts should extend 
through 1995, although slower-speed devices 
(for example, 16-MHz versions) likely will be 
de-emphasLzed dviring the 1993 to 1994 period. 
AMD certainly aims to migrate with ihe mar
ket, but it will continue to accommodate mar
ket demand for 386SX and 386SL parts for the 
next several years. In effect, mtdtiple sourcing 
should translate into a 386SX hfe cycle curve 
in hne with historic expectations shown in 
Figure 1. 

Supply Base for 32-Bit MOS Microprocessors 
Table 3 provides information on the market 
size and leading suppliers of the predominant 
32-bit a S C and RISC MPUs as of 1991. In 
terms of Dataquesf s new MPU market seg
mentation, this arena includes the lion's share 
of the 80X86 processor family, and the 68XXX 
processor family plus platform RISC MPUs. 

Unit shipments of 32-bit MPUs grew to 
14.9 million pieces during 1991, a 76 percent 
increase over 1990. As indicated in Figiues 1 
and 2, MPU products such as the 80486DX 
and 68030 have life cycles that should 
approach the end of this decade, although the 
life cycle for lower-speed versions likely wiU 
terminate by mid-decade. 

Intel: Tremendous Manufacturing Capability 
Intel is the sole source for 80486 devices, 
although that scenario shoidd start to change 
by the end of 1992. As shown in Table 4, 
Intel's worldwide manufacturing capability 
puts the company in a strong position to pro
tect its position in the 80486 market unless 
AMD timely and aggressively executes on 
plan. 

Cracks in Intel's 80X86 Monopoly. Good News for 
Supply Base Managers 
Intel's 80386/80486 architectures accovmt for 
nearly 50 percent of unit shipments of 32-bit 
MPUs. Having broken Intel's 80386 monopoly, 
AMD aims to break the 486 monopoly starting 
year-end 1992. If AMD wins the legal case on 
microcode during the 1992 to 1993 period, the 
company will emerge as a formidable second 
source for the 486 family of parts. In effect, 
supply base managers must adapt to a market 
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transition from yesterda57's monopoly environ
ment to an an emerging two- or three-player 
oligopoly. 

Under these market conditions, the 386DX/486 
supply base outlook has become quite favor
able for users. For users in North America 
and Europe, unless Intel wins an outright 
legal victory against AMD in the current liti
gation on microcode—^which would stifle 
second sourcing—^the Intel-related "constrained 
MPU suppljr" scenarios of the recent past are 
less likely to occur in the 80486 arena. 

Users should note that strong growth in 
80486DX/SX shipments during 1993 could 
push that MPU tmit volvune over the 80386 
family volume by end of 1993. 

Cloudy Outlook for Other 80X86 Maricet Entrants 
The outlook is not so clear regarding other 
prospective entrants such as Cjoix—^which has 
formed an aUiance with Texas Instruments—or 
UMC of Taiwan. Should Cyrix/Texas Instru
ments win their legal battle against Intel and 
secure manufacturing rights to this family of 
parts, they could make a timely market entry. 
If not, they miist forward-engineer their 386/ 
486 devices, which could mean a time-
consuming technical challenge associated with 
compatibility test. At press time Cjrrix and Tl 
had just annotmced their 486 version. 

UMC faces the same scenario, and in addition 
must overcome Taiwan's recent incltision on 
the U.S. list of violators of U.S. intellectual 
property rights. Chips & Technologies con
tinued to experience financial loss at press 
time. 

Motorola: A Shift to Embedded Applications 
Table 3 shows that Motorola's 68020 and 68030 
devices account for nearly 27 percent of 32-bit 
MPU unit shipments, down from 30 percent 
during 1990. Shipments of the 68040 MPU 
totaled less than 250,000 units, which is below 
original market expectations. Motorola's 
strategy calls for a shift to emerging embed
ded applications. 

The information in Table 4 indicates that 
Motorola continues to be a worldwide 
manufacturing powerhouse among suppliers of 
CISC MPUs. The Apple-IBM-Motorola aUiance 
likely will strengthen and advance Motorola's 

RISC MPU manufacturing expertise. Under 
current market conditions, users shoxild antici
pate continuing support by Motorola for the 
68020 and 68030 architectures—^meaning 
lengthy life cycles. Users of these devices face 
a favorable long-term supply scenario. 

Motorola's new 68ECXXX series is targeted for 
high-performance embedded applications. The 
parts are in effect 68020, 68030, and 68040 
devices minvis the FPU and MMU. Another 
newer series—^the 683XX— îs in effect a fully 
static MPU with integrated I /O and without 
internal EPROM, which targets hand-held 
instrument applications. 

The 68040 strategy is to evolve in line with 
market demands—^which carries some risk for 
users depending on intended application. 
Why? Although the full-blown 68040 device 
aims at workstation applications, market 
interest in the 68040 has shifted to other 
applications. For example, during 1991 Moto
rola introduced a low-cost 68LC040 part— 
which disables the FPU—^that targets PC appli
cations. During the second half of 1992, Moto
rola likely wiU start volimie shipments of the 
68EC040 device for embedded apphcations. 

As noted earlier. Motorola's long-term thrust 
into the RISC camp wiU be via the Apple-
IBM-Motorola alliance on the PowerPC MPU 
family. Some uncertainty exists regarding the 
outlook for the RISC 88XXX processor. 

Platform RISC Processors 
In terms of Dataquesf s platform RISC proces
sor segmentation, the discussion here will 
focus on these processors families: SPARC, 
MIPS, PowerPC, and PA-RISC. 

Table 3 reveals that RISC processors accounted 
for less than 5 percent of 1991 unit shipments 
of 32-bit MPUs—a gross understatement of the 
impact that these processors are having and 
will have on the entire MPU marketplace. 

The impact of RISC technology in part can 
be shown through recent financial results. In 
terms of profitability for fiscal 1991, the 
following players in the RISC technology arena 
rank among the leaders among Silicon Valley 
companies: Hewlett-Packard (2nd ranking); Sun 
Microsystems (5th ranking via SPARC); and 
C5^ress Semiconductor (15th). 
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The fact that RISC processor unit shipments 
and revenue remain dwarfed vis-a-vis the 
a S C marketplace requires somewhat different 
analysis to properly assess the supply base 
outlook. Because of the relative nascence of 
the RISC marketplace, the goal here wiU be to 
signal which RISC processor families are likely 
to emeige as long-term winners—and which 
suppliers most likely will be part of the long-
term success paths. 

For example, the goal here is not to assess 
each supplier's manufectvuing capability— 
which tends to understate market positions— 
although Table 4 includes information for 
some suppliers of RISC MPUs. Another exam
ple is that this section does not direcdy assess 
Digital Equipment's yet-to-be-released ALPHA 
MFU family—^which likely will become part of 
Dataquesf s RISC processor class. However, 
information on the ALPHA processor is used 
to illustrate MPU design and manufecturing 
trends. 

An Overview of Figures 4 and 5 

Figure 4 shows RISC processor shipments by 
class—^with SPARC leading the market. During 
1991 IBM's PowerPC was not sold on the mer
chant market. Besides internal consumption, 
Hewlett-Packard's PA RISC MPUs ship to mer
chant customers. 

Figure 5 presents prehminaiy 1991 RISC mar
ket shares by IC supplier for the SPARC and 
MIPS processors. 

RISC: A World of Multiple Sources and Long-Term 
Alliances 

Two key factors distinguish the RISC 32-bit 
supplier base from tiie CISC 32-bit supplier 
base. First, in order to establish RISC devices 
as viable long-term competitors to well-
established a S C 32-bit processors, flie early 
leaders in the RISC arena-Sim/SPARC and 
MIPS Computers—strategically positioned 
themselves to prospective users as offering 
multiple sources vis-a-vis the Intel and Moto
rola monopolies. Second, to grow the market 
in the face of the CiSC camp's enormous 
entrenched market power, players in the RISC 
camp have forged a series of key industry alli
ances among the MPU inventors, prospective 
users, and chip suppliers. Each RISC processor 
class shown in figure 4 in effect represents an 
industry alliance that aims to be a mainstream 
desktop computing system. 

SPARC Processors 

Rgure 4 shows that Sun's SPARC family com
mands a 55 percent share of the RISC MPU 
marketplace. For SPARC processor suppliers, 
Figure 5 shows a three-way battle among LSI 
Logic, Fujitsu^ and Cypress, with Cypress the 
new marls^t leader based on outstanding 1991 
results. 

Sun's SPARC Strategy 

As noted. Sun's alliance strategy won the com
pany an impressive stream of revenue during 
1991. A key element of the strategy, however, 
threatens to kiU Stui's golden egg. Sun invited 
companies to done the SPARC architecture but 
later—^through domination of the distribution 
channel—^in effect stifled meaningful growth of 
the done comp>etitors. At press time, Sim had 
announced a policy that would mitigate this 
effect. However, the market must await year-
end 1992 results. A possible outcome is that 
the SPARC alliance will become an alliance of 
one on the systems side. 

SPARC Processor Supply Side 

Regarding the IC supplier side of the SPARC 
alliance. Cypress and Fujitsu advanced during 
1991 at the expense of LSI Logic, which for
merly led the market. Regarding 1991 results 
and long-term trends. Cypress and Fujitsu 
supply integrated lU/FFU devices that are 

Figure 4 
RISC Processor Shipments by Family 

1991 
PA RISC (3.3%) -

PowerPC (7.5%) • 

Total = 535,000 Units 

Source: Oataquest (May 1992) G2000209 
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Figure 5 
Final 1991 RISC Market Share (Units) 

SPARC 

Weitek (4.0%) \ i BIT (1.0%) 

MIPS 

BIT (1.0%) 

y ^ Siemens 
/ \ ( 1 0 . 0 % ) 

/ LSI \ 
/ (14.0%) \ 1 

\ NEC / 
\ (21.0%) / 

Performance 
Semi 

(30.0%) 

IDT 
inA f\o/ \ 

1991 Units = 291,000 1991 Units = 186,000 

Source: Dataquest (May 1992) Ga000135 

attractive for some tisers. Fujitsu advanced 
when Stm introduced new systems and via the 
emergence of an embedded applications mar
ketplace (that is, SPARC-Lite series). C5^ess ' 
advance during 1991 stems from increased 
business with Sun, among other accounts. The 
RISC market is not risk-free, however. Early in 
1992 Cypress reported lower earnings 
attributed in part to slower demand for 
SPARC processors. 

Fujitsu might be best positioned for long-term 
market leadership. For example. Table 4 rev
eals that Fujitsu has strong SPARC MPU 
manufacturing capability. This vertically 
integrated supplier likely can withstand the 
RISC market volatility. Fujitsu should be weU-
positioned for success in the home Japan mar
ket and/or key regional markets such as 
North America as either a suppHer of either 
SPARC MPUs or SPARC-based systems, or 
both. Cypress and LSI Logic are relatively 

small vis-a-vis Fujitsu. However, the companies 
are aggressive, competitive, and well-managed. 

For these suppliers, competition in the SPARC 
market has intensified with TI's recent market 
entry, although merchant customers will not 
receive TI's Viking SuperSPARC product until 
the fourth quarter of 1992 (Table 5 provides 
device/technology specifications). 

Cypress aims to return the volley with its 
just-annoimced Pinnacle family. 

MIPS Processors 

Figure 4 shows that the MIPS processor family 
holds a 35 percent share of the RISC MPU 
marketplace. Among the suppliers of the main
stream R3(K)0 device. Figure 5 reveals a five-
way battie (in ascending order of ranking) 
among Performance Semiconductor, IDT, NEC, 
LSI Logic, and Siemens. BET and Toshiba 
have also entered or will soon enter the 
marketplace. 
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ACE Initiative: Losing IVIomentum As a Key 
Player Departs? 

The MIPS processor market had gained 
momentum during 1991 through the Advanced 
Computing Environment (ACE) initiative. The 
ACE/MDPS strategy was to compete against 
Intel's 80486/80586 family using the same NT-
Windows operating system. The key alliance 
players (role) at that time were former MIPS 
Computer (architect); Microsoft (operating sys
tem); 75 system vendors—^most notably DEC 
and Compaq Computer (users); and the MIPS 
MPU suppliers as shown in Figure 5. 

The ACE/MEPS strategy confronts some 
challenging realities. In terms of market 
results, for 1991 MIPS processor platform 
sales—mainly workstations—^totaled jvist over 
100,000 imits. Two users—DEC and Silicon 
Graphics—accounted for two-thirds of these 
platform units. Embedded applications 
accounted for 40 percent of shipments. 

During the first half of 1992, the ACE/MDPS 
alliance encountered a series of momentum-
draining events. First, DEC announced its 
ALPHA architecture, the resxilt of a $1 billion 
R&D effort. Second, MIPS Computer--a key 
player—continued to lose money and was 
acquired by Silicon Graphics. The scenario 
here is akin to Intergraph's acquisition of Fair-
child's Clipper architecture during the 1980s. 
The eventual result in that case was that the 
Clipper architecture became a good one-
company processor—for Intergraph—^with some 
prospective customers leery of using a proces
sor owned by an actual or prospective com
petitor (that is, Intergraph). Some current and 
prospective users of the MIPS processor are 
uncomfortable with Silicon Graphics' acquisi
tion of MIPS Computer 

Third—and perhaps most tellingly—Compaq 
Computer withdrew from the ACE consortium 
early in the second quarter of 1991. Compaq 
has delayed indefinitely workstation systems 
that were to use the MIPS processor. The 
news on Compaq's 80586-based system 
emerged shortly thereafter. Other systems 
manxjfacturers such as Convex and Groupe 
BuU have left the consortium in favor of other 
RISC alliances (Convex with Hewlett-Packard, 
BuU with IBM). 

Nevertheless, the RISC market is quite young. 
Market players remain enthralled with the 

64-bit R4000 processor. During the first half of 
1992, Silicon Graphics and former MIPS Com
puter Systems kept performance pressure on 
competitors by introducing R4000-based sys
tems that operate at speeds of 50 to 67 MHz. 

MIPS Processor Supply Side 

Performance Semiconductor and IDT main
tained their leadership ranking of 1990 during 
1991. These suppliers are not industry giants 
and earnings should continue to be imeven 
over time. For example. Performance 
Semiconductor—^which announced a processor 
with on-board lU, FPU, and cache memory—^to 
date depends largely on DEC in terms of its 
customer base. IDT has a more balanced cus
tomer base including workstation (Silicon 
Graphics), embedded, and system modvde 
(AT&T) applications. NEC jumped in ranking 
during 1991 by winning business from DEC. 
LSI Logic lost share. However, the supplier 
cotild rebound via an integrated processor that 
targets X Window terminal applications. Sie
mens gained 10 percent market share in its 
first year in the market. Recent entrants such 
as BIT and Toshiba aim for similar results. 

In terms of embedded applications, the MIPS 
supplier base includes most of the suppliers 
shown in Figure 5—^Performance Semiconduc
tor, IDT, and Siemens. Macronix (Taiwan), 
NKK (Japan), Sony, and Toshiba have entered 
or likely will enter this segment during 1992. 
Macronix and NKK also have a flash memory 
alliance that uses NKK's new $1 billion 
0.8-micron fab. 

Of the MIPS suppliers shown in Figure 5, 
NEC might emerge as a long-term market 
leader. As shown in Table 4, this vertically 
integrated supplier shoiild be positioned for 
success not only in Japan but also in North 
America and Europe. In the aggregate, the 
MIPS marketplace is fragmented in terms of 
the supplier base—^with NEC a likely survivor 
in the event of eventual market consolidation. 

For users in North America and Europe, the 
outlook regarding the viability of the MIPS 
architecture and the supplier base remains 
uncertain. 

PowerPC Family 
As noted in the analysis on Motorola, the 
PowerPC alliance links Apple Computer and 
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Motorola—^which have had a long-term busi
ness relation—^with IBM, Apple's long-term 
competitor. The RISC PowerPC family will 
advance IBM's RS/6(X)0 POWER architecture. 
As shown in Figure 4, this processor 
represented 7.5 percent of the RISC MPU mar
ket as measured in tmit shipments. These 
shipments were for IBM's captive consumption. 
To date. Motorola will be the only merchant 
market suppHer. Bvdl and Thomson-CSF recent
ly joined the alliance as users. 

The strategy is as follows: the alliance par
ticipants will jointly develop the processor at 
the billion-dollar Somerset R&D center. Later 
IBM and Motorola wiU separately manxifacture 
the processors. Intended applications include 
the entire platform market: notebooks, PCs, 
workstations, and servers. As noted earlier, 
development of the TaHgent operating system 
appears on schedule for introduction during 
1994. 

One alliance participant—^Apple Computer— 
publicly shares its vision of the role that the 
alliance will play in the company's market 
evolution. For Apple, the alliance is the key 
for establishing itself in the corporate cUent/ 
server marketplace. The PowerPC MPU should 
become critical as Apple makes the transition 
from CISC MACs—^which were based on 
Motorola's 680X0 family—to RISC MACs. 

Precision Arcliitecture RISC (PA-RISC) 
Hewlett-Packard first shipped this family dur
ing 1987 and advanced the technology during 
1989. As shown in Figure 4, H F s PA-RISC 
processor represents 3.3 percent of the RISC 
MPU market—^which understates its potential 
impact. The PA-RISC processor ranks as one of 
the performance leaders in the performance-
intensive RISC arena—creating a threat for 
other RISC processors such as SPARC 

Table 5 
Key Features of Wlicroprocessor Technology at !SS(Xyi992* 

products. In addition to HP's captive produc
tion, other suppliers/users include Japan-based 
Hitachi and Korea-based Samsung, a poten
tially powerful global alliance. 

HP has steadily if qmetly grown this market. 
Although small today, the PA-RISC architecture 
already shows sign of emergence as a long-
term winner. For example, during the first half 
of 1992 HP struck an alliance with Convex, a 
former member of the ACE/MIPS consortium. 

Section 4: MPU Design and Production Trends 
This section highlights trends in MPU design 
and production. Table 5 summarizes information 
on leading-edge 32-bit and 64-bit RISC/CISC 
processors regarding the following factors: 
architecture, speed, process technology, power 
supply voltage, design rule, transistors, and chip 
size. The table includes information on two 
devices developed by DEC, including ALPHA 
and one from Stm/TI (SuperSPARC). No R4000 
papers were presented at ISSCC 1992. 

Trends from ISSCC 1992 

At ISSCC 1992, all microprocessor papers were 
presented by computer/workstation companies. 
Digital's Alpha RISC architecture and MIPS 
R4000 architecture (not presented at ISSCC/ 
1992) herald the arrival of 64-bit computing. 
Leading-edge microprocessors are using CMOS 
technology with minimum lithography design 
rules in tiie 0.5- to 0.8-micron range. Extra-
wide field stepper lenses and other lithogra
phy innovations such as step-and-scan tech
nology wiU be needed to print increasingly 
larger microprocessor chips. BiCMOS technol
ogy may be needed to implement the ECL-
t5^e low-level logic swings of high-speed 
microprocessors. 

Microprocessors continue to drive multilevel 
interconnect technology. Three-level interconnect 

Company 
DEC 
DEC 

Sun/TI 

Architecture 
32-Bit/CISC 
64-Bit/RISC 
32-Bit/RISC 

Speed 
(MHz) 

100 

200 
40 

Technology 
CMOS 
CMOS 
BiCMOS 

Power 
Supply 
Voltage 

3.3V 
3.3V 

5V 

Design 
Rule 

(Microns) 
0.75 
0.75 
0.80 

Transistors 
(Millions) 

1.30 
1.68 
3.10 

Chip Size 
(cm * cm) 
1.62 » 1.46 
1.68 * 1.39 
1.60 * 1.60 

Package 
CPGA-339 
CPGA-431 
CPGA-293 

*A11 use three layers of metallizatian 
Source: Dataquest, ISSCC/1992 (May 1992) 
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technology is rapidly becoming the standard in 
advanced 32/64-bit microprocessors, with four-
level interconnect implementations looming on 
the horizon. Metal linewidth/space and contact 
feature sizes in the range of 0.5 to 0.8 microns 
rival the traditional transistor gate-length as a 
technology driver. In response, microprocessor 
manufacturers wiU increase the proportion of 
the wafer fab equipment capital budget spent 
on planarization, plug, interconnect deposition, 
and etch appUcations, relative to Uthogiaphy 
applications. 

The Impact of RISC? 
What is the potential MPU impact of the RISC 
technology? The semiconductor revolution is 
giving way to the semicomputer evolution. 
The design irmovation pendulum is swinging 
away from traditional proprietary, merchant 
microprocessor houses such as Intel and Moto
rola toward sjretem-knowledge intensive cap
tive computer companies such as Digital 
Equipment Corporation, Hewlett-Packard, IBM, 
Sun, and Silicon Graphics. The evolution of 
RISC-based open-architecture computing and 
access to leading merchant CAD tools and 
global ASIC foundries has significantly leveled 
file silicon playing field between traditional 
merchant microprocessor companies and 
captive computer/workstation companies. 

Section 5: MPU Life Cycle Pricing 
This section extracts recently published work by 
SPS on forward-stage MPU pricing. The infor
mation can be used to generate estimates—^based 
on MPU transistor counts and prior MPU price 
history—^for next-generation parts. The example 
is Intel's 80586 processor. 

There are two goals of this section: to explain 
the forward-pricing methodology, and to niake 
clients aware that SPS can assist them via our 
inquiry service—along with published reports 
such as this article—on forward-pricing analysis. 

Methodology behind MPU Life Cycle Pricing 
Analysis 
A number of SPS clients have requested a 
structured framework as they make the 
transition from toda5^s predominantiy CISC 
world to tomorrow's CISC/RISC marketplace. 
The following analysis was first published 
April 20, 1992 in a Semiconductor Procurement 
Dataquest Perspective article entitled "Buyer's 

Headache: WiU IC Prices Stay Low if the 
Economy Turns Up?". This analysis marks 
a move toward thiat goal. 

Figure 6 shows pricing measured in dollar-per-
transistor for the early, or forward, stages of 
the pixxiuct life cycle for 80286-10, 
80386DX-16, and 80486DX-25 devices, and 
68000-8, 68020-16, and 68030-25 parts. To con
struct this MPU life cycle pricing curve, we 
used information dating as far back as 1979 
and 1980 on pricing, product introduction 
dates, and transistor counts. 

Figure 7—which is based on the inforcrtation 
in Figure 6—shows the rate-of-price dedine for 
the 80x86 and 680x0 devices rdative to the 
family's prior generation part over the life 
cycle. Although the objective is to estimate the 
forward price of the 80586 device from Intel, 
Motorola MPU price history serves as an ana
lytical "check." 

The rates of decline shown in Figure 7 are 
quite similar for the forward life cycle stages 
regarding 80486DX-25 pricing vis-a-vis the 
prior-generation 80386DX-16 product; 68020-16 
pricing vis-a-vis the 68000-8 device; and 
68030-25 pricing versus the 68020-16 part. 

The Assumptions behind the 80586 Price Estimate 
Dataquest clients require a statement of the 
assumptions for forward price estLoiates like 
the 80586 estimate shown in Table 6. 

Table 6 states the critical assumptions. Clients 
who disagree with these asstmiptions can 
modify the estimated price in line with their 
differing assumption(s). The table shows 
several assiunptions regarding specifications 
(for example, transistor coimt and package) but 
also an analytical assumption regarding the 
pricing environment/rates of price dedine that 
Dataquest assumes. Again, clients may modify 
their estimate depending on the kind of com
petitive environment they assume. 

Other Forward Prices 
Dataquest also tracks forward-pricing via dis
cussions with users and suppliers. For exam
ple, the DEC Alpha 21064 200-MHz device 
(see Table 5) shoidd be available during the 
third quarter of 1992 at an estimated price of 
$1,650 (1,000-unit volume). Another device 
shown in Table 5, the Svm/TI SuperSPARC 
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Figure 6 
North American MPU Pricing by Life Cycle Stage (Dollars per Transistor) 

Dollars per Transistor 

0.005 

Early 
Growth 

Late 
Growth 

0.004 -

0.003 -

0.002 -

0.001 

Volume: 25,000 lor 68000-8,80286-10 
1,000 to 5,000 for 80386DX-16,80486DX-25,68020-16, 68030-25 
First volume production: 100 to 1,000 for all products 

First Volume Year 1 
Production 

-••••••: 80286-10 PDIP 

«•*» 80386DX-16CPGA 

Yew 2 

80486DX-25 CPGA 

68000-8 

Year 3 Year 4 

68020-16 CPGA 

68030-25 CPGA 
(PQFP for Year 4) 

Source: Dataquest (May 1992) GZDooeoB 

processor (33 MHz, CFGA-293) should be 
priced diuing the first qxiarter of 1993 at 
less than $400 at 10,000-uiiit volume. 

Table 6 
Estimated 80586 Pricing by Product Life Cycle Stage 

Stage: Price ($) 

Inttxxiuction (Second Half 1992) 
First Volume Production* 

Early Growth (1993) Price at 
First Ftdl Year of Production^ 

Growth (1994) Price at Second 
Full Year of Production^ 

1,268 

788 

694 

Assumptions: Specs: 3 million transistors; 50 MHz; CPGA 
(not muitichip module). Intel's strategy: confonns moie so 
with historic forward-pridng strategy associated with com
petitive market environment and less so with monopoly-
pricing power. Life cycle: starts by fourth quarter of 1992 

Volume of 100-1,000 units 
Volume of 1,000-5,000 units 

Source: Dataquest (May 1992) 

Dataquest Perspective 
The next two to three years should be especially 
challenging for users of MPUs. The rise of the 
RISC technology and AMD's entry to the 386 
marketplace signal dramatic long-term market 
change. For example, as this report was being 
prepared, two RISC devices—TI's SupeiSPARC 
and Cypress's HyperSPARC processor—^hit the 
market, along with the CISC 486 device from 
Cyrix/TI. 

For many users, the central MPU supply base 
issue is whether to maintain or break a long
standing buyer-seller bond with InteL Regarding 
80386 devices, not only is AMD a viable second 
source but AMD also has a stronger strategic 
interest than Intel in serving long-term demand 
for this part. Depending on legal results, AMD 
and Cyrix-TI stand j>oised to smash Intel's 80486 
monopoly. (Dther wotild-be entrants aim to do 
the same, although their prospects for successful 
market penetration appear more cloudy. 
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Figure 7 
MPU Pricing: Rate of Decline at Forward Stages in Life Cycle Relative to Prior Generation 
(80286-10 and 68000^ = Base of 0) 

Percentage C h a n g e 
Late Growth 

80386 DX-16 68000-S 

Source: Dataquest (May 1992) G£tXX)609 

However, the long-term action in this sexy MPU 
world—as indicated by this article's title and 
papers presented at ISSCC 1992—lies in the 32/ 
64-bit aSC-versus-RISC battle that cotdd com
pletely reshape the IC business during this 
decade. Simply stated, systems houses such as 
Apple, Hewlett-Packard, and IBM could emerge 

as the key players in the MPU marketplace later 
this decade. But at press time—with news of 
Compaq systems that will be based on Intel's 
next-generation 80586 QSC processor—old ways 
seem never to change. 

By Ronald Bohn 
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Inquiry of the Month 

Q. What were the North American bookings 
price differences between the 4Mbxl and 
256KX18 and 256Kxl6 DRAMs for the first quar
ter of 1992 (contract volume, 80ns)? 

A. See Table 1. Price premiums for the xl6 and 
xl8 organization are because of the niimber 
of suppliers and the corresponding level of 
demand. Pricing for 256Kxl6 devices runs 5 
to 7 percent less than xl8 parts. 

Table 1 
Price Ranges for 4Mbx1 and 256Kx18 and 
256Kx16 DRAMs, First Quarter of 1992 

Estimated 
Qiyi992 

Product Price Range ($) Price 
4Mbxl DRAM 12.40 to 14.55 13.26 
256KX18 DRAM 17.00 to 19.00 17.07 

Note: This information correlates to Dataquesf s quarterly 
forecast dated March 1992. 

Source: Dataquest (May 1992) 
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In Future Issues 

The foUowing topics wiU be addressed in future 
issues of Semiconductor Procurement Dataquest 
Perspective: 

m June Procurement Pulse 

• Cost model update 

• DRAM product update 

SPWW-SVC-DF4205 ©1992 Dataquest Incaporatad May 25,1992 
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CONFERENCE ANNOUNCEMENT 

Dataquest's 11th Annual SEMICONAVest Seminar: Status 1992 
Wednesday, June 17, 1992 

Wafer fab equipment and materials companies had a tough time in 1990 and 1991 as 
the industry faltered. Dataquest believes that 1992 will also be a difficult year because 
of the lack of capital investment in semiconductor facilities. Will this distnal scenario 
continue? We don't think so. This year's SEMICON/West seminar wiU explore some of 
the reasons why the equipment and materials industry slowed over the past several 
years and why we beUeve that the industry will pick up again to resume a more nor
mal growth path. 

Attendees will hear Dataquest speakers discuss the following topics, which will provide 
a cohesive picture of the wafer fab equipment and materials industry from both supply-
side and demand-side perspectives: 

• Wafer fab equipment market status and forecast 
• Wafer fab equipment company trends 
• Semiconductor fab overview 
• Capital spending forecast 
• Changing strategies for materials companies 
• Is there a future for the 1Gb DRAM? 

• Portable PCs: A hot demand-side application 

The seminar covers a lot of grotmd but it is specifically designed to provide the kind of 
high-level status and trend information that semiconductor equipment and materials 
industry executives need to support their decision-making. Industry executives have fuU 
and hectic schedules dviring SEMICON/West, but we believe that attendance at our 
acclaimed annual seminar wiU be an excellent investment of your time that will pay 
dividends to you and your company. 

Dataquesf s Status 1992 Seminar wiU be held on Wednesday, June 17 at the ANA Hotel 
(formerly Le Meridien) in San Francisco, just a few minutes' walking distance from 
Moscone Center, site of the SEMICON/West trade show. The seminar wiU begin at 8:30 
a.m. and conclude by 11:40 a.m. Registration and continental breakfast will commence 
at 7:30 a.m. The fee for this seminar is $145. Please contact Dataquesf s Conference 
Department at (408) 437-8245 for further information. 

For More Information 
On the topics in this issue Mark Giudici, Director (408) 437-8258 
About online access (408) 437-8576 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest publications (408) 437-8285 
Via fax request (408) 437-0292 

The content of this report represents our interpretation and analysis of information generally available to the public or released by responsible individuals 
in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in confidence by our dlents. 
Individual companies reported on and analyzed by Dataquest may be clients of this and/or other Dataquest services. This information is not furnished in 
connection with a sale or offer to sell securities or in connection with the solicitation of an offer to buy securities. This firm and its parent and/or their 
officers, stockholders, or members of their families may, from time to time, have a long or short position in the securities mentioned and may sell or buy 
such securities. 
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In This Issue... 

Regional Pricing Update 

DQ Monday Report Volume Mean Pricing 
The volume contract pricing taken from the latest 
online DQ Monday Report notes the difference in 
regional semiconductor prices. 
By Dataquest Regional Offices Page 2 

IVIarJcet Analysis 

April Procurement Pulse: Semiconductor Availability, 
Inventory Levels Excellent As System Demand Slowly 
Grows 
This monthly update of critical issues and market 
trends is based on surveys of semiconductor 
procurement managers and e}q>lauiis what inven
tory and order rate corrections mean to both semi
conductor users and manufacturers. 
By Mark Giudid Page 3 

European Community Semiconductor Tariffs: An 
Executive Overview for Suppliers and Buyers 
Exports of semiconductors to Europe are subject to 
various rates of import duty. This executive over
view provides a concise historical review, discusses 
the applicable rates of duty for different stages of 
product integration, and debates whether the cur
rent tariff system is a workable one. Set against the 
backdrop of continuing GATT talks, increasing 
world trade friction, and the unification of the 
European market, this is a timely report 
By Byron Harding Page 4 

Product Analysis 

Buyer's Headache: Will IC Prices Stay Low if Oie 
Economy Turns Up? 
This artide presents "key results from Dataquesf s 
recent North American bookings price survey, 
including 4Mb DRAMs and 1Mb DRAMs. Also, 
Dataquest uses historic life-cycle price analysis to 
assess the price outlook for Intel's soon-to-be-
introduced "80586" MPU. 
By Ronald Bohn Page 14 

Semiconductor Capacity: How Much Is Too Much? 
This artide provides a cursory review of the cur
rent near-term semiconductor capadty status, dis
cusses what it means for ttie semiconductor buyer, 
and looks forward to a deeper analysis later tihis 
year. 
By George Bums Page 21 
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A brief item of interest for procurement managers 
in the semiconductor industry 

Inquiry of the IVIonth 

Semiconductor Procurement Inquiry Highlight 
Dataquesf s Semiconductor Procurement inquiry 
summary is designed to inform our clients of com
monly asked questions and Dataquesf s respective 
answers. No confidential information provided by 
our clients is induded in this material. The infor
mation contained in this section is believed to be 
rehable, but it cannot be guaranteed to be correct 
or complete. 
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Regional Pricing Update 

DQ Monday Report: 
Pricing* 

Family 

74AC00 

74AC138 

74AC244 

74AC74 

Lead l ime: (Weeks) 

4F00 

4F138 

4F244 

4F74 

Lead Time: (Weeks) 

7805-TO92 

CODEC-FLTR 1 

CODEC-FLTR 2 

Lead Time: (Weeks) 

DRAM lMbxl-8 

DRAM lMbx9-8 

DRAM 256Kxl-8 

DRAM 256Kx4-8 

DRAM 4Mbxl-8 

EPROM 1Mb 170ns 

EPROM 2Mb 170ns 

SRAM 1MB 128Kx8 

SRAM 256K 32Kx8 

SRAM 64K 8Kx8 

Lead Time: (Weeks) 

68020-16 

80286-16 

80386DX-25 

80386SX-16 

R3000-25 

Lead Time: (Weeks) 

Volume Mean 

United 
States 

0.18 

0.30 

0.44 

0.24 

4 

0.11 

0.15 

0.22 

0.11 

4 

0.10 

1.80 

4.15 

6 

3.33 

35.50 

1.10 

3.33 

12.55 

3.50 

7.̂ 13 

13.13 

3.85 

1.90 

4 

27.50 

9.50 

125.00 

46.50 

115.00 

6 

Japan 
0.17 
0.32 
0.44 
0.21 

3 

0.12 
0.19 
0.26 
0.13 

3 

0.18 
2.25 
4.35 

3 

3.29 
37.11 
1.54 
3.34 

11.24 
3.68 
7.05 

11.69 
3.49 
1.52 

4 

37.85 
10.39 

136.92 
53.43 

125.05 

7 

Europe 
0.15 
0.26 
0.35 
0.20 

4 

0.09 
0.15 
0.21 
0.12 

4 

0.11 
250 
5.00 

6 

3.50 
3350 

1.60 
350 

1450 
3.00 
5.65 
9.90 
3.45 
1.73 

4 

26.00 
10.00 

139.00 
52.50 

110.00 

4 
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Taiwan 

0.17 

0.27 

0.39 

0.21 

4 

0.10 

0.17 

0.24 

0.13 

4 

0.12 

1.90 

4.80 

3 

3.70 

37.75 

1.20 

3.70 

14.00 

3.50 

6.00 

15.25 

3.70 

1.40 

4 

37.50 

11.30 

125.00 

52.00 

Hong 
Kong 

0.18 

0.28 

0.42 

0.22 

5 

0.10 

0.19 

0.27 

0.13 

5 

0.13 

2.00 

5.00 

4 

3.80 

39.00 

1.29 

3.80 

15.00 

3.90 

7.90 

15.30 

4.00 

1.40 

7 

35.50 

11.70 

152.00 

55.60 

Korea 

0.14 

0.21 

0.36 

0.17 

5 

0.09 

0.14 

0.23 

0.11 

5 

0.11 

1.35 

3.55 

34.50 

1.10 

3.55 

12.50 

2.50 

4.80 

3.30 

1.35 

4 

9.70 

98.00 

48.00 

• 

4 

•i 

• 

\ 
t 

^Prices in VS. dollars 
Source: Dataquest (April 1992) 
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Market Analysis 

April Procurement Pulse: SenUconductor 
AvsulablUty, Inwentory Levels Excellent As 
System Demand Slowly Brows 
The Procurement Pulse is a monttily update of 
critical issues and market trends based on sur
veys of semiconductor procurement managers. 
Tlds explains what inventory and order correc
tions mean to semiconductor users. 

Semiconductor Order Rate Remains Unclianged 
Figure 1 illustrates the relative flat order level 
expectations for April, compared with the past 
five months. The 1.1 percent increase in forecast 
order activity is by no means a go-go indicator. 
Rather it notes a balance of system sales activity 

with order rate levels. The overall six-month 
system sales outlook increased from last month's 
7-5 percent to the current 8.0 percent, while the 
computer segment expects a slight contraction 
from last month's 8.8 percent to 83 percent sales 
growth. The lower revenue growth areas in com
puters relate to the commoditized low-end per
sonal computer market, where price pressure 
continues imabated. There are bright spots in 
data processing, primarily in the higher-end file 
server and selected mainframe markets. Prices 
continue to slow in their rate of decline, going 
from February's negative 1.8 percent to March's 
negative 1.6 percent price erosiorv. This con
tinued flattening of pricing is another sign of 
improved demand levels relative to the current 
supply base. Adequate capacity levels remain, 
waiting for consistent signs that demand will 
continue to grow beyond current levels. 

Figure 1 
Averaged Monthly Semiconductor Orders 
Order Index, 12/88 = 100 
320-n 
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Figure 3 
Actual vs. Target Inventory Levels 

(All OEMs) 
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Figure 2 
Averaged Semiconductor Lead Times 
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Figure 4 
Actual vs. Target Inventory Levels 

(Computer OEMs) 
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Source: Dataquest (April 1992) a200oeo4.A 
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Lead Times Increase By Two Days To 
9.6 Weeks—Not A Big Deal 
The incremental stretched lead time noted in 
Figure 2 basically reflects small increased de-
Uveiy spans noted by only a few respondents 
to this month's survey. Ninety percent of otir 
respondents saw no change in lead times, com
pared with last month. Although Qtere are some 
signs of business picking up in certain markets, 
aggregated capacity levds are by no means 
being stretched and average lead times should 
soon return to the nine-week average noted 
in Figure 2. Aside from a continuing lone 
respondent having a problem with some ASIC 
products, no reported product problems are 
noted in this month's survey. Issues facing 
procurement continue to revolve aroimd quality, 
cost reduction, and end-of-life buys. Quality 
and cost-reduction concerns coindde with the 
priorities noted in our aimual procurement 
survey as those needing attention. 

Inventories Remain Low And Under Control 
Figures 3 and 4 show a relatively imchanged 
inventory situation, compared with the last 
two months. The overall inventory balancing 
act continues with targeted levels for the over
all sample falling by two days from 20.6 to 
18.4 days, while the actual level stabilized, 
going jfrom a controlled 20.7 days to 20.1 days. 
The computer segment reported respective 
targeted and actual inventory levels of 19.0 
and 18.7 days, going to a current comparable 
reduction of 18,1 and 18.6 days. Isolated areas 
of improved equipment business aside, inven
tory control and tiie requisites of good forecast 
communication continue to keep focus on basic 
cost control. The current unprecedented levels 
of inventory control will allow any change in 
demand levels to directly translate into changes 
in semiconductor demand shifts. 

Dataquest Perspective 
The continuing positive outlook for end equip
ment sales is ^owly being realized in gradu^ 
paced semiconductor order increases handily 
being absorbed by existing capacity levels. The 
ultiacautious period for capital expenditure is 
being replaced by a reluctant approval mode 
because of existing equipment obsolescence or 
a long-oveidue upgrade need that is more palat
able now because of low interest rates and solid 

cost control programs. The current good avail
ability of semiconductors is expected to contin
ue, thus enabling any equipment growth trend 
to be imimpeded by component restraints. 
Dataquest continues to forecast double-digit 
growth in the semiconductor market that is 
based on demand improvements in the equip
ment industry now being seen. 

By Mark Giudici 

Eumpean Community Semconduelor 
Tariffs: An Executive Ovetview for 

Exports of semiconductor devices to the Euro
pean Community (EC) from third countries 
(non-EC countries) are subject to ad valorum 
import duties (that is, proportional to value). A 
weighty legislative document is released annu
ally by the European Commission detailing the 
Common Customs Tariff (CCI) for the following 
calendar year The complexity of this legislation, 
together with the high-profile coverage the 
media has given to other trade matters in the 
EC, has caused a certain amount of confusion 
in the international semiconductor community 
regarding the subject of EC semiconductor 
tariffs and related issues. This article, which is 
extracted from a larger, comprehensive special 
report, provides a concise and authoritative 
somce of reference on this subject for semicon
ductor suppliers and buyers. Readers are recom
mended to use the references at the end for fur
ther information on areas of special interest. 

Background 
The European Commimity is the last major 
semiconductor market in the world that con
tinues to apply conventional rates of import 
duty on semiconductor devices. In 1985, the 
United States, Canada, and Japan indefinitely 
suspended their conventional rates of import 
duty^ on semiconductor devices and computer 
printed circuit boards (PCBs). A number of 
Asia/Pacific countries have recentiy agreed to 
do the same. 

The EC and other countries have progressively 
reduced tariff and nontariff barriers to inter
national trade through various rounds of 
multilateral talks that began after the World 
War n. The General Agreement on Tariffs and 
Trade (GATT) came into force on January 1, 1948 
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following initial talks in 1947, and continues to 
be the only forum for mtiltilateral trade talks. 
The current round of talks that began six years 
ago, known as the "Uruguay Roimd," is still in 
progress. The possible effect on EC semiconduc
tor tariffs when these talks are concluded is dis
cussed in the Dataquest Perspective section at 
the end of this artide. 

In 1968 flie EC formally adopted the current sys
tem of the CCT for all forms of produce 
exported to the EC. Howeve:v the concept of the 
CCT was originally introduced when the Euro
pean Economic Coinmunity was formed in 1957, 
and was based upon an arithmetic average of 
the import tariffs formerly applied in each mem
ber country.^ The purpose of tiie CCT has been 
one of a set of measures "to promote the effi
ciency and competitive capadty of its industry 
on an international scale." This has often been 
referred to in the European Community as 
"leveling the playing field" against external 
competition. In the context of the semiconductor 
industry, the European Electronic Component 
Manufacturers' Association (EECA) has deter
mined that the manufoctming costs of European 
semiconductor suppliers are at least 20 percent 
higher than in the United States or Japan.^ 

The present CCT is based upon a 1987 European 
Comnvlssion Coundl Regulation,* which is 
republished by October 31 every year in the 
Legislation series of the Official Journal of the 
European Communities. This legiUation serves to 
differentiate between 97 general product groups 
in order specify the rates of duty that are 
applied against exports from third countries. 
Semiconductor devices comprise a small subset 
of one of these groups. 

Another purpose of this differentiation is to 
track the volume of imports and exports of dif
ferent products between the EC and third coun
tries. Every EC customs office lecottis the ship
ment of products in and out of the EC by CCT 
code and submits this to a central point for con
solidation of trade statistics. The European Com
mission uses this information to develop and 
support its polides for EC industries, including 
the tariff structure. 

Product differentiation is more detailed in areas 
that are of strategic importance. Taking a partic
ular example in tiie semiconductor sector, there 
was only 1 product code for all semiconductor 

memory devices in the 1987 regulation. In the 
current version there are 15 product codes for 
MOS memory devices and 1 code for other 
memory devices. This indicates the growing 
importance of MOS memory to the EC semicon
ductor industry. 

Table 1 simunaiizes the major semiconductor 
device fomilies covered by the CCT and the 
corresponding rates of import duty. Also 
induded in this table are some of tiie key 
materials used in the manufacture of semicon-
dudor devices, examples of electronic assemblies 
that use finished semiconductor devices, and 
some examples of completed dectronic equip
ment. This draws the "big picture" of the Euro
pean electronic prodticts tariff structure, from 
raw materials to final end equipment. The rates 
of duty shown are based upon pubUshed legisla
tion from the European Commission for the year 
1992.̂  Note that there has been no change in the 
rates of duty on semiconductor devices between 
1991 and 1992, although produd differentiation 
has increased. 

Terms of Reference 
"Hie European Commission adopted a system 
of classification for goods in its 1987 Coimdl 
Regulation called the Combined Nomenclature, 
or CN for short, in which each single produd is 
defined by an eight-digit code. This replaced the 
previous system of Nomenclature of Goods for 
External Trade Statistics of the Community and 
Statistics of Trade Between Member States, or 
NIMEXE for short, in which a six-digit code 
was vised. 

The CN sj^tem is used to imarnbiguously 
identify a produd and apply the corred rate 
of import duty when it enters the European 
Community from a third country. The duty is 
applied as a percentage of the product's GDF 
value—or in other words, the sum of its cost, 
insiirance, and freight. This is the general rule. 
In addition, each EC member country may apply 
its own national sales tax (such as, value-added 
tax) on top of this import duty. The rate of sales 
tax currently varies from one EC coimtry to 
another. One of the goals of the unification of 
the EC market on January 1, 1993 is a standard 
rate of sales tax for all EC member countries.' 
However, this artide is only concerned with EC 
import duties tmder the CCT. 
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Table 1 
European Communily Import Duties for Electronic 
Components and Products 
(Based on Conventional Rates) 

Code Description 
Silicon Ingots 
Not yet sliced into wafers 
28046100 
28046900 

Minimum purity 99.99% 
Maximum purity 99.99% 

Unprocessed Wafers 
Doped hut not yet diffused 
38180010 
38180090 

Doped silicon 
Other doped material 

Processed Wafers 
Diffused hut not yet cut into die 
85421101 

85421188 

85421910 
85412110 

85412910 

85411010 
86413010 
85415010 

Die 

Digital MOS IC die on 
wafer 

Non-MOS digital IC die on 
wafer 

Nondigital IC die on wafer 
Transistor <1W die on 

wafer 
Ti'ansistor >1W die on 

wafer 
Diode die on wafer 
Thyristor die on wafer 
Other discrete/opto die on 

wafer 

Cut from wafer hut not yet packaged 
85421105 
85421189 
85421920 
85412190 
85412990 
8541109* 
85413090 
85415090 
85414010 
85414091 
85414093 
85414099 

Digital MOS IC die 
Non-MOS digital IC die 
Nondigital IC die 
Transistor <1W die 
Transistor >1W die 
Diode die 
Thyristor die 
Other discrete die 
LED die 
Solar ceU die 
Photosensor die 
Other opto die 

1992 
Duty 

(%) 

6.0 
6.0 

7.6 
7.6 

9.0 

9.0 

9.0 
9.0 

9.0 

9.0 
9.0 
9.0 

14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
4.6 
4.6 
4.6 

(Cantinued) 

Table 1 (Continued) 
European Communit/ Import Duties for Electronic 
Components and Products 
(Based on Conventional Rates) 

Code Description 
Assembled devices 
Packaged die not yet mounted on PCB 
85421105 

85421189 

85421920 

854220** 

85412190 
85412990 
8541109* 
85413090 
85415090 
85414010 
85312090 
85414091 
85414093 
85414099 

Monolithic digital MOS IC 
device 

Monolithic digital non-
MOS IC device 

Monohthic nondigital IC 
device 

Hybrid (multidie) IC 
device 

Transistor <1W device 
Transistor >1W device 
Diode device 
Thyristor device 
Other discrete device 
LED device 
LED/LCD display 
Solar cell device 
Photosensor device 
Other opto device 

X 

Passives not yet mounted on PCB 
85321100 
85322200 
85322300 

853224** 

85322500 

853230** 

85331000 
85333*** 

85334*** 

PCBs 

Fixed tantalum capaator 
Fixed aliuninium capacitor 
Fixed ceramic single 

capacitor 
Fixed ceramic multilayer 

capacitor 
Fixed paper/plastic 

capacitor 
Variable/adjustable 

capcitor 
Fixed resistor 
Variable wirewound 

resistor 
Variable other resistor 

PCB without diffused devices mounted 
85340011 W t̂h multidrcuit contacts 

only 
( 

1992 
Duty 

(%) 

14.0 

14.0 

14.0 

14,0 

14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
4.4 
4.6 
4.6 
4.6 

7.0 
7.0 
4.9 

4.9 

4.9 

7.0 

5.3 
5.3 

5.3 

6.2 

Continued) 
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Table 1 (Continued) 
European Communi^ Import Duties for Electronic 
Components and Products 
(Based on Conventional Rates) 

Table 1 (Continued) 
European Communi^ Import Duties for Electronic 
Components and Products 
(Based on Conventional Rates) 

Code 
85340019 

85340090 

PCB vnth 
84731010 

84732110 
84732910 

84733010 

84734010 

90099010 

85179081 
85179092 
85179011 

85229091 

85299070 

84159090 

84189990 

84229010 
85099090 
85169000 
85389010 

85309000 

870899** 

88033090 

Description 
With other circuit contacts 

only 
Vfiiti passive devices 

mottnted 
diffused devices mounted 

Used in typewriters and 
WP systems 

Used in battery calculators 
Used in mains-supply 

calculators 
Used in other EDP systems 

(e.g. PO 
Used in ottier non-EDP 

office sjrstems 
Used in photocopier 

systems 
Used in telephone systems 
Used in telegraph sjrstems 
Used in other communica

tions systems 
Used in audio and video 

systems 
Used in radio and TV 

systems 
J 

Used in air conditioning 
systems 

Used in refrigerators and 
freezers 

Used in dish washers 
Used in food mixers 
Used in microwave ovens 
Used in electricity control 

systems 
Used in public transport 

systems 
Used in private transport 

systems 
Used in private aircraft 

S5rstems 

1992 
Duty 

(%) 

6.2 

6.2 

4.0 

6.3 
4.0 

4.0 

4.0 

7.2 

7.5 
73 
4.6 

5.8 

7.2 

5.3 
-

3.8 

3.5 
5.1 
5.1 
4.6 

4.4 

4.9 

4.9 

(Continued) 

Code 
90069190 

90330000 

92099400 

Systems 

Description 
Used in photographic 

cameras 
Used in medical/industrial 

systems 
Used in musical 

instruments 

Equipment using PCBs and devices 
8469**** 

84701000 
84703000 
8471**** 

8472**** 

9009**** 
8517**** 
8518*** 
8519**** 

8520**** 

8521**** 
85251090 

85252090 

852530** 
9006**** 
85269290 
8527**** 

8528**** 

8415**** 
8418**** 
84221100 
85094000 
85143010 

Typewriters and WP 
systems 

Battery calctilators 
Mains-supply Ccilculators 
Other EDP systems 

(e.g., PO 
Other non-EDP office 

systems 
Photocopier systems 
Communicatioits systems 
Audio amplifiers 
Audio reproduction 

systems 
Audio recording systems 
"Ŝ deo sj^tems 
Radio/TV transmission 

systems 
Radio/TV transceiver 

systems 
TV/Video cameras 
Photographic cameras 
Remote control s)rstems 
Radio receiver/recording 

systems 
TV/video receiver/monitor 

systems 
Air conditioning systems 
Refrigerators and freezers 
Domestic dish washers 
Food mixers 
Infrared ovens 

1992 
Duty 

(%) 

7.2 

5.6 

^ ^ 

4.6 

12.0 
4.1 
4.9 

4.4 

7.2 
7.5 
4.9 
9.5 

7.0 

14.0 
4.9 

63 

4.9 
7.2 
6.2 

14.0 

14.0 

5.3 
3.8 
4.9 
5.1 
4.1 

(Continued) 
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Table 1 (Continued) 
European Community Import Duties for Electronic 
Components and Products 
(Based on Conventional Rates) 

Code 
85165000 
8530**** 
870899** 
88033090 
8535**** 

8536**** 

8537**** 

9010**** 

9018**** 

9019**** 

9022**** 

90302090 
92071090 

Description 
Microwave ovens 
Public transport systems 
Private transport systems 
Private aircraft systems 
>1KV electrical switching 

systems 
<1KV electrical switching 

systems 
Electrical switching display 

systems 
Semiconductor Uthogiaphy 

systems 
Medical/diagnostic 

systems 
Breathing and therapy 

systems 
X-ray and radiography 

systems 
Cathode-ray oscilloscopes 
Electronic musical 

instruments 

1992 
Duty 

(%) 
5.1 
4.4 
4.9 
4.9 
4.6 

4.6 

4.1 

4.9 

5.3 

4.6 

4.6 

11.0 
6.0 

PCB = Printed dicuit boaid, induding SIMMs and SOPs 
CN = Combined Nomenclatuie, used by EC to differentiate 

products 
* Various codes, please lefer to EC Council Regulation 2587/91 
Source: Dataquest (April 1992) 

Correcfly identifying the product by its CN code 
so that the appropriate level of im.port duty can 
be applied is only the first stage in the customs 
process. The next important step is to identify 
the country of origin of the product, so that 
duty concessions or penalties may be applied, 
according to the trading status between the EC 
and that country. National sales taxes will nor
mally remain in place, independent of any duty 
concessions. 

Before discussing the subject of duty conces
sions, it would be useful at this point to define 
the countries that comprise the European Com
munity. The EC member countries are Belgium, 
Denmark, France, Germany, Greece, Ireland, Ita
ly, Luxembourg, the Netherlands, Portugal, 

Spain, and the United Kingdom. Trade between 
member cotmtries is not subject to any import 
duty. 

Duty Concessions 
There are a great number of legislative docu
ments concerning trade arrangements between 
the EC and individual thud countries. Numer
ous revisions and amendments to these arrange
ments result in a complex web of mutual con
cessions. The duty concessions that currently 
exist between the EC and third coimtries are 
simimarized in the following paragraphs. 

The EC has a zero-duty arrangement with mem
ber countries of the European Free Trade Associ
ation (EFTA). The EFTA member countries are 
Austria, lonland, Iceland, Norway, Sweden and 
Switzerland. The tiny country of Liechtenstein is 
affiliated by protocol with EFTA, and is expected 
to become a full member in the near future. EC 
and EFTA coimtries are continuing discussions 
of mutual economic integration, creating what is 
known as the Europ>ean Economic Area (EEA), 
but some institutional problems still have to be 
overcome. In parallel to these discussions, some 
EFTA countries have made independent applica
tions to become members of the EC. 

The EC also applies generalized tariff prefer
ences on products firom nearly 200 developing 
countries. "* This is where the CCT (i.e., import 
duty) is fully suspended on expoite of products 
to the EC from each developing country up to a 
ceiling of shipments per annum. The nomial rate 
of import duty is applicable on any shipments 
above this ceiling. In the case of integrated cir
cuits (ICs), this ceiling is ECU 5.513 million (or 
just under $7 million at current exchange rates). 
The purpose of the tariff preference arrange
ment, under the umbrella of the United Nations, 
is for "improving access for developing coun
tries to the markets of the preference-giving 
coimtries." Examples of coimtries benefiting 
from this arrangement are Colombia, Brazil, 
Uruguay, Cyprus, Singapore, China, Malaysia 
and In<^. Rather interestingly. South Korea con
tinues to be included in this list as a developing 
country. However, benefits have been temporar
ily suspended since 1987 until a mutually satis
factory agreement is reached on intellectual 
propaty rights between the EC and South 
Korea. 

Those remaining countries that are not covered, 
and are Contracting Parties of the GATT, and/or 
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have Most-Favored Nation (MFN) trading status 
with the EC are generally subject to "conven
tional" rates of duty on products exported to the 
EC. This covers the overwhehrung majority of 
exports to the EC, and as such, is regarded as 
the normal rate of duty. Exports torn, the United 
States, Canada, and Japan are subject to this 
rate. It is also this rate of duty which forms the 
focus of this executive overview. 

Any other coimtries not covered by any of the 
aforementioned are subject to an "autonomous" 
rate of duty on products exported to the EC. 
This rate of duty is generally much higher than 
the conventional rate. In theory, these are typi
cally countries with no diplomatic relations with 
the EC, and so represent a negligible volume of 
potential exports to the EC. ^ o , in exceptiorial 
cases where the autonomous rate is lower than 
the conventional rate, the autonomous rate will 
apply. In practice, the autonomous rate is very 
rarely used. 

Another rate of duty is applicable for very small 
consignments sent from one private individual 
to another or contained in a traveller's personal 
luggage u p to a ceiling value of ECU 200 (or 
just under $250 at current exchange rates). This 
is called the "standaid" rate of duty, and is a 
flat rate of 10 percent regardless of the product 
type. This rate is mentioned for information 
only. 

Rules of Origin 
Rules of origin define the method by which a 
product's origin is detennined. This is important 
in order to apply the correct rate of duty, bear
ing in mind the concessions made to certain 
third countries, as discussed in ihe previous 
section. For lower-technology products such as 
tobacco or steel, this is a rdatively trivial exer
cise, and reference to the Eim^pean Commission 
1968 Regulation on the Common Definition of the 
the Concept of the Origin of Goods^ is sufficient 
guidance. This states that the origin of goods is 
defined as the country "in which the last sub
stantial process or operation, that is economi
cally justified, was performed." Where a number 
of processes have been performed in different 
coiuitries, this is interpreted to mean the country 
where the most value was added to the goods. 

In the manufacture of very large scale integrated 
(VLSI) circmts, various complex processes can 
occvu: in several different countries. Assigning a 
single country of origin to a VLSI semiconductor 

device can therefore be equally complex, and 
some clarification of the 1968 rule of origin is 
needed. The European Commission published 
an unambiguous rule of origin for the integrated 
drcuit*" in 1989. This regulation identifed the 
process of diffusion (or fabrication) as the last 
substantial operation to determine origin for an 
IC. In other words, diffusion was determined to 
be the highest contributor to added vedue. This 
results from the ever-increasing complexity of 
integrated circuits, some of which have as many 
as 4 million transistors diffused on a piece of 
silicon sBnallfiT than a postage stamp, and there
fore the high value of the diffusion process com
pared with other stages in the nnantifacture of an 
IC. Dataquest published its analysis of the regu
lation at the time of its release." 

There are a small number of special exceptiorw 
to the IC origin rule, such as tine preferential 
semiconductor origin rule for EFTA countries. 
Also note that discrete semiconductor devices, 
such as a single transistor or diode, generally 
have their origin determined by the assembly or 
packaging process. This is because assembly is 
usually the largest contributor to added value 
for these products. 

The United States and Japan generally determine 
the origin of all types of semiconductor devices, 
including ICs, by tiie assembly or packaging 
process. There was strong opposition by the U.S. 
Semiconductor Industry Association (SIA) to the 
EC IC origin rule when it appeared. U-S. manu-
fecturers with IC assembly facilities in the EC, 
but no diffusion, feared that because their 
products would no longer be regarded as Euro
pean in origin they would be subject to greater 
import duty. This is a misunderstanding of the 
effect of the IC origin rule, which Table 2 should 
clarify. In fact, the major benefit of the IC origin 
rule is in the implementian of antidumping 
action. This allows the EC to apply antidumping 
duties dependent on where ICs are diffused 
rather than where they are assembled. 

It is also relevant to discuss the case of the 
printed circuit board (FCB). The EC definition of 
a E*CB includes Single In-hne Memory Modtiles 
(SIMMs) and Single In-line Packages (SIPs) that 
are regarded by many semiconductor manufac
turers as semiconductor devices. Indeed- SIMMs 
and SEPs are very much a standaid pnxiuct in 
the electronics industry, and are listed beside ICs 
in suppliers' product catalog^. However, they are 
not subject to the same rate of import duty as 
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Table 2 
Effect of IC Origin Rule 

Manufacturing Stage Before IC Origin Rule After IC Origin Rule Change in Status 
Front-End Back-End Origin Duty Origin Duty Origin Duty 
Diffusion Assembly Status Payable Status Payable Status Payable 

EC 
EC 
Non-EC 

Non-EC 
Source: EECA 

EC 
Non-EC 
EC 

Non-EC 

EC 
Non-EC 
EC 

Non-EC 

None 

On package 
On die 

On both 

EC 

EC 
Non-EC 

Non-EC 

None 

On package 
On die 
On both 

No change 

Reversed 
Reversed 
No change 

No change 

No change 
No change 
No change 

semiconductor devices. In many cases the rate is 
significantly lower, as shown in Table 1. Semi
conductor memories are increasingly being 
exported to the EC in this format. 

The European Commission considered the 
introduction of a rule of origin for PCBs. This 
was primarily to be used in context with 
antidumping proceedings against certain elec
tronic equipment manufacturers from third 
covmtries with assembly operations within the 
EC." The definition would have been related to 
the origin of the semiconductor devices mounted 
upon the PCB. This caused much consternation 
in the electronics industry, as it was feared this 
would lead to discrimination against import of 
SIMMs and SEPs based upon a new origin rule. 
However, a section of the regulation that dealt 
with the problem of dicumvention of antidump
ing duty was regarded as inconsistent with 
GATT, and the PCB origin rule that was to have 
been employed in this context never appeared. 
This antidroHiwention rule, which the media 
christened the local content rule, is now effec
tively defunct. 

Dataquest Perspective 
The issue of tariff and nontariff barriers to trade 
is a global one that has been addressed through 
the various rotmds of GATT talks since the end 
of the World War H. The level of these barriers 
have been progressively reduced after each 
rotmd by reciprocal concessions between all 
GATT contracting parties or countries. The 
preamble to the present text of the General 
Agreentent on Tariffe and Trade states the goals 
of the Contracting Parties as follows: "Recogniz
ing that their relations in the field of trade and 
economic endeavor shoxild be conducted with a 
view to raising standards of living, ensuring full 
employment and a large and steadily growing 
volvune of real income and effective demand, 

developing the full use of resources of the world 
and expanding the production and exchange of 
goods, being desirous of contributing to these 
objectives by entering into reciprocal and mutu
ally advantageous arrangements directed to the 
substantial reduction of tariffe and other barriers 
to trade and to the elimination of discriminatory 
treatment in international commerce ..." 

Whereas the EC continues to maintain a semi
conductor tariff, it should be borne in mind that 
other cotmtries also maintain tariff and nontariff 
barriers in this and other industries. Each cotm-
try has certain strategic industries it wants to 
protect against external competition, and in the 
final analysis, the sum of any concessions made 
by one coimtry to another should generally 
be reciprocated in equivalent value after each 
round of GATT talks. In other words, at the 
start of each round of talks, each contracting 
party begins negotiations as an equal There are 
no scapegoats. Negotiations are multinational, 
multi-industrial, multilingual, and mtUticonces-
sional. No wonder each round of GATT talks 
stretches on for many years. 

Diuing the Uruguay Round of talks, the EC has 
offered to reduce its import tariff on integrated 
circuits by one-tiiird (thiat is, from 14 percent 
to 9 percent) if other contracting parties can pro
duce reductions in tariff or nontariff barriers in 
this or other industries to the same effective val
ue. To date, the EC has not received satisfactory 
offers of reciprocal concessions. 

In the case of Japan, the offer of improved mar
ket access would be a valuable concession in 
return for the EC tariff reduction. Table 3 shows 
estimated w^orldwide regional semiconductor 
market shares by worldwide regional suppUers 
for calendar year 1991. It is clear from this 
table that the Japanese semiconductor market 
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Table 3 
Estimated Worldwide Regional IVIarket Stiares of Worldwide Regional Suppliers: Preliminaiy Estimates for 1991 

Regional Markets 
North America 
Japan 
Europe 
Asia/Pacific 
World Total 

North 
America 

68.2 
10.9 
41.7 
34.7 
35.9 

Regional Suppliers 

Japan 
21.7 
87.8 
17.7 
37.7 
49.7 

Europe 
6.5 
0.7 

37.5 
9.9 

10.1 

Asia/ 
Pacific 

3.6 
0.6 
3.1 

17.8 
4.4 

World 
Total 
100.0 
100.0 
100.0 
100.0 
100.0 

Source: Dataquest (April 1992) 

is dominated by Japanese suppliers, which con
trol 87.8 percent of the total business, whereas 
European suppliers held a minority 0.7 percent 
share. Although this weak share is mainly a 
result of nontariff barriers, it should be recog
nized that market access is a two-edged sword, 
and European suppliers mxist also aggressively 
pursue business in this market. 

Table 3 shoiro that the Einopean semiconductor 
market is shared more equally than those of the 
United States and Japan. The marli^t share of 
U.S. and European suppliers is about 40 percent 
each, with most of the remaining 20 percent 
share held by Japanese suppliers. In fact, even 
in their home market, European suppliers do not 
hold a majority share. Naturally, there is a fear 
that if semiconductor import tariffs are reduced 
or abolished, liieir domestic share will dedine 
even further. The logic in this argument is that if 
non-EC suppliers are already competitive against 
European suppliers—and they clearly are—then 
any induction in the tariff can only lead to an 
increase ui their competitiveness with a conse
quential erosion in Exiropean suppliers' market 
share. 

Kguie 1 shows estimated worldwide semicon
ductor market share by worldwide regional 
suppliers over the last 13 years. European and 
U.S. market share has almost continuously 
decUned over this period while Japanese and 
Asia/Pacific share has risen. European suppliers 
are concerned that their share will dedine fur
ther, ultimately being overtaken by Asia/Pacific, 
to become the smallest supply base in the 
world. Tlie E\iropean Commission's Policif State
ment on the Electronics and Information Techrtolog]f 
Industries^-^^-'^ addresses these concerns and 
proposes an integrated coiirse of action to 
reverse this trend. 

Figure 2 shows estimated European semiconduc
tor market share by worldwide regional suppli
ers over the same period. Qearly the trend in 
the worldwide arena is reflected in the European 
market As discussed earlier, a reduction in the 
tariff may accelerate this trend. 

While tiie EC maintains its tariff barrier against 
third countries, it is interesting to note that 
prices for commodity ICs in Europe are very 
competitive against other world markets. For 
example, according to Datamiesf s regional semi
conductor pricing database, European prices on 
standard memory devices are consistency lower 
than those in Japan, and are very similar to 
North American prices. This inc^cates that 
exporters of semiconductors may only be mak
ing marginal profits in the Eiuopean market, 
while European manufacturers, with tjrpically 
higher manufacturing costs, may not be maldng 
any profits at alL 

Dataquest believes that an immediate reduction 
in, or the complete abolition of, the semiconduc
tor tariff in the EC could have one of the follow
ing results: 

• Exporters to the EC could increase their free 
on board (FOB) prices by the percentage 
savings made in the semiconductor tariff 
reduction. This would mean European 
market prices would remain imchanged, 
EC semiconductor manufacturers' profit 
margins (if any) would remain unchanged, 
and exporters profit margins wotild increase. 
This additional profit could be used toward 
investment in new products, thereby making 
them more competitive against EC semicon
ductor manufocturers. 
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Figure 1 
Worldwide Semiconductor Market Share by Supplier Base Region 
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Figure Z 
European Semiconductor Marl<et Share by Supplier Base Region 
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• Exporters to the EC could maintain their FOB 
prices at a constant level This would mean 
that European market prices would fall, EC 
semiconductor manufacturers' profit margins 
(if any) would fall, and exporters profit mar
gins would remain unchanged. This could 
make the European market the cheapest in the 
world, and therefore the least profitable. The 
survival of EC semiconductor manufocturers 
would therefore depend mainly on export 
markets, in which tiiey are currently relatively 
weak. 

• Most likely, a combination of the above two 
extremes would occur, with a bias toward the 
first This bias is likely because semiconductor 
manufacturers throughout the world are hav
ing difficulties making profits. As semicon
ductor prices in the European market are 
already competitive against other world mar
kets, it is better business sense to make a 
return on sales than to further lower market 
prices. 

The effect of a significant reduction, or total abo
lition, of the EC semiconductor tariff on EC 
semiconductor manufacturers would therefore be 
substantial If it were achieved before these man
ufacturers had properly restructured to benefit 
from the unification of the EC market, it is likely 
to be disastrous. 

The scenario seen by Dataquest, therefore, is that 
the EC semiconductor tariff will be reduced in 
easy hurdles leading into the 21st century 
through successive rounds of GATT talks. The 
target of a zero-rated EC semiconductor tariff 
should be realized within 20 years. 

By Byron Harding 

(This article is an extract from a larger, compre
hensive special report that is available separately 
on request This report, entitled EC Semiconductor 
Tariffs and Related Issues: a Guide for Suppliers and 
Buyers, clarifies the subjects of duty suspension, 
antidumping duty, antidbrcumvention, and local 
content It also presents the perspectives of the 
European Commission and die major trade 
associations representing international semicon
ductor suppliers and buyers. This article is 
repainted with the permission of Dataquesf s 
Semiconductors Europe service.) 
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By Byron Harding 

Product Analysis 

Buyer's Headache: Will IC Prices Stay 
Low If the Economy Turns Up? 
At the start of the second quarter of 1992, some 
economic measurements signaled recovery in the 
North American economy—^including the elec
tronics and semiconductor sectors. By contrast, 
the weakening of Japan's economy has caused a 
call for Japanese government/business action. 
From this backdrop Table 1 presents key results 
from Dataquesf s recent North American book
ings price survey. To answer tiie question posed 
in this article's headline—barring an unexpect
edly strong upturn—^North American users c«m 
expect competitive pricing this year for IC 
products. In this article, Dataquest also uses 
historic life-cycle price analysis to assess the 
forward-stage pricing outlook for Intel's soon-to-
be-introduced "80586" MPU. 

(Please note that the pricing analysis presented 
in Table 1 correlates with the quarterly and 
long-range price tables mailed to Semiconductor 
Procurement Service (SPS) clients on March 16. 
The survey information was collected by Data
quesf s Research Operations. For SPS clients that 
use the SPS online service, the pricing presented 
here correlates with the quarterly and long-range 
price tables dated March 1992 in the SPS online 
service. The price tables are available in the 
Source: Dataquest document entitled "North 
American Semiconductor Price Outlook: Second 
Quarter 1992." For additional product coverage 
and more detailed product specifications, refer to 
those sources.) 

Memoiy Trends 
An ample supply of DRAMs—4Mb parts as well 
as 1Mb devices—^means competitive pricing in 

North America during the first half of 1992. 
However, the recent pickup in IC demand 
causes some concern regarding the second-half 
1992 supply-demand equation. Pricing for fast 
SRAMs remains competitive in this region. The 
splash over flash memory continues—causing 
more aggressive EPROM pricing. Government 
intervention translates into a flat price profile for 
North American users of 256K slow SRAMs (see 
Figure 1). 

Dataquest added the following memory ICs to 
its qtiarterly survey of North American bookings 
pricing: 256Kxl6 DRAM 70ns SOJ; 512Kx8 
DRAM 70ns SOJ; 4Mbx9 SIMM 80ns; and 2Mbx8 
ROM. Readers are invited to make other recom
mendations. For example, some users recom
mend the inclusion of 2Mb VRAMs. Let us 
know your recommendations on IC price survey 
coverage. 

Adequate DRAM Capacity—But for How Long? 
Table 1 and Figure 1 show a somewhat more 
aggressive price forecast during 1992 for 4Mb 
DRAM pricing in North America than prior 
forecast quarters. The reason is that a wide sup
plier base of 4Mb DRAMs has aggressively 
ramped up output since the second half of 1991. 
Suppliers now battle for 1992 orders. First-tier 
Japan suppUers say little now regarding fears of 
excess capacity—^which was a publicly professed 
concern during the second half of last year. The 
new 1992 market concern is inadequate capacity 
should Nordi American demand for 4Mb DRAM 
turn sharply upward this year. 

Table 1 shows that contract-volume pricing from 
OEM buyers for 4Mbxl DRAM shotild range 
from $11.77 to $14.05 during the second quarter 
of 1992. Some spot market orders are more 
aggressive (mid-$ll range), vnth. isolated reports 
of sub-$10 pricing. By the fourth quarter, the 
range shoiild run from $10 to $13. DRAM lead 
times remain manageable at a length of from 
one to eight weeks. 

Pricing for 1Mb DRAMs collapsed again on 
some early 1992 spot market transactions as 
Japan-based suppliers cleared their books for a 
fiscal year that ended on March 31, 199Z The 
stirvey results shown in Table 1 reveal that the 
second quarter 1992 contract-volume bookings 
price for 1Mb DRAM should range from $3.40 to 
$3.85. However, a few users reported several 
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Table 1 
Estimated Semiconductor Pricing and Lead-Time Trends 
(North American Bookings, Volume Orders) 

Part 
IMbxl DRAM 
80ns, DIP/SOJ 

4Mbxl DRAM 
80ns, SOJ 

256Kxl6 DRAM 
70ns, SOJ 

32Kx8SRAM 
35ns, PDD? 

128Kx8 SRAM 

"80586" 
(100-1000 units) 

NA = Not available 
Source: Dataquest (April 1992) 

1992 Pricing Trend (Dollars) 
Estimated Forecast Estimated 
Second Quarter for Second Fourth Quarter 
Price Range ($) Quarter ($) Price Range ($) 

3.40 to 
3.85 

11.77 to 
14.05 

NA 

6.00 to 
7.20 

12.75 to 
15.50 

NA 

3.56 

12.02 

15.50 

6.10 

12.50 

NA 

3.20 to 
3.71 

10.00 to 
13.05 

12.00 to 
14.60 

5.50 to 
7.20 

11.10 to 
15.50 

$1,250 to 
$1,300 

Lead Times 

1 to 
6 weeks 

1 to 
8 weeks 

4 to 
8 weeks 

5 to 
10 weeks 

2 to 
10 weeks 

NA 

• 

Figure 1 
Estimated DRAM and Slow SRAM Price Trends (North American Bookings; Contract Volume) 

Price ($) 

i99ai 
4MbX1 DRAM 80ns SOJ % % % 1 Mbxl DRAM 80ns SOJ 

128Kx8 SRAM 100ns »«««» 32Kx8 SRAM lOOns DIP 

Note: This information ooordinates with Dataquest's quarterly forecast for 1992-1993, dated March 1992. 
Source: Dataquest (April 1992) Gzoooeos 
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opportunities during the first qiiarter of 1991 to 
book at a price under $3. By the fourth cjuarter 
of 1992, the low-end OEM contract-volume pric
ing for 1Mb DRAMs should dedine to a level of 
$3.20. 

Will DRAM Prices Stay Low If the Demand 
Heats Up during 1992? 
The global network of DRAM suppliers con
tinue to try the impossible: to "manage" the 
unmanageable DRAM market. For example, in 
North America—which is in the midst of a 
presidential election year—some suppliers 
accuse foreign suppliers of dimiping. In turn, 
most non-U.S.-based suppliers who serve 
demand in North America welcome any oppor
tunity to charge North American users a higher 
price for DRAMs than is charged to users in 
suppliers' home markets or ottier world regions. 

Protectionist sentiment aside, tiie market sup
ply/demand pattern currently favors buyers, 
meaning 4Mb DRAM price erosion. Should this 
equation change dramatically during 1992, then 
the rate of 4Mb DRAM price decline would 
moderate somewhat but still continue down
ward. For example. Table 1 shows that pridng 
for less familiar 4Mb DRAMs such as the 
256Kxl6 DRAM 70ns SOJ device remains rela
tively high. As suppliers move into this market, 
pridng should drop aggressively this year. At 
this time, the wide 4Mb DRAM supplier base 
can handle expanding market demand—and 
continue to cut pricing in the process. 

Key an Eye on 1Mb Slow SRAM Price Trends 
Users concerned about the supply and pricing 
for 4Mb DRAMs should monitor 1Mb slow 
SRAM trends via Dataquesf s Online Monday 
service. Japan-based suppliers can and—^with 
a lag of one or two quarters—do switch capa
city between these devices in line with de
mand patterns. EHiring most of 1991, pricing 
for 1Mb slow SRAM was below the 4Mb DRAM 
price hne. Demand for 4Mb DRAM during the 
first half of 1991 was unimpressive, so Japan-
based suppliers focused more on the 1Mb slow 
SRAM—causing a lower price. 

With 4Mb DRAM demand picking up, Japan-
based suppliers are focusing more capadty 
on this part—and as shown in Figure 1, 
4Mb DRAM pricing now trends beneath the 
1Mb slow SRAM curve. 

Changes in the price relation shown in 
Figure 1—and/or product lead times— t̂ypi
cally mean changes in the DRAM marketplace. 
Dataquesf s Online Monday service can provide 
early signals on this critical market dynamic. 

DRAM Alliances: The Fifth Assumption to the 
Post-1992 Scenario 
In a recent report we stated four key assimip-
tions behind Dataquesf s long-range DRAM 
price forecasts (see "Manufecturing Capadty 
and Cost WiU Govern Long-Range DRAM Price 
Trends," in the February 17, 1992 Semiconductor 
Procurement Dataijtiest Perspective). 

Those assiuxiptions remain consistent and are as 
follows: 

• Users can expect continued DRAM cost reduc
tions because of suppliers' manufacturing 
technology improvements. 

• DRAM capadty should adequately meet long-
term demand. 

• Non-Japanese Asian suppliers will increase 
DRAM market share. 

• The legal jtuisdiction of intellectual property 
law will expand across the g^obe and be more 
aggressively enforced at the local leveL 

Our fifth assumption should also be exphdtly 
identified. In his recent book Managing for the 
Future, Peter E Drucker identified "alliances" 
as a key factor that will shape the business 
environment and strategies during the rest of 
this decade. During the research process by 
which Dataquest articulated the four assump
tions above, our worldwide network of DRAM 
analysts ranked key alliances involving DRAM 
suppliers as the fiMi-most-significant assump
tion behind our long-range price forecast. In i^ct, 
Dataquesf s analysts in London and Tokyo gave 
a top ranking to DRAM alliances as a long-term 
influence on worldwide and regional DRAM 
pridng trends. 

(For a full listing and report on DRAM aULances, 
see "Worldwide DRAM Technology Alliances: 
Global Evolution Motivated by Survival of the 
Fittest," in the December 23,1991 Semiconductor 
Procurement Dataquest Perspective). 
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Microprocessor Trends 
Intel's ever-widening and endless batde to main
tain its 80x86 hegemony continues to capture 
market spotlight. Figure 2 shows the price fore
cast for a host of x86 devices. 

Reports of the impending legal/marketing death 
of Advanced Micro Devices at the hands of 
Intel have proved greatly exaggerated: AMD 
just reported record earnings and profits. Ship
ments of AMD's 386 device might have peaked, 
however, during the first qviarter of 1992 at a 
level of nearly 1 milHon units. 

Less familiar names wait in the wings to enter 
the 80486 market—Cyrix (United States) soon 
and UMC (Taiwan) later—while Intel's legal 
team waits in the foyers of the nearest state and 
U.S. federal courts. Li turn, Texas Instruments 
backs Cyrix and Chips & Technologies with a 
powerful combination of manufacturing and 
legal stiiength in the battle to take market share 
from Intel—^with TI's strategy apparently now 
leaning more strongly to Cyrix's 80486-type part. 

Meanwhile, Motorola—again Dataquesf s "Semi
conductor Supplier of the Year"—continues to 
pump out 68x00 devices in virtually whatever 

package, speed, or volume the market demands 
at attractive prices. Motorola makes steady R&D 
progress at tiie biUion-doUar design center on 
the Apple-IBM-Motorola PowerPC IC, a RISC 
processor. 

Synchronization with Intel's Migration Plan: 
Impossible for System Users? 
The asstmiptions behind the Intel MPU price 
forecasts have been consistently stated in prior 
reports. The key assumption—^that Intel wiU 
most favorably support users who coordinate 
system life cycles in line with Intel's migration 
schedule to higher-priced parts—^manifests itself 
again with Intel's first-quarter 1992 introduction 
of the 80486DX2 (25/50-MHz) product. The 
product is priced—^voila!—at a 30 percent 
premium over titie 80486DX-25 device. The main 
point: Users must be prepared to migrate in hne 
with Intel's product migration strategy, or else 
risk suffering severe market consequences. 

Resistance to this trend or consternation by sys
tems manufacturers who use Intel parts is 
understandable. In £a.(A, even users at S3^tems 
manufacturers who are willing to timely migrate 
with Intel are starting to lose their ability to do 
so. Why? The processor enhancement slot (PES) 

Figure 2 
1992 y86 Price Trends (North American Bookings; Volume: 1,(X)O-5,00G) 

Price ($) 
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Note: This information coordinates with Dataquesfs quartarty forecast for 1992-1993, dated March 1992. 

««*=«« 80386DX-25 CPGA 
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Source: Dataquest (April 1992) oaocoeoe 
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in the 80486 device—as shown with the 
introduction of the 80486DX2—means the 
ultimate end user can now upgrade an old 
system and entirely bypetss the original systems 
manufacturers. 

For Intel, the migration strategy has become 
even more critical to its long-term success now 
that the 386 monopoly has been broken and the 
80486 stronghold is being threatened. Some Intel 
customers, in fact, now clamor for a more rapid 
rate of new product introductions and upward 
system migration in order to thwart competitors 
who vise AMD parts. 

Intel: A Continuing Distaste for Pricing 
Competition 
As stated in prior reports, Dataquest stiU expects 
over the long term that Intel will ignore to ttie 
best of its ability competitors' pridng for similar 
products. However, Intel's short-term strategy 
calls for response to competitors' pricing. Buyers 
report that AMD on some orders severely 
slashes pricing for AM386 parts. In turn, Intel 
now prices the 80386DX-25 device at $99 for 
orders of 1,000 pieces or more effective this 
second qtiarter. 

Nevertheless, no final legal decision has yet 
been rendered in the AMD-Intel series of litiga
tion. Ultimate legal vindication for Intel would 
mean a return to sole-sourced pridng. Intel still 
strives to avoid direct pridng wars with 80386/ 
80486 competitors. For example, having lowered 
the 80386DX price curve, future decreases in 
this product's price should be manageable and 
incremental—^with Intel focusing its real effort 
on migrating users to the higher-priced 80486 
and 80586 families. Intel wiU avoid low-ball 
pricing for the 80386DX, which is defined here 
as a price near the estimated $35 to $40 cost of 
manufecture. Instead, as wiU be discussed, Intel 
more likely will exert pressure on suppliers of 
386DX MPUs by cutting the price of Intel's 
higher-priced 80486SX device—^remaining true 
to the migration strategy in the process. 

A Turning Point for the 80486 Price Strategy? 
Wi\h sub-$100 pridng for Intel's 80386DX-25 
now hitting world markets, users can antidpate 
more competitive pridng for the 80486 family 
during 1992. A related issue is the timing of 
prospective 80486 price cuts. For example, users 

can expect that the price curve for the 
80486DX-25 and 80486DX-33 devices will even
tually take a step-function down—but likely 
not until after the introduction of the 80586 chip 
and/or a competitor's successful 80486DX mar
ket entry, which means the titdid or fourth 
quarters of this year. By contrast, pricing for 
the 80486DX-50-MHZ could plunge sooner but 
would stay above the 80486DX-25/-33 price 
leveL 

At press time, Cyiix-TI were apparentiy on 
the verge of entering the 486SX market. Pridng 
for 80486SX devices could soon make a step-
function down shoiild Intel dedde to wield a 
80486SX price cut as a double-edge sword tiiat 
woiild hit competitors below— în the 80386DX 
segment—as well as above— t̂he 80486SX/DX 
arena. In effect, Intel appears poised during 1992 
to collapse the 80486SX price curve onto the 
80386DX curve. 

MPU Life-Cycle Pricing 
Multisoxudng in the 386/486 arena means a 
lot of work during 1992 for purchasers and 
component engineers at systerrjs manufacturers. 
Some SFS clients have requested a structured 
framework—something different and indepen
dent from this year's weekly or daily flurry of 
new product/price announcements—as they 
make the transition from today's 80386/80486 
world to tomorrow's 80586 world. 

Toward this objective. Figure 3 shows pridng 
measured in dollar-per-transistor for the early, 
or forward, stages of the product life cycle for 
80286-10, 80386DX-16, and 80486DX-25 devices 
and 68000-8, 68020-16, and 68030-25 parts. 

Figure 4 is based on the information in Figure 3 
and shows the rate-of-price decline for the 80x86 
and 680x0 devices relative to the faxtaly's prior 
generation part over the life cyde. 

A Rule of History 
Historians say that those who ignore history are 
doomed to repeat it. The rates of decline shown 
in Figure 4 are quite similar for the forward Ufe-
cyde stages regarding 80486DX-25 pridng vis-a
vis the prior-generation 80386DX-16 product; 
68020-16 pricing vis-a-vis the 68000-8 device; 
and 68030-25 pricing versus the 68020-16 part. 
Dataquest believes that these rates of decline 
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Figure 3 
North American fJPii Pricing by Life-Cyde Stage (Dollars per Transistor) 

Dollars per Transistor ^^^ ij^ 
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reflect typical historic MPU price curves that— 
combined with a statement of assumptions—can 
serve as the basis for near-term price projections 
for next-generation devices such as the soon-to-
be-introduced "80586" part. 

An exception in Figure 4—the 80386DX-16 
curve—can be explained. First, Intel—as the 
then sole source for this IC— r̂efused to engage 
in a forward pricing battie during the 1986-1987 
period with competitors such as AMD, even as a 
pridng plunged in the m.ultisourced 80286 mar
ketplace. Next, Intel's eventual strategy was to 
introduce a diEferent part during 1988—the 
80386SX device—as a would-be 80286 price/per
formance killer. 

Don't Ignore These Historic Price Curves 
The historic price curves shown in Figures 3 and 
4 may be seen in the market again— în the form 
of the 80586 price curve. Table 2 uses the life-
cycle pricing information contained in these 
figures to generate a projection of 80586 prices 
for the early stages of the product's life cycle— 
which should start during the second half of 

1992. The key assumptions are stated in the 
table. 

Dataquest Perspective 
With effects of the economic recession still being 
felt, IC pricing remains competitive in North 
America at the start of the second quarter of 
1992. The North American electronics market 
appears to be turning upward, however, which 
for purchasing teams leads to the question in the 
titie of this article. For this year, manufacturing 
strength should separate the supply-base win
ners from the losers—^with ability to compete on 
price a key element of the success equation. 

In the DRAM marketplace, adeqpate capacity 
curtentiy exists to meet demand and should 
continue so for the rest of this year. For exam
ple, North American pridng for 4Mb DRAMs 
should continue to erode—with a likely year-end 
1992 price of $10 or less. First-tier Japan-based 
companies do not appear imited in terms of a 
market management strategy. North American 
and Korean suppliers are able and willing to 
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Figure 4 
MPU Pricing: Rate of Decline at Forward Stages in Life Cycle Relative to Prior Generation 
(80286-10 and 6800(>« = Base of 0) 

Percentage Change 
Late Growth 
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80386 DX-16 

80486DX-25 
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68020-16 

68030-25 

Source: Dataquest (April 1992) G200060Q 

compete on price in North America in order to 
keep or expand nmrket share. 

In the microprocessor arena, AMD shipped 
nearly 1 million tmits of the AM386 during the 
first quarter and plans to expand output at the 
fab in Austin, Texas. Intel adheres to a migration 
strategy—^which is accelerating in pace—^while 
responding with some defensive price cuts. The 
TI-CyTix-C3xips & Technologies movement to the 
80486 marketplace indicates a lowering— 
perhaps abruptly—of the 80486SX or 80486DX 
price curves during this yeat 

In his landmark book The Structure of Scientific 
Revolutions, Thomas Kuhn asserted that shifts in 
how people view the world—^which he called 
paradigm shifts—can be extremely difficult to 
make at the time of the shift, but extraordinarily 

Table 2 
Estimated 80586 Pricing by Product Life Cycle Stage 

Stage; Price ($) 
Introduction (Second Half 1992) 
First Volvune Production* 

Early Growth (1993) Price at 
First Full Year of Production** 

Growth (1994) Price at Second 
Full Year of Production** 

1,268 

788 

694 
Assumptians: Specs: 3 million transistors; 50 MHz; CPGA 

(not multichip module) Intel's strategy: conforms more so 
with historic forward-pricing strategy associated with compet
itive market environment and less so with monopoly-pricing 
power. Life cycle: starts by fourth quarter of 1992 

*Volume of 100-1,000 units 
••Volume of IfiOO-SJlOO units 
Source: Dataquest (April 1992) 
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easy to understand later witii the benefit of 
hindsight. Intel has had a monopolist's view in 
the 80386/80486 marketplace for the past half 
decade. With litigation continuing, the Intel 
mind-set has not really changed and the 
monopolist viewpoint stiU prevails. The soon-to-
be-announced "80586" device could mark a 
juncture for InteL As the MFU life-cycle pricing 
history shows, Intel can choose either to view 
the market as a sole-sourced CISC world—and 
price the "80586" in its forward stage like the 
80386DX at this stage—or else as a multisourced 
RISC/CISC worM with more competitive 
"80586" pricing akin to historic forward-stage 
pridng. 

By Ronald Bohn 

Semiconductor Capacity: How KHucii Is 
Too H/lucii? 
The semiconductor industry is one of the most 
capital-intensive in the world. Currently, 18 per
cent of semiconductor revenue is spent on 
equipment and facilities. To meet tiiese huge 
costs, semiconductor companies do what people 
have always done when tiie burden gets too 
heavy: they get help. They eure getting help from 
each other through joint ventures, and from 
governments in die form of financial incentives 
and lowered capital costs. The result of all this 
help is that there may be too much capacity 
today, particularly in DRAMs. 

The semiconductor industry is well on the 
road to spending $1 biUion for a new fob. Intel 
already has a capital spending budget of more 
than $900 nuUion per year. Motorola spent more 
than $600 million on its newest fab at Oak Hill, 
Texas, which opened in 1991. Sharp reportedly 
will spend $800 million on a new iah to make 
flash memory for Intel 

These are staggering sums. On top of this, semi
conductor companies also spend about 14 per
cent of their revenue on R&D. In other words, 
semiconductor companies each year must spend 
33 percent—or one-third—of their revenue on 
technology development and capital 

No single semiconductor company can carry 
these costs alone. Intel, one of the industry's 
most profitable companies, recently announced 
the formation of a long-term partnership to 
jointly develop and manufacture fiiture genera
tions of flash memory with Sharp. Why has Intel 

participated in tills partnership? Because it does 
not have the resources to simultaneously 
develop and capitalize its flash memory and 
microprocessor lines. 

Even giants such as IBM, Siemens, AT&T, 
and NEC cannot afford to go it alone. IBM 
now has partnered with Siemens to produce 
16Mb DRAMs, and AT&T and NEC have a 
joint development/production agreement to 
develop and produce 0.5-micron ASICs. 

In addition to helping each other through joint 
development and production agreements, semi
conductor companies have not been bashful 
about seeking and getting governmental help to 
build their fobs. The central government of Italy, 
as well as the local governments of that country, 
have provided financial inducements to botii 
Texas Instruments and SGS-Thomson to build 
fabs in Italy. Ireland has provided Intel with 
financial incentives to locate its newest ^ b in 
Ireland. The Singapore Development Agency is 
a major backer of Tech Semiconductor, a joint 
venture involving Canon, Hewlett-Packard, the 
Singapore Development Agency, and Texas 
Instruments. 

The list goes on and includes many local 
governments. Most recently, the People's Repub
lic of China (PRQ announced a joint venture 
with NEC. We believe that both Motorola and 
VLSI Technology are also negotiating with the 
PRC to btdld fabs in China to support its poten
tially vast market for electronics. 

Why are so many players investing so much 
money in semiconductors? Governments offer 
financial incentives to attract technology and 
jobs. Semiconductor companies invest so many 
miUions because, ultimately, they hope to turn a 
profit. 

Dataquest Perspective 
But with so many players and so much capacity, 
how likely is it that a profit will be turned? The 
answer to that question depends on the balance 
of supply and demand for individual products. 
Currently, we believe that there is an overcapac
ity of facilities capable of making advanced 
DRAMs. 

Dataquest estimates that demand for 
4Mb DRAMs and 16Mb DRAMs in 1992 will 
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be 415 million units and that this demand will 
rise to 782 million imits in 1993. The 415 million 
units are equivalent to 12 DRAM ^bs with a 
monthly capacity of 20,000 6-inch wafers starts 
(assuming reasonable, state-of-the-art jdelds 
and factory use rates). Currently 50 fabs are 
capable of producing either 4Mb DRAMs or 
16Mb DRAMs—a ratio of actual fabs to needed 
fabs of 4.2 to 1. 

We do note, however, that because some of these 
fobs are capable of producing SRAMs, ASICs, or 
other submicron products, the ratio of 4.2 to 1 is 
somewhat overstated. Still, even assuming that 
half the capacity of these existing DRAM-
capable fabs is devoted to non-DRAM products, 
the ratio of actual DRAM fab capacity to DRAM 
fab demand is still 2.1 to 1. 

Because of this overcapacity, some DRAM man
ufacturers have scaled back or delayed DRAM 
capacity additions. For example, Japanese com
panies had originally planned to have a total 
of 11 200mm fabs with a combined monthly 
capacity of 57,000 wafers online by the end 
of 1992. However, production start dates have 
been pushed back, and now only 7 facilities 
wiU be online by the end of the year. These 
fadMties wUl have a monthly combined capa
city of 22/)00 wafers—a mere 38 percent of 
what had been originally planned. 

However, as Japanese companies cut back 
their capacity expansion plans. South Korean 
companies are going ahead with additional 
4Mb DRAM and 16Mb DRAM fabs. South 
Korean companies wiU spend $1.5 biUion for 
DRAM capacity in 1992. 

Thus, all this help may be too much help. Even 
with joint ventures and governments sharing the 
costs of new fabs, the bottom-hne question— îs 
it profitable?—wiU. be answered in the negative, 
at least for the short term. Companies and 
governments have increased the number of 
DRAM fabs beyond tiie current demand for 
DRAM fobs. DRAM suppliers that also have 
broad product lines may be able to switch some 
excess capacity into production for other (and 
perhaps higher-margin) leading-edge devices. 
However, companies that do not have broad 
product lines will have huge investments pro
ducing submicron profits in addition to sub-
micron semiconductor devices. 

By George Bums 

News and Views 

Proounment Pop 
Figure 1 shows Dataquesf s esfcLmate for the 
North American bookings price for two key 
components during the forward stages of their 
life cycle: Intel's "80586" microprocKsor and 
16Mbxl DRAM 60ns SOJ. A host of suppliers 
have been sampling the 16Mb DRAM as they 
move toward early volume production and 
other suppliers approach market entry. The 
16Mb DRAM crossover should occur in 1994. 
The "80586" should move into early volume 
production by year-end. Eventually this part 
should be available in a multichip module. 
(For more detailed analysis of the "80586" price 
outlook, see "Buyer's Headache: WH IC Prices 
Stay Low if the Economy Turns Up?" elsewhere 
in this issue). 

Figure 1 
Forward-Stage Pricing: "80586" and 16Mb DRAM (North 
American Bookings) 
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Source: Dataquost (April 1992} 02000607 
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Inquiry of the Month 

Q. What are the historical Quarterly Price liends 
for the 64K 256K, 1Mb, and 4Mb DRAMs from 
1985 to the present? 

A. See Table 1. 

Table 1 
Historical DRAM Price Estimates (North American Booldngs Price 
in U.S.$; Volume = 100,000-Pliis Units) 

64KDRAM 
Year Ql Q2 Q3 Q4 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

256KDRAM 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1Mb DRAM 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

4Mb DRAM 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1.70 
1.10 
0.90 
2.00 
2.20 
1.65 
NA 

Ql 
9.00 
2.25 
2.15 
2.90 
3.71 
2.15 
1.77 
1.60 

Ql 
NA 

50.00 
20.00 
18.00 
17.75 
7.25 
4.55 
3.80 

Ql 
NA 
NA 
NA 
NA 

360.00 
53.51 
19.99 
13.13 

1.40 
1.05 
0.92 
2.10 
2.20 
1.55 
NA 

Q2 
7.00 
2.30 
2.37 
3.00 
3.78 
ZOO 
1.77 

Q2 
NA 

34.00 
18.00 
18.50 
16.22 
6.37 
4.50 

Q2 
NA 
NA 
NA 
NA 

250.00 
37.50 
17.55 

1.00 
1.05 
1.00 
Z20 
2.00 
152 
NA 

Q3 
2.80 
2.85 
2.50 
3.35 
3.40 
1.85 
1.77 

Q3 
160.00 
52.00 
15.50 
19.00 
1Z50 
5.99 
4.33 

Q3 
NA 
NA 
NA 
NA 

159.00 
31.00 
16.00 

1.00 
0.90 
1.15 
2.20 
1.89 
1.37 
NA 

Q4 
2.20 
2.85 
2.56 
3.50 
2.25 
1.73 
1.68 

Q4 
125.00 
25.00 
1650 
17.80 
10.10 
4.63 
4.18 

Q4 
NA 
NA 
NA 
NA 

95.00 
23.43 
14.75 

Source: Dataquest (April 1992) 
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In Future Issues 

The following topics will be addressed in future 
issues of Semiconductor Procurement Dataquest 
Perspective: 

m May Procurement Pulse 

• Microprocessor update 

• Cost model update 

For More Information 

On the topics in this issue Mark Giudid, Director (408) 437-8258 
About online access (408) 437-8576 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest publications (408) 437-8285 
Via fax request (408) 437-0292 

The content of this report represents our interpretation and analysis of information generally available to the public or released by responsible individuals 
in the subject conrqsanies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in confidence by our diertts. 
Individual companies reported on arid analyzed by Dataquest may be clients of this and/or other Dataquest services. This information is not furnished in 
coimection with a sale or offer to sell securities or in cormection with the solicitation of an offer to buy securities. This firm and its parent and/or their 
officers, stockholders, or members of their families may, from time to time, have a long or short position in the securities mentioned and may sell or buy 
such securities. 
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Regional Pricing Update 

DQ Monday Report Volume Mean Pricing 
The volume contract pricing taken from the latest 
online DQ Monday Report notes the difference in 
regional semiconductor prices. 

By Dataquest Eegional Offices Page 2 

Market Analysis 

Marcli Procurement Pulse: Balance Pervades Market 
As Orders, Lead Times, and Inventories Hold Steady 
This monthly update of critical issues and market 
trends is based on surveys of semiconductor 
procurement managers and explains what inven
tory and order rate corrections mean to both 
semiconductor users and manufacturers. 

By Mark Giudici Page 3 

Inventory Control Optimizab'on: Don't Overlook This 
Competitive Tool in a Market Turnaround 

This article reviews historical system and semicon
ductor inventory trends relative to business activi
ty, and analyzes cost control options when busi
ness activity improves. 
By Mark Giudici Page 4 

Product Analysis 

Is IC Lite Cycle Pricing Creative Destruction or 
Industry Suicide? 
Joseph Schumpeter viewed the tendency in the 
capitalist system toward self-destruction as creative 
and positive—creative destruction—^because com
petition leads to the elimination of inefficient busi
ness and the appearance of new companies and 
industries. This article keeps Schtmipeter's per
spective in mind as it examines DRAM pricing 
trends over the product life cycle, and also sets 
the stage for future Semiconductor Procurement 
service reports on life cycle pricing analysis. 

By Ronald Bohn Page 7 
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Dataquesf s Semiconductor Procurement inquiry 
smnmary is designed to inform our clients of com
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mation contained in this publication is believed to 
be reliable, but it cannot be guaranteed to be cor
rect or complete. 
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Regional Pricing Update 

DQ Monday Report: 
Pricing* 

Table 1 
Regional Pricing Update 

Family 
74AC00 
74AC138 
74AC244 
74AC74 

Lead Time (Weeks) 

4F00 
4F138 
4E244 
4F74 

Lead Time (Weeks) 

7805-TO92 
CODEC-FLTR 1 
CODEC-FLTR 2 

Lead Time (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 
DRAM 256Kxl-8 
DRAM 256Kx4-8 
DRAM 4Mbxl-8 
EPROM 1Mb 170ns 
EPROM 2Mb 170ns 
SRAM 1MB 128KX8 
SRAM 256K 32Kx8 
SRAM 64K 8Kx8 

Lead Time (Weeks) 

68020-16 
80286-16 
80386DX-25 
80386SX-16 
R3000-25 

Lead Time (Weeks) 

Voiume Mean 

United 
States 

0.18 
0.31 
0.45 
0.24 

4 

0.11 
0.15 
0.22 
0.12 

4 

0.11 
1.83 
4.25 

6 

3.45 
35.50 

1.10 
3.45 

13.25 
3.63 
7.35 

13.40 
3.80 
1.95 

4 

27.50 
9.50 

140.00 
46.00 

120.00 

4 

Japan 
0.17 
0.34 
0.45 
0.22 

3 

0.12 
0.20 
0.28 
0.13 

3 

0.18 
2.35 
4.61 

3 

3.80 
40.44 

1.61 
3.84 

12.98 
4.26 
7.86 

13.56 
3.99 
1.59 

4 

37.61 
11.23 

152.60 
58.10 

137.88 

7 

Europe 
0.14 
0.25 
0.34 
0.19 

4 

0.09 
0.16 
0.21 
0.12 

4 

0.11 
2.50 
5.00 

6 

3.65 
35.00 

1.58 
3.65 

14.85 
3.20 
6.10 

10.00 
3.50 
1.75 

4 

26.00 
10.00 

144.00 
53.00 

110.00 

4 

Taiwan 
0.17 
0.27 
0.39 
0.21 

4 

0.10 
0.17 
0.25 
0.13 

4 

0.13 
2.10 
4.75 

3 

3.90 
38.75 

1.35 
3.90 

15.00 
3.95 
7.85 

16.55 
4.08 
1.55 

4 

42.50 
11.75 

172.50 
54.00 

NA 

NA 

Hong 
Kong 

0.18 
0.30 
0.42 
0.22 

5 

0.10 
0.19 
0.27 
0.13 

5 

0.13 
2.00 
5.00 

4 

4.00 
39.00 

1.30 
4.00 

16.00 
3.90 
7.90 

15.30 
4.00 
1.40 

7 

36.10 
11.50 

160.00 
55.10 

NA 

NA 

Korea 
0.14 
0.21 
0.36 
0.17 

5 

0.09 
0.14 
0.23 
0.11 

5 

0.11 
1.35 
NA 

NA 

3.60 
35.50 

1.10 
3.60 

12.70 
2.90 
5.70 
NA 
3.30 
1.30 

4 

NA 
9.70 

98.00 
48.00 

NA 

NA 
*Prices in U.S. dollars 
NA = Not available 
Source: Dataquest (March 1992) 
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Market Analysis 

March Procurement Pulse: Balance 
Pervades Maiket As Orders, Lead Times, 
and Inventories Hold Steady 
The Procurement Pulse is a monthly update of 
critical issues and market trends based on sur
veys of semiconductor procurement managers. 
TWs article explains what inventory and order 
corrections mean to semiconductor users. 

Semiconductor Order Index Slides Sllglitly 
The semiconductor order level dedined by 
12.3 percent from last month's indexed level 
(see Figure 1) primarily because of some respon
dents' cutting back to keep very lean inventory 
levels intact. The overall six-month outlook for 
equipment sales remains a positive 7.5 percent 
rdative to last month's 7.6 percent forecast. 
Computer industry respondents expect an 
8.2 percent rise in sales compared with last 

month's 8.0 percent forecast. The above-average 
growth areas are in the higher-end systems and 
lower-priced value-added newer systems where 
price is not the differentiator. Availability 
remains veiy good yet the rate of price dedine 
has dropped to 1.8 percent from last month's 
negative 2.6 percent and Janviary's negative 
3.3 percent. The overall flattening of prices is 
also being seen in Dataquesf s DQ Monday 
Report research and is because of the balancing 
of overall supply with demand levels of many 
key commodities. Capacity levels of suppliers 
are far from being maximized. If sustained 
increased demand occvus, more than adequate 
supplies will come online, providing continued 
price declines and ready availability for users. 

Lead Times Stay Steady at 9.1 Weeks 
As seen in Figure 2, the flat lead-time situation 
continues witti an incremental half-day increase 
noted since last month's siuvey. This lead time 
increase, coinbined with the flattening of prices, 

Figure 1 
Averaged Monthly Semiconductor Orders 
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coiald be seen as the beginning of the long-
awaited turnaround in business. The overall 
demand situation remains relatively unchanged, 
however, with above-average sales going to iso
lated pockets of high-end, ease-of-use sj^tems 
while applications that use embedded semicon
ductors are not seeing much improvement. The 
majority of respondents are not having any 
problems with product availability, yet there still 
are concerns with the availability of x9 memory 
modtdes and some mature gate array soxirdng. 
The overall issues of cost reduction and end-of-
hfe buys stiU remains predominant with many 
of the respondents. 

Inventories at Historical Balancing Point; 
Computers Again under Target! 
Figure 4 highlights the second month rurming 
now that the computer segment's actual invento
ries were below the average target level. The 
overall inventory balance also continued with 
the overall target and actual levels (respectively 
20.6 and 20.7 days) relatively flat with last 
month's 19.4- and 19.6-day target and actual lev
els (see Figtire 3). The focus on cost reduction 
continues, with inventories acting as the litmus 
test for many companies to tangibly gauge how 
well matters are under control. As mentioned in 
past articles, low inventory levels go hand in 
hand with good communication, both within 
companies and between supplier and user. The 
ciurent unparalleled level of inventory manage
ment reflecte basic changes in forecasting 
methods helped by a relatively slow economy. 
The communications improvements gained over 
the past years will be tested once the aggregate 
market returns to an expansion mode—of which 
we currently see some areas improving. 

Dataquest Perspective 
Although order levels of semiconductors are 
expected to slip this month, the overall basics of 
cost control and solid communications links will 
keep inventories in hne with end-use sales lev
els. The current situation can be compared to the 
beginning of a horse race: the horses are waiting 
for the gates to open while maintcdning com
posure so as not to stumble out early or have a 
slow start by being imaware when the gate 
opens. The steady progression of cost control 
measures and forecast improvements is keeping 
companies ready for any improvement in busi
ness activity. The current balanced situation took 

a long time to achieve and requires constant 
monitoring to maintain. Business unprovements 
adeqtiately communicated in advance will work 
their way through the current market relatively 
weU. 

By Mark Giudici 

Inventory Control Optimization: Don't 
Overlook This Competitive Tool in a 
Market Turnaround 
The 'Total Cost" or "Cost of Ownership" con
cept that emphasizes looking at all the variables 
of material cost (such as qu^ ty , adherence to 
delivery schedules, customer support, and price) 
often employs stringent inventory control mea
sures in conjimction with high quality to keep 
material costs manageable. This article examines 
where inventory levels have come from and 
where they are now relative to the past three 
years of business activity, and how the ongoing 
trend of inventory control of semiconductors 
wiU affect business patterns. 

Historically, the Trend Is Good 
Figure 1 highlights the dose correlation of 
inventory levels at both the component semi
conductor (Dataquest Procurement Pulse) and 
finished goods (Department of Commerce, or 
DOC, Computers and Office Equipment) level 
over the past three years. The targeted and 
actual data for semiconductor inventory levels 
are an aggregate that Dataquest has gathered 
monthly from system company procurement 
managers. The computer inventory level is an 
index based upon the ratio of the dollar level of 
sales to the dollar level of inventory over the 
past three years taken from the DOC. The slope 
correlation of the actual semiconductor (negative 
0.29) and finished goods (negative 0.22) inven
tory reductions in days cements the notion that 
real inventory gains have been made during the 
last three years of lackluster growth. 

What Are the Options? 
The question many in the industry are asking is: 
What will happen to inventory levels (and the 
corresponding cost savings) once system ship
ments rise substantially? Dataquest sees three 
scenarios that could develop as the system 
industry rebounds from the current doldrums: 

• 1. Inventory dollar levels remain at current 
low levels dependent on good user forecasting 

{ 
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Figure 1 
Semiconductor Inventory Levels, Overall Electrical Sample 

Inventory Level 
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Source: Dataquest, Department of Commerce 

• 2. Inventory dollar levels decline further, simi
lar to the Just-In-lime kanban delivery system 
found in Japan (again extremely dependent on 
forecasting accuracy and excellent conununi-
cation between supplier and user) 

• 3. Inventory dollar levels float with shipment 
rates, providing a cushion against forecasting 
or inventory control shortcomings 

Option 1 would result in a reduction in days of 
inventory on hand while the actual dollar level 
remained static. Option 2 resvilts in a reduction 
of both days of inventory and dollars on hand, 
while option 3 results in rising levels of inven
tory dollars on hand but a flat level of inventory 
days. 

Table 1 shows how going from one level of sales 
to another can direcfly impact inventory (cost) 
levels. Companies A, B, and C have system sales 
of $100 rruUion per year each, which translates 
into about $10 million of semiconductors pur
chased for that year. Assuming 250 working 
days in a year, that $10 million of annual semi
conductor use implies $40,000 of semiconductors 

G200053S 

used daily on average. As we wiU see, when 
sales increase to $125 million, that same ratio of 
semiconductor use results in $50,(X)0 of semicon
ductors vised daily. 

If Company A currently has 26 days of semi
conductor inventory on hand, that is eqtiivalent 
to $1.04 million of inventory cost on the books. 
If sales rise for Company A to $125 million and 
the directive is to keep the inventory levels 
tmchanged at about $1 miUion, the actual level 
of inventory days wiU naturally decline to 
21 days (refer to Table 1 for actual trend). 

If Company B saw an equal rise in sales from 
$100 million to $125 million but the directive 
was to cut the amount of inventory dollars on 
hand, the restilting cut in inventory days would 
be dramatic—^inventory levels going from 
$1.04 million to $720,000 drops the inventory 
days on hand of 26 days of inventory at 
$100 million to 14 days at $125 million in sales. 

If Company C saw an equivalent 20 percent rise 
in sales from $100 million and orders were to 
keep the level of inventory days unchanged, the 
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Table 1 
inventory/Sales Analysis 

System SalesA'ear Semiconductors(S/C) Bought I/O Ratio 
1, $100 million $10 million 10:1 

$10 million/250 working days/year = $40,000 S/Cs used/day 
2. $125 million $12.5 million 10:1 

$12.5 mil]ion/250 working days/year = $50,000 S/Cs used/day 

S/C Inventory on Hand S/C Used/Pay S/C Inventory/Year 
Year 1 Companies A, B, C 

18 days 
26 days 
38 days 

Year 2 Companies A or B 
14 days 
21 days 
30 days 

Year 2 Company C 
18 days 
26 days 
38 days 

X 

X 

X 

X 

X 

X 

X 

X 

X 

40,000 

40,000 

40,000 

50,000 

50,000 

50,000 

50,000 

50,000 

50,000 

$720,000 
$1,040,000 
$1,520,000 

$720K 
$1,040K 
$1,520K 

$900,000 
$1.3 million 
$1.9 million 

Source: Dataquest (March 1992) 

net effect would naturally see inventory 
dollars rise equally with sales (in this case 
fix)m $1.04 million to $1.3 million). 

Optimizing—Not Minimizing—Is Key 
what we have seen over the past three years in 
a generally vmrobust electronics market is a 
axmulative effect of a Company C scenario— 
letting inventory levels follow the sales rate, 
combined with some Company B activity of cut
ting actual inventory dollar levels. What usually 
occurs in a growing market is what Company C 
did, keeping inventory level growth even or 
lower than the sales level increase. What Com
pany A accomplished, keeping inventory dollars 
imchanged, may be the best course to follow 
when business improves, as it can involve selec
tively increasing strategic component inventory 
while continuing to reduce nonciitical, multi-
sourced parts. 

Company A's strategy is highly recommended if 
a company is already at its optimal inventory 
level, which Dataquest views as 15 inventory 
turns a year or better. If a company's inventory 
(cost) position is high above average, a strategy 
closer to that of Company B would show 

dramatic improvement while still allowing for 
realistic and attainable goals. Company C's tra
ditional method of inventory management may 
prove efficient for some industries where profit 
margins are not as slim as in electronics. The 
additional costs of additional inventory often 
outweigh the perceived benefits of safety stock 
because of unforeseen product mix shifts or 
demand swings in a market upturn. 

Dataquest Perspective 
The function of inventory control has in the past 
been used as a quick and tangible—^yet blunt— 
tool for keeping costs of manufacturing under 
control, often at the expense of the supplier. The 
past slow market has provided impetus to cut 
inventory to historic low levels and has proven 
that inventory can be well managed if adequate 
commimications/forecasting information is 
relayed to a company's supply base. In order to 
maintain the gains made in inventory control 
and still remain flexible to market fluctuations 
inherent in any market upturn, a list of core 
strategic components must be made or updated 
depending on an individual company's specific 
market application. 
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A strategic component is one or more of the 
following: 

• Sole-sourced 

• An emerging technology not yet in full pro
duction by many suppliers 

• Also a strategic part for competitors 

• Mandatory for production (that is, some 32-bit 
microprocessors, 3.3V DRAMs, and gate array 
products, to name a few) 

Once a strategic list is compiled, priorities of 
resource allocation are easier to assign. Then the 
focus quickly turns to where the biggest bang 
for the buck can be made. The overused term 
"strategic alliance" had its roots in the concept 
of focusing efforts on assxuing adequate supplies 
of critical components for a buyer's company's 
survival. This does not imply tiiat inventory 
responsibility has shifted to the supplier, but 
rather that regular forecast communication be 
made as far in advance as possible to prevent 
under- or overordering. 

Although the overall electronics market con
tinues to muddle along, there are some signs of 
increased demand in selected high-end markets 
that may be the beginning of unproved overall 
capital equipment expenditure. Once the market 
turns around, the function of optimized inven
tory management can add to profitability and be 
a finely honed competitive tool that is often 
overlooked by the thundering herd. 

By Mark Giudici 

Product Analysis 

Is IC Life Cycle Pricing Creative 
Desbvctiott or Industry Suicide? 
Joseph Schumpeter stated that "There is inherent 
in the capitalist system a tendency toward self-
destruction" (Capitalism, Socialism and Democracy, 
1942). He viewed the tendency as creative and 
positive—creative destruction—becaiise growth 
in the form of new companies and industries 
ultimately springs from the destruction—^through 
competition—of inefficient businesses. In 
response to clients' inquiries, this article exa
mines DRAM pricing trends over the product 
life cycle, keeping Sdiumpeter's perspective in 
mind. This article ako sets the stage for future 
Semiconductor Procurement service reports on 
life cycle pricmg analysis. 

Creative Destruction in the |C industry 
Figure 1 shows DRAM pricing plotted over the 
product life cycle for devices in densities of 64K, 
256K, 1Mb, and 4Mb. 

The background history to Figure 1 is the ten
dency of DRAM suppliers to put an aggressive 
dovwnward thrust on the price curve. Il ie 
historic result is periodic market volatility—and 
heartburn for suppliers, investors, and even 
some buyers. 

Figure 1 illustrates creative destruction in 
action—a process that has fueled IC industry 
growth for the past three decades. As enunciated 
by Intel, the industry aims to double IC integra
tion levels every two or three years. The historic 
pricing trend as enunciated by Intel in the 
1970s? DRAM pricing as measured in terms of 
price-per-bit would be cut in half every two or 
three years. 

Figtire 2 is based on the information in Figure 1 
and shows the rate of price decline at each new 
density of DRAM relative to the prior generation 
over the life cycle. The rates of decline are 
aggressive. The anomalies associated with the 
early years of the 1Mb DRAM life cycle derive 
from the United States-Japan fair market value 
(FMV) system of pricing that went into effect 
during 1986. 

DRAM users have translated the information 
in Figures 1 and 2 into the following rule of 
thumb: Buyers expect two or three years hence 
either to receive twice as much memory as 
measured in bits consumed for today's price or, 
from a different angle, to pay half of today's 
price for the same quantity of bits consumed. 

Forward-Stage Life Cycle Pricing: 
Industry Boon or Bane? 
Forward-stage life cycle pricing is a strategy that 
calls for aggressive cuts in the early, or forward, 
stages of an IC's life cycle. The strategic goal is 
to win system design-ins early, drive competitors 
from the market, and establish ultimate market 
leadership. Suppliers of multisourced ICs such 
as memory devices and standard logic have 
been more likely to use this strategy. 

By contrast, suppliers of sole-sourced devices 
such as the Motorola 680X0 series and the Intel 
i80386 family have been less likely to employ 
the approach. (Readers shotdd note that second 
sourcing for the latter part occurred after the 
early stages of the life cycle). Sole-sourced IC 
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Figure 1 
North American DRAM Pricing by Life Cycle Stage (IVIillicents per Bit; Volume: 100,000 Units) i 
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Source: Dataquest (March 1992) 02000537 

markets are not always immune to forward-
pridng practices. For example, at a Montgomery 
Securities conference in Silicon Valley in late 
January, LSI Chairman and CEO V \ ^ Corrigan, 
in response to a question from the author on 
gate array pricing trends, bluntly stated that 
today's IC buyers are only interested in low-cost 
pricing. By contrast, during the 1980s suppliers 
of ASICs such as gate arrays were unlikely to 
use this pricing strategy. The current battle 
among suppliers to win orders for 0.8-micron 
gate array or cell-based ICs in effect exemplifies 
forward-stage life cycle pricing in action. 

Understandably, forward-pricing represents a 
boon for buyers and a bane for most suppliers. 
For many suppliers, the forward-pricing strategy 
pushes creative destruction one step too fer; the 
market result may be low-level pricing, which is 
akin to below-cost dumping of product. For 
example, the rates of price decline shown in 
Figure 2 for 256K DRAM dvtring the introduc
tion and growth stages of the hfe cycle iUxistrate 

f orwaid-pridng results, which led to Uiuted 
States-Japan trade acrimony and the FMV 
S5'stem. 

Dataquest Perspective 
Figure 2 is the key graphic in this article 
because it not only shows when the forward-
pricing strategy was used in North America—at 
the 256K density—^but also raises the question of 
whether, and when, any supplier will ever again 
pursue this strategy. The FMV system negated 
the strategy in North America at the 1Mb den
sity. Figure 2 shows that the price curve for 4Mb 
DRAMs was less aggressive dian the 256K 
DRAM curve. The IMV system—assisted by 
suppliers' "market management" strategy— 
moderated to some extent the rate of 4Mb 
DRAM price declines during the forward stages 
of the 4Mb life cycle vis-a-vis 256K DRAM 
pridng at the same stages. 

IBM just introduced the first systems that incor
porate 16Mb DRAMs, and a host of suppliers i 
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Figure 2 
DRAM Pricing: Rate of Decline at Each Stage in Life Cycle Relative to Prior Density (64K DRAM = Base) 
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are either sampling or preparing for early 
volume production of this next-generation 
device. An obvious question is tiie likelihood of 
suppliers using a forward-pricing strategy on 
16Mb DRAMs dviring 1992 and 1993. Rising 
trade tension in North America throws a spot
light on this issue. 

Samsung does not lag far behind the early 
Japan-based and U.S.-based leaders in the 16Mb 
segment, which would signal an aggressive price 
curve. Goldstar wiU add market/pricing pres
sure. Japan- and U.S.-based suppliers wiU cer
tainly squawk and fight to thwart the trend, 
with the IBM-Siemens alliance in Europe likely 
to be a conservative pricer. Some industry par
ticipants, however, view Samsimg as a "follow 
the leader" on DRAM pricing—and no longer as 
a price leader. Goldstar has a strategic alliance 
on 1Mb and 4Mb DRAMs with Hitachi, and the 
risk of preserving that key alliance might require 
following the leaders at the 16Mb density. 

Even so, imder current market conditions as of 
first quarter 1992, users in North America 
should expect the 16Mb DRAM price curve for 
the early stages of the life cycle to mirror the 
256K curve more than the 4Mb curve. However, 
signals are unclear at this time as to whether 
users should expect an impending return of for
ward pricing in the 16Mb DRAM segment 

The DRAM life cycle pricing ctuves shown in 
this article exemplify Schtmipeter's theory of 
creative destruction in action over time. Schiun-
peter would probably argue that aggressive pric
ing strategies ultimately offer the IC indvistiy its 
best protection against eventual destruction 
through competition from more economically 
efficient indvistries—^whether or not we can 
imagine such competitive industries at this time. 

Semiconductor Procuremait reports wiU use the 
information in Figures 1 and 2 to examine the 
likely pricing scenarios for DRAM densities of 
16Mb and greater. For example, a recent Semi
conductor Procurement report on ULSI DRAMs 
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noted that the DRAM's role as process-technol
ogy driver should become accentuated as the 
market moves beyond the 16Mb density. 

Based on client recommendations, this article 
sets the stage for future SPS reports on hfe cycle 
pridng analysis. Future analyses will reflect the 
other side of Schumpeter's creative destruction 
process: the enormous financial burden that sup
pliers wiU confront in order to develop and 
manufacture 64Mb, 256Mb, and 1Gb DRAMs. 

By Ronald Bohn 

Inquiries of tiie Montii 

We heard the following two inquiries from 
many clients in the wake of the continued 
presence of AMD and others in the 32-bit micro
processor market 

Q. What is the historical microprocessor pricing 
for Intel's 80286, 80386, 80386SX, and 80486 
parts, and for Motorola's 68000, 68020, 68030, 
and 68040 parts from introduction to present? 

A. See Table 1 for the pricing history for these 
parts. 

Q. Starting from the time of introduction, what 
is the pricing history over the life cycle for the 
following microprocessors: 80386-25, 80486-25, 
68020-25, 68030-25, and 68040-25? 

A. See Table 2 for the pricing history of the 
microprocessors. 

Table 1 
North American Microprocessor Price History, 1985-1991 
(16-Bit Volume = 25K, 32-Bit Volume = IK to 5K) 

Year Product MHz Price ($) 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1988 
1989 

80286 8 
8 
10 
10 
10 
10 
10 
12 
12 

72.00 
48.00 

47.00 
32.00 
16.37 
9.37 
6.54 

48.64 
25.75 

Table 1 (Continued) 
North American Microprocessor Price History, 1985-1991 
(16-Bit Volume = 25K, 32-Bit Volume = 1K to 5K) 

Year 

1990 
1991 

1991 

1986 
1987 
1988 

1989 
1990 
1991 

1988 
1989 
1990 
1991 

1991 

1989 
1990 
1991 

1991 

1985 
1986 
1987 
1988 
1989 
1990 
1991 

1988 
1989 
1990 
1991 

1986 
1987 
1988 
1991 

1988 
1989 
1990 

1988 
1990 

1989 
1990 
1991 

1990 
1991 

Product 

80386 

80386-SX 

80486 

68000 

68020 

68030 

68040 

MHz 
12 
12 
16 
16 
16 
16 
25 
25 
25 
16 
16 
16 
16 
25 
25 
25 
25 
33 

8 
8 
8 
8 
8 
12 
12 
12 
12 
16 
16 
16 
16 
25 
25 
25 
16 
16 
25 
25 
25 
25 
25 

Price ($) 
12.00 
6.87 

13.5 

295.00 
246.25 
215.00 

252.23 
184.21 
157.61 

156.00 
81.08 
62.73 
57.74 

89.21 

975.00 
790.39 
533.75 

560.96 

10.40 
9.50 
5.25 
4.30 
3.24 
3.32 
3.81 

7.74 
5.83 
5.98 
5.58 

184.00 

125.00 
106.5 
92.60 

188.51 
163.84 
131.20 

168.00 
138.00 

227.00 
189.28 
161.00 

730.38 
538.85 

(Continued) Source: Dataquest (March 1992) 
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Table 2 
Pricing History for Selected Microprocessors 

Product 

80386-25 

CPGA 

80486-25 

CPGA 

68020-25 

CPGA 

68030-25 

CPGA 

68040-25 

CPGA 

Price 
1st Volume 
Run and Year) 
(100-1,000 pc) 

Q3-88 

$380 

CPGA 

Q4-1989 

$975 

CPGA 

Q3-87 

$699 

CPGA 

Q2-88 

$485 

CPGA 

Q4-90 

$730 

CPGA 

Price (1st 
Full Year of 
Production 
and Year) 
{1K-5K pc) 

1989 

$252 

CPGA 

1990 

$790 

CPGA 

1988 

$188.50 

CPGA 

1989 

$227 

CPGA 

1991 

$538.80 

CPGA 

Price (2nd 
Full Year of 
Production 
and Year) 
(1K-5K pc) 

1990 

$184 

CPGA 

1991 

$533.75 

CPGA 

1989 

$163.80 

CPGA 

1990 

$189 

CPGA 

1992 

$425 

CPGA 

Price (3rd 
Full Year of 
Production 
and Year) 
(1K-5K pc) 

1991-

$157 

CPGA 

1992 

$382.50 

CPGA 

1990 

$131 

CPGA 

1991 

$161 

CQFP 

1993 

$370 

CPGA 

Price (4th 
Full Year of 
Production 
and Year) 
(1K-5K pc) 

1992-

$105.50 

CPGA 

1993 

$325 

CPGA 

1991 

$105 

CPGA 

1992 

$118 

PQFP 

1994 

$332 

CPGA 

Price (5th 
Full Year of 
Production 
and Year) 
(1K-5K pc) 

1993, 

$70 

PQFP 

1994 

$305 

CPGA 

1992 

35.13 

PQFP 

1993 

$107 

PQFP 

1995 

$325 

CPGA 

Price (6t 
Full Yea 
Producti 
and Year 
(IK- 5K 

1994 

$67 

PQFP 

1995 

$275 

CPGA 

1993 

$33 

PQFP 

1994 

$97 

PQFP 

1996 

NA 

NA 

Note; 68040-25 will shift during 1993/94 to become 68EC040-20 for embedded conhrol. 
NA = Not available 
Source: Dataquest (March 1992) 
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In Future Issues 

The following topics will be addressed in future 
issues of Semiconductor Procurement Dataquest 
Perspective: 

u April Procurement Pulse 

• The 1992 Semiconductor Supplier of the Year 
Award winner 

• Semiconductor capacity level review 

{ 

{ 

For More Information. . . 
On the topics in this issue Mark Giudid, Director (408) 437-8258 
About online access (408) 437-8576 
About upcoming Dataquest conferences (408) 437-8245 
About yovu: subscription or other Dataquest publications (408) 437-8285 
Via fax request (408) 437-0292 
The content of this report represents our interpretation and analysis of information generally available to the public or released by responsible individuals 
in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in confidence by our clients. 
Individual companies reported on and analyzed by Dataquest may be clients of this and/or other Dataquest services. This information is not furnished in 
connection with a sale or offer to sell securities or in connection with the solicitation of an ofier to buy securities. This firm and its parent and/or their 
officers, stockholders, or members of their femilies may, from time to time, have a long or short position in the securities mentioned and may sell or buy 
such securities. i 
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In This Issue... 

Inquiry of the Month 

Semiconductor Procurement Inquiry Highliglits 
Dataquesf 5 Semiconductor Piocurement inquiry 
sumnaaiy is designed to inform our clients of com
monly asked questions and Dataquesf s respective 
answers. No confidential information provided by 
OUT dients is included in this material. The infor
mation contained in this publication is believed to 
be reliable, but it cannot be guaranteed to be 
correct or complete. 

Page 1 

Regional Pricing Update 

DQ Monday Report: Volume Mean Pricing 
Tlie volume contract pricing taken from the latest 
online DQ Monday Report notes the difference in 
regiorial semiconductor prices. 
By Dataciuest Regional Offices Page 2 

Market Analysis 

February Procurement Pulse: Orders, Sales Outlook 
Up; Inventories Under Control 
This monthly update of critical issues and market 
trends is based on surveys of semiconductor 
procurement managers and explains what inven
tory and order rate corrections mean to both semi-
coriductor users and manufacturers, 
By Mark Giudici Page 

inquiry of tlie A/lontli 

Semiconductor Pmcurement Inquiry 
Higlilights 
What are the current and future industry trends 
relative to programming voltage (12V versus 5V) 
and supply ventage (5V versus 3V) for flash 
memory, and what is the 1991 market ranking 
for flash memory? 

Subject: Flash Memoiy Trends 
There are two tjrpes of flash memory: EPROM-
based (12V), or EEPROM-based (5V and lower). 
The overall market trend is to go to the low 
voltage product due the main application (lap
top com.puters) that requires low power usage. 
However, due to its lower manufacturing costs, 
the 12V EPROM-based flash memory wiU be 
very cost competitive with the lower voltage 
product lines. By the year 2000 a 3V program
ming voltage and 3V supply voltage family of 
parts will be available. The mainstream PC mar
ket most likely will go for the lower voltage 
devices, yet other applications wiU provide 
steady demand on the more economical 12V 
parts now and on through the year 2000. 

, Table 1 lists 1991 flash memory market rankings. 

Product Analysis 

Manufacturing Capacity and Cost Ml Govern Long-
Range DRAM Price Trends 
This article assesses the assumptions and market 
trends that govern Dataquesf s North American 
DRAM and SRAM price forecasts through 1996. 
By Ronald Bohn Page 4 

Technology Analysis 

Substrate Market Trends: What Will Become of the 
Tradibonal PCB? 
This article reviews trends and issues in the 
printed circuit board market and how that market 
will be affected by the emerging multichip module 
market. 

Table 1 
1991 Flash Memory Company Rankings 

Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Company 
Intel 
AMD 
Toshiba 
ATMEL 
SGS-Thomson 
SEEQ 
Hitachi 
Mitsiibishi 
Catalyst 

Total 

Units (K) 
11,137 

1,115 
415 
351 
203 
100 
65 
30 
10 

15,426 

Meirket 
Share (%) 

85 
7.2 
2.7 
2.3 
1.3 
0.6 
0.4 
0.2 
0.1 

By Jim Walker and Mark Giudici Page 10 Source: Dataquest (February 1992) 
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Regional Pricing Update 

DQ Monday Report: 

Volume Mean Pricing* 

Table 1 
Regional Pricing Update Table 

Family 

74AC00 

74AC138 

74AC244 
74AC74 
Lead l ime (Weeks) 

4F00 

4F138 
4F244 

4F74 

Lead l ime (Weeks) 
7805-TO92 

CODEC-FLTR 1 
CODEC-FLTR 2 
Lead Time (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 

DRAM 256KX1-8 
DRAM 256KX4-8 

DRAM 4Mbxl-8 

EPROM 1Mb 170ns 
EPROM 2Mb 170ns 
SRAM 1Mb 128KX8 
SRAM 256K 32Kx8 

SRAM64K8KX8 
Lead Time (Weeks) 

68020-16 
80286-16 
80386DX-25 
80386SX-16 
R3000-25 
Lead Time (Weeks) 

United 
States 

0.18 
0.36 

0.46 
0.25 

2 
0.11 

0.15 

0.22 

0.12 

2 
0.11 

1.85 
4.33 

4 

3.60 
36.50 

1.35 
3.60 

13.25 
3.80 

7.55 
13.63 

3.90 

2.05 

2 
29.00 
10.00 

140.00 
46.50 

121.00 
4 

Japan 

0.19 
0.35 

0.47 
0.27 

3 

0.13 
0.20 

0.28 
0.14 

3 
0.19 

2.43 
4.77 

3 

3.98 
43.72 

1.67 
4.04 

14.51 
4.37 

8.55 
14.31 
4.17 

1.63 
4 

44.52 
11.73 

157.69 
60.42 

143.09 
6 

Eirrope 

0.15 
0.26 

0.36 
0.20 

4 

0.09 

0.16 

0.21 

0.12 
4 

0.11 

2.50 
5.00 

6 

3.85 

36.00 
1.60 
3.85 

15.30 
3.45 

6.70 
12.70 
3.55 

1.90 
4 

26.00 
10.001 
144.00 
53.00 

132.00 
4 

Taiwan 

0.17 

0.29 

0.40 
0.21 

4 

0.10 
0.17 

0.25 

0.13 
4 

0.13 

2.10 
4.75 

3 
3.95 

39.00 

1.43 
4.00 

17.00 
3.95 

7.75 
16.55 

4.08 

1.55 
4 

45.50 
2.00 

178.50 
57.00 

NA 
NA 

Hong 
Kong 

0.16 
0.28 

0.40 

0.20 
5 

0.09 
0.17 

0.25 
0.12 

5 

0.13 

2.12 

4.70 
4 

4.00 

39.00 

1.30 
4.00 

17.00 

3.90 
7.90 

16.50 
4.00 

1.40 

7 

40.80 
12.65 

174.00 
55.50 

NA 
NA 

Korea 

0.14 
0.21 

0.36 
0.17 

5 

0.09 

0.14 

0.23 
0.11 

5 

0.11 

1.35 

NA 
NA 

3.70 
35.50 

1.10 
3.70 

13.80 

2.90 

5.70 
NA 

3.30 

1.30 
4 

NA 
9.70 
NA 

48.00 
NA 
NA 

*Prices in US. dollars 
NA = Not available 
Source: Dataquest (Febraaiy 1992) 
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Market Analysis 

Febmaiy Procurement Pulse: Orders, 
Sales Outlook Up; Inventories Under 
Control 
The Procurement Pulse is a monthly update of 
critical issues and market trends based on sur
veys of semiconductor procurement managers. 
Tlds article explains what inventory and order 
corrections mean to semiconductor users. 

Semiconductor Order Levels Gain in Line witli 
Improved Sales Outlook 
The semiconductor order level for this month is 
expected to improve by about 9 percent (9.2 per
cent) over last month despite the continued flat 
overall electronics market (see Figure 1). Signs of 
a pickup in demand from selected areas of the 

market (primarily high-end workstations and 
servers) may be precursors of a general trend. 
The overall six-month sales outiook again rose 
this month from a positive 6.0 percent level to 
the current 7.6 percent, ŵ hUe the computer sub
set increased fix>m positive 6.8 percent to the 
current 8.0 percent level. Reflecting ready avail
ability, semiconductor prices are expected to 
decline an average 2.6 percent from last month. 
Further checking into the price dedine situation 
reveals that, even though some areas of semi
conductors are in higher demand, overall sup
plies continue to meet or surpass market needs, 
Dataquest naintains that current overall capacity 
levels are more than adeqxiate to meet rational 
increases in semiconductor demand now and for 
the rest of the year. 

Lead Times Average Sub-9 Weeks and Steady 
The average lead time declined from 9.2 weeks 
to 9.0 w e ^ (see Figure 2). Lead time remains 

Figure 1 
Averaged Monthly Semiconductor Orders 
Order Index, 12/88 = 100 
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Figure 3 
Actual vs. Target Inventory Levels 
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Figure 2 
Averaged Semiconductor Lead Times 
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relatively static, as mentioned last month, at 
about 1.5 months even though many buyers con
tinue to take advantage of off-the-shelf spot 
market product. The majority of respondents 
had no problem products to report, yet reports 
continue of problems with end-of-life (EOL) 
buys for mature ASICs and some discrete prod
uct availability. The main procurement issues 
revolve around EOL buys and quality versus 
cost. The EOL problem often is preventable with 
adequate forecast information while the quality 
issue remains one of seeing quality as a part of 
total cost and not as an external variable to the 
cost of ownership. Quality may not be totally 
free, but no or low quality is very expensive in 
the long run. 

Wowsers! Average Actual Inventories Below 
Target for Computers 
For the first time since October 1988, the aver
age actual semiconductor inventory levels fell 
below targeted levels for the computer segment 
of our survey—18.0 actual days vs. 18.4 taugeted 
days (see Figure 4). The overall sample targeted 
and actual inventories fell from 21.3 and 23.0 
days to a respective 19.4 and 19.6 days, which 
highlights excellent control of inventory (see Fig
ure 3). Exceptional in this month's response was 
the overall sub-20-day average for all inventory 
indexes combined with expectations of increased 
semiconductor order activity. Procurement 
managers and production control groups have 
not lost focus on cost control and continue to 
communicate well internally with marketing as 
well as externally with their suppliers. Dataquest 
continues to foresee aggressive commoditylike 
price pressure in the main line personal com
puter market providing added impetus for cost 
control We are closely watching developments 
in demand shifts now occurring in selected 
high-end markets. Increases in overall demand 
will test the good communication now keeping 
costs tmder control. 

Dataquest Perspective 
Order levels for semiconductors are an upward 
slope, while inventories and lead times reflect 
good, solid cost controL All that is needed now 
is an overall increase in electronic product 
demand to complete a healthy economic picture. 
The Dun & Bradstreet Corporation expects the 
overall economy to improve moderatdy this 
year. VJiih it wiU come moderate increases in 

capital equipment expenditure. Price-cutting 
aside, as capital expenditure rises, strains on the 
current market stasis may surface, resiilting in 
possible component shortages or price inflexibili
ty. The forecast horizon must be kept in focus 
and quickly communicated on through the sup
ply network. The delivery system is working 
well now and preventative maintenance will 
keep it running under more stressful conditions. 

By Mark Giudici 

Product Analysis 

Manufacturing Capacity anil Cost Will 
Govern Long-Range DRAM Price Trends 
Sluggish demand during early 1992 should 
mean competitive memory pricing during the 
first half of 1992 for most North American and 
Etmopean buyers. For the long-term outiook, 
Table 1 provides a summary of Dataquesf s 
Semiconductor Procurement service forecast of 
North American bookings pricing for select 
DRAMs and SRAMs through the year 1995. 
Tables 2 and 3 outline the assumptions that gov
ern the long-range price forecasts. Dataquest 
views capacity and cost as the critical fectors 
that should shape long-term DRAM price trends. 

Long-Range DRAM Price Trends 
Table 2 lists the key asstunptions that guide 
Dataquesf s 1992 to 1996 North American 
DRAM bookings price forecast. The table 
includes a ranldng on the significance of each 
assumption from the perspective of Dataquesf s 
worldwide network of DRAM analysts in 
London, San Jose, Seotil, and Tolg^o. The 
assumptions and conclusions in this article per
tain most directiy to the North American book
ings price forecast. However, key differences in 
regional perspective will be noted. 

DRAM Cost Reductions 
As shown in Table 2, Dataquest analysts view^ 
continued DRAM cost reductions as a critical 
factor associated with long-range DRAM pricing 
trends, not only in North America but also in 
rest of world (ROW), Asia, and Europe (that is, 
4Mb DRAMs). Users can expect the average 
DRAM price-per-bit to decrease by an estimated 
20 percent per year during this decade. For 
example. Table 1 shows that the low end of the 
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Errata 
In the article entitled "Maniifacturing Capacity 
and Cost Will Govern Long-Range DRAM 
Price Trends" in Semiconductor Procurement 
Datacfuest Perspective issue 9202, which was 

dated February 17,1992, Table 1 had alignment 
problems in its coltuxm headings. We apologize 
for any confusion this may have caused and 
reprint the table here with corrected headings. 

Table 1 
Long-Range Memory Pricing Trends* (North American Booldngs, Volume Order) 

Part 

Price Range 
Expected for 
Ql 1992 ($) 
3.50 to 4.09 

13.50 to 14.55 

3.04 to 3.35 

8.75 to 7.20 

48.40 to 5Z06 * 

Price Range 
Expected for 
Q4 1993 ($) 
3.00 and 3.85 

7.50 to 11.00 

2.75 to 3.30 

6.60 to 6.50 

21.00 to 29.25 

1995 Price 
Forecast ($) 

3.80 

7.90 

3.00 

• • 5 . 4 1 

12.26 

IMbxl DRAM 
80ns, SOJ 
4Mbxl DRAM 
80ns, SOJ 
8KX8SRAM 
PDIP, 25ns 
64KX4SRAM 
PDIP, 25ns 
128Kx8 SRAM 
PDIP, 25ns 
These prices correlate with the SPS forecast dated December 1991. 
Source: Dataquest (February 1992) 
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1Mb DRAM price range in North America 
should decline to a level approaching $3 by the 
end of 1993. Some additional 1Mb DRAM tech
nology improvements are possible (for example, 
another die shrink). 

Additional 4Mb DRAM technology improve
ments are virtually certain. For example, the low 
end of 4Mb DRAM pricing in North America 
could decline to $5.50 or lower by the 1995 to 
1996 time frame. Dataquesf s cost model says 
DRAM pricing in Nordi America could fall to 
these low levels over the long term, although 
some other market factors to be discussed 
should keep the market price somewhat above 
these levels. 

Adequate DRAM Capacity 
Dataquest believes that worldwide DRAM 
capacity shotild be adequate to meet anticipated 
long-term demand (see Table 2). This asstomp 
tion ranks second—just behind the cost model 
assumption—^in terms of its significance to 
Dataquesf s global network of DRAM analysts 
regarding long-range DRAM price trends. For 
analysts in North American and Japan, this 
assumption marks the key foctor that should 
influence long-range DRAM price trends. The 
capacity assiimption indicates competitive long-
term DRAM pricing trends. 

The blunt issue for DRAM users and suppliers 
is: "WiSl long-term DRAM capacity more likely be 

Table 1 
Memory Pricing Trends* (North American Bookings, Volume Order) 
Long-Range Pricing Trend (Dollars) 

Part 
Expected for 
Q l 1992 
IMbxl DRAM 

80ns, SOJ 

4Mbxl DRAM 

80ns, SOJ 

8KX8SRAM 
PDIP, 25ns 
64KX4SRAM 
PDIP, 25ns 
128KX8 SRAM 

PDD?, 25ns 

Price Range 
Expected for 
Q4 1993 

3.50 to 4.09 

13.50 to 14.55 

3.04 to 3.35 

8.75 to 7.20 

48.40 to 52.06 

Price Range 
and Forecast 
3.00 and 3.85 

7.50 to 11.00 

2.75 to 3.30 

6.60 to 6.50 

21.00 to 29.25 

1995 
Price 

3.80 

7.90 

3.00 

5.41 

12.26 

These prices correlate with the SPS forecast dated December 1991. 
Source: Dataquest (February 1992) 

Table 2 
Key Assumptions for the Long-Range North American DRAM Price Forecast 
(In Order of Ranking by Dataquest DRAM Analysts) 

Dataquest 
Ranking Assumption 
1 Users can expect continued DRAM cost reductions because of suppliers' manufacturing 

technology improvements. 
2 DRAM capacity should adequately meet long-term demand. 
3 Non-Japanese Asian suppliers wiU increase DRAM market share. 
4 The legal jurisdiction of intellectual property law wiU expand across the globe and be 

more aggressively enforced at the local level. 
Source: Dataquest (February 1992) 
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insufficient or excessive for meeting demand? 
For suppliers who have been in the DRAM busi
ness since the early 1980s, the history of the 
1985 to 1986 period says that the risk of overca
pacity far outweighs the risk of undercapacity. 
Furthermore, the capital markets in Japan and 
North America during the 1990s likely will pro
vide more limited funding for DRAM fab con
struction versus the less prudent pattern of the 
1980s. 

A key DRAM pricing assumption— 
that DRAM capacity should ade
quately meet long-term, demand— 
undergoes scrutiny now to test its 
validity. 

A related critical point on the 0.8-micron fabs 
required to produce 4Mb DRAMs is that 
suppliers—especially Japan-based companies— 
have cut year-end 1992 capacity goals by 20 per
cent versus their plans of less than two years 
ago. In addition, the risk of periodic regional 
spot shortages remains ever present in the vola-
tUe DRAM marketplace. For example, the mar
ket transition to next-generation DRAMs—as 
suppliers shift capacity between piior-generation 
DRAMs to the next-generation device or to slow 
SRAMs in periods of slower DRAM demand— 
often occurs in an uneven fashion, which can 
result in DRAM spot shortages. As indicated 
earlier, Japan's Ministry of International Trade 
and Industry (MITD projects that 4Mb produc
tion wiU increase by 13.5 percent between the 
second half of 1991 and the first half of 1992, 
with worldwide 4Mb DRAM demand forecast to 
grow by 75 percent during this period. The spec
tre always lurks of short-term DRAM allocation. 

Nevertheless, to date rather telling Dataquest 
analysis shows that adeqxiate DRAM capacity 
exists to meet demand and should continue to 
do so. For example, excluding demand from 
IBM, worldwide demand for 4Mb DRAM during 
1992 could theoretically be met by just one 
dozen O.S-micron fabs that produce 20,000 6-inch 
wafers per month. The scenario for future years 
is similar. The example is extreme—by 
choice—^to make this point: Dataquest assimies 
that long-range DRAM capacity will be adequate 
to meet demand. 

Readers should note that Dataquest analysts are 
currently comparing the DRAM fob capacity 
outlook against DRAM demand forecasts. The 
results of that assessment will published in a 
Semiconductor Procurement Dataquest Perspective 
article diuing the second quarter of 1992. 

Non-Japanese Asia Suppliers Will Increase 
DRAM Market Share 
The assumption ranked third is as follows: Fol
lowing the path broken by Korea-based supplier 
Samsung, suppliers from the Asian "liger" 
nations will increase global DRAM market share 
with concomitant downward effect on pricing. 
Dataquest views two Korean suppliers— 
Goldstar and Hyundai—as two key wild cards 
in the long-range DRAM pricing equation. For 
example, Goldstar, a huge vertically integrated 
supplier, has become quite adept at successfully 
adapting its business practices—despite rising 
trade friction—^in overseas markets such as 
North America. This supplier has formed a key 
alliance with Hitachi of Japan on DRAMs that 
continues to expand—^with a time lag—as new 
generations of DRAMs are introduced. 

Hyundai, another vertically integrated giant, 
along with Goldstar could become one of the 
world's future low-cost DRAM producers. 
Hjatndai's management in alliance with the 
Korean government and financial community 
continually ponders the company's future role in 
the IC business, which remains subject to change 
(that is, potential withdrawal). Long-term suc
cess in other global business enterprises such as 
automobile, ship, and steel manufacturing could 
enable this Korean supplier to grow into a giant 
of the DRAM business. 

In terms of the DRAM supplier base, Dataquest 
also views other suppliers such as IBM, Mat
sushita, Old, and Siemens as prospective DRAM 
wild cards. For example, for users in North 
America and especially Europe, the IBM/Sie
mens alliance on DRAMs carries an enormous 
long-term potential effect on the DRAM market 
outlook. Even so, from Dataquesf s perspective, 
the rise of DRAM suppliers in Korea, Singapore, 
and other Asian countries should have the 
strongest impact—^being downward—on DRAM 
pricing for the next half-decade. 
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international Expansion of inteliectual 
Property Law 
Dataquest analysts rank the global expansion of 
intellectual property law and more aggressive 
local enforcement as the fourth most significant 
factor affecting the long-range DRAM price sce
nario. North American manufacturers such as 
Texas Instruments—joined by other regional sup
pliers such as SGS-Thomson of Europe via its 
Mostek-based patents—^will drive more vigorous 
global respect for patent and related inteUectual 
property laws. An additional cost element, royal
ties of several percent, must be factored into the 
long-range DRAM pricing equation—especially 
for regions such as Europe and ROW/Asia. 

For example, Wang's lawsuits against alleged 
nonhcensed sellers and visers of the Wang patent 
on the "30-pin x9" single in-line memory 
modules (SIMMs) have thrown a global spot
light on the potential impact on DRAM pricing. 
Wang currently is settling with imauthorized 
users and suppliers for an estimated 4 percent 
royalty charge. Legal uncertainty often translates 
into market tmcertainty. Hitachi's recent agree
ment with TI on the IQlby patent and the 
inteliectual property agreement between the Peo
ple's RepubUc of China and the United States 
highlight the trend. 

Ottier Key Assumptions 
Other assumptions that did not make Table 2 
should be significant to users and suppliers in 
Europe, Japan, and Asia. 

Alliances 

The evolving global network of DRAM alli
ances shotild have some long-term impact on 
North American pricing trends. However, mar
ket players in Europe and Japan should expect 
a stronger degree of alliance-related pricing 
effects. For example, as noted before the IBM/ 
Siemens alliance on DRAMs carries an 
enormous long-term potential effect on the 
Europe DRAM price scenario. For a detailed 
look at worldwide DRAM technology alliances, 
see "Worldwide DRAM Technology Alliances: 
Global Evolution Motivated by Stirvival of the 
Fittest," in the Semiconductor Procurement 
Dataquest Perspective, Vol. 1, No. 17. 

Increased Trade Friction 

Dataquest analysts in Europe and ROW/Asia 
expect global trade friction to increase 
altiiougji the effects on pricing should vary by 
world region. For example, Europe's Reference 
Pricing system in part has caused 4Mb DRAM 
pricing during early 1992 to be higher vis-a
vis other world regions. The European pridng 
reality will continue imtil Japan-based suppli
ers complete new European febs. By contrast, 
Japan/United States trade friction Kkely will 
have little impact on DRAM pridng because 
of intense North American user disdain with 
the now-terminated foreign market value sys
tem. Asian suppliers—whether from Korea, 
Japan, or other cotmtries—continue to walk a 
very closely monitored line between competi
tive pricing practices and allegations of 
dtimping in regions such as Europe. 

Table 3 
Key Assumptions for the Long-Range North American SRAM Price Forecast 

Ranking Assumption 
Slow SRAMs 
1 Low-cost suppliers from ROW/Asia will compete against Japan-based 

suppliers for slow SRAM market share. 
Fast SRAMs 
1 The trend in the fast SRAM market is toward commoditization although 

some micromarket opportunities should remain available. 
2 The trend to commoditize should caxise some compression of fast SRAM 

pricing, meaning fast SRAM cost-reductions will drive pridng trends a la 
DRAMs and slow SRAMs. 

3 The global fast SRAM supplier base will continue to shift and not contract 
dramatically. 

Source: Dataquest (February 1992) 
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Long-Range SRAM Price Trends 
Table 3 contains the assumptions that guide 
Dataquesf s 1992 to 1996 North American SRAM 
bookings price forecast. 

Non-Japanese Asian Suppliers Will Increase 
Slow SRAM Market Share 
The key asstmiption for the long-range North 
American slow SRAM bookings price forecast, 
which asstimes that non-Japanese Asian suppli
ers will increase market share and keep pricing 
competitive, parallels the third-ranked asstmip
tion on DRAM price trends. As identified over 
the years by Dataquest, the reason relates to the 
manufacturing trade-off that can be made 
between slow SRAMs and DRAMs. Most suppU-
ers of slow SRAMs are vertically integrated s u p 
pliers from Japan or Korea. These companies can 
produce either DRAMs or slow SRAMs from the 
same manufacturing line, allowing for a time lag 
of several quarters to make the switch. In times 
of stronger demand, supphers focus on the 
potentially more lucrative DRAM device. Ehmng 
periods of slow DRAM demand or aggressive 
pridng, the slow SRAM serves as a product 
alternative (or fab filler). 

As vertically integrated Korean supphers such as 
Samsimg and stiU improven Hyundai flex their 
DRAM manufacturing strength, their impact on 
global slow SRAM pridng trends should also 
increase. To date, these suppliers have focused 
on establishing their brand name at the 64K 
density, now positioning Korea as the world's 
low-cost 64K slow SRAM source. Samsung, per
haps joined by Hyundai and/or Goldstar, will 
make a long-term migration to higher density 
devices and ultimately shape Nortiti American 
pricing trends. 

Fast SRAM Assumptions: Commoditization, 
Price Compression, Supplier Shifts 
Tabe 3 lists the three critical assumptions that 
guide Dataquesf s long-term outlook on fast 
SRAM pricing trends in North America. First, 
the market trend is towani commoditization, 
although some micromarket opportunities 
should remain available. Second, for the global 
network of fast SRAM supphers and users the 
commoditization trend connects directly to the 
next assumption: commoditization should cavise 
long-term compression—or lowering—of fast 
SRAM pricing. During the 1980s, the fast SRAM 

business was in part a series of micromarkets 
such that the limited number of suppliers in 
each niche covild command wide profit margins. 
Dataquest assumes that future fast SRAM cost 
reductions will govern pricing trends a la the 
DRAM/slow SRAMs scenario. This trend should 
result in more competitive pridng for users, 
more narrow margins for supphers, and perhaps 
ultimately a more narrow suppher base. For 
users in North America and Europe, the pros
pect of more competitive pricing, however, will 
require—as indicated in the third assiunption— 
more active management of a shifting global fast 
SRAM suppUer base. 

The Future Scenario 
The pricing forecasts for three fast SRAMs in 
Table 1 illustrate the interplay between the 
assumptions on the market forces that guide 
Dataquesf s North American price outlook. 

64K Fast SRAM 
Because of unimpressive growth prospects, the 
suppher base for some fast 64K SRAMs (for 
example, 64Kxl SRAM 25ns, 16Kx4 SRAM 
35ns, and SKxS SRAM 45ns) will decline. Sup
phers will shift to more vibrant market seg
ments such as SKxS SRAM 25ns or 16Kx4 
SRAM 25ns or else migrate to higher-density 
devices, although in a few cases supphers 
from other regions (for example, Taiwan) will 
enter maturing segments such as the 8Kx8 
SRAM 45ns arena in order to establish market 
presence and reputation. Supphers from 
around the globe aim to meet North American 
and European demand for 8Kx8 SRAM 25ns 
and 16Kx4 SRAM 25ns. 

DRAM and SRAM pricing should 
be competitive, although not 
predatory, now and over the long 
term. 

In addition, new entrants will target these 
vibrant segments. A main point is that users 
can expect continvung shifts in the fast SRAM 
suppher base—and more competitive long-term 
pricing trends. For example, over the long 
tenn North American users can expect less 
familiar supphers from North America such as 
AT&T and Taiwan (for example, ISSI, UMC, 
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and V\tobond) to have considerable effect on 
pricing for devices such as 8Kx8 SRAM 25ns. 
Demand from PC done manufecturers in part 
explains the trend. 

Before this year, Japan's M m informally estab
lished $3 as the lowest price to be charged by 
Japan-based suppliers for 64K fast SRAMs. As 
shown in Table 1, for North American users 
recent shifts in the suppUer base for 8Kx8 
SRAM 25ns mean that the low end of the 
price range for this device should fall below 
$3—and already approaches $2 in Taiwan. 
Users in Europe should expect only low-cost 
suppliers to survive over tiie long term. 

256K Fast SRAM 

For North American and European users of 
256K fast SRAMs, the influence of Japan's 
M m on the pricing strategy of familiar Japan-
based suppliers sudi as Fujitsu and Hitachi 
should decrease somewhat—^meaning more 
competitive long-term pricing. Non-Japanese 
suppUers such as Cypress, IDT, Motorola, and 
Micron aim to increase market share within 
defined product segments although the tar
geted segments, as noted, should shift in 
response to evolving appUcation/demand 
trends. In addition, other Japan-based suppUers 
such as Sharp and Sony clearly aim to 
increase share in North America and Europe. 
In Europe, SGS-Thomson (including Inmos) 
remains a force although Matra-MHS continues 
to expand. 

The long-term upshot for users is that com
pressed pricing will be linked—^most simply—to 
the cost of manufacturing. For example, 
Table 1 shows the outlook on pricing for 
64Kx4 SRAM 25ns. The low end of the price 
range is currently at $7.25 in North America. 
For year-end 1993, Dataquest projects a price 
level of $6.50 in North America, dropping 
under $5.50 for 1995. North American and 
European users should view this forecast as 
conservative, given the intense level of sup
plier competition in the growing 256K fast 
SRAM marketplace. 

1Mb Fast SRAM 

The three assumptions that guide the 64K/ 
256K fast SRAM price forecast for North 
America apply in general to the 1Mb fast 
SRAM forecast shown in Table 1—with a cav
eat. The caveat: Through informal advisories to 

leading edge Japan-based suppliers, Japan's 
Mi l l should exert influence on the rate of 
price declines in regions such as North 
America and Europe, essentially applying the 
brakes against a rapid tumble in pricing dur
ing the forward (or earlier) stages of the prod
uct life cycle. As noted. North American users 
can look forward to increased pricing competi
tion from non-Japanese suppliers (for example, 
Motorola). However, vertically integrated sup
pliers from Japan will continue to wield mar
ket power in this segment of tiie fast SRAM 
business—with an agenda that calls for a 
steady and manageable long-term decline in 
pricing. 

Dataquest Perspective 
At press time, Dafaquesf s Research Operations 
team (field interviewing) had just begun the 
February-March 1992 survey of North American 
users and suppliers of ICs including DRAMs 
and SRAMs. This report identifies the assump
tions and assesses the market factors that gukie 
the long-range North American DRAM and 
SRAM price forecasts. In effect, this article lays 
out the thinking that will guide the long-range 
forecasts to be generated dxuing March 1992. 
Users can compare these assumptions with their 
long-range views and modify Dafaquest fore-
caste or fiieir in-house forecaste for strategic 
planning purposes. 

These assumptions are not set in stone. 
Dafaquesf s worldwide network of memory 
analysts identify them now in order to allow our 
thinking to change during 1992 and beyond, in 
line witii changing memory market realities. A 
key DRAM pricing assumption—^that DRAM 
capacity should adequately meet long-term 
demand—^undergoes scrutiny now to test its 
validity. 

For now, users in North America can expect an 
ample supply of 1Mb and 4Mb DRAMs, which 
will be carefully managed and monitored by the 
global suppUer base. DRAM and SRAM pricing 
should be competitive, although not predatory, 
now and over the long term. In maturing prod
uct areas such as 64K slow SRAMs and 256K 
DRAMs today—and 1Mb DRAMs and 64K fast 
SRAMs in the next year or two—^users must 
carefully manage the selection of the supplier 
base. 

By Ronald Bohn 
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Technology Analysis 

Substrate Maritet Trends: What Will 
Become of the TradiUoiml PCB? 
As clock rates continue to spiral upward beyond 
50 MHz, circuit delays from interconnect tech
nologies can become the limiting fector for 
increasing system performance. The marketplace 
wants faster operating speeds, quicker access 
times, and smaller printer circuit board (PCB) 
real estate. 

The answer to this problem is the latest buzz
word in electronic packaging: multichip modules 
(MCMs). Simply stated, mxiltichip modules are a 
collection of bare dice whose I/Os are connected 
on a substrate that functions similarly to a PCB. 
Conceptually, the MCM is a higher-level, hybrid 
IC. It resembles a large ASIC (die) made up of 
several small pieces (dice). 

An MCM could include an assortment of bare 
dice such as a microprocessor, cache memory, 
controller, and peripheral logic, all mounted to 
one common substrate. These dice are connected 
with traces narrower and more closely routed 
than the traditional PCB, which results in 
increased performance over conventional mount
ing techniques. This performance increase is 
shown in Table 1. 

Types of MCMs 
Because the definition of multichip modules 
encompasses a variety of technologies, MCMs 
have been classified according to substrate inter
connect technology, as follows: 

• MCM-L is a module that uses PCB laminate 
as a substrate. 

Table 1 
Interconnect Technologies: Performance Comparison* 

• MCM-C is a module that has multiple layers 
of interconnect separated by multiple layers of 
cofired ceramic material. This could include 
both cofired and thin-film multilayer 
technology. 

• MCM-D is a module that has interconnect 
conductor widths less than 5 mils; the sub
strate is manufactured using semiconductor 
processing techniques. 

• Hybrid is a module with one layer of ceramic 
material having conductor widths greater than 
5 mils. 

AU of these approaches have one goal in mind: 
to provide a higher ratio of silicon to svibstrate 
area, thus resulting in faster system operation. 

How will this affect the traditional PCB? 

Becatise MCMs are a combination of substrate 
and IC technology, both PCB and semiconductor 
markets will be affected (see Figure 1, which 
compares ti\e estimated worldwide package 
production in relation to the potential MCM 
market). Traditional PCBs as we know them will 
still be used, but in a more supporting role. The 
need for backplanes and motherboards will con
tinue. Not all high-pin covmt ICs will require 
interconnection on a corresponding high-density 
substrate. Only when the entire board consists of 
predominantiy high lead-coiant devices will it 
need to provide dense interconnection capability. 
Cost pressures and mature products wiU still 
dictate PCB visage over newer, emerging sys
tems. But even here, an advanced level of 
sophistication will be reqioired. 

Ranking Assumption 
Board area 
Package delay 
Total delay 
Package system delay (%) 
System clock frequency 
Performance improvement (%) 

PCB/PTH 
91 Sq. in. 
6.9 ns 
16.9 ns 
41 
59 MHz 
— 

PCB/SMT 
49 sq. in. 
4.6 ns 
14.6 ns 
31.5 
68 MHz 
15.7 

MCM 
16 sq. in. 
2.0 ns 
12.0 ns 
16.7 
83 MHz 
40.8 

* Assumes a 100-MHz micropiocessor clock frequency 
Source: Dataquest (February 1992) 
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Figure 1 
Estimated Worldwide Paci<age Production Potential MCM Mari<et 
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The Role of PCBs 
The PCB industiy is one of the most mature yet 
most underdeveloped (in technology) areas of 
the electronics industiy. For many years, the 
PCB used traditional iiirough-hole moimting 
techniques, with signal traces/spaces commonly 
in the 8- to 12-mil range. As very large scale 
integration (VLSI) semiconductor technology on 
the die level developed, it began pushing the 
PCB intercoimect from the simple single- and 
double-sided PCB to multiple layers, or multilayer 
substrates. }Niti\ the advent of surface moimt 
demanding increased density and performance, 
multilayer technology blossomed in recent years, 
pushing conductor widths down to 5 mils and 
below. At this level, PCB state-of- the-art is 
being pushed to its maximum hmits. 

The increasing speed of the ICs demands that 
the PCB not delay the chip-to-chip interconnect 
(system delay). Because of increased speed, more 
heat is generated. The traditional FR-4 type PCB 
can no longer manage the thermal and mechani
cal stresses generated and maintain a desired 
level of reliability. The simple, cost-effective 
manufacturing techniques of PCBs can no longer 
adequately meet these stringent demands. New 
processes, materials, and equipment must be 
developed to meet the challenges of high-density 

interconnects. Table 2 lists some of iiie relevant 
issues facing PCB and MCM implementation. 

This challenge, however, can be and is being 
met by the PCB industiy in some areas. Refer
ring to the definitions provided earlier, the 
majority of MCMs today are based upon 
MCM-L technology, which is largely based upon 
consumer markets. Videogame modules, mem-
oiy modules, smart cards, watches, and many 
other mvdtiple chip-on-board applications can be 
included in this category. These products meet 
the demand for smaller, low^er-cost systems, 
achieved by pushing the limits in PCB technolo
gy. However, as system demands continue to 
increase, it becomes apparent that the traditional 
PCB cannot solve one growing problem: speed. 

Because we know that the fastest system speeds 
are attainable at wafer (die) level, it becomes 
clear that we need to put more and more func
tions on a die. One method that has been tried 
is -wafer scale integration (WSI). Most aU-
monolithic WSI efforts to date have been disap
pointing, because this technology is still 
unproven and yet to be developed. The alterna
tive is to tiy to place die as close as possible to 
each other on a common substrate that 
minimizes system delays. Thus the need for 
high-density multichip modules. 

SPWW-SVC-DP-9202 ©1992 Dataquest Incorporated February 17,1992 
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Table 2 
Comparison of PCB and MCM Issues 

PCB MCM 
Mature technology 
Easy to use 
Worldwide standards 
Proven reliability 

Low substrate cost 
Large infrastructure 

Proven interconnect technologies 
Liaiited power capabilities 
Slower system speeds 
Laminate/layer limits 

Routing limitations 

Large package footprints 

Easy to test 

Unproven interconnect techniques 
Difficult to design 
Lack of standardization 

Limited characterization 

High substrate cost 
Limited die availability 
Unproven processes 
Improved power capabilities 

Faster system speeds 
Higher density 
Reduced ntunber of interconnects 

Die-level densities 

Variable test methods 
Source: Dataquest (February 1992) 

MCM manufacturers order wafers or die with 
the desired interconnects from foundries and 
then mount ASIC and peripheral chips directly 
on the substrate. The chips can be mixed from 
many manufacturers—^if they can be obtained. 

Effect of MCMs on PCB Marketplace 
Many issues must be addressed before each 
level of MCM technologies is developed. The 
major issue is MCM substrate selection. MCM-Ls 
are being used becatise of their low cost, but 
technical issues hmit the wiring density to 50 to 
150 cm/cm^ and speed capability to 100 to 
150 MHz. But, they have the potential for being 
extended to compete with the next levels, 
MCM-C and MC^-D. For this to occur, materi
als will need to be developed that yield thinner 
laminates for the fabrication of high-density vias 
while providing a lower dielectric constant (note 
that the dielectric constant is the biggest deter
mining foctor in the speed of signals from chip 
to chip within an MCM). IBM's Surfece Laminar 
Circmt and Cherry Semiconductor's chip-on-flex 
are two examples of an extended MCM-L 
application. 

Ctuxently, only high-cost, low-volume, main
frame computer systems afford high-level MCM 
technology (MCM-D). The long development 
cycles and higher manufecturing costs can only 
be jvistified in high-end systems. Cost and 

ttme-to-market must be reduced to make MCM 
technology viable for lower-end applications. 
The key to this will be new design tools. These 
tools must provide high-level design verification, 
synthesis, and partitioning, and multilevel physi
cal design that will eqxially concibine the IC, 
MCM substrate, and board level in a homogene
ous environment 

Assembly technologies will also change. Flip 
chip assembly, used mainly by IBM for the last 
10 years, shows increasing promise. This tech
nology, where title die is directly attached to the 
substrate (unlike wire or TAB bonding, where 
the chip is bonded to the wire, or tape, and the 
wire is subsequently bonded to the substrate), 
eliminates one level of interconnect, thereby 
increasing speed, density, and reliability. Used 
primarily in the past on ceramic substrates, it is 
now seeing promise on lower-cost flex and 
rigid-flex substrates. 

Dataquest Perspective 
OEMs know more about building systems. IC 
manu&cturers specialize in semiconductor 
design and manufacturing. The challenge is to 
conibine or bridge the gap between these two. 
Vertically integrated companies such as IBM and 
AT&T have been meeting this challenge inter
nally for years and have solved many of the 
difficvdties associated with MCMs. This has 

February 17,1992 ©1992 Dataquest Incorporated SPWW-SVC-DP-9202 
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Figure 2 
hKM Application Penetration 

Percent Penetration 

Source: Dataquest (February 1992) 

given them the distinct advantage, but only for 
internal use. 

The system design companies of the 1990s are 
not vertically integrated and have no fab or 
assembly capabilities. They must rely on outside 
services to meet their product and system goals. 
This need has given rise to a new class of com
pany: the contract multichip module manufac
turer. Unlike the OEM, the MCM maker is a 
partner with a system design house and the IC 
maker. All three companies must share in the 
exchange of ideas to achieve the common goal 
of system performance optimization. 

An example of this partnering of chip supplier 
and system house is Cypress Semiconductor and 
Sim Microsystems. Sun desired to develop its 
Galaxy multitask, multiprocessor-based network. 
Cypress is a supplier of SPARC microprocessors. 
Multichip Technology, a subsidiary of Cypress 
specializing in advanced packing technology, 
designed a dual-CPU module that solved tiie 

complicated cache memory interface problems 
foimd in multiprocessor systems. This increased 
performance from 10 to 15 percent over a 
traditional PCB design. 

Figure 2 shows Dataquesf s forecast for MCM 
applications. These curves represent the extent, 
based upon economic feasibility, to which each 
market segment becomes potentially committed 
to modules. The driving forces behind the accep
tance of MCMs wHl be the teleconununications, 
automotive, computer, and consumer markets, 
which reqtiire high chip-to-chip interconnects 
and minimum board space with reduced costs. 
The multichip module will become the next 
high-performance ASIC package. 

By Jim Walker 
Mark Giudici 

(This article was written by Jim Walker in conjunc
tion xvith Mark Gitidici. For further information, 
•please contact Mark Giudici.) 
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In Future Issues 

The following topics will be addressed in future 
issues of Semiconductor Procurement Dataquest 
Perspective: 

u March Procurement Puke 

u Semiconductor cost model update 

• Supplier of the Year Award annovmcement 

Febniaiy 17,1992 ©1992 Dataquest Incorporated SFWW-SVC-DP-9202 
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Regional Pricing Update 

DQ Monday Report: 
Mean Pricing* 

Family 

74AC00 

74AC138 
74AC244 

74AC74 

Lead Time (Weeks) 

4F00 
4F138 
4F244 
4F74 

Lead Time (Weeks) 
7805-TO92 
CODEC-FLTR 1 

CODEC-FLTR 2 

Lead lime (Weeks) 

DRAM lMbxl-8 
DRAM lMbx9-8 

DRAM 256Kxl-8 
DRAM 256Kx4-8 
DRAM 4Mbxl-8 
EPROM 1Mb 170ns 
EPROM 2Mb 170ns 

SRAM 1Mb 128Kx8 
SRAM 256K 32Kx8 
SRAM 64K 8Kx8 

Lead Time (Weeks) 

68020-16 
80286-16 

80386DX-25 
80386SX-16 
R3000-25 
Lead Time (Weeks) 

Volume 

United 
States 

0.18 
0.32 

0.46 
0.25 

2 

0.11 
0.15 

0.22 
0.12 

2 
0.12 
1.95 

4.50 

4 

3.70 
38.25 

1.65 

3.70 
14.05 
3.85 
7.68 

14.00 

3.93 
2.13 

2 

31.00 
11.75 

147.50 
48.25 

125.00 
6 

Japan 
0.19 
0.34 

0.45 

0.26 
3 

0.12 

0.20 
0.27 

0.13 
3 

0.18 

2.43 

4.79 

3 

4.00 
45.53 

1.66 
4.01 

14.66 
4.44 

8.49 

14.86 
4.13 
1.59 

4 

48.24 

13.45 

164.74 
64.14 

143.91 
6 

Europe 

0.15 
0.26 
0.36 
0.20 

4 

0.09 
0.16 

0.21 
0.12 

4 

0.11 

2.50 

5.00 
6 

3.80 

37.00 

1.70 
3.80 

16.00 
3.60 

7.00 

13.30 
3.60 

1.85 
4 

26.00 

12.00 

160.00 
55.00 

132.00 
4 

Taiwan 

0.17 
0.30 
0.40 

0.21 
4 

0.10 
0.17 

0.25 
0.13 

4 

0.13 

2.10 

4.75 

3 
4.25 

39.00 

1.43 
4.40 

17.35 
4.25 

7.80 

17.10 
4.25 
1.60 

4 

45.75 

12.00 
178.50 
57.00 

NA 
NA 

Hong 
Kong 

0.18 
0.31 
0.42 
0.22 

5 

0.10 
0.19 

0.27 
0.13 

5 
0.14 

2.15 

5.00 
4 

4.10 
40.20 

1.40 
4.10 

17.20 
4.00 

8.00 

17.00 

4.80 
1.50 

7 

42.00 

12.80 

181.00 
57.00 

NA 
NA 

Korea 

0.14 
0.21 
0.36 
0.17 

5 

0.09 

0.14 

0.23 
0.11 

5 
0.11 

1.35 
NA 

NA 

3.75 
35.50 

1.10 
3.75 

13.80 
3.80 
7.00 

NA 

3.30 
1.30 

4 

NA 

12.70 
NA 

55.00 
NA 
NA 

•Prices in VS. dollars 
NA = Not available 
Source: Dataquest (January 1992) 
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Market Analysis 

January Procurement Pulse: Order Rates 
Expected to inch Up while Lead Times 
and Inventories Remain Static 
The Procurement Pulse is a monthly update of 
critical issues and market trends based on sur
veys of semiconductor prociarement managers. 
This article explains what inventory and order 
corrections mean to semiconductor iisers. 

Semiconductor Order Levels to Creep Up 
Despite Current Soft Maricet 
Although the overaU electronics market remains 
sluggish, this month's respondents expect to 
Older slightly vaose than 3 percent (3.7 percent) 
more semiconductors than last December (see 

Figttre 1). The order rate continues to hover 
around the 250 index range as buyers match 
order levels with S5retem shipments. The 
six-month overall system sales outlook also 
improved slightly, going from a positive 5.5 per
cent to the current 6.0 percent forecast, while the 
computer subset of our sample dipped below 
the previous positive 7.2 percent to a 6.8 percent 
sales outlook. 

Semiconductor prices are expected to continue 
their dedine this month by an average of nega
tive 3.3 percent. Current availability and slack 
demand remain the main forces behind the 
steady drop in price. There is talk by some Japa
nese DRAM suppliers of permanently curtailing 
production of some DRAMs because of the sus
tained low-demand situation that is not filling 
fab capacity as expected. Although these 
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Figure 1 
Averaged Monthly Semiconductor Orders 
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Actual vs. Target Inventory Levels 

(All OEMs) 
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Figure 2 
Averaged Semiconductor Lead Times 
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suppliers are market leaders in this commodity, 
any reduction in Japanese capacity wiU be easily 
accommodated by other suppliers in the current 
market. 

Lead Times Flat at 92 Weeks; No Change 
in Sigiit 
The comfort zone of a month-and-a-half lead 
time between order and delivery remains while 
buyers on the spot market still get off-the-shelf 
dehveiy on most parts if needed. Although 
urgent needs can be quickly met. Figure 2 shows 
that the controlled pace of the market tied in 
with the low inventory situation balanced lead 
times at a current 9.2 weeks (unchanged) for this 
month. Although the majority of this month's 
respondents had no problems, qpiestions about 
the status of x9 SIMMs persist, and some ASIC 
design-out problems remain a product-based 
issue with some users. 

Inventories^ prices, lead times, and 
order levels all show signs of being 
well under control and in tune 
with current demand levels. 

Regarding obsolete products, a third of the 
respondents were having problems with end-of-
life (EOL) buys (ensuring deliveries of older 
parts while new designs ramped up in volimie). 
Regular product forecasting often prevents EOL 
supply problems as suppliers inform users of 
phaseouts with enough time to shift suppliers or 
phase in new parts. 

sample. The computer subset saw both indices 
drop from a targeted and actual level of 20.5 
and 21.5 days to a ctrrrent 19.8 and 21.0 days, 
respectively. The relative stability of inventories, 
both targeted and actual, confirms the strength 
of inventory control now in place. Dataquest 
continues to foresee semiconductor inventory 
levels remaining at a 20- to 25-day actual range 
because of the ready availability of components 
and the static level of ongoing business. 

Dataquest Perspective 
Inventories, prices, lead times, and order levels 
all show signs of being well under control and 
in tune witii current demand levels. What is 
being discussed lately is what happens if/when 
demand increases (the worst case: a sharp 
increase)? 

For users with solid commimication with their 
supply base, the short-term dislocation of capac
ity (as suppliers adjust to higher demand levels) 
will be minimized, while those that benefited 
largely from spot-market pricing wiU be most 
negatively affected by product availability. A 
prudent mix of prociirement from both sotirces 
where applicable/appropriate often can mini
mize availabiLity exposure while garnering the 
advantages of ready delivery and low spot 
prices. 

The outlook for 1992 is for demand 
levels to begin increasing in the 
late second quarter to early third 
quarter. 

Semiconductor Inventories Stabilize, for Now 
The targeted and actual inventory levels for 
the overall and computer respondents as seen 
in Figures 3 and 4 have remained relatively 
unchanged since the slight decline noted in 
October. The overall target and actual levels for 
December were 21.3 and 23.0 days, respectively, 
compared with like nvimbers of 20.8 and 
25.3 days noted for November for the whole 

The outiook for 1992 is for demand levels to 
begin increasing in the late second quarter to 
early third quarter. Although not a current prob
lem, the balancing of future supplies at optimal 
cost wiU require better than average communica
tion with suppliers as the volume of orders 
picks up. 

By Mark Giiidici 
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Product Analysis 

IC Pricing Pressure Mounts as 
Recession Persists 
Global economies are in recession at the start of 
1992, and downward pressure is mounting on 
IC pricing in North America. The results of 
Dataquest's recent North American bookings 
price survey reveal that users should expect 
competitive pricing for memory ICs and ASICs. 
Intel Corporation's pricing strategy has taken a 
turn and the company is adjusting to new 1992 
market realities. 

Table 1 shows estimated semiconductor pricing 
and lead-time trends. 

(Note: The pricing analysis in this article corre
lates with the quarterly and long-range price 
tables mailed to Semiconductor Procurement 
service (SPS) clients on Decerriber 20,1991. The 
siirvey information was collected by Dataquesf s 
Research Operations team. For SPS clients that 
use the SPS online service, the pricing correlates 
with the quarterly and long-range price tables 
dated December 1991 in the SPS online service. 
The price tables will be available in the Source: 
Dataquest document entitled "North American 

Semiconductor Price Outlook First Quarter 
1992." For additional product coverage and 
more detailed product specifications, refer to 
those sources.) 

Memory Trends 
The market awaits dear signals on 4Mb DRAM 
supply/demand trends and specifically on 4Mb 
DRAM capacity allocation. Pricing for SRAMs 
has become more competitive in North America, 
Etirope, and parts of Asia. Users of flash mem
ory can expect a premium of 7 to 15 percent for 
the thin srnall-outline package (TSOP) versus the 
PDIP choice. 

Dataquest added the following memory ICs to 
its quarterly forecast/sturvey of North American 
bookings pricing: 256Kxl8 DRAM 80ns SOJ; 
512Kx36 SIMM; BiCMOS 64Kx4 SRAM 10ns 
PDIP; 32Kx8 SRAM 12ns PDIP; 256Kx4 SRAM 
20ns PDIP; 128Kx8 SRAM 20ns PDIP; lMbx8 
ROM 150ns SOP (32-pin); 128Kxl6 EPROM 
150ns CERDD?; 512Kx8 EPROM 150ns CERDIP; 
256Kxl6 EPROM 150ns CERDIP; 64Kx8 Flash 
Memory 150ns PDD? (12V); and 128Kx8 Flash 
Memory 150ns PDIP (12V). 

Table 1 
Estimated Semiconductor Pridng and Lead-Time Trends 
(North American Booldngs; Volume Orders) 

Pari 
IMbxl DRAM 

80ns, DIP/SOJ 
4Mbxl DRAM 

80ns, SOJ 
512Kx36 SIMM 

80ns 
32Kx8SRAM 

35ns, PDIP 
128Kx8 SRAM 

100ns SOJ 
80486 33 MHz 

CPGA 

1992 Pricing Trend (Dollars) 
Estimated Forecast 

First Quarter for First 
Price Range ($) Quarter ($) 

3.50 to 4.09 

13.50 to 14.55 

79.00 to 86.30 

7.17 to 7.77 

13.60 to 15.40 

405 to 415 

3.90 

13.72 

81.00 

6.75 

13.75 

405 

Estimated 
Foiuih Quarter 
Price Range ($) 

3.20 to 3.97 

10.10 to 13.05 

74.00 to 84.20 

6.63 to 7.06 

12.20 to 12.55 

360 

Lead Times 
(Weeks) 

1 to 8 

1 to 8 

4 to 8 

5 to 10 

2 to 10 

6 to 8 
Source: Dataquest (Januaiy 1992) 
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DRAM: Market Uncertainty 
Figure 1 depicts the North American pricing 
outlook for DRAM and slow SRAM. 

Suppliers of 4Mb DRAM remain concerned 
about demand for this part. Some players again 
wonder if there will be a shortened life cycle. A 
key issue in the supply/demand-pricing equa
tion is capacity allocation by first-tier suppliers 
in Japan and North America. As noted last quar
ter, the market effect of a DRAM capacity shift 
tj^ically occurs with a lag of two quarters. 
DRAM lead times remain manageable as of 
early 1992. 

Pricing for 4Mb DRAM continues to erode 
steadily if not spectacularly. Pricing for 4Mbxl 
DRAM should range from $13.50 to $14.55 dai-
ing the first quarter of 1992. The range should 
erode to a range of $10 to $13 by the fourth 
quarter. 

Pricing for 1Mb DRAMs collapsed on some 
year-end 1991 spot-market transactions. The sur
vey shows that the first quarter 1992 contract-
volume bookings price for 1Mb DRAM—on the 
low side of the range—should fall to $3.50. By 

year-end 1992, pricing for 1Mb DRAM should 
become more aggressive. Pridng likely will 
range from a low of $3.20 to nearly $4. 

DRAM Market Management 

DRAM suppliers continue to implement 1992 
capacity plans. However, the market effects 
are not yet fully known. Suppliers are uncer
tain regarding the 4Mb DRAM market. Some 
suppliers aim to manage the market. 

Other suppliers instead turn ahead to the 
16Mb market or else backward to the 1Mb 
arena, which still enjoys resilient demand. 
Many suppliers are moving to less familiar 
DRAMs such as the 512Kx36 SIMM, VRAM, 
and specialty memory in face of uncertain 
demand trends (see Table 1). Dataquest 
assumes at this time that most suppliers will 
ease 4Mb DRAM and 1Mb DRAM pridng. 

Dataquest wiU examine the assumptions 
behind and conclusions from its long-range 
DRAM and SRAM price forecasts in the 
next Semiconductor Procurement Dataquest 
Perspective. 

Figure 1 
Estimated DRAM and Slow SRAM Price Trends 
(North American Bookings; Contract Volume) 
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Source: Dataquest (January 1992) i 
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SRAM: Shifting Maricet Trends 
SRAM market demand is shifting to densities 
of 256K and above, although the 64K segment 
remains significant for new market entrants 
such as AT&T. 

Pricing for 256K fest SRAM continues to 
decline (see Table 1). Pricing for 32Kx8 SRAM 
35ns feU below Dataquesf s forecast North 
American pricing during 1991. Pricing for this 
device could erode seriously by year-end 1992. 
The pricing scenario regarding 64Kx4 SRAMs 
25ns is similar, if not more aggressive, because 
first-tier Japan-based companies aim—despite 
increased global competition—^to hold share 
tmtil the 1Mb fest SRAM market develops. 

In the 64K fast SRAM arena, some suppliers 
from regions such as North America, Europe, 
and Asia have broken the informal $3 mini
mum-price level. For example, the competitive 
supplier base in Taiwan has brought pricing 
for 64K fast SRAMs (x4, x8 configurations; 
20ns, 25ns) to $2. Users in North America and 
Europe should expect the entry of Taiwan-
based suppliers such as UMC and \Atobond to 
increase pridng competition. 

Nonvolatile Memory 
Dataquesf s outlook for pridng of nonvolatile 
memory remains consistent with prior expecta
tions. User interest as reflected by inquiries 
has shifted to EPROM devices of density of 
1Mb or greater and ROM devices of 2Mb den
sity and greater, including 8Mb and 16Mb 
devices. 

Users are qmte interested in flash memory, 
including Intel's strategy, the premitun for 
TSOP, and EPROM-market effects. Dataquesf 
currently sees a premium of at least 7 or 
8 percent for TSOP, but as much as 20 percent 
is possible, depending on the supplier. 

Microprocessor Trends 
The fourth quarter of each year marks a key 
period of business decision-making, while ttie 
first quarter marks the implementation of new 
strategies. We noted in October that "Intel's stra
tegic response in the next several months to 
market competitive forces could well deter
mine w^hether or not Intel remains long-term 

king of tiie worldwide microprocessor markef' 
and that aU signals woiild "appear to augur a 
turning point in Intel's aversion to low-ball 
competition." 

A Turning Point for the Intel MPU Price Strategy? 
The competitive reality of 1992 and beyond— 
meaning, multiple sources/pricing competition 
for the 80386 family—apparently has prompted 
Intel to compete more aggressively on price. 
Dataquesf learned at press time that Intel 
plans to cut 80386/80386SX pricing at the start 
of second quarter 1992—^with 80486 price cuts 
expected to follow. Intel had issued no press 
release or price sheet at press time. 

Users now can start to anticipate 
a turning point in the 80386/ 
80486 pricing strategy. 

Intel's pridng strategy and tactics appear to be 
changing. The assumptions behind Dataquesf s 
forecast on Intel MPUs—and recent changes in 
these assumptions—shed light for users regard
ing the supplier's direction should Intel cut 
pridng during the second quarter of 1992. 
Based on current reports; Intel will slash by 
nearly half 80386/80386SX devices' pricing 
during the second quarter of 1992. 

Intel MPU Price Forecast Assumptions 
First Assumption: Synchronization with Intel's 
MPU Plans 
The first assumption behind the Intel MPU 
price forecasts—that Intel will most favorably 
support users that coordinate system life cycles 
in line with Intel's migration schedule— 
appears to be bending under the heavy wdght 
of market forces. Intel wants to pursue this 
strategy over the long term. However, for 1992 
Intel must respond to continuing market 
demand for low-cost 386/386SX machines by 
lowering 80386/80386SX pricing. The life cyde 
for 80386/80386SX-based PCs is extending into 
1992 and 1993—^longer than Intel originally 
expected. Intel still intends during 1992 and 
1993 to migrate users to the higher-priced 
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80486 family and away from the lower-priced 
80386 family. Intel will not easily cede the 
80386 market to competitors such as Advanced 
Micro Devices Inc. (AMD) or Chips & Tech
nology Inc. (C&T). 

Second Assumption: 1992 Means Multisourcing 
Plus the FTC Investigation 
Intel now operates in a new competitive 
environment that threatens to reshape the 
company during 1992 and over the long term. 
Both the complex-instruction-set computing 
(CISC) and reduced-instruction-set computing 
(RISC) markets mean a trend toward multiple 
sources for users of MPUs—a break with the 
sole-sourced Intel/Motorola world of the not 
too distant past. Barring a major legal reversal, 
the 80386 marketplace has become a multi
sourced arena for Intel 

The DRAM market remains 
potentially volatile. 

Intel's short-term strategy, however, calls for 
response to competitors' pridng. Dataquesf s 
current forecast expects dix»ps in 80486 pridng 
during 1992 that wiU set ttie stage for user 
migration to the 80586 device. A key point is 
that pridng for the 80486/80486SX device 
could take a step function downward by 
midyear 1992 if competitive pressure does 
not abate. 

Fourth Assumption: No Intel Pricing Wars 
Dataquest continues to assume that Intel wiU 
avoid a pridng war with AMD, C&T, or any 
other 80386/80486 market competitor. The 
price slashing for the 80386/80386SX devices— 
if they hold—^to some extent is old news for 
major buyers (that were pa5ang the lower 
prices during 1991) or else long overdue for 
smaller customers that had antidpated such 
pridng since the first half of last year. For 
example, AMD does not want a pridng war 
at this time because a pridng war could 
threaten its recent string of profitable quarterly 
results. 

Even if Intel maintains its patent-based 
monopoly, the ongoing investigation by the 
U.S. Federal Trade Commission (FTC) could 
force—or perhaps already has forced—lintel to 
change its way of doing business and treating 
customers, especially in North America. As 
Dataquest has noted before, the FTC investiga
tion—even more so than other widely publi
cized legal cases—^might be the wild card 
that alters Intel's long-term product/pricing 
strategy. 

Third Assumption: Intel's Resistance to 
Pricing Competition 
Last quarter, we noted that another key 
assvmiption behind Dataquesf s 80486 price 
forecast—^Intel's intention to be relatively 
impervious to external pridng competition— 
seemed Ukely to change given year-end 1991 
competitive realities. Dataquest antidpates that 
Intel over the long term wiU ignore to the 
best of its ability competitors' pricing for simi
lar products. Even so, competitive mviltisourced 
pricing likely will become the predominant 
trend in the MPU business of the 1990s. 

Dataquest Perspective 
The first quarter of each year marks a time of 
implementation of new plans. The recession con
tinues. Under these market conditions, IC pric
ing pressure mounts. 

Users now can start to anticipate a turning point 
in the 80386/80486 pridng strategy. At press 
time, the spectre of a demand slowdown during 
1992 and tiie evolution of a multisourced mar
ketplace apparently has motivated Intel to fun
damentally change its product pricing 
strategy—at least for 1992. 

The DRAM market remains potentially volatile. 
Prices for 4Mb DRAMs are being booked dur
ing January 1992 at a sub-$14 level. Pricing for 
1Mb DRAMs remains below $4 and approaches 
$3.50. The likely DRAM scenario remains the 
same: Suppliers of 1Mb DRAMs that usually 
demonstrate a wiUingness to compete on price 
wiU engage in aggressive pricing that may 
abruptiy end. Suppliers of 4Mb DRAM will 
price conservatively until the effect of capadty 
allocation becomes known. 

By Ronald Bohn 
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Memory Cards: An Emerging and 
Potentially Explosive Market 

What Are Memory Cards? 
A memory card is a portable semiconductor 
storage device that contains memory ICs. It 
resembles a thick credit card (3.3mm) with an 
edge connector at one end (see Figxire 1). 

Figure 1 
Example of Memoiy Card 

Source: Panasonic Industrial Company 

Figure 2 
Memory Card Usage in a Portable PC 

Memory cards perform a function similar to that 
of a floppy disk. They store binary data. 

As program or data storage media, memory 
cards are not new. They have been used in com
puter games, point-of-sale (POS) systems, pho
tocopiers, and laser printers. More recently, 
electronic organizers such as the Casio BOSS 
and the Sharp Wizard along with palmtop PCs 
such as the Poqet and the HP 95LX have begun 
using memory cards for data storage. Figure 2 
shows their application in portable PCs. 

The memory card form factor has not changed 
much over time, but the tjrpe of edge connector 
and the electrical/mechanical interface have. The 
edge connector of a memory card is the conduit 
that allows data to move to and from the card's 
memory ICs. It defines the card's capabilities. To 
date, we have seen cards with a variety of con
nectors including 38-, 40-, 50-, and 60-pin. 

Memory Card Varieties 

Memory cards contain mostly semiconductor 
memory ICs that belong to one of the follow
ing families: mask ROM, EPROM, OTP, SRAM, 
DRAM, EEPROM, and flash. DRAM memory 
cards are relative newcomers and are meant to 
be used as "extended/expanded" memory with 
no need for battery backup. SRAM cards with 

Source: Intel Corporation 
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battery backup have been used as solid-state 
"floppies" in the current generation of elec
tronic organizers. Until recently, SRAM cards 
(with battery backup) were the only nonvola
tile memory cards. Flash memory cards today 
provide a promising alternative. Items such as 
language translating software and dictionaries 
typically come in mask ROM cards, as they 
are the most dense and least expensive. Func
tionally, they are huge look-up data tables that 
need no change. Table 1 lists the various 
memory card alternatives. 

Memory Card Applications 
Memory card applications include the following: 

• Personal computers 

• Factory automation 

• Instrumentation and testing 

• Avionics 

• POS terminals 

• Musical equipment 

• Medical instrumentation 

On Standards 
What inhibited memory card growth in the 
past was the lack of standards. In June 1989, 
the Personal Computer Memory Card Industry 
Association (PCMCIA) was formed in the 
United States, with a broad-based membership 
that included semiconductor companies along 
with software and hardware vendors. The 
PCMCIA's originally stated goal was to estab
lish a standard for memory cards used with 
DOS-based PCs. It succeeded rather quickly as 
standards go. The first revision of a memory 
card standard was published in August 1990. 

Table 1 
Memory Card Alternatives 

Type 
ROM 
EPROM/OTP 
DRAM 
SRAM 
EEPROM 
Flash 

Density 

128KB—16MB 
128KB—8MB 
64KB—12MB 
32KB—4MB 
8JCB—512KB 
128KB-^MB 

Source: Dataquest (January 1992) 

Revision 1.0 of the PCMCIA/Japan Electronic 
Industry Development Association (JEIDA) 
standard defined the following: 

• The form factor—a device the size of a 
credit card, 3.3nnm thick with a 68-pin 
socket connector 

• The interface—^parallel type bvis, 8-bit/16-bit 

• The address space—64Mb 

The PCMCIA worked closely with the JEIDA 
and JEDEC. This close cooperation enabled the 
prompt international acceptance of the stan
dard. Revision 2.0, as armotmced in September, 
addresses XIP (eXecute-In-PIace) and I /O func
tions such as modems and LANs for PCMCIA 
bus cards. Intel Corporation also announced 
the Exchangeable Card Architecture (ExCA), a 
hardware and software implementation of the 
PCMCIA Revision 2.0 system interface. It is 
Intel's stated intention to make ExCA an 
industry standard so that different t5rpes of 
cards (memory, LAN, modem., and wireless 
communications) from different mantifecturers 
will be interoperable. 

Do Memory Cards Replace Hard Disks? 
Strictly speaking, memory cards are not hard 
disk replacements. Rotating media have not 
been terribly successful with removable hard 
disks. A number of companies have tried that 
approach, but technology and costs kept it out 
of the mainstream. Thvis, after a decade of 
using PCs, we are conditioned to think of 
hard disks as storage devices that belong 
inside the PC enclosure. This idea is a 
technology-dependent perception, and there is 
no reason why it should be so. On the other 
hand, memory cards, being a solid-state stor
age medivtm, are removable and portable. At 
a density of 20Mb, is a memory card acting 
like a "removable hard disk"? We believe 
that it is. 

Memory cards have the following advantages 
over floppy/hard disks: 

• Faster access and transfer rates 

• Space, power, and weight reduction 

• More ruggedness 

Januaiy 20,1992 ©1992 Dataquest Incocporated SFWW-SVO-DP-9201 
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However, they do have the following 
disadvantages: 

• Expensiveness 

• Lower capacity 

The Cost Issue—How Important Is It? 

In 1991, the average seUing price (ASP) of a 
2.5-inch 40MB hard disk drive was $250.00, 
which translates to $6.25 per megabyte. The 
3.5-inch floppy cost is close to $1.00 per 
megabj^e. By comparison, a 1MB flash card 
costs approximately $300.00 or $300.00 per 
megabjrte—a substantial disparity! Semi
conductor memory certainly costs more. 

The question is, "Can you put a floppy disk 
drive in a palmtop PC to take advantage of 
that cost disparity?" The answer is, "No." 
There is not enough power (or space). The 
issue, then, is not cost. Here the removable 
storage mediimi dictates the product's 
capabilities and its success or failure in the 
marketplace. Without a memory card, a 

palmtop is nothing more than an electronic 
organizer. It is the memory card that trans
forms a palmtop into a full-fledged personal 
computer. 

The Memory Card Market 
As with any emerging technology, market size 
projections are difficult at best. The following 
assumptions may be used to gauge a portion of 
the total available market 

• The majority of hand-held PCs wiU use mem
ory cards (80 to 95 percent). 

• A portion of pen-based PCs wiU use memory 
cards (50 to 80 percent). 

• Notebook PCs are forecast to grow from 
686,000 units in 1991 to 7 million by 1995. 
A portion wiU use memory cards (10 to 
20 percent). 

Figure 3 provides some useful boundary condi
tions. Dataquest expects worldwide shipments of 

Figure 3 

Pen-Based and Hand-Held PC Forecast 
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Source: Dataquest (January 1992) 
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pen-based PCs to grow at a compound annual 
growth rate (CAGR) of 174 percent, from 96,000 
luiits in 1991 to nearly 5.5 million units in 1995. 
At the same time, hand-held PC shipments wiU 
grow at a 108 percent CAGR from 503,000 units 
in 1991 to approximately 9.4 miUion in 1995. 
Together they amount to approximately 600,000 
vmits in 1991, growing to almost 15 miUion by 
1995. Some simple assumptions on memory card 
ASPs indicate that this could easily become a 
biUion-doUar-plus market by 1995. 

Flash memory cards hold the 
promise for becoming the least 
expensive form of solid-state 
storage. 

Memory cards used in non-PC applications 
(which may accoimt for as high as 90 percent of 
total memory card shipments in 1991 and 40 to 
60 percent by 1995) are not included in this dis
cussion. Electronic stiU photography alone may 
provide an explosive market for memory cards. 

Whal Are the Key Developments Needed for 
Memory Cards to Succeed? 

Three developments are necessary for the suc
cess of mem.ory cards. These developments 
and the applications where they are needed 
are as follows: 

• Cost reduction—all applications 

• Development of data-compression ICs— 
electronic "filmless" still photography 
and PCs 

• XD?—palmtop PCs 

Cost Reduction 
Flash memory cards hold the promise for 
becoming the least expensive form of solid-
state storage. From a cell standpoint, flash 
rivals that of DRAM. Unlike DRAM or SRAM, 
it is nonvolatile, which means there is no 
need for battery backup. The need for bulk 
erasing of current-generation flash ICs creates 
a problem that reqvures clever solutions. With 
SRAM or DRAM cards, a single byte can be 
erased; EPROM-derived flash most often can 

be erased at the chip level (i.e., the whole 
chip). Recently, some vendors have aimounced 
products that allow erasure of partioilar mem
ory segments. A prime example is the Intel 
28F001BX 1Mb flash memory, which is seg
mented into areas of one 8KB, two 4KB, and 
one 112KB—all of •which can be independentiy 
erased and programmed. EEPROM-derived 
flash is fer more flexible at a cost premium 
(larger die). Flash EEPROM cells are larger 
than flash EPROM. Mask ROM memory cards 
wiU be the least expensive for the foreseeable 
future. 

Data Compression ICs 
Data compression ICs represent a key develop
ment for the electronic photography market 
and, to a lesser extent, for palmtop and pen-
based PCs. Data compression ICs wiU be the 
subenabling technology devices. Without them, 
the future of electronic photography is in 
doubt Thirty-six exposures (pictures) can be 
stored in a 2MB flash memory card in com
pressed form. If no compression were used, 
40MB would be needed! 

XIP 
Simply stated, XD? allows a memory card to 
"plug-and-play." That is, once the card is 
plugged into the PC, program execution begins 
much in the way a program runs after one 
types in the program name and hits carriage 
return. That procedure is in contrast with 
current-generation PC architectures that need 
to copy the program code from secondary 
storage (hard disk or floppy) to main memory 
(DRAM) before execution. A palmtop PC with 
XIP capability needs just a single copy of a 
program, usually stored in the memory card, 
thus freeing up main memory. 

ne Players—Solid-state Disks 

A number of companies are working on solid-
state disk (SSD) replacement—a challenging 
task, to say the least. SunDisk Incorporated, 
located in Santa Clara, Cahfomia, chose to 
focus primarily on hard disk replacement 
(solid-state disk) with a proprietary flash 
memory technology and architecture. The 
venture-capital-funded start-up latmched three 
SSD products recentiy, aU aimed at pen-based 
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and palmtop PCs. The 2.5/5/lOMB SSD plug-
and-play subsystems come with an IDE 
industry-standard interface. The company is 
producing a 20MB solid-state disk subsystem 
on two PCMCIA form fector cards and expects 
to offer 40MB capacity shortly. 

Toshiba annoimced a 4MB 5V EEPROM IC 
(TC58400) that is aimed at the SSD market. 
This device is by far the most dense EEPROM 
introduced to date. Architecturally, it is 
organized in a way that should focilitate SSD 
implementations. Toshiba uses a NAND ceU 
structure that is 70 percent of its 4Mb DRAM 
ceU; it is manufactured using a 0.7-micron 
double-poly CMOS process. The die size is 
58.55mm\ 

The bulk of the memory card 
growth will not come at the 
expense of rotating media. 
Growth will come from the 
creation of new markets. 

Hitachi announced a 5.25-inch form factor SSD 
based on 4Mb DRAM technology. This product 
is targeted at CAD/CAM, imaging, and graph
ics systems that demand a higher I /O fhrougji-
put than what hard disk drives provide. ITtie 
Hitachi SSD has access time of 0.35ns, in
corporates an SCSI interface, and comes in 
32MB or 64MB PC boards. The SSDs may be 
expanded to a capacity of 320MB. The data 
can be protected from power feUures by using 
an optional battery-powered backup hard disk 
drive. 

Tlie Players—Memory Cards 

Table 2 lists some of the companies active in 
the memory card market and their products. 
Other companies include Datakey and 111-
Cannon. 

Alternate Technologies—FRAfA, novRAM 

At least two different technologies may be 
used in future SSD and memory card 
implementations, assxaming that they become 
cost competitive. Both of those technologies are 
nonvolatile (that is, need no battery to retain 
data) and are easily reprogrammable. FRAM 

Table 2 
Memory Card Offerings 

Company 
Toshiba 

Intel 

Mitsubishi 

Fujitsu 

Oki 

Rohm 

Epson 

Maxell 

Fujisoku 

Panasonic 

Du Pont 

Density 
128KB to 1MB 
256KB to 2MB 
256KB to 8MB 
128KB to 4MB 

1MB to 4MB 

256KB to 2MB 
64KB to 512KB 
128KB to 192KB 
512KB to 16MB 

256KB to 4MB 
64KB to 512KB 
16KB to 128KB 
256JCB to 1MB 
256KB to 2MB 
512KB to 16MB 

256KB to 2MB 
64KB to 2MB 
512KB to 4MB 
1MB to 8MB 

128KB to 4MB 
32KB to 1MB 
512KB to 3MB 
512KB to 6MB 

128KB to 2MB 
32KB to 1MB 
8KB to 64KB 
128KB to 1MB 
128KB to 4MB 

6^CB to 512KB 
64KB to 256KB 
256KB to 1MB 
128KB to 1MB 
1Mb to 8MB 

64KB to 1MB 
256KB to 1MB 
256KB to 2MB 
1MB to 4MB 

to 4MB 
512KB to 4MB 
to 512KB 
to 4MB 
to 8MB 

256KB to 2MB 

Type 
Flash 
SRAM 
OTP 
Mask ROM* 

Flash 

Flash 
SRAM 
EEPROM 
Mask ROM 

Flash 
SRAM 
EEPROM 
EPROM 
OTP 
Mask ROM 

Flash 
SRAM 
OTP 
Mask ROM 

Flash 
SRAM 
OTP 
Mask ROM 

Flash* 
SRAM* 
EEPROM* 
OTP* 
Mask ROM* 

SEIAM* 
EEPROM* 
EPROM* 
OTP* 
Mask ROM* 

SRAM 
EPROM 
OTP 
Mask ROM 

Flash 
SRAM 
EEPROM 
OTP 
Mask ROM 

SRAM 

*xl6 organization 
Source: Dataquest January 1992) 
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(Ferroelectric RAM) devices are now becoming 
available from Ramtron International Corpora
tion of Colorado Springs, Colorado. At this 
point, the 4Kb and 16Kb production offerings 
may find only limited use in memory cards 
and SSDs. However, Ramtron is working on 
64Kb and 256Kb devices and hopes to offer 
4Mb densities by 1995. From a technology 
standpoint, ferroelectric devices have the 
potential of reaching densities similar to those 
of DRAM. 

The other alternative—^novRAM—^was, until 
recently, available in low densities (256 bits to 
8Kb). However, Simtek Corporation, also of 
Colorado Springs, has demonstrated that it is 
possible to substantially increase novRAM den
sities. The company offers 64Kb devices now 
and plans to introduce 256Kb and 1Mb 
products in the future. A novRAM is essen
tially a combination of SRAM and EEPROM. 
Every SRAM bit has a corresponding EEPROM 
bit that is used to store the information when 
power is removed. Because the SRAM section 
of the device is used dvaing normal operation, 
high-speed (30ns) read/write is available. 
However, the resulting die is larger than either 
an SRAM or an EEPROM device of the same 
density. 

Some Thoughts on the Future of Memory 
Cards and PCs 
In the past, the computer was the expensive 
component and the storage medium (floppy 
disk) the inexpensive one. We've become 
accustomed to that oddity and do not seem to 
question it. However, the computer is just a 
machine that manipulates information. It is the 
information that is important and valviable, not 
the machine that manipulates it. So perhaps it is 
fitting that the information carrier, a memory 
card, may cost more than the computer it is 
attached to. In the future, we will be using 

platforms (palmtop PCs) that cost much less 
than the storage media (memory cards) they 
use. Imagine a $50 PC attached to a $100 mem
ory card. At least losing the PC will not be a 
problem anymore! 

Dataquest Perspective 
Dataquest believes that memory cards represent 
an important enabling technology. They have the 
potential to transform still photography and to 
make the 35mm film and cameras that use it 
obsolete. In the process, they wUl change that 
industry and provide tremendous opportunities 
for growth in the consumer electronics market. 

Ultimately, we believe, memory 
cards may revolutionize portable 
PCs by enabling them to become 
smaller, more rugged, lighter, 
faster, and perhaps user-friendly 
in a way that appeals to the vast 
majority of people who at present 
have no use for them. 

Memory cards will not eliminate rotating mag
netic media any time soon. Instead, they will 
selectively replace them only when and where it 
makes sense. The bulk of the memory card 
growth will not come at the expense of rotating 
media. Growth will come from the creation of 
new markets. This should be good news for the 
semiconductor memory industry. 

Ultimately, we believe, memory cards may 
revolutionize portable PCs by enabling them to 
become smaller, more rugged, lighter, faster, and 
perhaps user-friendly in a way that appeals to 
the vast majority of people who at present have 
no use for tiiem. In doing so, memory cards 
may be the enabling teclmology that will make 
the PC of the future a true consumer item. 

By Nicolas Samaras 
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In Future Issues 

The following topics will be addressed in future 
issues of Semiconductor Procurement Dataqtiest 
Perspective: 

m February Procurement Pulse 

m Long-range DRAM/SRAM pricing 

• Semiconductor Supplier of the Year Award 
and 1992 procurement issues 

• Semiconductor cost model update 
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Chapter 1 
Executive Summary ^ ^ ^ ^ . ^ ^ — ^ ^ 

Introduction 
The market requirements of the semiconductor user, whether in 
procurement or component engineering, continue to be a moving 
target because of the shifting nature of the overall electronics industry. 
This study focuses on the what, where, when, and how of semi
conductor users' main concerns, now and for the upcoming year. 

How well an electronics company translates an end-user need into a 
finished product that meets that need often depends on how well the 
raw materials that comprise the finished product are soiuced and then 
procured. The variety of electronic market segments—each of which 
has specific supplier requirements—at best makes the semiconductor 
supplier's task of meeting customer needs a challenge. But, as an 
industry, the electronics market also has some consensus semiconduc
tor needs being met to varying degrees, depending on the specific 
industry segment. This report does the following: 

• Highlights the overall electronics market's semiconductor user 
requirements 

• Breaks the industry into eight specific segments to better 
understand where certain user requirements differ from the norm 

• Segments the electronics market by semiconductor product category 
to note differences of need, by selected product tj^je 

Study Objectives 
This document reports the findings of Dataquesf s seventh aimual 
Semiconductor User and Application Needs survey. This survey 
assesses the current status and fut\u% needs of the semiconductor user 
commimity and is presented in an impartial, third-party format that 
allows botii users and suppliers of semiconductors to gain better 
insight into respective competitor and custonter needs in the 
upcoming months. 

The survey was designed to gather detailed information on the current 
status of semiconductor users and of their needs for 1993. The specific 
objectives were as follows: 

• Piighlight both the top user issues needing focus, along with areas 
now being met but that if neglected would cause supplier review/ 
removal 
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1-2 Semiconductor Procurement 

• Provide a 1992 benchmark of key indexes for eight key electronic 
industry segments 

• Provide a succinct list of supplier selection criteria, down to the 
semiconductor product level 

Methodology 

The overall goal of the project was to gain an understanding of semi
conductor procurement logistics, service and product requirements, 
and issues for OEMs headquartered in North America. To this end, in 
October we surveyed 95 separate companies out of the sample popula
tion of the Electronic Business Magazine top 200 electronic companies 
(also known as the EB 200). 

We were successful at accoimting for $3.7 billion in semiconductor 
purchasing power, which represents 6 percent of the worldwide and 
18 percent of North American semiconductor markets. A survey of 
about 50 questions was used in telephone and face-to-face contacts 
with predominantly senior procurement management officials with 
corporate overview. 

Key Findings of This Study 

Top User Issues and Supplier "Cardinal Sins" 
According to the study, the three main issues that will receive top 
attention in the upcoming months are price, availability, and lead 
time. Areas now being done well (primarily high quality and on-
time delivery) need to be maintained by suppliers in order to keep 
existing customers. Table 1-1 shows how top issues have changed 
(remain unchanged?) over the past six years. Tangible issues such 
as price, quality, and lead time generally take top priority, but it is 
often the intangibles, if neglected, that can rapidly turn into visible 
tangible costs (good supplier relations and supplier flexibility, 
among others). Quality levels now meet market requirements, and 
the next hurdle to face is lowering a tangible (and very visible) 
cost variable as much as practically possible. The current systems 
market is forcing semiconductor users to require the highest level 
of quality yet simultaneously cut and control costs. It is up to pru
dent management to decide what the total cost level must be for a 
system (integrating quality, price, and delivery, among others) and 
work toward that goal, rather than solely focus on isolated issues 
of price, lead time, and the like. 

Semiconductor User Future Needs, by Industry 
As a result of this survey, the respondents noted that the U.S. 
electronics industry designs and assembles the majority of its own 
circuit boards and predominantly assembles them in the United 
States, with the Far East as the runner-up for assembly location. It 
was found that the "latest" trend to use contract manufacturers or 
"outsotu-ce" is not new at all to the respondents of this survey. The 
vast majority of the respondents have a formal quality program in 
place and for the most part see the results at worst as being 
beneficial; many see the programs as critical to their ongoing 
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Executive Summary 1-3 

Table 1-1 
Historical Procurement Issues 

Issue 
Pricing 

Availability/Allocation 
Lead l imes 

Quality/Reliability 
On-lime Delivery 
Cost Control 
Flexibility/Service 
JIT/Inventory Control 
Developing Supplier 

Relations 

New/Obsolete Products 

1993 
1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

1992 
1 
4 

2 
3 
6 

7 

10 
5 

1991 

2 

5 
6 
3 

4 

7 

1990 
2 
4 

6 
1 
3 

5 

7 

1989 
2 
1 

4 
3 
7 

6 

8 

1988 
2 
1 

6 
3 
4 

9 

8 

Source: Dataquest (December 1992) 

business. The sn\all difference in average parts per million of 
rejected incoming semiconductors by product family and the overeill 
low level of rejects attest to the effectiveness of these programs (see 
Figure 1-1). It appears that strategic supplier programs have gotten 
much attention and many companies have progreuns under way. It 
was foimd that the definition of "on-time delivery" had almost as 
many ranges as the number of respondents, with the most common 
delivery schedule being +0,-5 days to delivery date (see Figiue 1-2). 
Although the 15.2 percent average electronics 1993 growth forecast 
given by our respondents is a bit aggressive, based on our research 
(Dataquesf s 1993 U.S. electronics market forecast is 4.4 percent), it 
does reflect the positive outlook for next year of the economy 
pulling itself out of the current slowdown. 

Semiconductor Supplier Selection Criteria 
On average, quality and delivery performance remain the most 
stringently employed supplier selection criteria. Microcomponents 
(MPUs, among others) was the only product category where pricing 
was a serious contender as a selection criteria. This perception is 
probably because of the relative higher prices of these parts and 
the limiting sourcing options in some cases. 

Quality performance across-the-board was dearly a prerequisite to 
doing business. All four surveyed product areas had average mini
mum acceptable quality levels of about 60 parts per million (ppm). 
The higher-volume businesses such as PCs required even more 
restrictive quality performance. 

The high ranking of delivery performance, especially in ASICs, 
seemed to underscore the importance of ticning in tc)da)^s global 
market. With product life cycles running under two years in some 
volume segments, even a week slippage can hurt an OEM's market 
positioning. 
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1-4 Semiconductor Procurement 

Approved supplier lists axe slated to shrink next year for almost all 
industries and for eill semiconductor products. OEMs on average 
maintained eight microcomponent, six standard logic and analog, 
five ASIC, and five meniory suppliers during 1992. High-volume 
users tended to keep the number smellier, whereas military/ 
aerospace users had nearly double the amount in some cases. 

Structure of the Report 

The renwinder of this report is divided into five sections, deriving 
detail on procurement data, logistics, and issues by electronic industry 
(data processing, for example) and by semiconductor product category 
(memory ICs, for example). The report relies heavily on graphical 
analysis, facilitating quick assessment by the reader. The other 
chapters of the report include the following: 

• Respondent Demographics—^This chapter assesses the type of 
companies and decision makers surveyed for this report. 

• 1993 Semiconductor User Issues and Supplier Cardinal Sins—^This 
chapter addresses questions about what is most important to semi
conductor users in various industries. The supplier "cardinal sins" 
or disqualification Actors are brought to the surface and anal3rzed 
as well. 

• Semiconductor User Status and Future Needs, by Industry—^Key 
logistical and procurement information is spotlighted in diis 
chapter. Information about regional board assembly, contract 
manufacturing, on-time delivery definitions (±days), and the usage 
of quality and supplier partnering programs is highlighted as well. 

• Semiconductor User Needs, by Product Category—Organized by 
semiconductor product category, this chapter of the report assesses 
the supplier selection criteria used by O^^s. Criteria such as 
pricing consistency, delivery and quality performance, market flexi
bility, and product portfolio and plans are ranked by respondents. 
OEM definitions of quality on a ppm basis are uncovered, along 
with plans for reducing qualified supplier lists. 

• Reconunendations—^This chapter provides twin assessments about 
how OEMs and chip companies can work with each other 
profitably in the competitive 1990s. 

Project analysts: Mark Giudici and Gregory Sheppard 

Research support: Mario Morales and Rick Shigemoto 
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Executive Summary 1-5 

Figure 1-1 
Electronics Industry Average Quality Level, 
by Semiconductor Product Family (ppm) 

Quality Level (ppm) 

70-d 

Memory Microcomponents ASICs 

Semiconductor Product Family 

standard Logic/Linear 

Source: Dataquest (December 1992) G20012BZ 
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1-6 Semiconductor Procurement 

Figure 1-2 
Electronics Industry On-Time Delivery Definitions (Delta to Delivery Date) 

i 

+0, -10 Days (3%) 

+0, -0 Days (4%) 

+0,-1 Days (5%) 

+0, -2 Days (8%) 

Source: Dataquest (December 1992) 0200T2B3 
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Chapter 2 
Respondent Demographics ^ ^ ^ ^ ^ . ^ 

Introduction 

The survey population was Electronic Business Magazine's top 200 
North American electronic companies. Of these 200, 168 were con
tacted for this survey. The remainder were deemed ineligible because 
they were not system/subsystem OEMs. One goal of this siuvey was 
to capture resp>onses from decision makers responsible for at least 
10 percent of the North American market for semiconductors. The sur
veyed purchase value more than exceeded that, accounting for almost 
18 percent of the North American market and 6 percent of the world
wide market. Another goal was to capture a valid sample of the mar
ket with representation from the various industries proportional to 
their mix of the market. Likewise, a substantial number of small 
companies were surveyed as well to give balance to their viewpoints. 

Respondents' Role 
Figure 2-1 presents the t ) ^ of people we surveyed, by organizational 
title. About a third were of managerial status and another 40 percent 
were senior buyers. 

Purchasing Power 

The overall semiconductor purchasing value of the respondents Wcis 
$3.7 billion in 1992. This was spread among about 95 companies and 
101 separate interviews. The intent was to approximate the actual dis
tribution of the market. Figure 2-2 presents the weighted average 
distribution of semiconductor purchasing value covered in the survey. 
Data processing comprises more than 60 p>ercent of the value, about 
15 percent higher than what Dataquest estimates as the actual 
percentage it represents of the whole market. 

Figure 2-3 indicates the purchasing power distribution captured in the 
survey. As happens in the marketplace, the predominant number of 
OEMs surveyed (including some divisions of large OEMs) purchase 
less than $10 million of semiconductors per year. The larger OEMs, 
however, account for a significant percentage of the overall market. 

Summary 
We believe that the survey demographics were representative of the 
market mix. Nearly 60 percent of the eligible EB 200 companies were 
surveyed by phone, and they accoimted for 6 percent of the world
wide semiconductor market. Furthermore, surveys were conducted 
with primarily high-level decision makers knowledgeable of procure
ment practices and plans. 
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Figure 2-1 
Respondents' Title 

y \ others 
/ \ (9%) 

/ Buyer \ 
/ (22%) \ 

\ Manager 
N. (29%) 

Senior Buyer I 
(40%) 1 

Source: Dataquest (December 1992) GSOOIZM 

Figure 2-2 
Respondents' Semiconductor Purchasing Power, by Industry 

Consumer/Auto (5%) 

Instrumentation (3%) 

Other Communication (7%) 

Premise Communication (1%) 

1992 Total = $3.7 Billion 

Source: Dataquest (December 1992) GJCW1ZW 
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Figure 2-3 
Respondents' Purchasing Power Segmentation 

Greater than $100 Million (7%) • 

$10-$99 Million (11%) 

Total Respondents = 101 

Source: Dataquest (December 1992) G2001SB6 
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Chapter 3 

1993 Semiconductor User Issues and 
Supplier Cardinal Sins ^ . - . i ^ — . 

Tlus chapter focuses on the key issues that need attention in 1993 
{suppUer opportunity) and, on a more negative note, on behavior by a 
semiconductor suppher that warrants review and its potential drop
ping (supplier cardinal sins). The overall sample clearly noted that 
price, availability, and lead time are the three key issues for 1993 (see 
Figures 3-1 and 3-2). Concern over semiconductor capacity levels and 
overall costs remain in the forefront. 

The current business environment in general is grov«ng at a moderate 
rate, with some companies in the data processing segment being con
strained by lack of capacity. Behind all this growth, a top concern of 
most dedronics compaiues remains overall cost control, often gauged 
in the most tangible of ways—price and inventory levels. Although 
these areas can be easily measured and benchmarked, the other varia
bles of adherence to dehvery schedules, world class quality, and mar
ket flexibility came out in this survey as other key areas that require 
attention in the upcoming months. The following paragraphs summa
rize each industry's key issues. Figures detail each grouping. 

Key Issues 

Data Processing 
Availability and price appear to be the data processing market's 
key concen\s, while poor quality ranks No. 1 as a reason to review 
or drop a supplier for this segment (see Figures 3-3 through 3-6). 

Telecommunications 
Figures 3-7 through 3-10 highlight that price and lead time are the 
telecommunications industry's key 1993 concerns. Continual missed 
delivery schedules, followed by fWDor quality, will warrant supplier 
review or removal in this industry. 

Industrial Equipment 
In the industrial equipment market, the instrumentation segment 
has distinct differences regarding key issues of price and availabil
ity. The rest of the industrial segment's focuses is on-time delivery 
and quality as key issues in the upcoming year (see Figures 3-U 
through 3-14). There is concurrence in the industrial equipment 
industry that poor quahty and missed delivery schedules warrant 
supplier review or removal. 
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Consumer/Automotive 
Figures 3-15 and 3-16 show that the connbined consumer and 
automotive industry category notes lead time and price as key 1993 
issues, and that poor quality will cause immediate supplier review. 

Military/Aerospace 
The military/aerospace industry will focus on availability and a 
combination of quality and price in 1993. Missed delivery schedules 
and quality that is not up to specifications are reasons to drop a 
supplier (see Figures 3-17 and 3-18). 

Summary 

The three main issues that surfaced in this study were that price, 
availability, and lead time will receive top attention in the upcoming 
months. Areas now done well (primarily high quality and on-time 
delivery) need to be maintained by suppliers in order to keep existing 
customers. On the surface, the paradox of quality remking as the over
all reason for dropping a supplier and of price being the No. 1 cost-
cutting issue for next year appears at odds with the concept of total 
cost management. Quality levels now meet market requirements and 
the next hurdle to face is lowering a tangible (and very visible) cost 
variable as much as practically possible. The current systems market is 
forcing semiconductor users to require the highest level of quality, yet 
simultaneously cut and control costs. To some extent this can be 
achieved, but generally only for a limited time. It is up to prudent 
management to decide what the total cost level must be for a system 
(integrating quality, price, and delivery, among others) and work 
toward that goal, rather than solely focus on isolated issues of price, 
lead time, and the like. 
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Figure 3-1 
Electronics Industry 1993 Top Procurement Issues 
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Source: Dataquest (December 1992) GzDoize? 

Concerns over semiconductor availability, lead time, allocation, and the 
like are again being raised as suppliers stretch existing capacity to meet 
demand growth. 

Quality and on-time delivery are significant issues, but are considered 
prerequisites for suppliers today. 
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Figure 3-2 
Electronics Industry Ranking of Supplier Cardinal Sins 
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The top two actions/conditions that warrant supplier review or removal tie in 
directly with the total cost concept that relies on top quality and on-time 
delivery. 

i 
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Figure 3-3 
PC Industry 1993 Top Procurement Issues 

Cost Control 

Quality/Reliability 

Flexibility/Service 

Level of Importance 

10 

Source: Dataquest (December 1992) G2oaiEsa 

Three issues tie for the top spot in this segment, and all are interrelated. As 
capacity levels of suppliers fill, availability often takes precedence over price. 

SPWW-SVC-UW-9202 ©1992 Dataquest Incoqxxatsd Decemtnr 21.1992 



3^ Semiconductor Procurement 

Figure 3-4 
PC Industry Ranking of Supplier Cardinal Sins 

Problem 
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Level of Importance 
10 

Source: Dataquest (December 1992) G20ai2»0 

Suppliers that want to avoid review by their personal computer customers 
should provide top quality, competitively priced parts, and on-time delivery. 

i 
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Figure 3-5 
Other Data Processing Industry 1993 Top Procurement Issues 

Issue 
Availability 

Pricing 

Lead Time 

JIT/lnventory Control 

Quality/Reliability 

Allocation 

Developing Supplier Relationship 

Memory 

Cost Control 

ASIC Design Tools 

Flexibility/Sen/ice 

Level of Importance 

Source: Dataquest (December 1992) GZ0012S1 

For the rest of the data processing companies, availability, pricing, and lead 
time tie as the key issues needing attention in 1993. 
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Figure 3-6 
Other Data Processing Industry Ranking of Supplier Cardinal Sins 
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Source: Dataquest (December 1992) G200129IZ 

77K tzoo main taboos for semiconductor suppliers—poor quality and missed 
delivery vnndows—rank as the top problems that would warrant supplier 
review. 
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Figure 3-7 
Premise Communications Industry 1993 Top Procurement Issues 

Issue 

Pricing 

Lead Time 

Availability 

JIT/lnventory Control 

Packaging Standards 

Level of Importance 

1 
10 

Source: Dataquest (December 1992) G2001293 

For the premise communications segment, pricing is the most important issue 
for next year, followed by concern over lead time and availability. 
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Figure 3-8 
Premise Communications Industry Ranking of Supplier Cardinal Sins 
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Source: Dataquest (December 1992) G20Q12M 

The big tvx> problem areas—poor qucdity and missed delivery schedule— 
tie for the top of what suppliers should not do for this segment of customers. 
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Figure 3-9 
Other Communications Industry 1993 Top Procurement Issues 

Level of Importance 

Source: Dataquest (December 1992) (32001 £85 

For this segment of the communications industry, lead time and pricing both 
take top honors as the key concerns for 1993. 
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Figure 3-10 
Other Communications Industry Ranking of Supplier Cardinal Sins 
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K 
Missed delivery schedules is the top area warranting supplier review as 
inventory levels now remain at target levels (see Chapter 4). 

i 
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Figure 3-11 
Instrumentation Industry 1993 Top Procurement Issues 

Issue 

Pricing 

Availability 

Lead Time 

Quality/Reliability 

On-Time Delivery 

Cost Control 

Develop Supplier Relationship 

JIT/lnventory Control 

New Products/Obsolescence 

Allocation 

Flexiblity/Service 

Packaging Standards 

ASIC Design Tools 

Level of Importance 

Source: Dataquest (December 1992) 62001297 

This segment sees pricing, availability, and lead time as the top three issues 
needing focus next year. 
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Figure 3-12 
Instrumentation Industry Ranking of Supplier Cardinal Sins 
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Source: Dataquest (December 1992) 02001298 

Missed delivery windows, followed by poor quality, far and away are the top 
two areas that warrant supplier review or removal for this segment of the 
market. 
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Figure 3-13 
Other Industrial Companies' 1993 Top Procurement Issues 
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Source: Dataquest (December 1992) G2001299 

For the rest of the industrial respondents, on-time delivery is seen as the 
top issue for 1993. 

The top five issues for this group cover the key variables of total cost and 
all are considered important issues in the upcoming year. 
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Figure 3-14 
Other Industrial Companies' Ranking of Supplier Cardinal Sins 
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Source: Dataquest (December 1992) 62001300 

The big two user issues—poor quality, followed closely by poor delivery 
performance—are the main areas that companies in this market segment 
cannot condone. 
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Figure 3-15 
Consumer/Automotive Industry 1993 Top Procurement Issues 

Level of Importance 

Source: Dataquest (December 1992) G2{X11301 

Lead time and pricing are the tioo main issues arising for this segment in 
1993. 
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Figure 3-16 
Consumer/Automotive Industry Ranking of Supplier Cardinal Sins 
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Because of the high reliability requirements of the automotive industry, poor 
quality is deemed the top issue warranting supplier review or disqualification. 
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Figure 3-17 
Military/Aerospace Industry 1993 Top Procurement Issues 

Level of Importance 

Source: Dataquest (December 1992) G2Q01303 

The top three concerns for this segment—availability, quality, and price— 
all will take center stage in 1993 as more cost-effective ways to procure 
semiconductors continue to be explored. 
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Figure 3-18 
Military/Aerospace Industry Ranking of Supplier Cardinal Sins 
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Source: Dataquest (December 1992) G2D01304 

Missed deliveries and poor quality are anathema for this group, because 
government contracts often mandate parameters. Suppliers to this market 
generally are loell aware of these requirements. 

i 
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Chapter 4 
Semiconductor User Status and Future 
Needs, by Industry ^^^^^^^^^^ 

This chapter focuses on what the overall electronics industry and each 
electronic industry subcategory is now doing and what is needed to 
remain competitive. Areas covered sire the type of semiconductor 
family used by the industry grouping, the percentage of the industry 
that manufactures its own semiconductors, the extent each industry 
designs and assembles its own circuit boards, and where those circuit 
boards are assem.bled. Next reviewed are the status and plans for the 
number of semiconductor suppliers, and the level of contract manufac
turing and semiconductor disbibutors used. Then we provide a spot 
check on semiconductor inventory levels by industry and imalysis on 
the status of industry quedity and strategic supplier programs, 
followed by a 1993 survey forecast for each industry. An analysis of 
average semiconductor quality levels Oby ppm) by major product 
family and on-time-delivery definitions for the overall electronics 
industry is also presented. After each industry group summary, 
reference is made to figures that support the analysis. 

Overall Electronics Industry 

For the overall electronics industry sfunple, 93.1 percent designed their 
own circuit boards, but a third (33 percent) of this aggregate did not 
assemble them because of contract manufactiuing use. Of the overall 
grouping, 84.4 percent physically assembled their products in the 
United States, but as noted later in this report, some industries were 
more homebound than others. The overall trend to reduce the supply 
base has been achieved, with minor reshuffling of the remaining key 
supply base of the respondents. As a whole, 61 percent of the respon
dents used contract manufacturing and were outsourcing an average 
of 9.6 years. An overall electronics industry definition for on-time 
delivery ranged from the highest response of +0,-5 days to schedule to 
the third highest response of +5,-0 days, highlighting the need yet not 
showing a consensus for one standard definition at this time. 
Although 14.9 percent of the respondents noted no formal quality pro
gram in place at their company, close to two-thirds (58.4 percent) did 
have a sb-ategic supplier program in place, confirming a trend to 
lower overall costs via preventative measures. On average, a standard 
quality-level benchmark remged from a low of 55.9 ppni (microproces
sors/ASSPs), to a high of 69.2 ppm (memory products) for this sam
ple. Based on the aggregate survey results, the overall electronics 
industry was expected to grow by 15.2 percent in 1993 (see Figures 4-1 
through 4-14). 
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Personal Computer Industry ^ 

Three-quarters (75 percent) of the PC industry sample designed its 
own circuit boeirds and more than 80 f>ercent (83.3 percent) continued 
to assemble them in-house. Although 71.4 f)ercent of the sample 
assembled its boards in the United States, more than a quarter 
(25.7 percent) utilized offshore assembly in the Far East. The supply 
base for the PC industry appeared relatively stable, compared with 
other electronics industry subsets. Nearly two-thirds (62.5 percent) of 
the PC group used contract manufacturing, on average for 4.8 years. 
Although all respondents had a strategic supplier program in place, 
only 75 percent had a formal quality program utilized. Of those with a 
quality program, 16.7 percent found it only "nice to have." Per this 
sample, the PC market for 1993 was expected to grow by 10 percent 
(see Figures 4-15 through 4-25). 

Other Data Processing Industries 

A full 100 percent of this response segment both designed and assem
bled its own circuit boards, and 85.4 percent were assembled in the 
United States. Aside from memory suppliers, the other supply bases 
were expected to shrink in 1993 relative to this year for this subset. 
Although slightly more than half (53.8 percent) of the sample used 
contract manufacturing, the average use was for nearly 10 (9.9) years, 
highlighting that this "new" trend has been tried and tested for some 
time. Although 23.1 percent of the respondents' companies did not 
have a formal quality program in place, 60 percent of those companies 
that did found it "critical" in their cost-cutting goals. Nearly half 
(46.2 percent) of this group did not have a strategic supplier program 
in place. The 1993 outlook per this market samiple was expected to 
grow by 15 percent (see Figiues 4-26 through 4-36). 

Premise Communications Industry 

Although 100 percent of the respondents designed their own circuit 
boards, a solid 40 percent outsourced their assembly. More than 
three-fourths (78 percent) of the boeirds were physically assembled in 
the United States, with the large majority of ^ e rest (21 percent) 
assembled in the Far East. The overall semiconductor supply base for 
this segment was expected to remain static next year. This subset is 
another strong user of contract manufacturing: 60 percent used 
outside contractors and had been for an average of 10.7 years. For the 
60 percent of the sample that has a formal quality program in place all 
foiuid the program "critical" to their ongoing operations. Although all 
respondents had a strategic supplier program in place, 20 percent 
noted that it was only "nice to have," highlighting an area that may 
need attention to maximize the return on this investment in time and 
money (see Figures 4-37 through 4-44). 

Otiier Communications Industries 

This segment of the industry wholly (100 percent) designed and 
assembled its own circmt boards; 97.5 percent of this sample 
ph)^ically assembled them in the United States. Aside from the ASIC 
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supply base, all other semiconductor supplier levels were expected to 
shriiik in 1993, per this group's response. Half (50 percent) of the 
sample used contract manufacturers, yet the average usage was only 
3.0 years, the lowest average noted in this survey. Three-fourths 
(75 percent) of the respondents have a quality program in place, and 
all (100 percent) noted that it is "critical" to their operation. Likewise, 
75 percent of the group had a strategic supplier program, and all 
(100 percent) of these participants found the program "critical" in 
soinring components. The survey response industry outlook for 1993 
was for an average 15.0 percent growth (see Figures 4-45 through 
4-55). 

Instrumentation Industry 

About four-fifths (83.3 percent) of the respondents of this segment of 
the industrial equipment industry designed their own circuit boards, 
yet a third (33 percent) outsourced their assembly. This grouping is 
another strong user of domestic assemblers; 94 percent physically 
assembled their boards in the Uruted States. Aside from the general-
purpose microprocessor/ASSP supply base, all other supplier levels 
were expected to be marginally trimmed in 1993. Comparing closely 
with the overall electronics industry, 61.1 percent of this sample used 
contract manufactiu«rs and had done so on average for 7.2 years. 
Nearly 90 percent (88.9 percent) of the respondents had a formal qual
ity program in place, of whom 62.5 percent found the program 
"critical" to operations. Nearly 40 percent (38.9 percent) did not have 
a strategic supplier program formulated. This area of the industrial 
market was expected, per this sample, to grow an aggressive 
25 percent in 1993 (see Figures 4-56 through 4-66). 

AH Other Industrial Companies 

For all of the other industrial companies in our sample, 96.3 percent 
designed their own circuit boards and outsourced an average 
36 percent of them for assembly by contract manufactivers. More than 
three-fourths (79.8 percent) of the boards are physically assembled in 
the United States, with 13.2 percent assembled in the Far East. Like 
the pubhc/radio comnumications segment, this grouping was expected 
to marginally reduce its semiconductor supply base in the next year, 
except for the ASIC area. Contract manufacturers were used by 
74.1 p>ercent of the respondents and had been used an average 
9.7 years, again highlighting the long usage of this extension of 
manufacturing. More than 90 percent (92.6 percent) of this sample had 
a formal quality program in place, with more than half (56 percent) 
noting it was "critical" to their business' success. Although 51.9 per
cent of this group had a strategic supplier program working, those 
participating generally were positive with the results thus far. On 
average, the siuvey respondents expected 1993 growth for this 
segment to be 11.5 percent (see Figures 4-67 through 4-77). 

Consumer/Automotive Industries 

All (100 percent) of this market segment designed its own circuit 
boards and 42.9 percent outsourced its assembly. Nearly two-thirds 
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(64.3 percent) physically assembled their boards in the Uruted States, 
with the remainder assembled either in Japan or other areas in the Far 
East. The supply base level for this subset was expected to change, 
with memory and ASIC suppliers expected to rise, and the 
microprocessor/ASSP and logic supply base expected to shrink. 
Although more than half (57.1 percent) of the sample did not use a 
contract manufacturer, those that had on average used one (or more) 
for 7.3 years. More than 85 percent (85.7 percent) of the respondents 
had a formal quality progrsun in place, and 83.3 percent saw it as a 
"critical" aspect of their business. A similar 85.7 percent of the sample 
had a strategic supplier program, of which a minority (16.7 percent) 
saw it as only "luce to have." Per these respondents' outlook, this 
segment of the industry was expected to grow 7.5 percent in 1993 
(see Figures 4-78 through 4-88). 

Military/Aerospace Industries 

A strong majority of 94.4 percent of the respondents in this market 
designed their own circuit boards, and a like majority of 62.5 percent 
outsourced their assembly. Again the majority (93.4 percent) assembled 
their boards in the United States, with the balance spread evenly 
between Japan and the rest of Asia. As a result of restructuring in the 
defense industry, the overall supply base for this segment was 
expected to decline in 1993. This segment was by far the longest users 
of contract manufacturing; 55.6 percent of the respondents used out
side contractors and had done so for an average of 16 years. Although 
quality specifications are often written into military contracts, the 
strong showing of 88.9 percent of the respondents having a formal 
quality program in place was not surprising. What was interesting 
was that only 37.5 percent of the respondents saw the progrsun as 
"critical" to ongoing business. Although only 33.3 percent of the 
respondents had a strategic supplier program in place, 83.3 percent 
saw the program being either "beneficial" or "criticcd" to their 
companies (see Figures 4-89 through 4-99). 

Summary 

Based on our survey restilts, the U.S. electronics industry designs and 
assembles the majority of its own circuit boards and predominantly 
assembles them in the United States, with the Far East as the 
runner-up for assembly location. Although the majority of supplier 
reductions have occurred over the past few years, some fine-timing 
remains where users continue to improve the balcmce of what they 
need/require versus what their supply base can deliver. The "latest" 
trend to use contract manufacturers or "outsource" is not new at all to 
the respondents of this survey. There is a positive correlation, 
however, to the amount of contract manufacturing used relative to the 
amount of time a comp2my has used outside contractors. This bodes 
well for the contract manufacturing industry and for user companies 
weighing the pros and cons of whether to use outside contractors. 

The vast majority of the respondents have a formal quality program in 
place and for the most part see the results at worst beneficial; many 
see the programs as critical to their ongoing business. It appears that, 
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although strategic supplier programs have gotten much lip service and 
many companies have programs under way, more of the response was 
that the program is nice to have rather than critical or beneficial to 
business. This is an area where suppliers have an opportunity to 
differentiate themselves or solidify an ongoing program by addressing 
user requirements noted in Chapters 3 and 5. The 15.2 percent average 
electronics 1993 grovrth forecast given by our respondents is a bit 
aggressive, based on our research (Dataquesf s 1993 U.S. electronics 
market forecast is 4.4 percent), but it does reflect positive outlook for 
next year as the economy pulls itself out of the current slowdown. 

> 
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Figure 4-1 
Electronics Industry Survey IC Purchases 

i 

Source: Dataquest (December 1992) G200130S 

i 
Nearly two-thirds (632 percent) of the overall electronics industries IC 
purchases go to memory or microcomponent products. 

i 
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Figure 4-2 
Electronics Industry Captive Semiconductor Production 

Source: Oataquest (December 1992) G20013I)G 

A minority of overall respondents (12.8 percent) have internal semiconductor 
production capability. 
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Pigure 4-3 
Electronics Industry Circuit Board Design and Assembly 

No (6.9%) 

In-House PCB Design? In-House PCB Assembly? 

Source: Dataquest (December 1992) 02001307 

Although the majority of the electronics industry designs its own circuit 
boards, a full one-third of the respondents subcontract their board assembly. 
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• Figure 4-4 
Electronics Industry Physical Circuit Board Assembly Region 

Rest of World (9.8%; 

Japan (3.5%) 

Europe (2.3%) 

i 
Source: Dataquest (December 1992) G2O013O8 

More than 80 percent of all circuit boards assembled are in the physical 
United States, with nearly 10 percent in Asia outside of Japan. 

> 
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Figure 4-5 
Electronics Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) e^l»^^Co 

Although more than half the respondents have a strategic supplier program 
in place, less than half see it as critical to their business; 10.1 percent see 
such programs as merely "nice to have." 

i 

i 
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Figure 4-6 
Electronics Industry Semiconductor Supplier Selection Criteria 
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Source: Dataquest (December 1992) G»01310 

The top criteria used by the aggregate sample in selecting prospective 
semiconductor suppliers are quality and meeting delivery schedules. 
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Figure 4-7 
Electronics Industry Supply Base Trend 

Microcomponents 

STD Logic/Linear 

Number of Suppliers 

Source; Dataquest (December 1992) Q2001311 

The overall trend is to reduce the number of suppliers, but for the most part 
the survey respondents are fine-tuning existing low supply base levels. 

i 

i 
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> Figure 4-8 
Electronics Industry Contract Manufacturer Use 

/ Contract 
/ Manufacturer 
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• 
Source: Dataquest (December 1992) G£0013!2 

More than 60 percent of respondents use contract manufacturers and have 
used them an average of more than nine years. 

The growing contract manufacturing market has long been a resource used 
by these large companies. 

) 
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Figure 4-9 
Electronics Industry Semiconductor Distributor Use 

Source: Oataquest (December 1992) GZ0O1313 

Slightly more than half of the sample uses semiconductor distribution. 

Distribution is not being used just by small to midsize semiconductor 
users. 

i 

i 
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Figure 4-10 
Electronics Industry On-Time Delivery Definitions 

Delivery Commitment (± Days) 

Number of Respondents 

Source: Dataquest (December 1992) GZ0O1314 

Nearly half (45 percent) of the respondents favor between +0,-5 days; 
+3,-0 days; or +5,-0 days as a standard on-time delivery window. 

Taken together, this 10-day (+5,-0 and -0,+5) window has room for 
improvement. 
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Figure 4-11 
Electronics Industry Semiconductor Inventory Status i 

Inventory Level (Days) 
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Source: Dataquest (December 1992) GK»131S 

i 
Actual semiconductor inventory levels of 30 days for the overall electronics 
industry highlights that cost control is being focused on in this very tangible 
area. 

i 
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Figure 4-12 
Electronics Industry Quality Improvement Program Status 

Nice to Have (4.6%) 

Quality Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) Geooiaie 

hAore than 85 percent of the respondents have a formed quality program in 
place; 953 percent of those that have one find the program either critical or 
beneficial to their business. 

SPWW-SVC-UW-9202 ®1992 Dataquest Incorporated Decemtor 21.1992 
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Figure 4-13 
Electronics Industry Average Quality Level, by Major Semiconductor Product 
Family (ppm) 
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Memory 
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Source: Dataquest (December 1992) Q200131T 

Quality improvement programs are reflected in the high overall average 
quality standard, ranging from 55 to 69 ppm. 

Improvements in quality programs should continue to result in lovxr ppm 
levels. 
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Figure 4-14 
Electronics Industry Surveyed Growth Outlook 
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Source: Oataquest (December 1992) 02001318 

77K percentage of respondents expecting business to improve rose from less 
than half to more than half. 

Those expecting business to decline went from 213 percent in 1992 to 
10.6 percent in 1993. 

This level of optimism, though a bit aggressive, underlies the overall trend 
for a positive growth year in 1993. 
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Figure 4-15 
PC Industry Survey IC Purchases 
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Source: Dataquest (December 1992) 32001319 

Because of the high memory content of PC systems, it is not surprising to 
see more than 36 percent of all semiconductor purchases going to memory. 

Combined with microprocessing purchases, more than 60 percent 
(613 percent) of semiconductor buys for this PC industry sample go to 
microprocessor and memory products. 
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Figure 4-16 
PC Industry Circuit Board Design and Assembly 
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Source: Dataquest (December 1992) 02001320 

As the PC market continues to become commoditized, it is interesting to note 
the percentages of respondents that do not design or assemble their own 
circuit boards. 

SPWW-SVC-UW-fl202 ©1992 Dataquest Incorporatsd December 21,1992 



4-22 Semiconductor Procurement 

Figure 4-17 
PC Industry Physical Circuit Board Assembly Region i 

Europe (2.9%) — \ 

/ Rest of World 
(25.7%) 

United States m 
(71.4%) m 

Source: Dataquest (December 1992) Q2001S1 

i 
Although a great majority of U.S. company PC assembly is stUl done 
onshore, more than 25 percent of it is done in Asia outside of Japan. 
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> Figure 4-18 
PC Industry Semiconductor Supplier Selection Criteria 
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The PC industry requires absolute quality adherence when selecting memory 
and ASIC suppliers. 
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Figure 4-19 
PC Industry Supply Base Trend 

Source: Dataquest (December 1992) 
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The PC semiconductor supply base is being well managed, as evidenced by 
the small amount of proposed change and the current low level of suppliers. 

i 

i 
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Figure 4-20 
PC Industry Semiconductor Inventory Status 
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Source: Dataquest (December 1992) G2001324 

Because of the ultracompetitive PC market, targeted actual semiconductor 
inventory levels are half that of the overall electronics industry. 
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Figure 4-21 
PC Industry Contract Manufacturer Use i 
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i 
Although 62.5 percent of the respondents use contract manufacturing, it has 
not been until recently that they have been strategically used. This reflects 
the relatively short 4.8-year average time contract manufacturers have been 
used. 
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Figure 4-22 
PC Industry Semiconductor Distributor Use 

Yes (0.5%) 

Semiconductor Distribution Used? 

Source: Dataquest (December 1992) 02001326 

Less than 1 percent of this sample of PC companies use semiconductor 
distributors. 

Because of the large volumes and required low prices, most large PC 
manufacturers work directly with OEM semiconductor suppliers. 
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Figure 4-23 
PC Industry Strategic Supplier Status 

Supplier Program in Place? 

Source: Dataquest (December 1992) 

Usefulness of Program? 

GS00132T 

i 

i 
Tied in with the low use of semiconductor distributors, 100 percent of the 
respondents have strategic supplier programs in place. 

Nearly 90 percent of the respondents find the supplier programs either 
beneficial or critical for their business. 
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) Figure 4-24 
PC Industry Quality Improvement Program Status 
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Source: Dataquest (December 1992) Q200132S 

With 75 percent of the PC industry respondents utilizing quality improve
ment programs, more than 80 percent find them beneficial or critical to their 
business. 
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Figure 4-25 
PC Industry Surveyed Growth Outlook i 
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K 
Despite the PC price wars, two-thirds of the respondents expect to see 
growth in 1992 averaging 8.5 percent. 

An optimistic sample, all expect to see business expand in 1993 an 
average 10 percent. 

i 
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Figure 4-26 
Other Data Processing Industry Survey IC Purchases 

Source: Dataquest (December 1992) G2DD133D 

Nearly 65 percent of all the data processing (except PC) respondents' 
semicojtductor dollar goes to memory and microcomponent devices. 
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Figure 4-27 
Other Data Processing Industry Circuit Board Design and Assembly i 

In-House PCB Design? In-House PCB Assembly? 

Source: Dataquest (December 1992) 6Z001331 

i 
The rmture of this market segment requires proprietary designs, which is a 
main reason all the respondents both design and assemble all of their circuit 
boards. 

i 
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> Figure 4-28 
Other Data Processing Industry Physical Circuit Board Assembly Region 

Rest of World (0 .8%) 

• 
Source: Dataquest (December 1992) Gaooi33z 

• The United States remains the region where most assembly is done, 
followed by Europe, Japan, and the rest of Asia a distant fourth. 

m Proprietary designs and local market content heavily influence assembly 
region decisions for this market. 

\ 
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Figure 4-29 
Other Data Processing Industry Semiconductor Supplier Selection Criteria 
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i 

i 
Across the supplier categories, quality performance is the key criterion for 

selecting a semiconductor supplier. 

The breadth and plans of a supplier universally xoas seen as not as 

important. 

i 
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Figure 4-30 
OUier Data Processing Industry Supply Base Trend 

Microcomponents 

Standard Logic/Linear 

Number of Suppliers 

Source: Oataquest (December 1992) GZD01334 

Aside from the microcomponent supply base, most supplier levels are 
expected to remain the same. 

Because of extreme competition in the ASSP market, respondents are 
consolidating their supplier list, focusing on long-term viable companies. 
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Figure 4-31 
Other Data Processing Industry Semiconductor Inventory Status i 
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i 
This segment of the industry closely tracks the overall electronics market 
in average target and actual semiconductor inventory levels. 

Despite the higher use of contract manufacturing and distribution, higher 
levels of inventory are kept relative to the PC market because of the 
diverse needs of the other segments of data processing. 

i 
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> 
Figure 4-32 
Other Data Processing Industry Contract Manufacturer Use 

Average Years Used = 9.9 Years 

^ 

Source: Dataquest (December 1992) G2001336 

More than half the respondents use contract manufacturers, with the length 
of time a contract manufacturer was used averaging nearly 10 years. 

> 
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Figure 4-33 
Other Data Processing Industry Semiconductor Distributor Use 

i 

Source: Dataquest (December 1992) G2DD1337 

i 
Slightly more than half the data processing respondents use semiconductor 
distributors. 

Distribution often is used to lower overhead costs of loiv-usage 
components or high-service-level items such as subassembly kits. 

i 
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> Figure 4-34 
Other Data Processing Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

t 
Source: Dataquest (December 1992) 6200133S 

For the 54 percent of respondents using a strategic supplier program, more 
than 70 percent found the program critical to their operation. 

> 
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Figure 4-35 
Other Data Processing Industry Quality Improvement Program Status i 
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Source: Dataquest (December 1992) G200t339 

i 
More than three-fourths (76.9 percent) of the sample has a formal quality 
improvement program in place, and 60 percent of the users find the program 
critical to their business. 

i 
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Figure 4-36 
Other Data Processing Industry Surveyed Growth Outlook 

Average 
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Average 
1993 Growthi Forecast = 15.0% 

Source: Dataquest (December 1992) GZDOiMO 

Although none of the respondents expects to see a decline in system sales, 
the results are evenly mixed on a fiat to growing ttmrket for 1992. 

Seventy-five percent of the respondents expect growth to be an average 
15 percent in 1993. 
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Figure 4-37 
Premise Communications Industry Survey IC Purchases 
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Source: Dataquest (December 1992) G2001341 

i 
The respondents in this market segment spend 75 percent of their 
semiconductor procurement dollar on microcomponent devices. 

i 
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I Figure 4-38 
Premise Communications Industry Circuit Board Design and Assembly 
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Source: Dataquest (December 1992) Q2001342 

Although all respondents design their own circuit hoards, 40 percent 
outsource their assembly. 
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Figure 4-39 
Premise Communications Industry Physical Circuit Board Assembly Region 
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Source: Dataquest (December 1 GZ001343 

Assembly is predominantly done in the United States, follmoed by the Asian 
region outside Japan. 
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Figure 4-40 
Premise Communications Industry Semiconductor Supplier Selection Criteria 
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Because of the larger level of microcomponents consumed, this segment has 
higher criteria set for these suppliers, when compared to the rest of the 
industry. 

SPWW-SVC-UW-9202 ©1992 Dataquest Incotporated December 21,1992 



4 ^ Semiconductor Procurement 

Figure 4-41 
Premise Communications Industry Supply Base Trend 
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Source: Dataquest (December 1992) G20ai345 

Aside from a slight adjustment in memory supply, all other suppliers are 
expected to remain the same. 
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Figure 4-42 
Premise Communications Industry Strategic Supplier Status 

Supplier Program In Place? Usefulness of Program? 

Source: Dataquest (December 1992) QSOP134E 

All respondents have strategic supplier programs in place. Althougfi 
80 percent of the sample found the program beneficial to critical for their 
business, 20 percent saw the program as merely "nice to have." 

SPWW-SVC-UW-9202 ©1992 Dataquest Incorporated December 21,1992 



4-48 Semiconductor Procurement 

Figure 4-43 
Premise Communications Industry Contract Manufacturer Use 

i 

Average Years Used = 10.7 Years 

Source: Dataquest (December 1992) Q200134T 

i 
Contract manufacturers are used by 60 percent of this sample, with the 
length of time a contractor was used averaging more than 10 years. 

i 
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Figure 4-44 
Premise Communications Industry Quality Improvement Program Status 
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Source: Dataquest (December 1992) 02001348 

The 60 percent of the respondents with a formal quality program in place all 
find the exercise critical for doing business. 
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Figure 4-45 
Other Communications Industry Survey IC Purchases i 

Source: Dataquest (December 1992) G2O01M9 

i 
Sixty-six percent of the semiconductor purchase of this market segment 
goes to memory and microcomponent products. 

ASIC devices are expected to erode the usage of standard logic for this 
market because of space and voltage requirements. 

i 
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Figure 4-46 
Other Communications Industry Circuit Board Design and Assembly 

In-House PCB Design? In-House PCB Assembly? 

Source: Dataquest (December 1992) G2D0135Q 

Because of the emerging/proprietan/ nature of this market, all circuit design 
and assembly is done in-house. 

SPWW-SVC-UW-fl202 ©1992 Dataquest Incorporatsd December 21.1992 



4-52 Semiconductor Procurement 

Figure 4-47 
Other Communications Industry Physical Circuit Board Assembly Region i 

Japan (2.5%) 

Source: Dataquest (December 1992) G2001351 

i 
The vast majority (97.5 percent) of all assembly for this sample is done in the 
United States because of supply logistics and the current size of the market. 

i 
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Figure 4-48 
Other Communications Industry Semiconductor Supplier Selection Criteria 
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Source: Dataquest (December 1992) 02001352 

Although microcomponent suppliers are selected primarily on price con
sistency, ASIC suppliers are primarily judged on adherence to delivery 
schedules and quality specifications for this segment. 
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Figure 4-49 
Other Communications Industry Supply Base Trend 
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Source: Dataquest (December 1992) G20D1353 

Aside from a small increment in the ASIC supply hose, all other supplier 
levels are expected to decline next year. 

i 
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Figure 4-50 
Other Communications Industry Semiconductor Inventory Status 

Inventory Level (Days) 

35-

3 0 -

2 5 -

2 0 -

1 5 -

1 0 -

5 -

0 

Actual Inventory 1992 Target Inventory 1992 

Target/Actual Inventory 

Source: Dataquest (December 1992) G2S113S4 

This segment of the industry is at its target semiconductor inventory level of 
30 days. With the industry average at 10 days, this may be a challenge for 
these companies. 
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Figure 4-51 
Other Communications Industry Contract Manufacturer Use 
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i 

Although half of the respondents use contract manufacturing, the average 
period is only three years. 

As this market grows and becomes more commoditized, the level of 
contract manufacture is expected to grow. 

i 
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f Figure 4-52 
Other Communications Industry Semiconductor Distributor Use 

Source: Oataquest (December 1992) GZ001356 

Because of the relative low volume of semiconductors in this segment's 
purchases, distribution plays a large role in supplying the service and devices 
this segment now needs. 
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Figure 4-53 
Other Communications Industry Strategic Supplier Status i 
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i 
Despite their small size, many companies in this industry have strategic 
supplier programs in place. 

For those that do have them, all see the relationships as critical to business 
success. 

i 
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f Figure 4-54 
Other Communications Industry Quality Improvement Program Status 

Quality Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) Q200135B 

Although three-fourths of the sample did not have a strategic supplier pro
gram, a like 75 percent have a formal quality improvement program 
running. 

Of those in quality improvement programs, all deemed them critical. 
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Figure 4-55 
Other Communications Industry Surveyed Growth Outlook 
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Source: Dataquest (December 1992) GJIW1359 

i 
For both years 1992 and 1993, it was unanimous that the industry would 
grow: an aggressive 22.5 percent in 1992 and an optimistic 15.0 percent in 
1993. 

i 
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Figure 4-56 
Instrumentation Industry Survey IC Purchases 

Source; Dataquest (December 1992) 02001360 

• More than two-thirds of the semiconductor buy goes to memory and 
microcomponents, with an emphasis on embedded control ASSPs. 

m Standard logic and linear still outweigh the ASIC solution because space 
is often not a critical issue with instruments. 
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Figure 4-57 
Instrumentation Industry Circuit Board Design and Assembly 
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i 
A strong 83.3 percent of circuit boards are designed by the respondents, and 
a third are assembled by contract manufacturers. 

i 
December 21,1992 ©1992 Dataquest Inccxpofated SPWW-SVC-UW-9202 



Semiconductor User Status and Future Needs, by Industry 4-63 

Figure 4-58 
Instrumentation Industry Physical Circuit Board Assembly Region 
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Source: Dataquest (December 1992) 62001362 

The United States remains the region where most of this segment's physical 
assembly is performed, followed distantly by the Asia assembly base. 
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Figure 4-59 
Instrumentation Industry Semiconductor Supplier Selection Criteria 
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Quality and delivery performance are the hey criteria that the 

instrumentation sample uses in selecting its semiconductor suppliers. 
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Figure 4-60 
Instrumentation Industry Supply Base Trend 
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For the most part, the supply base for this segment is static, with a few 
minor changes expected to be made as users balance their new requirements 
with their existing suppliers. 
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Figure 4-61 
Instrumentation Industry Semiconductor Inventory Status i 
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I 
The respondents in this segment have an excess semiconductor inventory sit
uation that needs addressing. There is opportunity for suppliers to work more 
closely with this market segment in order to lower the user costs and increase 
business levels. 
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I Figure 4-62 
Instrumentation Industry Contract Manufacturer Use 
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Contract manufacturing is being used by more than 60 percent of the sample 
and for an average of 72 years. 
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Figure 4-63 
Instrumentation Industry Semiconductor Distributor Use 
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i 
Two-thirds of the respondents use distribution because of the relative low 
volumes and specific needs of this market. 

i 
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Figure 4-64 
Instrumentation Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

> 

Source: Dataquest (December 1992) G2D0136a 

Although 61.1 percent of the respondents have a strategic supplier program 
in place, more than 90 percent of those in the program find it beneficial or 
critical to business operation. 

t 
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Figure 4-65 
Instrumentation Industry Quality Improvement Program Status 
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i 
A strong 89 percent of the sample uses a quality improvement program and 
more than 62 percent find the program critical to operation. 

i 
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f Figure 4-66 
Instrumentation Industry Surveyed Growth Outlook 
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Although a majority see this segment declining in growth in 1992, a like 
57.1 percent see the market turning around in 1993 at an average 25 percent 
growth. 
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Figure 4-67 
Other Industrial Survey IC Purchases 
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i 
Two-thirds of the semiconductor purchase again goes to memory and 
microcomponent services. 

Much of the 38 percent of microcomponent usage goes to embedded control 
microcontrollers and ASSP devices. 

i 
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Figure 4-68 
Other Industrial Circuit Board Design and Assembly 
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A large ynajority (963 percent) of respondents design their ovm circuit 
boards, while 36 percent utilize contract manufacturers to assemble them. 
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Figure 4-69 
Other Industrial Physical Circuit Board Assembly Region 
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Source: Dataquest (December 1992) GI001373 

i 
Although nearly 80 percent of this segment's circuit boards are assembled in 
the United States, 132 percent are assembled in Asia outside of Japan. 

i 
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Figure 4-70 
Other Industrial Semiconductor Supplier Selection Criteria 
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Because cj the relatively higher usage of memory and microcomponents, these 
two supplier groupings have generally higher selection criteria than the rest 
of the industry. 
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Figure 4-71 
Other Industrial Supply Base Trend 
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For the most part, the supply base for this segment is slowly declining, yet 
the high level of MPU/ASSP suppliers may have room for further reduction. 
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Figure 4-72 
Other Industrial Semiconductor Inventory Status 
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The target/actual inventory levels for this grouping are very much under 
control, reflecting good use of contract manufacturing. 
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Figure 4-73 
Other Industrial Average Contract Manufacturer Usage i 
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K 
This segment of our survey was the largest user of contract manufacturing 
and on average has used this option for nearly 10 years. 

i 
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\ Figure 4-74 
Other Industrial Semiconductor Distributor Use 
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Although this sample is a large user of contract manufacturing, only 
31 percent claim to use distribution. It is possible that much of the contract 
manufacturing is turnkey business. 

^ 
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Figure 4-75 
Other Industrial Strategic Supplier Status 
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Supplier Program In Place? Usefulness of Program? 

Source: Dataquest (December 1992) 02001373 

A hare majority (51.9 percent) of this sample utilize a strategic supplier 
program. 

For those with plans in place, 93 percent find the exercise either beneficial 
or critical to operations. 
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Figure 4-76 
Other Industrial Quality Improvement Program Status 
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Another strong 93 percent of the respondents have a formal quality 
program in place. 

Fifty-six percent of the quality program participants found the exercise 
critical for business success. 
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Figure 4-77 
Other Industrial Surveyed Growth Outlook i 
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i 
Although nearly 60 percent of the sample expects 1992 business to grow 
an average 8.0 percent, 143 percent believe that business vnll decline. 

The group expecting declines in 1992 either has raised its outlook for 1993 
to no change or to an average business improvement of 11.5 percent. 

i 
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Figure 4-78 
Consumer/Automotive Industry Survey IC Purchases 

Source: Dataquest (December 1992) 02001382 

hAore than one-third (33.8 percent) of this segment's respondents' semicon
ductor procurement dollar goes to standard logic/linear services because of the 
high level of linear/analog devices used in both these industries. 
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Figure 4-79 
Consumer/Automotive Industry Circuit Board Design and Assembly i 

In-House PCB Design? In-House PCB Assembly? 

Source: Dataquest (December 1992) G2oai3e3 

i 
Although all respondents in the sample design their own circuit boards, 
43 percent utilize outsourced assembly, most likely in the consumer market. 

i 
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Figure 4-80 
Consumer/Automotive Industry Physical Circuit Board Assembly Region 
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Nearly turn-thirds (643 percent) of this segment assembles its circuit boards 
in the United States, followed by the Rest of World region with 21.4 percent. 

SPWW-SVC-UW-fl202 ©1992 Dataquest Incwpoiated December 21,1992 



4 ^ Semiconductor ProcutBment 

Figure 4-81 
Consumer/Automotive Industry Semiconductor Supplier Selection Criteria 
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i 
Memory and microcomponents are mainly selected based on quality and 
delivery, while ASIC suppliers are gauged first on price for this consumer/ 
automotive sample. 

i 
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Figure 4-82 
Consumer/Automotive Industry Supply Base Trend 
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The supply base of this segment is churning, with planned reduction in 
supplies of microcomponents and standard/linear, while there are expected 
increases in the memory and ASIC supply base. 

An average supplier level of three apparently is the goal for this segment. 
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Figure 4-83 
Consumer/Automotive Industry Semiconductor Inventory Status 
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i 
This is one segment that has actual semiconductor levels below target. 

Well under industry averages, this level of inventory control highlights 
how rapidly changing markets can benefit from good inventory manage
ment. 

i 
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\ Figure 4-84 
Consumer/Automotive Industry Contract Manufacturer Use 
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This is the only segment that had more than half (57.1 percent) of the 
sample not using contract manufacturing. 

For the balance that did use contractors, the average length of time is 
73 years. 
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Figure 4-85 
Consumer/Automotive Industry Semiconductor Distributor Use 

Source: Dataquest (December 1992) 
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i 
A comparable percentage (41.3 percent) of this sample reported using semi
conductor distribution. 

i 
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Figure 4-86 
Consumer/Automotive Industry Strategic Supplier Status 
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Supplier Program In Place? Usefulness of Program? 

Source: Dataquest (December 1992) 62001390 

A strong 86 percent of the respondents have strategic supplier programs in 
place and half of those using plans note that they are critical to ongoing 
operation. 
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Figure 4-87 
Consumer/Automotive Industry Quality Improvement Program Status 
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A like 85.7 percent of this segment's respondents have in place formal quality 
improvement programs, which are critical to the business of 833 percent of 
the participants. 
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Figure 4-88 
Consumer/Automotive Industry Surveyed Growth Outlook 
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Because of economic uncertainty, 25 percent of the respondents expect 
business to decline in 1992, while half expect to see a modest uptick of 
6.5 percent. 

Three-fourths of the respondents expect business to improve an average 
7.5 percent in 1993. 
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Figure 4-89 
Military/Aerospace Industry Survey IC Purchases 
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K 
The largest portion of this segment's semiconductor buy goes to the 
microcomponent segment, xoith more than 40 percent being spent there. 

i 
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Figure 4-90 
Military/Aerospace Industry Circuit Board Design and Assembly 
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Source: Dataquest (December 1992) G2D01394 

Nearly 95 percent of the respondents design their own circuit boards, yet 
nearly hvo-thirds subcontract out their assembly because of the high overhead 
and low volume associated xoith this market. 
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Figure 4-91 
Military/Aerospace Industry Physical Circuit Board Assembly Region i 
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i 
The lion's share (93.4 percent) of physical assembly is done in the United 
States, yet a small portion is being done in Japan and Asia. 

i 
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Figure 4-92 
Military/Aerospace Industry Semiconductor Supplier Selection Criteria 
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Very much like the overall industry, this segment of the market keys on 
quality and then delivery when selecting a semiconductor supplier, be it an 
OEM, distributor, or contract manufacturer. 
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Figure 4-93 
Military/Aerospace Industry Supply Base Trend 
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Aside from incremental reduction in the memory and standard logic/linear 
supplier levels, the microcomponent and ASIC supply base is expected to be 
reduced for this segment next year. 

i 

i 
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Figure 4-94 
Military/Aerospace Industry Semiconductor Inventory Status 
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Although relatively high, compared with commercial industry standards, 
the target to actual inventory levels for this subset are xvell under control. 

Government contracts often require 60 days or more of inventory to 
always be on hand. 
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Figure 4-95 
Military/Aerospace Industry Contract Manufacturer Use 
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Source: Dataquest (December 1992) G20013ft9 

i 
Although the average percentage of contract manufacturing use is within 
the overall industry average, the average length of time subcontractors 
have been used is 16 years. 

Because of the nature of this industry, much work is completed by 
subcontracting out assembly and manufacturing. 

i 
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Figure 4-96 
Military/Aerospace Industry Semiconductor Distributor Use 
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Afore than two-thirds (66.9 percent) of this market segment uses semiconduc
tor distribution because of the relatively low volume and special needs of this 
industry. 
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Figure 4-97 
Military/Aerospace Industry Strategic Supplier Status i 

Supplier Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) Q20D1401 

i 
Because of the low unit volumes involved, it is not surprising to see a low 
level of strategic supplier programs in place. 

Compared with distribution usage, a strong correlation exists where 
distribution customers do not need strategic supplier programs—their 
distributor provides the services of such a program. 

i 
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Figure 4-98 
Military/Aerospace Industry Quality Improvement Program Status 
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Source: Dataquest (December 1992) G2001402 

Because of the nature of military contracts, it is surprising to see that more 
than 11 percent of the respondents do not have a quality program in place. 
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Figure 4-99 
Military/Aerospace Industry Surveyed Growth Outlook 
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t 
77K responses were equally split regarding the economic outlook for 1992, 
with those that expect growth seeing an increase of 11 percent. 

Because of the smaller response to the 1993 outlook, a more bleak forecast 
appears. Yet for those expecting business to improve, the average increase 
is expected to be 10 percent. 

i 
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Chapter 5 
Semiconductor User Needs, by Product 
Category _ ^ . . - ^ . i ^ . . . . i ^ — ^ 

This chapter focuses on ptuchasing information as seen from an IC 
category perspective. The information and analysis should be useful 
for those individuals interested in product granularity. We chose the 
following four areas to detail: 

• Memory ICs 

• Microcomj)onent ICs 

• ASIC 

• Standard logic emd analog 

These categories were chosen to keep the survey manageable and to 
cluster products that exhibit similar buying behavior. 

This chapter is organized into the four product categories mentioned. 
We will examine, from the OEM's perspective, semiconductor suppber 
selection criteria, quabty definitiot\s, and the number of qualified semi
conductor suppliers within each product category. Regarding supplier 
selection criteria, we asked purchasers to note the importance of the 
following five factors: 

• Pricing consistency—^Maintaining predictable (plannable) pricing 
practices, regardless of fluctuating market conditions. 

• Delivery performance—^The ability to deliver the correct product 
order when specified. 

• Quality performance—^The ability to deUver product that meets or 
exceeds required incoming quabty levels. 

• Market flexibility—A suppUer's abibty to be flexible with debvery 
schedules and quantities to match fluctuating OEM demand. 

• Product portfolio and migration path—^The breadth, depth, and 
plans for products needed by the customer. 

On the quabty question, we asked OEMs to define minimum accepta
ble incoming quabty on a defective ppm basis. We also asked OEMs 
to identify the niunber of qualified suppbers in each product £U%a for 
1992 and the planned nxunber for 1993. 
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Memory ICs 

Figures 5-1 through 5-8 detail the survey results from buyers of 
memory ICs on supplier selection criteria, quality definitions, and 
number of suppliers. Memory ICs include such products as DRAMs, 
SRAMs, VRAMs, ROM, EFROM, EEPROM, flash, and various combi
nations and specicdty products such as dual ports. 

Microcomponent ICs 

Figurra 5-9 through 5-16 detail the survey results from buyers of 
microcomponent ICs on supplier selection criteria, quality deftnitions, 
and number of suppliers. Microcomponents include such products as 
microprocessors, microcontrollers, coprocessors, DSP microprocessors, 
processor support functions (DMA controllers, among others), dedi
cated controllers (networking, graphics, and storage), and various 
functional chip sets. 

ASICs 

Figures 5-17 through 5-24 detail the survey results from buyers of 
ASICs on supplier selection criteria, quality definitions, and mmiber of 
suppliers. ASICs include such products as PLDs, FPGAs, gate arrajrs, 
cell-based ICs, custom ICs, and variations combining these. 

Standard Logic and Analog ICs 

Figures 5-25 through 5-32 detail the survey results from buyers of 
standard logic and analog ICs on supplier selection criteria, quality 
definitions, and number of suppliers. Included in this category are 
family and interface logic products as well as standard analog func
tions such as amplifiers, regulators and references, data conversion, 
and consumer circuits. 

Summary 

On average, quality and delivery performance remain the most strin-
gentiy employed supplier selection criteria. Microcomponents (MFUs, 
aniong others) was the only category of product where pricing was a 
serious contender as a selection criteria. This perception is probably 
because of the relative higher prices of these parts and the limiting 
sourcing options in some cases. 

Quality performance across the board was clearly a prerequisite to 
doing business. All four surveyed product areas had average mini
mum acceptable quality levels of about 60 ppm. The higher volume 
businesses such as PCs required even more restrictive quality perfor
mance. 

The high ranking of delivery performance, especially in ASICs, 
seemed to underscore the importance of timing in today's global 
market. With product life cydes running under two years in many 
some volume segments, even a week slippage can hurt an OEM's 
market positioning. 
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Approved supplier lists are slated to shrink next yeair for almost all 
industries, for all semiconductor products. OEMs on average main
tained eight microcomponent, six standard logic and analog suppliers, 
five ASIC, and five memory suppliers duLring 1992. High-volxune users 
tended to keep the number smaller, whereas military/aerospace users 
had nearly double the amount in some cases. 

> 

> 
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Figure 5-1 
Memory IC Supplier Selection Criteria: Overall 
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Quality and delivery performance are the top criteria ivhen it comes to 
selecting a memory supplier. This is a surprising result given the extreme 
cost sensitimty of areas such as PCs and consumer electronics during 
their recent profitability slump. 

Quality and pricing are most likely prerequisite factors, whereas delivery 
has become more of a defining issue. 

i 
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Figure 5-2 
Memory IC Supplier Selection Criteria: Pricing Consistency 
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With the exception of the communication categories, pricing consistency is 
fairly level in relative importance across industries. 
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Figure 5-3 
Memory IC Supplier Selection Criteria: Delivery Performance 
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Source: Dataquest (December 1992) OZ001«06 

Just-in-time delivery has become a true competitive vxapon as OEMs depend 
on it for not only cost management but to ensure quick time to market for 
their products. 

i 
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Figure 5-4 
Memory IC Supplier Selection Criteria: Quality Performance 
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Superior quality is clearly a prerequisite before any business can take place. 
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Figure 5-5 
Memory IC Supplier Selection Criteria: Market Flexibility 

Industry 

PC 

other Data Processing 

Premise Communication 

Other Communication 

Instrumentation 

Other Industrial 

Consumer/Automotive 

Military/Aerospace 

Overall Average 

Wy 

Wy 

^ 

^ 

W. 

^ 

Wy 

Not Important 

ae 

m 
2.5 

m 
3.8 

3.5 

m 
3.0 

3.0 

m 
3.5 

! 
3 

Neutral Very Important 

K 
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This is less of an issue because memory suppliers remain bountiful, and 
multiple suppliers can be substituted for most parts. 

i 
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Figure 5-6 
Memory IC Supplier Selection Criteria: Product Portfolio and Migration Path 
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The somewhat predictable nature of memory product improvements (for 
example, denser and faster) make this less of an issue. 
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Figure 5-7 
Minimum Necessary Quality for Memory ICs (ppm) 
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Buyers for memory-intensive products such as computers and laser printers 
appear to desire stricter quality standards than the average. 
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Figure 5-8 
Number of Memory IC Suppliers 
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On average memory buyers maintained about five separate memory suppliers 
in 1992, ivith plans to reduce that number in 1993. 
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Figure 5-9 
Microcomponent IC Supplier Selection Criteria: Overall 
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Quality and delivery performance are also the top criteria, with pricing, 
however, being more of a consideration than in other product areas. 
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Figure 5-10 
Microcomponent IC Supplier Selection Criteria: Pricing Consistency 
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With the exception of the communication categories, pricing consistency is 
fairly level in relative importance across industries. 
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Figure 5-11 
Microcomponent IC Supplier Selection Criteria: Delivery Performance 
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Apparently delivery is an important issue for the more fragmented industrial/ 
instrumentation industries. 

i 
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Figure 5-12 
Microcomponent IC Supplier Selection Criteria: Quality Performance 
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Superior quality is clearly a prerequisite before any business can take place. 
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Figure 5-13 
Microcomponent IC Supplier Selection Criteria: Market Flexibility 
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Data processing, communication, and consumer/automotive desire the most 
flexibility because their markets remain subject to substantial fluctuations. 
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Figure 5-14 
Microcomponei\t IC Supplier Selection Criteria: Product Portfolio 
and Migration Path 
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This criterion is not much of a concern, except with performance-sensitive 
computer and communications OEMs. 
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Figure 5-15 
Minimum Necessary Quality for Microcomponent ICs (ppm) 

Industry 

PC 

Other Data Processing 

Premise Communication 

Ottier Communication 

Instrumentation 

Other Industrial 

Consumer/Automotive 

Military/Aerospace 

Overall Average 

1.1 

w, 
m 

1 ^ 
20 

37.9 

m 
50.0 

- P -
40 

m 
S5.9 

T 
60 

ppm Quality 

- T -
BO 

m 
110.0 

I 
100 120 

Source: Dataquest (December 1992) G20014tB 

Probably because of ship-to-stock setups to reduce costs and improve 
time-to-market, the PC industry requires near perfect quality. 
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Figure 5-16 
Number of Microcomponent IC Suppliers 
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On average, microcomponent buyers maintained about eight separate 
suppliers in 1992, with plans to reduce that number in 1993 to seven. 
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Figure 5-17 
ASIC IC Supplier Selection Criteria: Overall 
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Delivery performance has risen in importance because ASICs and their 
prototypes remain a technology that OEMs need for getting to market 
quickly. 
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Figure 5-18 
ASIC IC Supplier Selection Criteria: Pricing Consistency 

Industry 

PC 

Other Data Processing 

Communication 

instrumentation 

Other Industrial 

Consumer/Automotive 

Military/Aerospace 

Overall Average 

Not Important Very Important 

Source: Dataquest (December 1992) G2001421 

V/ith the exception of the cost-sensitive consumerlautomotive areas, pricing 
consistency is fairly level in relative importance across industries. 
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Figure 5-19 
ASIC IC Supplier Selection Criteria: Delivery Performance 

Industry 

PC 

Other Data Processing 

Communication 

Instrumentation 

Otiier Industrial 

Consumer/Automotive 

Military/Aerospace 

Overall Average 
Wy 

1 

Not Important 

" T 
2 

1 
3 

Neutral 

4.8 

m 
4.5 

m 
4.3 

^ 
4.6 

4 
1 
5 

Very Important 

Source: Dataquest (December 1992) 

\ 

i 
G£Q0142£ 

Although important to almost all industries, delivery performance is crucial 
to the communications industry, which is heavily dependent on customization 
and differentiation by using ASICs. 
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Figure 5-20 
ASIC IC Supplier Selection Criteria: Quality Performance 
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The semicustom and design-crucial nature of ASICs seems to shape 
expectations about quality and design fidelity. 
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Figure 5-21 
ASIC IC Supplier Selection Criteria: Market Flexibility 
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Communications and PC OEMs desire the most flexibility. 
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Figure 5-22 
ASIC IC Supplier Selection Criteria: Product Portfolio and Migration Path 
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OEAls vnth performance-sensitive applications in computing and communica
tion are concerned about supplier plans to update their ASIC process and 
design technologies. 
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Figure 5-23 
Minimum Necessary Quality for ASICs (ppm) 
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Hitter-volume ASICs users such as computing and communications OEMs 
are requiring commensurate higher-quality levels. 
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Figure 5-24 
Number of ASIC Suppliers 
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On average, ASIC buyers maintained about five separate suppliers in 1992, 
vnth plans to reduce that number in 1993 to four. 
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Figure 5-25 
Standard Logic and Analog IC Supplier Selection Criteria: Overall 
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Delivery and quality performance share the spotlight in importance. 
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Figure 5-26 
Standard Logic and Analog IC Supplier Selection Criteria: Pricing Consistency 
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Analog-intensive categories such as communication and industrial are more 
sensitive to pricing issues. 

SPWW-SVC-UW-9202 ®1992 Dataquest Incorporated December 21,1992 



5-3t) Semiconductor Procurement 

Figure 5-27 
Standard Logic and Analog IC Supplier Selection Criteria: Delivery Performance 
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As with pricing, analog-intensive applications such as communication and 
industrial are more sensitive to delivery issues. 

i 
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Figure 5-28 
Standard Logic and Analog IC Supplier Selection Criteria: Quality Performance 
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This criterion clearly is a prerequisite for doing business. 
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Figure 5-29 
Standard Logic and Analog IC Supplier Selection Criteria: Market Flexibility 
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Communications and PC OEMs desire the most flexibility. 
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Figure 5-30 
Standard Logic and Analog IC Supplier Selection Criteria: Product Portfolio 
and Migration Path 
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Product plans appear to he more crucial to performaruxsensitive OEMs in 
computing and communication. 
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Figure 5-31 
Minimum Necessary Quality for Standard Logic and Analog ICs (ppm) 
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Higher-volume users such as computing and communications OEMs are 
recfuiring commensurate higher-ffuality levels. 

i 
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Figure 5-32 
Number of Standard Logic and Analog IC Suppliers 
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On average, standard logic and analog buyers maintained about six separate 
suppliers in 1992, with plans to reduce that number in 1993. 
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Chapter 6 
Recommendations . ^ . - ^ . - ^ . . i ^ - ^ 

Semiconductor Marketers 
The primary picture that emerges from this report is that chip compa
nies should be aware that relationships are not sacrosanct and eventu
ally are subject to objective tests. OEMs are putting a substantial 
amount of rigor into managing their costs and hitting aggressive 
product development schedules, and suppliers that do not provide 
adequate service are left out. They want fewer, committed suppliers 
that will help share in the upside and downside phases of the busi
ness cycle. 

Qearly quality is a go or no-go issue. Either a supplier has world-
class, consistently delivered quality better than 60 ppm on average, or 
it is put on probation or disqualified as a supplier. Delivery perfor
mance, on the other hand, seems to separate ihe weak from the strong 
suppliers. Shipping to the customer the right product (no mis-
shipments) within an acceptable JIT window (+5,-0 days, for example) 
is the goal to maintain. If anything is important today for OEMs, it is 
the vitality and speed of product development, and a consistent on-
time supplier delivery track record wiU win a bigger share of annual 
requirements. 

As a final recommendation, those that want to play in the big leagues 
had better be professional. The data from this survey indicate that 
high-volume markets such as PCs, periphereds, customer premise com-
miuiications equipment, and consumer and automotive products 
demand a higher degree of commitment. In general, these markets 
require better quality, more exacting delivery, and rock-bottom pricing 
relative to other markets. In other words, a supplier that wants big 
volume had better be prepared with benchmarkable programs in 
process control and outgoing quality, minimal manufacturing cycles, 
inventory investment to buffer relesise fluctuations, and a general com
mitment among its personnel to get the job done. 

Semiconductor Users 
This study answers many questions regarding what is meant by high 
quality, on-time delivery, average use of a contract manufacturer, and 
the like, based on responses from some of the hirgest or most promi
nent electronics contpanies in the United States The process of bench-
mckrking operations against regional con\petition involves the use of 
impartial parameters to gauge performance. Semiconductor users can 
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make this information work for them by using it as a basis for 
comparing themselves against averages in the industry in which 
they compete, and in efforts to improve semiconductor supplier 
performance. 

The major issues of semiconductor price, availability, and lead time 
continue to require excellent forecast communication between user and 
supplier. Both parties are reminded that these issues involve two-way 
sharing of information. The two main areas that require supplier 
maintenance (supplier discipline)—^high quality and meeting delivery 
commitments—tacitly imply that semiconductor suppliers now are 
adequately meeting customer needs in these areas. Pressure should be 
kept on suppliers to keep quality and delivery commitments. 

This report has presented many detailed parameters that should be 
coordinated and prioritized on an individual company basis in order 
to get the best use from them. If a little groundwork is done, this 
information will provide a soUd foundation for growth in 1993 and 
beyond. 

i 

i 
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Appendix A 
Survey Questionnaire 

General information 
Hello, this is from Dataquest Incorporated. We're conducting a study 
on semiconductor purchasing and your input would be most important to us. 

Would you be the person who is in charge of purchasing semiconductors that have been selected 
to be used in the last two or three years at your location? 

If not, is there someone else at your location I might speak to who woiild be knowledgeable in this 
area? 

Do you have a few minutes to answer some questions? The results of this study will be used by 
leaders of the semiconductor industry as an industry benchmark series from which to improve 
upon. (If needed: this is not a sales call and your answers will he kept completely confidential.) 

Q.l Do you purchase semiconductors for the entire company, a single division, or just your 
department/work group? (ONE RESPONSE) 

Entire company • 

Single division • 

Department/Work group • 

Refusal • 

Q.2 Dataquest segments electronic equipment into six categories. Which of the following 
describes your company's main lines of business? (READ LIST; ALLOW MULTIPLE 
RESPONSES) 

Data processing • 

Communications • 

Industrial/Manufacturing • 

Consumer • 

Military/Aerospace • 

Transportation • 

Q.3 Please list the 3 main types of equipment in which your company uses the 
semiconductors that you buy. What is the first main type? (ONE RESPONSE) 

Data Processing—Computers • 

PCs • 

Workstations • 

Midrange • 
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Mainframe • 
Super Q 

Other 

Data Processing—^Data Storage • 
Disk • 

Optical • 

Tape • 
Other 

Data Processing—^Input/Output Q 
Optical scan equipment • 

Plotters • 
Printers • 

Terminals • 
Other 

Data Processing—^Dedicated Systems • 
Banking Q 

Office automation • 

Point-of-S£ile terminals • 
Smart cards Q 

Other 

Data Processing—Graphic/Video Add-In Boards • 
Data Processing—Other 

Commimications—Customer Premises Communications • 
Business communications systems • 
DataPBX • 

Facsimile • 

Local area networks • 
Modems D 

Single-line phones • 
T-1 multiplexers • 

\^deo teleconference • 
Other 

Communications—^Public Teleconununications • 
Switching equipment • 
Transmission equipment • 
Other 

Communications—^Radio Q 
Amateur • 

Broadcast receive/transmit • 
Cellular radio/telephone • 
Mobile system Q 
Other 
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Communications—Studio • 

Audio equipment • 

Video equipment • 

Other 

Industrial/Manufacturing—Security/Energy Management: Alarm Systems • 

Other 

Industrial/Manufacturing—^Manufacturing Systems • 

Automated material handling • 

Robot systems • 

Semiconductor production • 

Test equipment • 

Other 

Industrial/Manufacturing—Instrxunentation • 

Analytical/scientific • 

Geophysical • 

Meteorological Q 

Other 

Industrial/Memufactiuing—^Medical Equipment • 

All • 

Industrial/Manufacturing—^Miscellaneous Equipment • 

Laser (not communications/medical) • 

Power supplies • 

Vending machines Q 

Other 

Consumer Products • 

Appliance Q 

Audio equipment • 

Garage door opener Q 

Color TVs • 

Personal electronics Q 

VTRsCVCRs) • 

Consumer products • 

Other 

Military/Aerospace—^Military Defense • 

Avionics • 

Communications Q 

Electronic warfare • 

Missiles/weapons • 

Shipboard Q 

Space • 

Commercial aerospace • 

Other 
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Transportation—Auto/Light Truck • fl 

Body controls • 
Power train • 

Auto/light truck • 

Other 

Don't know/rehasal/no response • 

(IF QUESTION 3 IS "Don't know/refusal/no response/' THEN SKIP TO QUESTION 6) 

Q.4 What is the second main type? (ONE RESPONSE) 

Data Processing—Computers • 
PCs • 
Workstations • 

Midrange • 
Mainframe • 
Super • 
Other 

Data Processing—^Data Storage • 
Disk • 
Optical • 

Tape • 
Other 

Data Processing—^Input/Output • 
Optical scan equipment • 
Plotters • 
Printers Q 

Terminals • 
Other 

Data Processing—^Dedicated Systems • 
Banking Q 
Office automation • 

Point-of-sale terminals Q 
Smart ceirds • 

Other 

Data Processing—Graphic/'Wdeo Add-In Boards • 
Data Processing—Other 

Communications—Customer Premises Commiuiications • 

Business communications systems • 
DataPBX • 

Facsimile Q 
Local area networks • 
Modems • 
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Survey Questionnaire A-5 

Single-line phones Q 

T-1 multiplexers • 

\^deo teleconference Q 

Other 

Communications—Public Telecommunications Q 

Switching equipment • 

Transmission equipment Q 

Other 

Communications—Radio Q 

Amateur Q 

Broadoist receive/transmit • 

Cellular radio/telephone Q 

Mobile system • 

Other 

Communications—Studio • 

Audio equipment Q 

Video equipment O 

Other 

Industrial/Manufacturing—Seciuity/Energy Management: Alarm Systems • 

Other 

Industrial/Manufacturing—^Manufacturing Systems • 

Automated material handling • 

Robot systems • 

Semiconductor production • 

Test equipment • 

Other 

Industrial/Manufacturing—Instrumentation Q 

Analytical/scientific • 

Geophysiced • 

Meteorological Q 

Other 

Industrial/Manufacturing—^Medical Equipment • 

All • 
Industrial/Manufacturing—^Miscellaneous Equipment • 

Laser (not commimications/medical) • 

Power supphes • 

Vending machines • 

Other 

Consumer Products • 

Appliance • 

Audio equipment G 

Garage door opener • 
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Color TVs • 

Personal electronics • 
VTRs(VCRs) • 

Consumer products • 
Other 

Military/Aerospace—^Military Defense • 
Avionics • 
Communications • 

Electronic warfare • 
Missiles/weapons • 
Shipboard • 
Space • 

Commercial aerospace Q 
Other 

Transportation—^Auto/Light Truck • 
Body controls • 
Power train • 

Auto/light truck • 
Other 

Don't know/refusal/no response • 

OF QUESTION 4 IS "Don't know/refusal/no response," THEN SKIP TO QUESTION 6) 

Q.5 What is the third main type? (ONE RESPONSE) 

Data Processing—Computers Q 
PCs • 

Workstations • 
Midrange • 
Mainframe • 

Super • 
Other 

Data Processing—^Data Storage Q 
Disk • 

Optical • 

Tape • 
Other 
Data Processing—^Input/Output • 
Optical scan equipment • 
Plotters Q 
Printers • 
Terminals • 
Other 
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Data Processing—E>edicated Systems • 
Banking • 

Office automation • 

Point-of-sale terminals • 
Smart cards Q 
Other 
Data Processing—Graphic/\^deo Add-In Boards • 
Data Processing—Other 
Conununications—Customer Premises Communications • 

Business communications systems Q 
DataPBX • 
Facsimile • 

Local area networks Q 
Modems • 
Single-line phones • 
T-1 multiplexers • 
•Wdeo teleconference • 
Other 

Conununications—^Public Telecommunications • 
Switching equipment • 

Transmission equipment • 
Other 

Communications—^Radio • 
Amateur • 

Broadcast receive/transmit Q 
Cellular radio/telephone Q 

Mobile system Q 
Other 

Communications—Studio • 
Audio equipment • 
Video equipment • 
Other 

Industrial/Manufacturing—Security/Energy Management: Alarm Systems • 
Other 

Industrial/Manufacturing—Manufacturing Systems • 
Automated material handling • 
Robot systems • 
Semiconductor production • 
Test equipment Q 
Other 
Industrial/Manufacturing—Instrumentation • 
Analytical/scientific Q 
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Geophysical • 

Meteorological • 

Other 

Industrial/Manufacturing—^Medical Equipment • 

All • 

Industrial/Manufacttuing—^Miscellaneous Equipment • 

Laser (not communications/medical) • 

Power supplies • 

Vending machines • 

Other 

Consimier Products • 

Appliance • 

Audio equipment • 

Garage door opener • 

Color TVs • 

Persoi\al electronics • 

VTRsCVCRs) • 

Consumer products • 

Other 

Milit«uy/Aerospace—^Military Defense • 
Avionics Q 

Commuiucations • 

Electronic warfare • 

Missiles/weapons • 

Shipboard • 

Space Q 

Commercial aerospace • 

Other 

Transportation—^Auto/Light Truck • 

Body controls • 

Power train • 

Auto/light truck • 

Other 

Don't know/refusal/no response • 

Q.6 What is the average market life cycle of your principal product? 

Q.7 In days, what is your definition of on-time delivery? (e.g., +2 -0, or ±2 days) 
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Q.8 Do you currently use a contract manufacturer? 

Yes • 
No Q 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 8 IS "TSIo," THEN SKIP TO QUESTION 10) 

(IF THE ANSWER TO QUESTION 8 IS "Don't know/refusal," THEN SKIP TO QUESTION 11) 

Q.9 How n\any years have you used one? 

(PLEASE ANSWER QUESTION 10 IF ANSWER TO QUESTION 8 WAS "No") 

Q.IO Do you plan on using a contract manufacturer in the next year? 

Yes • 
No O 

Don't know/refusal Q 

Q.ll Does your company design its own circuit boards? 
\es • 
No • 
Don't know/refusal O 

(IF THE ANWER TO QUESTION 11 WAS "No" OR "Don't know/refusal," PLEASE SKIP 
TO QUESTION 16) 

Q.12 What percentage of the circuit boards were made in-house in 1992? 
(percent) 

Q.13 What percentage of the circuit boards will be made in-house in 1993? 
(percent) 

(IF THE ANSWER TO QUESTION 8 IS "No" or "Don't know/refusal," THEN SKIP TO 
QUESTION 16) 

Q.14 Does your company purchase the semiconductors used by the outside contractors? 

Yes • 
No • 
Don't know/refusal • 

(IF THE ANSWER TO QUESTION 14 IS "No" or "Don't know/refusal," THEN SKIP TO 
QUESTION 16) 
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Q.15 Are terms decided by the contractor? 

\es • 
No • 
Don't know/refusal • 

Q.16 Of all the purchasing issues you expect to face next year, what woxdd be the 
major one? (ONE RESPONSE) 

ASICs • 

Availability • 

Cost control • 

Develop key supplier/user relationships • 

Government regulations • 

Just-in-time inventory control • 

Memory products • 

New products/obsolescence • 

On-time delivery • 

Packaging standards • 
Pricing Q 

Qixality/reliability Q 

Lead time • 

Development schedules • 

Allocation • 

ASICs design tools • 

Flexibility/service • 

Other (specify) 

Don't know/refusal • 

OF THE ANSWER TO QUESTION 16 IS "Don't know/refusal," THEN SKIP TO QUESTION 22) 

Q.17 What would be the second major purchasing issue you expect to face? (ONE RESPONSE) 

ASICs • 

Availability • 

Cost control • 

Develop key suppher/user relationships • 

Govenunent regulations • 

Just-in-time inventory control • 

Memory products • 

New products/obsolescence • 

On-time delivery • 

Packaging standards • 

Pricing • 

Quality/reliability • 

Lead time • 
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Development schedules • 

Allocation • 

ASICs design tools • 
Flexibility/service • 

Other (specify). 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 17 IS "Don't know/refusal," THEN SKIP TO QUESTION 19) 

Q.18 What would be the third major purchasing issue you expect to face? (ONE RESPONSE) 

ASICs • 
Availability • 
Cost control • 

Develop key supplier/user relationships • 
Government regulations • 
Just-in-time inventory control • 
Memory products • 

New products/obsolescence • 
On-time delivery • 

Packaging standards • 
Pricing Q 
Quality/reliability • 

Lead time • 
Development schedules • 
Allocation • 

ASICs design tools • 
Flexibility/service LH 
Other (specify) 
Don't know/refusal • 

(IF THE ANSWER TO QUESTION 18 IS "Don't know/refusal," THEN SKIP TO QUESTION 19) 

Q.19 On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important is (response to Q.16) to you? 

Not at all important • 

Not very important • 
Neutral • 

Somewhat important • 

Very important • 
Don't know/refusal • 

\ 
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Q.20 On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important is (response to Q.17) to you? 

Not at till important • 

Not very important • 

Neutral • 

Somewhat impwrtant Q 

Very important • 

Don't know/refusal • 

Q.21 On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important is (response to Q.18) to you? 

Not at all important • 

Not very important • 

Neutral • 

Somewhat important • 

Very important • 

Don't know/refusal • 

Q.22 Does your company have a regular, ongoing procedure of supplier evaluation? 

\fes • 
No Q 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 22 IS "No" OR "Don't know/refusal," THEN SKIP TO 
QUESTION 24) 

Q.23 On what parameters does your company evaluate suppliers? 

Quality • 

Delivery • 

Technical support • 

Price Q 

Other (specify) 

Don't know/refusal Q 

Q.24 What are one or two key factors ("cardinal sins") that can cause a current supplier to lose 
business from your company? 

Q.25 Do you have a strategic partnering program in place? 

Yes Q 

No • 
Don't know/refusal • 
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(IF THE ANSWER TO QUESTION 25 IS "No" OR "Don't know/refusal," THEN SKIP TO 
QUESTION 27) 

Q.26 Would you consider the program critiail, beneficial, or nice to have? 
Critical • 
Beneficial • 
Nice to have Q 
Don't know/refusal Q 

Q.27 Do you have a quality improvement program in place? 

Yes • 
No • 
Don't know/refusal Q 

(IF THE ANSWER TO QUESTION 27 IS "No" OR "Don't know/refusal," THEN SKIP TO 
QUESTION 30) 

Q.28 Is it an internal or a supplier program? 
Internal • 
Supplier • 
Both Q 
Don't know/refusal • 

Q.29 Would you consider the program critical, beneficial, or nice to have? 
Critical • 

Beneficial • 

Nice to have • 
Don't know/refusJil Q 

Q.30 Who are your three major suppliers of semiconductors? 

Q.31 Which one of these suppliers do you prefer to do business with? 

Q.32 What percent of your 1992 semiconductor purchases were used in 
(FIRST MAIN TYPE ESf QUESTION 3) (TOTAL OF ALL TYPES MUST = 100%) 
(DK = Don't know; REF = Refusal) 

(IF "No Second Type" IN QUESTION 4, THEN SKIP TO QUESTION 35) 

Q.33 What percent of your 1992 semiconductor purchases were used in 
(SECOND MAIN TYPE IN QUESTION 4) (TOTAL OF ALL TYPES MUST = 100%) 
(DK = Don't know, REF = Refusal) 
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(IF "No Third Type" IN QUESTION 5, THEN SKIP TO QUESTION 35) 

Q.34 What percent of your 1992 semiconductor purchases were used in 
(THIRD MAIN TYPE IN QUESTION 5) (MUST = 100%) (DK = Don't know; 
REP = Refusal) 

Q.35 What percent of your 1992 semiconductor piu-chases were used in "Other tj^jes of 
equipment" (MUST = 100%) (DK = Don't know; REF= Refusal) 

Q.36 What was yoiu- company's (entire company/division/work group) total dollar 
value of semiconductor purchases for 1992? (ENTER IN HUNDRED THOUSANDS, 
e.g., 1=100,000) 

Don't know/refusal • 

OF THE ANSWER TO QUESTION 36 IS NOT "Don't know/refusal," THEN SKIP TO 
QUESTION 38) 

Q.37 What would you estimate your company's total doUar value of semiconductor purchases 
was for 1992? 

Less than $1M Q 

$1M-$9.9M • 

$10M-$24.9M • 

$25M-$49.9M • 

$5QM-$99.9M Q 

$100M - $249.9M • 

$250M or more • 

Don't know/refusal • 

Q.38 Of your semiconductor purchases, what percent of your manufacturing needs will be 
physically assembled on to circuit boards in the following four regions: USA, Japan, 
Europe, and Other? aOTAL MUST EQUAL 100%) 

USA 

Japan 

Europe 

Other 

Q.39 What would you expect your companj^s (entire company/division/work group) total 
dollar value of semiconductor purchases to be for 1993 ? (ENTER IN HUNDRED 
THOUSANDS, e.g.,1=100,000) 

Don't know/refusal • 

OF THE ANSWER TO QUESTION 39 IS NOT "Don't know/refusal," THEN SKIP TO 
QUESTION 41) 

i 

i 
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Q.40 What would you estinmte your companj^s total dollar value of semiconductor purchases 
will be for 1993? 

Less than $1M • 

$1M-$9.9M • 

$10M-$24.9M • 

$25M-$49.9M • 

$50M-$99.9M • 

$100M - $249.9M • 

$250M or more • 

Don't know/refusal • 

Q.41 On a dollar basis, what percent of your total 1992 senniconductor purchases were in 
each of the following three categories: Integrated Circuit, Discrete, Optoelectronics? 
(TOTAL MUST = 100%) 

Integrated Qrcuit 

EHscrete 

Optoelectronics 

Don't know/refusal Q 

(IF ANSWER TO QUESTION 41 IS "Discrete + 1-100%" CONTINUE, OTHERWISE SKIP TO 
QUESTION 43) 

Q.42 What percent of your discrete purchases were for power devices? 

Q.43 On a dollar bases, what percent of your 1992 integrated circuit purchases were in the 
following four technologies? 

Memory 

General-purpose microcomponents/ASSPs 

ASICs 

Standard logic/linear/analog_ 

(FOR THOSE WHO ANSWERED 1-100% FOR "Memory" IN QUESTION 43, ASK QUESTIONS 
44 THROUGH 53, OTHERWISE SKIP TO QUESTION 54) 

Q.44 What percent of MOS "memory" are the following four products? (MUST = 100%) 

DRAM 

VRAM. 

SRAM_ 

Nonvolatile. 

Don't know/refusal • 
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On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how I 
important are the following criteria when selecting a memory vendor. ' 

Q.45 How important is pricing consistency? 

Not at all important 

Not very important 

Neutral 

Somewhat important. 

Very important 

Don't know/refusal • 

Q.46 How important is delivery performance? 

Not at all in\portant 

Not very important 

Neu tral 

Somewhat important. 

Very important 

Don't know/refusal Q 

Q.47 How importemt is quality performance? 

Not at all important 

Not very important 

Neutral m 

Somewhat important. 

Very important 

Don't know/refusal • 

Q.48 How important is market flexibility? 

Not at all important 

Not very important 

Neutral 

Somewhat important. 

Very important 

Don't know/refusal Q 

Q.49 How important is product portfolio and migration path? 

Not at all important 

Not very important 

Neutral 

Somewhat importanL 
Very important 

Don't know/refusal • 

i 
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Q.50 What is the minimum necessary level of quality for memories, in PPM or AQL? 

Q.51 How many memory vendors did you have in 1992? 

Q.52 How many n\emory vendors do you expect to have in 1993? 

Q.53 What new memory IC product features do you need for your next-generation products? 

(FOR THOSE WHO ANSWERED 1-100% FOR "General-Purpose Microcomponents/ASSPs" IN 
QUESTION 43, ASK QUESTIONS 54 THROUGH 64, OTHERWISE SKIP TO QUESTION 65) 

Q.54 What percent of general-purpose "microcomponents" are the following four products? 
(TOTAL MUST = 100%) 

Microprocessors (MPU) 

Microcontrollers (MCU)_ 
Microperipherals 
DSP MPUs 
Don't know/refusal G 

Q.55 What percent of your ASSP purchases were in each of the following categories? 
(TOTAL MUST = 100%) 

System logic chip sets_ 

Graphics/video 
Conununication. 

Storage 

Other 

On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important are the following criteria when selecting a general-purpose microcomponent/ 
ASSP vendor? 

Q.56 How important is pricing consistency? 
Not at all important 
Not very important 
Neutral 

Somewhat important. 
Very important 

Don't know/refusal • 
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Q.57 How important is delivery perfomance? m 

Not at all important 

Not very important 

Neutral 

Somewhat important 

Very important 

Don't know/refusal • 

Q.58 How important is quality performance? 

Not at all important 

Not very important 

Neutral 

Somewhat imp>ortant_ 

Very important 

Don't know/refusal • 

Q.59 How important is market flexibility? 

Not at all important 

Not very important. 

Neutral 

Somewhat important ^ 

Very important m 

Don't know/refusal • 

Q.60 How important is product portfolio and migration path? 

Not at all important 

Not very important, 

Neutral 

Somewhat importanL 

Very important 

Don't know/refusal • 

Q.61 What is the minimum necessary level of quality for general-purpose inicrocomponents/ 
ASSPs in PPM or AQL? 

Q.62 How many general-purpose microcomponent/ASSP vendors did you have in 1992? 

i 
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Q.63 How many general-purpose microcomponent/ASSP vendors do you expect to have 
in 1993? 

Q.64 What new general-purpose microcomponent/ASSP product features do you need for your 
next-generation products? 

(FOR THOSE WHO ANSWERED 1-100% FOR "ASICs" IN QUESTION 43, ASK QUESTIONS 65 
THROUGH 74, OTHERWISE SKIP TO QUESTION 75) 

Q.65 What percent of ASIC purchases were in each of the following categories? 
(TOTAL MUST = 100%) 

Bipolar gate arrays, cells, etc.. 
Bipolar PLDs 

MOS gate arrays 

Mixed analog and digitaL 

MOS cell-based/custom_ 

MOS PLD/FPGA 

On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important are the following criteria when selecting an ASIC vendor? 

Q.66 How important is pricing consistency? 

Not at all important 

Not very important 

Neutral 

Somewhat important. 

Very important 

Don't know/refusal Q 

Q.67 How important is delivery perfomance? 

Not at all important 

Not very importanL 

Neutral 

Somewhat importanL 

Very important 

Don't know/refusal Q 

Q.68 How important is quality performance? 

Not at all important 

Not very important. 
Neutral 

Somewhat importanL 
Very important 

Don't know/refusal O 
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Q.69 How important is market flexibility? 

Not at all in\portant 

Not very important 
Neutral 

Somewhat important. 

Very important 
Don't know/refusal CD 

Q.70 How important is product portfolio and migration path? 

Not at all important 

Not very important 
Neutra] 

Somewhat important:. 
Very important 

Don't know/refusal • 

Q.71 What is the minimum necessary level of quality for ASICs, in PPM or AQL? 

Q.72 How many ASIC vendors did you have in 1992? 

Q.73 How many ASIC vendors do you expect to have in 1993? 

Q.74 What new ASIC product features do you need for your next-generation products? 

(FOR THOSE WHO ANSWERED 1-100% FOR "Standard logic/hnear/analog" IN QUESTION 43, 
ASK QUESTIONS 75 THROUGH 84, OTHERWISE SKIP TO QUESTION 85) 

Q.75 What percent of standard logic/linear/analog purchases were in each of the foUowing 
categories? (TOTAL MUST = 100%) 

Standard logic 
Data conversion 

Amplifiers 

Regulators/reference. 
Interface 
Other 
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Q.76 How important is pricing consaistency? 

Not at aU important 
Not very important 
Neutral 

\ 

\ 

Somewhat important. 
Very important 
Don't know/refusal • 

Q.77 How importemt is delivery perfomance? 
Not at all important 

Not very important 
Neutral 

Somewhat important^ 
Very important 
Don't know/refusal • 

Q.78 How important is quality performance? 

Not at all important 
Not very important 
Neutral 

Somewhat important. 
Very important 

Don't know/refusal Q 

Q.79 How important is market flexibility? 

Not at all important 

Not very important-
Neutral 

Somewhat important. 
Very important 

Don't know/refusal • 

Q.80 How importemt is product portfolio and migration path? 
Not at all important 

Not very important 
Neutral 

Somewhat important. 
Very important 

Don't know/refusal • 
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Q.81 What is the minimum necessary level of quality for standard logic/linear/analog, in PPM m 
or AQL? " 

Q.82 How many standard logic/linear/analog vendors did you have in 1992? 

Q.83 How many standard logic/linear/analog vendors do you expect to have in 1993? 

Q.84 What new standard logic/linear/analog product featvues do you need for your next-
generation products? 

Q.85 Would you be willing to respond to a few additional questions about semiconductors? 
Yes • 
No Q 

OF THE ANSWER TO QUESTION 85 IS "No," THEN SKIP TO QUESTION 100) 

Q.86 Does your company produce semiconductors for captive use? 
Yes • 
No • 
Don't know/refusal Q 

(IF THE ANSWER TO QUESTION 86 WAS NOT "Yes," THEN SKIP TO QUESTION 89) 

Q.87 What was the total market value in 1992? (ENTER IN THOUSANDS, e.g., 1=1,000) 

Q.88 What types of semiconductors are you producing captively? (READ LIST; MULTIPLE 
RESPONSE) 

ASICs • 

ASSPs • 
DRAMs Q 

Discretes Q 

Microprocessors • 
Optoelectronics • 

Other (specify) 
Don't know/refusal • 

Q.89 At what sites are engineering decisions on semiconductor selections made for what types 
of equipment? (RECORD COMPANY NAME, CITY, STATE, AND WHETHER IT'S A 
CORPORATE OR MANUFACTURING SITE) 
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Q.90 What percent of your 1992 semiconductor procurement was from distributors? 

Don't know/refusal • 

Q.91 The next few questions concern your electronic equipment production. Did your 1992 
equipment sales increase, decrease, or remain the same compared to 1991? 

Increase • 

Decrease • 

Remain the same • 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 91 WAS "Increase," PLEASE ANSWER QUESTION 92) 

(IF THE ANSWER TO QUESTION 91 WAS "Decrease," PLEASE ANSWER QUESTION 93) 

Q.92 What percent increase? 

Don't know/refusal Q 

Q.93 What percent decrease? 

Don't know/refusal • 

Q.94 Do you expect equipment sales in 1993 to increase, decrease, or remain the same 
compared to 1992? 

Increase Q 

Decrease Q 

Remain the same • 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 94 WAS "Increase," PLEASE ANSWER QUESTION 95) 

(IF THE ANSWER TO QUESTION 94 WAS "Decrease," PLEASE ANSWER QUESTION 96) 

Q.95 What percent increase? 

Don't know/refusal • 

Q.96 What percent decrease? 

Don't know/refusal • 

Q.97 Next, I would like to ask you a few questions about your semiconductor inventory levels. 
Currently, what is your actual inventory level (USAGE RATE) in days? 

Don't know/refusal Q 
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Q.98 In terms of number of days, what level of semiconductor inventory would you like to 
have (targeted)? 

Don't know/refusal • 

Q.99 Do you expect your target semiconductor inventory levels to increase, decrease, or remain 
the same over the next 12 months? 

Increase • 

Decrease • 
Remain the same • 

Don't know/refusal • 

I just have a few demographic questions and we will be finished with the survey. 

Q.lOO What it your job title? 

Administrative Support/Oerical • 
Analyst • 
Educator/Trainer • 

Engineer • 
Executive/Owner • 
Laborer Q 

Manager/Supervisor • 

Operator/Fabricator • 

Production Worker (assembly and process) • 
Professional (Lawyer, Doctor, Consultant, Broker) • 
Programmer/Software Developer • 

Sales/Marketing/Ciistomer Representative • 

Scientist • 

Service Provider (Nxirse, Social Worker) • 

Technician and Technical Support • 
Tradesperson (Craft, Repair) • 

Senior Buyer • 
Buyer • 
Purchasing Manager • 

Procurement Manager • 
Component Engineer • 

VP Operations • 
Other (specify) 
Don't Know/Refusal • 
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Survey Questionnaire A-25 

Q.lOl What is your organization's primary line of business? 

Agriculture/Forestry/Fishing • 

Mining/Construction • 

Manufacturing: Durable • 

Manufacttuing: Nondurable • 

Communication • 

Transportation/Utilities • 

Wholesale Trade • 

Retail Trade • 

Finance/Insurance/Real Estate • 

Services: Business/Legal/Engineering • 

Services: Other « Q 

Health or Social Services • 

Education • 

Govenunent • 

Other (specify) 

Don't Know/Refusal • 

Q.102 How many employees are there in your company? 

1 to 9 • 

10 to 19 • 

20 to 49 • 

50 to 99 • 

100 to 299 • 

300 to 499 • 

500 to 799 • 

800 to 999 • 

1,000 to 1,999 • 

Greater than 2,000 • 

Don't know/refusal • 

Q.103 Approximately, what is your organization's annual sales revenue? 

Up to $99,999 • 

$100,000 to $499,999 • 

$500,000 to $999,999 • 

$1M to$4.9M • 

$5M to$9.9M • 

$10M to$49.9M • 

$50Mto$99.9M • 

$100M to $499.9M • 

$500M or greater • 

Nonprofit (Banking/Goveniment/Education) • 

Don't Know/Refusal • 

SPWW-SVC-UW-9202 ©1992 Dataquest IncorpofatBd December 21,1992 



A-26 Semiconductor Procurement 

THAT CONCLUDES THIS STUDY THANK YOU VERY MUCH FOR YOUR COOPERATION. I 
WOULD JUST UKE TO CONFIRM YOUR NAME AND ADDRESS SO THAT I MAY SEND YOU 
YOUR SUMMARY RESULTS OF THIS STUDY. 

Enter your interviewer number: (2 DIGITS)_ 

Respondent's Name; 

Company: 

Address: 

i 

City: State: Zip Code:. 

Phone Number: (XXX-XXX-XXXX) (Date) Int. No._ 

Date: (6 DIGITS—MMDDYY) 

Enter yoiu' interviewer nimiber: (2 DIGITS). 

I 

I 
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Chapter 1 

Executive Summary 

The DRAM Procurement Guide has two purposes, as follows: 

• To present a balanced and informed perspective on the current 
condition and future direction of the DRAM marketplace 

• To provide DRAM users with a long-term strategy for choosing 
tactics on DRAM suppliers, product technology, and pricing 

The past two years have been tough ones for makers of DRAMs, with 
slim profits and ever-declining prices. Users continue to experience 
volatile pricing, a shifting supplier base, and periodic spot shortages 
such as the recent 256Kx4 VRAM glitches. Prices per bit have declined 
more than 70 percent since the end of summer 1989, ending a two-
year period of tight supplies and high profits for DRAM makers. Since 
that time, demand and production have been in near balance, virtually 
eliminating the possibility of any supplier makii\g the kinds of profits 
needed to finance the process development and fadiities expansion for 
the next generation of DRAM devices. 

Market Uncertainty 

Though demand outside of Japan has perked up markedly in 1992, 
most industry participants are still hesitant about calling the end of 
the lean years, or adding capacity, or for users, making long-term 
commitments beyond the summer months. Manufacturers are all mak
ing every effort to improve their cost structures to remain competitive. 
Absent a significant strengthening in the latter half of 1992, we are 
likely to see further damage to the DRAM supptier base, reflected in 
red ink or, in severe cases, outright withdrawal from the market. 

Evolving DRAIIA Supplier Base 

Though Samsung, GoldStar, and Hyundai now have more than 25 per-
ceat of the DRAM market, the Japanese still control more than 55 per
cent, down from nearly 80 percent as recently as 1988-1989. Texas 
Instruments and Micron Technology remain the only two integrated 
U.S. merchant suppliers, though Motorola does a good business resel
ling 4Mb devices made by joint venture (JV) partner Toshiba and mak
ing and selling the 1Mb design supplied in 1987 by Toshiba in 
exchange for Motorola's MPU technology. For its part, Samsung has 
performed magnificently, vaulting from a me-too 256K DRAM maker 
to beir^ the volume leader at 1Mb, and now, arguably the technical 
and production leader at the 16Mb density. It was the third-ranked 
producer for 4Mb DRAMs in 1991, behind Hitachi and Toshiba. NEC 
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remains the third Japanese major, followed closely by Mitsubishi and 
Fujitsu. Siemens—Eiu-ope's sole supplier—^though having signed on to 
both 16Mb and 64Mb JVs with IBM, has already announced that it 
will de-emphasize DRAMs in favor of ASICs and logic. Siemens keeps 
shifting: one month, the investments were too great, the profit oppor-
timities too meager, and the risks too large to go on full force beyond 
the present 16Mb development program. The next month it amnounced 
a 256Mb alliance with IBM-Tostdba. Other DRAM suppliers include 
Oki Semiconductor, ViteUc, Matsushita, Alliance Semiconductor, NMB, 
Sanyo, and Sharp, which collectively account for about 10 percent of 
the total market. 

IBM's announcement of an entry into the merchant market will cer
tainly turn some heads, as it is assumed that its point of entry will be 
its 16Mb DRAM technology. It is already shipping the 16Mb into its 
own systems division products, notably the AS/400 minicomputer. 
The next 12 to 18 months should tell much about IBM's merdiant 
capabilities and its continuing relationship with Siemens. 

Strong Demand Trend 

Since early 1992, there has been a resurgence of demand for DRAMs 
coming from PCs, led by 386/486 business and V>^ndows 3.1 software. 
Since tihe late 1980s, software is seen as an important "silent driver" 
for DRAMs, not subject to any capital equipment procurement cycle, 
but slowly and sign^cantly affecting the amount of memories that 
small systems in use require. Today, fully 80 percent of DRAM 
demand comes from computers and office equipment such as laser 
printers and fax machines. 

Competitive Pricing 

Prices for 4Mb crossed over those of 1Mb in mid-1991 on a per-bit 
basis, but the market for 1Mb DRAMs persists and is healthy. A fit of 
low prices late in the first quarter of 1992 was pushed back, but the 
low-end North America price as of midyear 1992—$3.10— îs still 
below what anyone thought possible during the 1988 period of short
ages. The price of 4Mb DRAMs entered 1992 at under $14.00 and are 
now about $11.00, en route to an expected price of $9.50 to $10.50 by 
year-end. Prices for 16Mb DRAMs are still near $140 per unit, far too 
high for price-conscious small systems makers that would rather stick 
with the 4Mb devices. 

New Product Trends 

Perhaps the most interesting developments in DRAMs recently have 
been the increased interest in Rambus-DRAMs (RDRAMs), and syn
chronous DRAMs, which offer users very high data rates to relieve 
constraints on systems design and eliminate the need for use of high
speed cache memories. Mitsubishi also recently announced a cache 
DRAM, appropriate for similar applications. Of course, video rams 
(VRAMs), which have been around for the better part of a decade, 
made up about 8 percent of the market in 1991 and are now available 
in 2Mb densities, with 4Mbs coming from TI by year-end. 
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VN̂ de memories—x8, x9, xl6, and xl8—are also available from a num
ber of suppliers at each density. Though these will take an increasing 
fraction of the market as time passes, they are still less them about 
10 percent of total tmits shipments. This fraction can be expected to 
grow to about 25 or 30 percent of total units by nudlife of the 16Mb 
DRAM. 

Another very interesting development is the coming of low-power and 
3V or 3.3V DRAMs. Driven both by the limits of shrinking design 
rides and by the demand for low-power chips for hand-helds, note
books, palmtops, and other battery-backed-up products, a trem«idous 
effort is under way to reduce power consumption at the chip level, to 
manage power consumption at the system level, and to extend battery 
life. Though the next stop is 3.3V, to replace the 5V standard first 
established in the early 1980s, there is really no reason to stop there. 
We can expect to see products operating from 2V or lower power sup
plies as we move into the 16Mb generation. Further out, prototypes of 
64Mb DRAMs have been armotmced by many suppliers, but are truly 
five to seven years away from any kind of high-volume production. 
Beyond that, who knows? There are formidable technical problems to 
development of the 256Mb DRAM, not to mention the far-in-advance 
development costs and the high facility costs once the production deci
sion is niade. DRAM makers and necessarily their users as well face a 
far different future than they were accustomed to in the 1980s. 

Risky Investment Outlook 

In 1992, fully eight years before first revenue is generated, the DRAM 
industry will invest about $1 billion in development of the 256Mb 
device and the 0.2-micron process on which it is to be run. Similar, 
substantial investments can be expected for the nest three to five 
years, leading to volume production. Then the $800 million production 
facility must be built, as well. For example, the IBM-Siemens-Toshiba 
alliance on 256Mb DRAM product/process development—excluding 
manufacturing—^will entail an investment of $1 billion. As a result, 
many DRAM makers are becoming increasingly concerned as to 
whether they will be able to reap a return on the investment that 
appears to confer only a small competitive advantage in the market
place, and thus a reasonable profit emd return on their investment. 
Add to this the slowing of the semiconductor industry's growth and 
the departure from the 100 percent per yeeir bit growth driving the 
learning curve, and makers are understandably concerned about their 
ability to recover their costs if they continue down this road. No one 
can clearly see the answers, and, especially for those for whom 
DRAMs are a significant part of their overall revenue, there are few 
alternatives to forging ahead with the next-generation product, as 
incredible as that may sound. 

A Snapshot of This Guide 

Highlights of this guide include the following: 

• It lays out Dataquesf s worldwide forecast of PC-based demand for 
DRAM—today and through 1996. 
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It takes you into hand-held PCs—a critical emerging applica
tion for DRAM and memory cards—^which is timely, because the 
just-announced Intel-VLSI Technology alliance on 386SL micro
processors/chip sets sets the stage for an explosion of growth in 
the hand-held market. 

It provides information on DRAM life cycle/supply base evaluation 
(in Qiapter 5) that can enable system manufacturers to achieve 
annual DRAM cost savings in excess of $100,000—in some cases, far 
in excess of $100,000. 

It apprises users regarding trends in package technology, which 
may become a severe barrier to adequate DRAM supply. 

It evaluates the strategic significance and market impact of global 
alliances such as the following: 

• IBM-Siemens-Toshiba 

• Hitachi-Goldstar 

o TI-Hitachi 

a TI-Hewlett-Packard-Canon and Government of Singapore 

It provides DRAM price forecasts that can raeeax significant cost 
savings this year—and guides long-term DRAM cost budgeting. 

i 
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Chapter 2 

Introduction 

The purpose of this Dataquest guide is to provide in one source the 
majority of DEIAM information needed by semiconductor procurement 
personnel in formulating sourdng and pricing decisions on a regular 
basis. The information also provides strategic market insight for any 
person who tracks the worldwide DRAM marketplace. The guide is 
divided into chapters that deal with specific areas of concern and 
interest to purchasers, component engineers, and other users of 
DRAMs. The report concludes with Dataquesf s perspective on the 
issues that DRAM users and market players should consider for 
managing this volatile product market. 

Chapter 3 jmd Chapter 4 present a demand-side perspective on the 
issues that affect the DRAM market. These chapters look at a key sys
tem appUcation for DRAM—^persor\al computers—which accotmt for 
more than 50 percent of DRAM consumption. Chapter 3 starts with 
Dataquest's view of the trend in PC-based demand for DRAM during 
the 1992-1996 period. The chapter follows with Dataquesf s assessment 
of the current condition and long-term trends in the worldwide PC 
market, setting the stage for Chapter 4, which looks at the hand-held 
PC market, a critical emerging application for DRAM and memory 
cards today and in 1996. 

Chapter 5 provides Dataquesf s 1992 assessment of the DRAM sup
ply/supplier base. This information enables system manufacturers to 
coordinate system life cycles with DRAM product-technology cycles. 
Dataquest dients report annual cost savings—of about $100,000 or 
more—through this coordination approach. In this chapter, DRAM 
product life cycle analysis serves as the starting point for assessing 
the strategic posture and direction of leading suppUers, including tech
nology, alliances, and fab capabiUty. The scope of coverage is 256K 
through 64Mb DRAMs through the year 2000. 

As the Executive Summary observes, converging market forces likely 
will increase supplier's long-term risks in the volatile DRAM market. 
Chapter 6 looks at a major impact of this market reality—an evolving 
worldwide network of DRAM technology alliances—which is headed 
by none other than IBM, which Dataquest views as the long-term 
wild-card player in the DRAM marketplace. 

Chapter 7 addresses trends in package technology. Users of DRAM 
should realize that package constraints represent a potential bsurier to 
the smooth flow of DRAMs to the user community. 
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Chapter 8 lays out Dataquest's North American DRAM price 
forecast—quarterly for 1992 and 1993 and long range for 1992 through 
1996. The forecast is based on Dataquest's quarterly survey of major 
users and suppliers of DRAMs, VRAMs, and SIMMs. Some Dataquest 
clients report annual savings in excess of $1 million through our pric
ing forecasts. The chapter also uses DRAM life cycle pricing history 
for projecting the range of 16Mb DRAM pricing in North America 
during 1993. This assessment taps in Dataquest DRAM pricing infor
mation that dates before 1980 in the case of 16K and 64K density 
devices. 

In Chapter 9 Dataquest shares a crisp perspective—formulated over 
20 years of semiconductor market coverage—of the ever-changing and 
growing DRAM market as described in this guide. 

Appendix A provides the biographies of the contributors to this guide: 
Ronald Allen Bohn, Rebecca Burr, Janet Cole, Robert Charlton, Ken 
Dalle-Molle, Mark FitzGerald, Mark Giudici, Lane Mason, Mary A. 
Olsson, Ade Olorunsola, Nicolas Samaras, and Lisa Thorell. 

i 
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Chapter 3 
Personal Computers: A Key Application for 
DRAMs — ^ _ . . ^ - ^ _ - ^ — 

Chapter 3—combined with Chapter 4—gives a demand-side perspec
tive on the issues that affect the DRAM market. These chapters focus 
on PCs because this system application accounts today for more than 
50 percent of DRAM consumption. For example, despite market satu
ration of the desktop PC marketplace, enhanced 32-bLt PC operating 
systems and applications such as VWndows software will require wide-
word DRAMs and VRAMs, the latter device for buffer memory in 
multimedia applications. This chapter assesses the state of the world
wide PC industry, from the traditional desktop market to the 
emerging hand-held and pen-based PC markets. 

Table 3-1 presents Dataquesf s view of the trend in PC-based demand 
for DRAM during the 1992 through 1996 period. The table includes a 
forecast of PC deicumd based on microprocessor type and an estimate 
of the quantity of main memory and add-on memory (in megabytes) 
that these systems will demand—^which will consist largely of DRAMs 
or memory Ccuds. 

Readers should keep the following main points in mind as they move 
through this report: 

• A PC system's total main memory usage on average should more 
than triple from imder 4MB for 1992 to 11MB for 1996—which 
means long-term challenges for users 

• Overall PC industry shipment growth has slowed dramatically. 
However, the portable PC segment should expand robustly for the 
next five years. 

• Driven by the demand for networked client/server architectures, 
workstations will emerge as a fierce PC desktop competitor, yet sig
nificant barriers to workstation entry into the PC desktop market 
remain. 

• Worldwide shipments of PC desktops decreased 100,000 units 
to 19.6 million imits. However, the PC deskside market grew 
67 percent to 981,200 imits in 1991. 

• Following a sterling performance in 1989 and 1990, 1991 worldwide 
PC laptop unit sales rose a mere 2 percent to 2.89 million units. 

• The PC notebook market exploded in 1991, growing 179 percent to 
1.14 million units worldwide 
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Table 3-1 
Estimated PC-Based DRAM Consumption by 
Microprocessor Type—Preliminary 
(Worldwide, Combined Desktop/Portable) 
(PCs: Thousands of Units; Memory: Megabytes) 

PC Type 
8080/8086 
Total Main Memory 

Main Memory 
Add-On Memory 

80286 
Total Main Memory 

Main Memory 
Add-On Memory 

80386 SX/SL 
Total Main Memory 

Main Memory 
Add-On Memory 

80386 DX 
Total Main Memory 

Main Memory 
Add-On Memory 

80486 SX/SL 
Total Main Memory 

Main Memory 
Add-On Memory 

80486 DX/DX2 
Total Main Memory 

Main Memory 
Add-On Memory 

586 
Total Main Memory 

Main Memory 
Add-On Memory 

68XXX 
Total Main Memory 

Main Memory 
Add-On Memory 

Other PCs 
Total Main Memory 

Main Memory 
Add-On Memory 

Average Memory 
per PC 

1992 
1,033 

1.0 
1.0 

0 
1,259 

2.0 
1.0 
1.0 

8,894 
4.0 
2.0 
2.0 

5154 
6.0 
3.0 
3.0 

2,917 
5.0 
2.0 
3.0 

2,700 
9.0 
4.0 
5.0 

5 
11 

8.0 
3.0 

4,332 
5.0 
3.0 
2.0 

416 
0.5 
0.5 

0 

4.9 

1993 
1,307 

1.0 
1.0 

0 
452 
2.0 
1.0 
1.0 

7,519 
4.5 
2.5 
2.0 

3,526 
7.0 
4.0 
3.0 

8,665 
7.0 
3.0 
4.0 

3,125 
10.0 
5.0 
5.0 
350 

12 
8.0 
4.0 

4,730 
6.0 
4.0 
2.0 
162 
0.5 
0.5 

0 

6.2 

1994 
1,357 

1.0 
1.0 

0 
222 
2.0 
1.0 
1.0 

8,208 
5.0 
3.0 
2.0 

2,052 
8.0 
5.0 
3.0 

12,237 
9.0 
4.0 
5.0 

3,629 
11.0 
5.0 
6.0 

1,001 
13 
9.0 
4.0 

4,966 
7.0 
5.0 
2.0 
101 
0.5 
0.5 

0 

7.6 

1995 
1,299 

1.0 
1.0 

0 
106 
2.0 
1.0 
1.0 

8,204 
6.0 
3.0 
3.0 

1,298 
9.0 
6.0 
3.0 

16,213 
11.0 
5.0 
6.0 

4,524 
12.0 
6.0 
6.0 

1,995 
14 

10.0 
4.0 

5,436 
8.0 
5.0 
3.0 
53 
0.5 
0.5 

0 

9.4 

1996 
805 
1.0 
1.0 

0 
0 

2.0 
1.0 
1.0 

8,155 
6.0 
3.0 
3.0 

560 
9.5 
6.5 
3.0 

21,065 
13.0 
6.0 
7.0 

5,184 
13.0 
6.0 
7.0 

2/)01 
15 

10.0 
5.0 

4,830 
9.0 
6.0 
3.0 
49 
0.5 
0.5 

0 

11.0 
Source: Dataquest (August 1992) 
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• As the newest technology segment within the PC market, the pen-
based market grew a dramatic 301 percent to 40,500 xmits shipped. 

• We expect worldwide unit shipments sales of portables, including 
low-cost hand-held units, to outpace those of the desktop, deskside, 
and workstation markets combined by 1995, with portables reaching 
61 percent of 1996 vmit shipments. 

State of the PC Industry 

The PC industry can no longer be described as a monolith. At the 
low end, rapid technological developments within the portables sector 
have created new competitors and products, some forenmners of a 
new generation of consumer electronics appliances. At the high end, 
rapid price/performance improvements within the RISC-based work
station industry and the related need of workstation suppliers to move 
to broader-volume distribution chaimels signal a down flow of high-
performance hardware and software technologies into the traditional 
PC desktop market. 

In this world of extremes, PC suppliers face essentially three alterna
tives. At the high end, suppliers can maintain position and compete 
with suppliers of the rising tide of RISC desktops. At the low end, PC 
suppliers can adapt to enter the new lightweight portables segments. 
These high-end and low-end segments are dearly territories to provide 
value-added hardware and software technologies, particularly in the 
area of client/server operating environments and, for portables, com
munications technology and ROM-based productivity applications. In 
the middle is the commodity PC clone vendor with little to no prod
uct differentiation. This vast middle ground has primarily capitalized 
on the business inefficiencies and aftenxuirket created by the first-tier 
technology leaders. Dataquest sees this middle ground, which is over-
popiilated and uses formulaic "follower" strategies, as an increasingly 
vulnerable position. 

Industry Performance 

Overall PC industry shipment growth has slowed draunatically since 
the 1980s. By 1990, the five-year growth rate plummeted to 16 percent, 
with a scant 4.4 percent growth in 1991. Coupled with 1991's negative 
8.5 percent revenue growth, the market returned only modest or nega
tive profit, despite the fact that the industry shipped a record number 
of imits worldwide. 

On the one hand, several forces are combining to make the outlook 
for revenue growth and profitability relatively poor. These include the 
continued price erosion on the PC desktop, the continued emergence 
of new companies that successfully take share from established compe
titors, and rapidly shortening product life cydes. Added to this is the 
restructuring of ttie distribution channels, with the major-brand-
name suppliers continuing to lose sales to suppUers specializing in 
mail-order houses, mass merchandisers, and superstores. 

On the other hand, there are reasons for opitimism. As with most 
industries facing slower growth and lower profit, the PC industry has 
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begun consolidation. Industry alliances, such as the Apple and 
IBM joint venture, promise a leveraging of resources, decreasing 
the overhead associated with new product development. 

Coupled with increased cost controls and the streamlining of 
organizations—^witness the massive restructuring by Apple, Compaq, 
and IBM—and the expansion of these players into more direct distri
bution channels, there is the promise of some further earnings growth 
as well as a better match of product features and manufacturing fore
casts to meet customer needs. Finally, the astronomical growth of the 
new portables and pen-based PC segments portends expanded market 
opportunities, providing computing to people who have never used a 
computer before. 

The PC industry shipped a staggering 24.9 million units worldwide in 
1991. However, 1991 worldwide PC market revenue fell 8.5 percent to 
$44.4 billion. 

A decrease in the dememd for PCs has been apparent in the United 
States for some time: from the double-digit unit shipments growth 
of the early 1980s, U.S. PC demand averaged only 8 percent com
pounded anntially from 1986 to 1991. In 1991, U.S. imit shipments 
demand increased only 4.8 percent. 

The PC market has always been fragmented. While the top 10 suppli
ers controlled 49 percent of the unit shipments volume in 1991, about 
275 other suppliers controlled fractional amounts of the remainder. 

On the one hand, leadership position among the top-tier suppliers 
has remained fairly stable. As the top revenue market leaders in 1987, 
IBM, Apple, NEC, and Compaq still maintain the top positions. 
Olivetti and Tandy have all lost position, while Atari and 
Europe-based Amstrad fell out of the top 25. 

The market share loss by the leading players has been the gain of new 
entrants that have focused on specific new products and transformed 
the industry. Some companies created positions with new product cat
egories better suited for personal mobility, for example, Toshiba's 
emergence via laptops in the late 1980s emd HPs recent hand-held 
market entry with the HP 95LX. 

Market Forecasts and Assumptions 
This section represents Dataquesf s forecast through 1996 for the PC 
market segments. Included in this analysis are a description of Data
quesf s forecast methodology and market scenarios for the five-year 
period. 
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Hotes on Methodology 
The PC forecast is based on the following three elements of data: 

• Microprocessor shipment data 

• Worldwide supplier/supply-side data 

• PC user/demand-side data 

Microprocessor shipment data are collected as part of Dataquesf s 
annual Semiconductor Industry Service aimual survey, which is con
ducted in conjunction with the Semiconductor Industry Association. 

Worldwide vendor/supply-side data are collected as part of Data
quesf s annual PC vendor survey. In 1991, Dataquest siuveyed more 
than 200 PC suppliers regarding their worldwide unit shipments and 
revenue. Companies are surveyed on a world regional basis. In addi
tion, Dataquest conducts an annual survey of PC CAD distributors. 

PC user research stems from Dataquesf s Score Report product, a PC 
customer satisfaction survey and vendor ranking conducted with 1,000 
U.S. PC users every quarter. Although the main focus is PC customer 
satisfaction, users are also surveyed regarding such key topic areas as 
purchasing plans and product delivery. 

Market Forecasts 
Dataquest projects that total PC worldwide unit shipments will grow 
at a compotmd annual growth rate (CAGR) of 11.29 percent from 1992 
through 1996, reaching 42.6 million imits shipments. More detailed PC 
forecasts follow later in this chapter. 

Desktops versus Portables 
On the one hand, the traditional PC desktop market is vulnerable 
and mature, facing slow growth and increasing competition from 
performance-driven workstation suppUers with a better grip on user 
needs for networked, multitasking environments. Suppliers such as 
Hewlett-Packard, IBM, and Stm Microsystems are readying both their 
manufacturing production and distribution channels, as well as their 
RISC/OS licensing partners, to produce an onslaught of RISC clones 
to invade the PC replacement market. 

On the other hand, the portables market, still in the early high-growth, 
low-penetration stage, is ripe for extravagant market expjmsion, with 
hand-held units promising entrance into the hjrpervolume sales of 
consumer electronics appliances. 

Desktop and Deskside Markets 
Figure 3-1 shows Dataquesf s forecast for the worldwide PC desktop 
and deskside markets. Overall, we expect PC desktops to continue 
their decline in unit shipments, falling at a CAGR of 5.8 percent over 
the next five years. 
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Figure 3-1 
Worldwide PC Desktop and Deskside Unit Shipments Forecast 
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Key assumptions underlying our forecast for PC desktops include the 
following positive factors that would sustain demand: 

• Radical price erosion 

• The home market 

• Multimedia capabilities 

The sharp price erosion of 1991 intensified in the first half of 1992, 
suggesting that 1992's price declines will exceed those of 1991. Several 
of the first-tier and second-tier players— încluding Apple, AST 
Research, CompuAdd, Dell Computer, and Everex—announced sub
stantial price reductions. Most sigiuficantly, in June 1992, Compaq 
shocked the industry with aggressive price points on its new ProLinea 
desktop line. Only a few days later, Dell counterattacked with still 
lower prices on equivalent models within its new Dimension series. 
Dataquest believes that the new 386 desktop pricing is lifting the 
demand torpor of 1991, spurring not only corporate purchases but a 
second wave of home PC purchases. 

Dataquest sees a large upside opportunity in the home PC market. 
Only 1 out of every 14 PCs ships into the home market. However, 
with commercial spending plans down and end users more savvy 
about their computer needs, suppliers are shifting their low-end PC 
strategies to communicate directly Avith home PC users. Dataquest 
views natioi\al online information services such as Prodigy (now 
with 1.5 million subscribers) as key facilitators of home PC use. 

i 

i 
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Multimedia will also provide a reason for sustained PC desktop sales. 
IBM's promotion of its Ultimedia Center as well as its recent equity 
position in Red Shark, a developer of multimedia applications, indi
cates its seriousness in this direction. More importantly, the emergence 
of hardware-independent audiovisual description languages such as 
that from Huent Machines will accelerate multimedia applications, 
reminiscent of the way that PostScript aided the desktop publishing 
market in the 1980s. 

Key negative factors in our overall PC desktop forecast include the 
following: 

• Market saturation (for example, desktop PC sales) are increasingly 
replacements for older, obsolete machines 

• Market displacement by workstation desktops 

• Market displacement by portables 

Traditionally, new growth in the PC desktop market has been fueled 
by more powerful microprocessor technologies, specifically centered on 
the 186 and, to a lesser extent, the Motorola 68000 architectures. How
ever, to the growing m ^ s of PowerPC users, it has become increas
ingly evident that these CISC desigt\s are not keeping pace with RISC 
processor performance. For example, the most powerful Intel CISC 
prcicessor available, the 50-MHz 486 at 27 mips, is two to three times 
slower than the most powerful RISC desktop processors available. As 
much as a gcKxl share of this performance benefit is derived from 
floating-point optimization, PowerPC users in the technical and finan
cial markets have some use for this compute power today. More 
importantiy, desktop PC users of the mid-1990s, who are moving 
toward 32-bit multitasking operating systems and using distributed 
application software with graphical user interfaces, as well as mul
timedia and object-oriented envirorunents, will have ample use of the 
compute power and the higher memory and storage capacities of 
workstations. 

PC Deskstops and Workstations: A Blur 

Simply put, by 1993 there wiU be little difference between a PC desk
top and workstation desktop from either a technological or a market
ing viewpoint. It is important to point out that we view this shift as a 
triumph of workstation technology over PC technology, not necessarily 
of the workstation suppliers or the PC suppliers. The challenge for 
traditional PC suppliers is learning to sell sophisticated boxes with 
multitasking operating systems and networking services. The challenge 
for workstation supphers is in gaining manufacturing efficiencies, 
amassing indirect channels, and gaining significant PC ISV capture. 
Notably, neither side has moved significantly from its traditional posi
tion altiiough workstation suppliers have made significant h^dway 
into the traditioi\al PC VAR and distributor channels. 

PC desksides will experience modest unit growth from 1991 through 
1996—an 11 percent CAGR—but we do not expect this technology 
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segment to sustain its position against the upcoming onslaught of i 
higher-performance systems from both the workstation and midrange 
multiuser system computer segments. 

Our PC deskside forecast is based on the following assumptions: 

• On the positive side, the demand for desksides will be driven by 
the need for file and database servers among the growing net
worked PC population. 

• However, desksides will come under increasing competition from 
both workstation desktop products and the relatively new breed 
of low<ost multiprocessor, midrange servers. Dataquest views 
586-based multiprocessor systems as principally part of the 
workstation and midrange multiuser deskside market. 

Portables Market 

Overall, Dataquest foresees tremendous growth in the portables mar
ket. We anticipate that by 1995, worldwide unit sales of portables, 
including low-cost hand-held units with full or partial DOS compati
bility, will outpace those of the desktop, deskside, and workstation 
markets combined, with portables reaching 61 percent of 1996 tmits 
shipments. 

The spectacular growth opportunities lie with pen-based and hand- ^ 
held PCs, which together will outnumber PC desktop shipments in fl 
1996. The laptop segment exhibits a declining to negative growth pat
tern, primarily because of competition from the smaller, lightweight 
portables (see Figure 3-2). 

Key factors influencing our forecast include the following: 

• Overall, imit shipments growth opportimities will be related to 
miniaturized size and weight. Therefore, notebooks will outsell 
laptops by 1995 and hand-held PCs will outsell all other portable 
types. 

• Portables, especially the hand-held and pen-based types, will 
expand the PC market by extending it to users who never used a 
computer before. 

• An increasing number of users will use their portable as the first 
and only computer, enabling portables sales to displace desktop 
sales. 

• For hand-held and pen-based PCs, early 1993 will mark the conver
gence of hardware, operating system, and applications availability, 
generating high-volume sales. 

V\̂ th the development of applications specifically designed for pen 
input, there will be a ferocious demand for pen-based units. 

i 
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Figure 3-2 
Portable PC Worldwide Unit Shipments Forecast 
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Dataquest believes that its portable PC forecast is quite conservative, 
as several new specialized PC-type technology segments are not as 
yet included in the existing forecast. These segments include the 
following: 

• Companion PCs, which fall into a subnotebook category and feature 
a ROM-based operating system and bundled application software 

• Hand-held computing devices without DOS 

Note as well that Dataquesf s current hand-held PC forecast does not 
include the market for DOS-less electronic hand-held products such as 
the Sharp Wizard and the Casio BOSS. 

An Ominous Sign? 

Worldwide PC market revenue exhibited negative growth in 1991, the 
first revenue dedine measured since Dataquest began tracking the 
industry. Key factors driving the restructuring of the PC industry 
include the following: 

• Fragmentation of the singular desktop PC compute enviroiunent 

• Networked, client/server architectures as the predominant compute 
environment of the 1990s 

• The emergence of new product categories better suited for persoiud 
mobility 
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Fragmentation of the PC Desktop Industry 

PC desktops still constitute the majority of revenue and unit ship
ments in this market. In 1991, PC desl^ops accoimted for 79 percent of 
the worldwide shipments. As much as desktops are the mainstay of 
the PC industry, the dominance of PC desktops is the single-n\ost 
determining factor in the characterization of the PC industry as one 
that is slowing in growth. 

Why is this era ending? Is the decline the result of inherent purchas
ing, economic, or product life cycles? Or is it structural in nature? The 
answer is both. 

Shrinking Product Life Cycies 

The product life cycles of the PC industry have rapidly compressed 
(see Figure 3-3). The average product life of 60 months in 1981 has 
now diminished to a mere 12 months. The rapid advancement of 
microprocessor technology has driven R&D time and time-to-market 
introduction speins of a few months. In turn, the rapid obsolescence of 
products has driven slowing sales cycles—as customers delayed pur
chases waiting for the next processor generation. Product life cycle 
erosion is in a closed-loop degenerative state, with continuing price 
decline and new technology driving still shorter product life cycles. 

Figure 3-3 
U.S. PC Market Product Life Dynamics: 1981 through 1991 
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In respor\se, suppliers have provided modular upgrade capability, 
Such upgrade capability is seen primarily as a means to ease end-user 
uncertainty about product obsolescence; it also forestalls switchovers 
to other suppUers' products that incorporate higher-speed processors, 

Price Erosion 

With a highly fragmented supplier market, price erosion has been a 
prevailing characteristic of the PC industry. In 1991, PC price erosion 
climbed to a IZ-year high. Over a 12-month period, the average street 
price of 386SX/16 clones fell nearly 30 percent. In this same period, 
the average street price of 486/33 clones dropped nearly 20 percent. 

This price erosion intensified in 1992 as Intel, the predominant PC 
nucroprocessor supplier, expanded its product line in the face of com
petitors such as AMD, Chips & Technologies, Cyrix, and TI. In order 
to differentiate its products, Intel latmched an aggressive campaign to 
lure customers away from the competitor-laden 386 product and onto 
its 486, with a rigorous 50 percent drops in some X86 lines during the 
first half of 1992. 

Worlcstations as Successfui PC Replacement Products 

Workstation suppliers have paraded the following key advantages of 
their products over traditioi^ PC desktops: 

• Bviilt-in Ethernet networking and software networking services for 
file sharing and print serving 

• The capability to coimect to high-end UNIX servers already 
installed in the corporate enviroiunent 

• More compute power, larger memory and storage capacity for 
meeting the needs of the emerging 32-bit operating systems, 
database management applications, multimedia applications, and 
object-oriented software enviroiunents 

• Extensive experience and sophisticated in-house software engineer
ing skills to provide support for multitasking operating system and 
networking services. 

• For high-performance desktops, hardware integration that allows 
lower prices than those for equivalentiy configured PC s)^tems 

• One-stop shopping for sophisticated heirdware, operating sjrstem, 
and networking services 

There is growing evidence that workstation suppliers are making 
headway in invading the PC corporate upgrade environment. In a 
first-half 1992 Dataquest survey of 1,000 workstation users, Dataquest 
found that 30 percent of the workstation users were former PC users. 
Finally, within the $5,000 to $9,900 desktop price band, workstation 
vendor Sun ranked No. 4 in unit shipments share, 
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Barriers to Workstation Entry 

As much as workstation suppliers offer a robust operating environ
ment for PC users to coimect to their legacy high-end UNIX systems, 
there are several barriers to their immediately displacing PCs desktop 
sales. Significant among these are applications availability and 
business model efficiencies. 

Application Availability 
The incontrovertible fact is that DOS today supports more than 
20,000 applications. As much as workstation suppliers approach 
having 4,000 to 5,000 applicatioiw (including several significant 
mainstream PC software suppliers), there is the view that the avail
ability of thousands of vertical niche applications—^for example, 
legal services, dental/medical, and financial applications—^and not 
the key applications has enabled the PC desktop as a volume plat
form. In addition, Dataquesf s survey of PC ISVs finds that 
developers are still concerned that end-user demand for RISC-based 
platforms is still relatively low. 

Business Model Efficiencies 
It is not clear that workstation suppliers can compete with PC sup
pliers' cost structures. Workstation suppliers place a premium on 
R&D activities (to support their installed base of technical users), 
thus leaving considerably less to spend on sales and advertising 
expenses. In contrast, traditional PC suppliers place quite a 
premiiun on SG&A, as brand name recognition is a significant 
differentiation in this commodity market. 

Another key point is that major PC suppliers ship about 500,000 
systems per quarter, compared with major workstation suppliers' 
shipments of 20,000 to 50,000 systems per quarter. 

Tlie Emergence of Portabies 

PC product segment growth has shifted from traditional desktops to 
portables. 'Virtually all major PC suppliers now offer portable PC 
products. Low entry barriers, coupled with the upside opportunity 
represented in the sublaptop portables segments, have encouraged 
more new market entrants into an already fragmented indiistry. In 
turn, this has put the market share of established players under 
constant pressure. 

Desictop Dependency 

In 1991, the top 10 PC suppliers worldwide all experienced a decline 
in PC revenue, with the notable exceptions of Apple and Groupe Bull. 
This widespread decline occurred despite new product introductions 
in the high-growth portables sector by nearly all of these suppliers. 
The principal reason for this decline is the continued revenue depen
dence by all the top 10 suppliers—except Toshiba-on the declining 
desktop market. 
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Desktops 
The market for PC desktops declined in 1991. Shipments fell from 
1990's 19.7 million uiuts to 19.6 million imits. The persistent highly 
competitive conditions in the PC desktop done market are apparent in 
the respective negative and flat growth results of IBM and Compaq, 
both of which are continuing to lose share to competitors such as 
Acer, Dell, and Everex that offer competitively priced clones. However, 
Apple and Commodore fared well with their price-point-conscious 
strategies and with Commodore's success in the European market. 

PC Desksides 
As a relatively new market, the PC deskside segment continued as 
one of the highest-growth PC markets. Capitalizing on the growing 
corporate trend toward networked client/server computing, the world
wide PC deskside market grew 67 percent to 98i;Z00 units in 1991. PC 
deskside systems often support the leading-edge microprocessor tech
nology and are often used as servers of multiuser systems. With a 
premium price for systems and a large installed PC cUent base in the 
corporate enviioiunent, IBM's brand name position has allowed it to 
sustain a majority market share, even while it dropped 13.5 m a r l ^ 
points. 

This is relatively high-margin territory, and in 1991 it attracted new 
market entrants Arche Technologies, Digital Equipment Corporation, 
Hyundai, and TJ. Apple entered this segment and rapidly captured 
third place in unit shipments' market share (3.8 percent) with the 
Quadra series, a product complementing Apple's large installed base 
of Macintosh client desktops. 

However, players such as Dell and Mitac placed increasing price pres
sure on IBM, \^ctor, HP, and Advanced Logic Research, which collec
tively dived 28 market share points in 1991 as measured in unit 
shipments. 

IBM to a great extent and HP to a certain extent were victims of their 
own mixed-platform strategies as their own sales forces pushed still-
higher-margin RISC workstations into rc desktop accounts. Dataquest 
believes that this Trojan Horse strategy, with UNIX RISC-based servers 
supporting PC clients, indicates a product position shift of the broad-
based platform supphers. Dataquest believes that these players are 
preparing to woo their PC installed base onto the new PowerPC and 
PA-RISC systems of the mid-1990s. 

Laptops 

Because of ferocious price erosion, the 1991 laptop meirket was a 
brilliant case study of how rapidly maturation occiirs in the PC 
technology segments. Following a sterling performance in 1989 and 
1990, 1991 worldwide PC laptop sales rose a mere 2 percent to 2.9 mil
lion units shipped. To a great extent, PC laptop sales came under 
increasing pressure horn sales of the smaller, more lightweight PC 
notebooks. 

SPWW-SVC-FR-9202 ®1992 Dataquest IncoiporatBd August 17,1992 



3-14 Semiconductor Procurement 

Toshiba, as one of the industry leaders in laptops, faced increasing 
competition. In the U.S. laptop market alone, Toshiba fell 45 percent 
in unit shipments, principally at the hands of major players Compaq, 
NEC, and IBM. Unfortunately, Toshiba did not enter the PC notebook 
market until late in 1991, a move that would have defended its PC 
market position overall. As much as Toshiba is under increasing pres
sure from both laptop and notebook suppliers, its 1991 entrance into 
the 486 Micro Chaimel Architecture (MCA) logic chip business— 
coupled with its DRAM, display, and CD-ROM technologies— 
promises to offer an advantage in future laptop and notebook 
designs—especially with IBM's renewed strength in this market. 

Notebooks 

The PC notebook market exploded in 1991, growing 179 percent to 
1.14 million units shipped worldwide. This growth rate is all the more 
remarkable, given the shortage of hard drives aitd displa)^ through a 
good part of 1991. 

One primary reason that notebooks sold so well in 1991 was that 
end users were finally able to duplicate their desktop enviroiunents 
on a notebook, mainly because of more power microprocessors, the 
availability of monochrome VGA, and sufficient storage. 

The fast pace and the pressures on this market were evident in its 
rapid fragmentation, taking a heavy toll on 1990 market leaders. Com
paq, Sharp, and Epson together accounted for 70.6 percent of 1990 
unit shipments. By year-end 1991, these suppliers accounted for only 
14.7 percent of the worldwide notebook shipments. 

Indeed, presence in the notebook market has proven to be more of a 
liability than an asset, with overproduction and inventory control put 
to the test. Suppliers with products scurry to off-load products with 
obsolete technology before new suppliers introduce new products. By 
the time the established suppliers reduce the prices on their older 
notebook product lines, new and advanced notebook products are 
available at competitive prices. Thus, market players such as Apple, 
AST, IBM, and Tandy, with zero to negligible notebook market share 
in 1990, together gained 27.6 percent of the market share of units 
shipped in a single year. Apple was particularly successful in gleaning 
about 10.5 percent of the worldwide notebook market with its Power-
Book products, which appealed to its large, ready base of installed 
Mac users. This is an excellent example of how Apple's proprietary 
architecture has helped protect its market position. Similarly, Groupe 
Bull's gain shows how geographic focus shielded its opportunity for 
notebook volume growth. 

VŜ th the proliferation of imdifferentiated products from more than 
65 suppliers, the notebook market suffered enormous price erosion. In 
the U.S. market, the notebook ASP dropped almost 20 percent in 1991. 
Despite this price erosion, notebook buyers in 1991 were still forced to 
pay a premium for portability, with a notebook costing up to twice as 
much as an equivalent desktop system. 
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Note that many Japanese laptop suppliers focused on Europe, Austra
lia, and Southeast Asia in 1991 because of the prohibitive 100 percent 
U.S. tariffs. However, Dataquest expects many Japanese laptop suppU-
ers to enter the U.S. marketplace in 1992 or 1993, fully rearmed with 
notebooks as a result of the U.S.-Japanese bilateral semiconductor 
accord in 1991, whereby these exorbitant tariffs were lifted. 

Hand-Held PCs 
Still in its embryonic stage of market maturation, the hand-held PC 
market grew a ferocious 121 percent in 1991 to $85.9 million, with unit 
shipments' growth of only 9 percent, or 237,599 worldwide shipments. 
The disparity in uiut shipments and revenue growth in this market 
reflects the premium prices that buyers are willing to pay for these 
lightweight uiuts. 

The imdisputed winner in DOS-based hand-held PCs was HP, which 
gained close to 46.3 percent market share based on unit shipments, 
shipping about 110,000 HP 95LX palmtops. The reason for the HP 
palmtop's great success was that it was first and foremost a business 
solution, with Lotus 1-2-3 in ROM, a full-funcHon calculator, a per
sonal information numager (PIM), and a LAN adapter option. 

Dataquest notes that in a broader definition of the hand-held market, 
the HP 95LX clearly can be seen as a competitor of hand-held elec
tronic appliances such as the Sharp Wizard and the Casio BOSS, From 
this viewpoint, HP's winnings were small, as Sharp and Casio 
together shipped more than 2 milhon of these products. The profound 
difference in shipment volume has everything to do with distribution 
channel: 22 percent of the 1991 U.S. hand-held products were shipped 
through consumer electronics outlets, whereas tiie majority of Sharp 
and Casio appliances went through these outlets. 

Chapter 4, as noted, provides a closer look at hand-held PCs and their 
memory requirements, today and through 19%. Intel's recent aUiance 
with VLSI Technology—which aims at 386SL chip sets—should set the 
stage for accelerate growth in the hand-held segment of the PC arena. 

Pen-Based PCs 
As the newest technology segment within the PC market, the pen-
based market grew 301 percent to 40,500 units shipped. Continuing 
the theme of all new PC technology segments, the 1990 early market 
leader, GRiD Systems, lost some ground in 1991, as new players 
arrived on the scene. 

As a technology poised for growth in the mass market of users 
imfamiliar with computer technology, pen-based computing in 1991 
was limited by two chief market factors: late availability of pen-based 
operating systems and limited access of distribution. Note that, though 
pen-based technologies are ideally suited to the person who is not 
computer-literate, the primary sales channel in 1991 was that of 
the direct and VAR sales for computer companies, accounting for 
77 percent of the pen-based imits purchased. 
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Recommendations 
Dataquest makes the following recommendations: 

• System manufacturers should anticipate that the critical portable 
PC market will continue to fragment, as suppliers differentiate on 
technological featiu^s such as integrated cellular voice and fax 
capabilities—although ultimately there will emerge a "universal 
portable" and multiple-personality operating systems. 

• Because of rapidly decreasing PC product life cycles, coupled with 
persistent price erosion, successful PC suppliers will need to sup
port full portable product lines or desktop/deskside client/server 
offerings rather than point products. This approach, allowing econo
mies of development costs and manufactiuing, will be mandated in 
order to sustain reasonable margins within increasingly shortening 
product cycles. 

• A related mandate is that users must coordinate I'C system 
road maps with DRAM life cycle expectations toward a goal 
of competitive component pricing as outlined in Chapter 5. 

i 
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Chapter 4 
Hand-Held PCs: An Emerging Application 
for DRAM 

As noted in Chapter 3, portable PCs (portables) represent a growth 
segment for PC manufacturers and prospective market entrants. Intel's 
recent alliance with VLSI Technology sets the stage for a new version 
of Intel's 80386SL device suitable for hand-held applications. In the 
portable PC market, hand-helds should be one of the most rapidly 
expanding segments over the next five years, with HP enjoying an 
early lead. A main point is that hand-held PCs should drive a key 
DRAM technology trend: the shift from embedded slow SRAM to 
embedded DRAM augmented by memory cajnds. This chapter takes 
a peek into hand-held PC systems today and gives a view of their 
expected evolution over the next half decade. 

Portable PC terminology is confusing. Definitions change with time as 
technology races to fit a Cray supercomputer in a shirt pocket! In this 
section, Dataquest provides basic definitions and then discusses trends 
and semiconductor opportimities in the portable PC industry. 

Definitions 

A notebook PC is a desktop PC shrunk to the approximate size of 
8.5 X 11 X 1.5 inches; it weighs 4 to 7 pounds. 

A companion PC is basically a smaller notebook PC that typically 
measures 10 x 6 x 1 inches and weighs less than 3 pounds. It may 
use a floppy and a hard disk or silicon disk for mass storage. 

A hand-held is a desktop PC shrunk to at least a size of 8.5 x 4 x 
1 inches (more often 6 x 4 x 1 inches) and weighs less than 
1.5 pounds. Because of size and power constraints, hand-held 
PCs do not use a hard disk for mass storage. Instead they rely on 
PCMCIA-type memory cards to fulfill this function. The memory card 
here performs dual functions: that of a removable mass storage device 
(hard disk) and of a floppy that allows for information exchange. The 
term palmtop is often used to indicate a similar class of machines. For 
our discussion we will focus on machines that support a standard 
operating system (OS) such as DOS. 

A personal organizer is a small portable device ( 6 x 3 x 1 inches or 
snvaller) typically running a proprietary OS and a small set of PIM 
utilities such as appointment calendars and phone books. Personal 
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organizers do not nm general-purpose software. They can, however, 
communicate with PCs for data transfers. 

Why Do We Need Hand-Held PCs? 

Even though portable PCs are getting smaller and lighter by the day, 
they are still cumbersome for many applications and users. It is true 
that notebook PCs have brought the computing power of the desktop 
to an 8 X 10 X 1-inch form factor weighing just under 5 pounds. But 
even though they fit in briefcases, they are still limited in a number of 
ways. 

Portable PCs depend on expensive nonstandard rechargeable batteries 
that allow for just 2 to 4 hours of operation, which creates a problem: 
It is nice that such powerful full-fledged PCs can be taken on the 
road, but they tend to become temprararily useless once they run out 
of power. Of course they can be brought back to life when an AC out
let is found, but then, this is not much consolation inside an airplane! 
Another problem is the AC adaptor, which is not lightweight and 
takes up space. At 4 to 5 pounds (adaptor excluded), notebook PCs 
are still heavy for most users, who would prefer something much 
lighter if given a choice. More importantly these PCs are not socially 
accepted in meetings, while paper-based daytimers and organizers are. 
Portable PCs also are not very rugged, the weak points being the hard 
disk and to a lesser degree the LCD display. Finally, there is the cost 
issue: Notebook PCs still cost $1,500 to $4,000, excluding software. 

Enter the hand-held PC, which is much smaller, much lighter, runs on 
off-the-shdf batteries (often standard AA) for up to 100 hours, fits in a 
shirt or vest pocket, costs a third the price of a notebook, runs most 
(if not all) rc application software, and easily coimects with desktops. 

Because the hand-held PCs run off-the-shelf software, they become 
almost as useful as the desktops. The key word here is almost. Some 
choices had to be made to downsize a desktop to a hand-held. There 
is no space or power to use a hard disk, whidi means that some alter
nate form of mass storage is needed. The only viable—and in the 
short-term, expensive—alternatives were solid-state disks and/or 
memory cards. The solid-state disk based on flash memory is the 
hard d^k replacement; the memory card is the floppy. 

Solid-state storage is a blessing in disguise. Because it is more expen
sive than the equivalent hard disk drive (HDD), it mandates that only 
the necessary software be built-in or carried along. This iad, limiting 
as it may at first glance seem, forces examination of the utility of the 
software carried along. Only absolutely necessary software is embed
ded in hand-held PCs because semiconductor mass storage is not 
cheap. On a per-megabyte basis a hard disk drive costs $3 to $4, 
whereas a flash memory disk/card may cost $50 to $75. By year's 
end it is expected that the cost disparity between hard disks and 
solid-state storage (flash) will be reduced to 5:1 as memory cards 
reach $25 per megabyte. 
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A point often missed in cost-per-megabyte discussions is that just 3MB 
of hard disk storage cannot be bought for $9! Even if the cost issue is 
ignored, hard disks cannot be used in hand-held PCs because they 
consume too much power and their size, even at the 1.8-inch form fac
tor, is a problem. This may not hold true if and when low-power 
1-inch HDDs become available. At that size most problems inhibiting 
their use in hand-helds should disappear. A 1-inch hard disk would be 
reasonably rugged and power nimble. For now, however, solid-state is 
the only alternative. 

Hand-held PCs are not meant to replace the office PC; instead, they 
are expected to act as adjunct computers. 

To the extent that hand-held PCs can effectively be used as take-along 
computers, their compatibility with the user's desktop PC is essential. 
However the ability to nm all the software as the user's desktop is a 
questionable quality. The hand-held is more of an outgrowth from the 
organizer camp as opposed to the downsizing of the notebook PC. 
Attributes other than full compatibility are more important. For exam
ple, are the PIMs adequate and well designed? Is the hand-held small 
and easy to carry along and use? Is the keyboard useful for a reason
ably small amount of typing? Are the batteries easy to find and do 
they last 50 to 100 hours? Is the display quality acceptable? How easy 
is it for the average user to connect the hand-held to a desktop and 
upload/download data? Is cotuiectivity expensive? Successful hand
held implementations should have plenty of yes answers for this set of 
questions. 

Who Uses Hand-Held PCs? 

Beyond the on-the-go professional that needs something light for the 
Foad, a multitude of people use and will use these devices in a variety 
of environments. Weight, portability, and battery life are key features 
that make hand-held PCs attractive in industrial/commercial tasks on 
the factory floor to collect data, in shipping and receiving, for inven
tory and other tasks. Thus assuming that hand-helds debver on the 
challenges at hand (ease of use, long battery life, and seamless con
nectivity), they stand to clearly dominate parts of mobile computing. 
Figure 4-1 shows a representative level of integration in today's 
hand-held PCs. 

The trend in hand-helds is toward using a highly integrated MPU 
such as the NEC LH72001, the C&T F8680, the VADEM VG-230, or 
the Motorola LSC80018. The memory card port can be controlled in a 
number of ways. A memory card controller may be used if space and 
cost permit. Alternately, glue logic or even the MCU may be used for 
direct but less efficient control. This function will ultimately migrate to 
the MPU. 

Table 4-1 shows hand-held unit projections based on Dataquesf s Per
sonal Computers group's forecast, which does not include personal 
organizers. Hand-held PC unit shipments are expected to grow at a 
CAGR of about 84 percent from 1992 to 1996. Both average selling 
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Figure 4-1 
Hand-Held PC—Block Diagram 
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Table 4-1 
Estimated Total Available Market, Worldwide 
Hand-Held PCs 

Units (K) 

ASP($) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

1992 

801 

330 

56 

44.8 

1996 

9^15 

280 

38 

350.2 

CAGR (%) 
1992-1996 

84.2 

-4.0 

-9.2 

67.2 

Source: Dataquest (August 1992) 
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prices and hand-held semiconductor content are expected to come 
down following reasonably well-defined learning curves. The total 
available market for semiconductor vendors is projected to grow at a 
healthy rate of 67,2 percent over the same period. It should be noted 
that the semiconductor TAM figures do not include the substantial 
semiconductor memory (flash, ROM, and RAM) opportunities arising 
from memory card sales. 

Figure 4-2 shows projected hand-held PC market share for 1992 and 
1996. 

Hand-Held PC Players 

Players in the hand-held PC market, along with their status, are as 
follows: 

• HP— În its second generation of product, HP 95LX 1MB. 

• Poqet—^In its second generation of product, Poqet PC. 

• Sharp—About to enter the hand-held PC nuirket with its PC-3000. 
Has participated in the organizer market with its Wizard product 
line. 

• Casio—^So far has offered a series of organizers (6.O.S.S. product 
line). 

Figure 4-2 
Worldwide Hand-Held PC Market Forecast 

Hand-Held PCs (3.0%) 

1992 1996 

Source: Dataquest (August 1992) G2000100 
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• Atari—Offers ihe Atari Portfolio. Sold close to 100,000 units in 1991. 

• Sony—^At present offers a line of hand-held PCs for the Japanese 
market that run a proprietary OS and accept pen input. 

• PSION—Has offered a product that is similar to HP's 95LX but is 
based on a proprietary OS. 

Semiconductor Opportunities and Trends 
Opportunities and trends for semiconductors are described in the 
following paragraphs. 

MPU 
Because both space and power come at a premium, MPUs that 
integrate most if not all the functions needed to build a hand-held 
PC are now appearing to fill the gap. Figures 4-3, 4-4, and 4-5 are 
typical implementations. As high integration is achieved, board 
space and cost will be freed for other functions such as speech and 
handwriting recognition, and IR and RF communications capabilities. 
MPU sp>eeds will increase, primarily driven by handwriting recogni
tion, algorithmic demands, data compression speech processing, and 
communications needs. 

Main Memory 
Today 1MB of SRAM/PSRAM (pseudo RAM) is typically used. 
PSRAM is preferred for cost reasons. Two 4MB, 3/5V devices do 
the job. If the execute-in-place (XIP) function is successfully i 

Figure 4-3 
Block Diagram of the Chips and Technologies F8680 (PC/CHIP) 
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Figure 4-4 
Block Diagram of the NEC LH72001 
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implemented, then main memory may increase marginally to 2MB. 
Flash will be used in the future because of nonvolatility and low 
power consumption; most likely it will replace at least a part or all 
SRAM/PSRAM. 

ROM 
The 1MB t5^ically used today most likely will be replaced by flash 
in the near future. In this area hand-held PCs store their operating 
S3 t̂em (for example, EKDS) and programs such as Lotus 1-2-3 and 
PIMs. The problem with ROM is that it cannot be changed and 
thus the hand-held PC may be rendered obsolete in a short period. 
Flash memory is far more appropriate for this function. The 
expected memory size is 2M6 to 4MB in the near term, increasing 
to 10MB by the end of the decade. 

Mass Storage 
Solid-state disks using flash memory with capacities on the order 
of 2MB to 5MB should be used in the near term; 10MB to 40MB 
should be used by 1995. Small densities shoiild not be under
estimated; by using software compression their size could be 
more than doubled, thus decreasing their apparent cost. 

Data Compression 
This fimction begs for eventual implementation in silicon, perhaps 
as part of a chip set at first, eventually to be integrated in the 
core MPU. Data compression is needed to offset the high cost of 
silicon-based memory used for mass storage. 
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Figure 4-5 
Block Diagram of the VADEM VG-230 
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Other Storage 
Hand-held PCs will incorporate one or two PCMCIA-type ports 
supporting XIP. Flash and SRAM memory cards will be used as 
secondary storage devices. ROM memory cards will carry applica
tion software. Programming flash memory cards will become easy 
with the introduction of single-supply 5V devices now, and 3V in 
the future. 

Connectivity 
Connectivity is a key issue with devices such as hand-helds that 
tend to depend on the uploading and downloading of data to and 
from a desktop PC. Beyond the RS-232 type connections, infrared 
such as the one used by HP seems to be a very good alternative. 
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An infrared connection with the desktop may simplify the chore of 
transferring data and programs between a desktop and the hand
held. In the long run, with PCMCIA ports finding their way into 
desktops and notebooks, the memory card will be used to transfer 
data between hand-held and desktop PCs. 

Communication 
The HP 95LX hand-held can mate with the NewsStream receiver 
from Motorola. It allows the user to receive e-mail over national, 
regional, or local paging services. Most products offer built-in termi
nal emulation software that allows the hand-held to be tied up to a 
network such as CompuServe by using a modem. Modem amd or 
wired/wireless fax capabilities may be integrated into hand-held 
PCs in the near future. 

Who Makes Microprocessors for Hand-Held PCs? 
The NEC V20 MPU is used by the HP95LX, tiie Poqet, and the Sharp 
Wizard series of products. It is by and large the microprocessor most 
commonly used in these IBM-compatible PCs. 

A number of newcomer single-chip MFUs are poised to challenge this 
MPU. C&T introduced a single-chip highly integrated MPU, the F8680 
(PC/CHIP), which also includes power maiutgement logic, a CGA-
compatible LCD controller, a serial port, and IBM XT-compatible bus 
logic. 

Newcomer VADEM will shortly introduce the VG-230, a device that 
incorporates the V30 MPU, a power management unit, serial port, tim
er, DMA and interrupt controllers, real-time clock, memory controller 
and manager, graphics LCD controller, and keyboard scanner. 

Motorola is about to offer a highly integrated MCU, the LSC80018, to 
a small consortium of companies with the common goal of promoting 
a hand-held variant called PocSec for the Pocket Secretary. The 
LSC80018 feattu«s an 8-bit MCU that incorporates a graphics LCD 
controller, a real-time clock, an SPI, SQ, 3.5K of ROM, 448 bytes of 
RAM, and an 8MB MMU. 

IC Peripherals for Hand-Held PCs 
Table 4-2 lists memory card controller ICs, and Table 4-3 compares 
three hand-held computers. The Poqet has been around the longest. 
HP has been very well received, with sales on the order of 100,000 
units for 1991. The Sharp PC-3000 is about to enter the market. 

Dataquest Perspective 
The need for portability must be balanced with the usefulness of a 
hand-held PC, which, depending on implementation, may be portable 
but not useful. A nagging problem in toda)r's hand-held PCs is the 
human interface. A small hand-held with a tiny keyboard can fit in a 
pocket. Unfortimatdy, even the smallest amoimt of typing using such 
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Table 4-2 
Memory Card Controller ICs 

Intel 

VLSI 

Fujitsu 

82365SL 

VL82C107 

MB86301 

Memory card controller 

Includes memory card 

Control function 

Memory card controller 

160-pin QFP 

128-pin QFP 

120-pin PQFP 

Source: Dataquest (August 1992) 

Table 4-3 
Hand-Held PC Features 

Size (Inches) 
Weight 
CPU/Speed 

System Memory 

Keyboard 

Display Column/ 
Emulation 

E)isplay Resolution 
Batteries/iype 
Memory Card Slot 
O/S 
Other Ports 

Opt. Peripherals 

Built-in Software 

HP95L X 1MB 
6.3 X 3.4 X 1.0 
11 oz 
V20H at 537 

MHz 
1MB SRAM 
1MB ROM 
60 + 10 EN + 10 

Apps 
40x16—MDA 

240 X 128 
Two/AA 
1 PCMCIA-1.0 
MS-DOS 3.22 
3 wire RS-232 
Intra-Red 

NewsStream 
Receiver 

Lotus 1-2-3 
Ver 2.2 

Scheduler 

Address/Phone 
Book 

Memo Editor 

Sharp PC-3000 
8.8 X 4.4 X 1.0 
1.23 lbs. 
80C88 at 10 MHz 

1M6SRAM 
1MB ROM 
77 + 12 FN 

80x25—CGA/ 
MDA 

640x200 
Three/AA 
2 PCMClA-1.0 
MS-DOS 3.3 
RS-232C 
Parallel I/O 

1.44MB 3.5" 
Floppy 

Lotus compatible 

Scheduler 

Address/Phone 
Book 

Memo Editor 
HP Financial Calc Calculator 
DataComm 
FUer 
Clock/Stopwatch 
ToDo list 

LapLink 
File Manager 
Clock 
ToDo list 

Poqet 
8.8 X 4.3 X 1.0 
1.2 lbs 
80C88 at 7 MHz 

640KB SRAM 
768KB ROM 
77+ 10 FN 

80x25—CGA/ 
MDA 

640x200 
Two/AA 
2 PCMCIA-1.0 
MS-DOS 33 
RS-232C 
I/O bus 

(XT comp) 
1.44MB 3.5" 

Floppy 
Scheduler 

Address/Phone 
Book 

Memo Editor 

Calculator 
File Manager 
Qock 
ToDo list 

i 

Source: Dataquest (August 1992) 
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a keyboard becomes a chore. That makes the hand-held effectively an 
organizer that can be connected to a desktop PC. 

On the other hand, if the minimum useful size keyboard (such as the 
Poqet/Sharp PC-3000) is used, the hand-held cannot fit in a pocket 
and its usefulness is again reduced. The solution may be a hybrid 
product such as the HP 95LX where the keyboard keys are erJarged to 
a size doser to those in the Poqet/Sharp PC-3000 (QWERTY without 
separate numeric keypad) and where the pen input is allowed to sup
plement the keyboard. Both Sharp and Sony have demonstrated 
products that incorporate such a pen-based input device. Even though 
these are not hand-held PCs that run DOS, they are a step in the right 
direction. Making such devices PC-compatible is rather simple. 

The key to success for hand-helds may be semiconductor devices that 
allow for a good nvachine-human interface, which may be handwriting 
on the LCD screen, voice recognition, or a combination of both, and 
provide seamless connectivity. If hand-helds succeed in being easy to 
use, then their unit volume potential will exceed our expectations. 
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Chapter 5 

DRAM Product and Supplier 
Assessment ^^^^^^^ 

For many users, DRAMs rank as their most critical supply base con
cern. A key element to Dataquest's Semiconductor Procurement Ser
vice (SPS) strategy for DRAM demand management is for users to 
match system life cycles with DRAM life cycles. This evaluation en
ables systems manufacturers to compare their long-term system migra
tion plans against DRAM life cycles for the purpose of managing 
DRAM costs and planning for DRAM product changes in those cases 
where system and DRAM life cycles do not match, 

Based on Dataquesf s 1991 DRAM market share ranking, this section 
evaluates the life cycle stage for DRAMs in 256K through 16Mb densi
ties and assesses the evolving supply/supplier base for these critical 
products not only today but for the remainder of this decade. 
Modeled in the same fashion as previous Dataquest articles in otu: 
series of IC supply base reports, this chapter is organized in three 
m£un sections. The first section develops a guide to cost-effective 
procurement of DRAMs through the use of product life cycle analj^is. 
The second section focuses on the top-ranked suppliers of DRAMs and 
looks at market positions, product strategies, technology strengths, 
strategic alliances, and the worldwide fab network of leading suppli
ers. The third section combines the analyses of DRAM life cycles and 
the supplier base. This section supports users of DRAMs in assessing 
which direction to take for DRAM products and suppliers over the 
long term. 

DRAM Product Life Cycles 
This section uses information on DRAM product life cycles as a guide 
to assist users in adjusting to forces affecting the marketplace over 
time. This section also lays the basis for other analysis based on 
DRAM life cycle curves. 

DRAM Life Cycles by Product Density 
Figure 5-1 shows a series of curves that map the product life 
cycle of DRAMs in densities of 256K to 16Mb. This figure is 
based on Dataquesf s historical DRAM unit shipments and forecast 
information. 

Figure 5-1 reveals that DRAMs experience a life cycle in the range 
of 15 years, excluding the R&D phase. The figure also illustrates 
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Figure 5-1 
D R A M Product Life Cycles by Dens i ty as of August 1992 

Millions of Units 

l.iiUU -

1,000 -

8 0 0 -

6 0 0 -

4 0 0 -

2 0 0 -

0 ^ 

^ ^ -m- 256K 

/ \ - X - 1Mb 

y^S( \ —*- 4Ub 

f\/y\lk \ —•— 16Mb 

// V ^ S ? \ L \ O = Estimated 
/ ^ A / ^ \ Yta \ Product Status 

J^ / \ / \ \ \ as of 1992 

^ T 1 1 — 1 1 1— 1 1 1— 1 1 1 1 T 
Yean Years Years Year? Year 9 Year 11 Year 13 Year 15 i 
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that DRAMs with densities of 4Mb and below typically reach the 
peak stage of the life cycle during the sixth year. 

Historically a new density of DRAM has been introduced every 
three years—^with a concomitant three-year interval for price-per-
bit crossovers. The trend is toward longer DRAM life cydes as 
measured by the interval between price-per-bit crossovers. 

Factors Affecting DRAM Life Cycle Behavior 
Among the Actors affecting DRAM life cycle behavior are system 
application trends, DRAM maniifacttuing trends, and the levels of 
R&D and capital spending. We believe that the huge R&D expense 
and fab costs associated with designing and manufacturing DRAMs 
with densities of 4Mb and greater account for the trend toward 
longer DRAM life cydes when compared to prior generations. 

Key DRAM manufacttuing trends indude the move to ever smaller 
submicron processes, which will face ultimate laws of phjrsics after 
the year 2000; the increased number of masks/processes; the rate 
of }ddd improvement; and the pace of the iiuiustry's shift to 
larger-size wafers (from 8-inch to 10- or 12-inch wafers). 

Significant application trends indude the evolving relationship 
between system main-memory requirements and DRAM storage 
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capacity. For example, growth in noncomputer DRAM demand 
(VCRs, telecom systems) means increased use of DRAMs with 
smaller storage capacity than that necessary for computer systems. 
Another application trend entails the growth in demand for low-
voltage, low-power, high-speed systems—meaning increased 
consumption of wide DRAMs (xl6). 

A bottom-line financial fector that will affect megabit density 
DRAM life cycles is the industry's ability—or inability—to profitably 
sustain enormous levels of R&D and capital spending needed to 
produce ever denser and more complex DRAM devices on schedule 
<for example, 1Gb DRAM prototypes by the year 2000). 

DRAM Life Cycles by Configuration 
Figure 5-2 depicts the life cycles for DRAMs and VRAMs on the 
basis of organization. The figure breaks each stage into specific time 
intervals. 

Figure 5-2 
DRAM Product Life Cycles by Configuration as of August 1992 

Phase 
Typical 

Time 

Units 

Family 

R&D 

3-5 Years 

41 
64Mb VF 

X 

Introduction 

1.5 Years 

16Mb 
ib DRAM 
AM " 

2Mb 
VRA^ 

XI 
xB x4 

IB 

Growth 

3.5 Years 

Maturity 

2 Years 

1Mb 
VRAM 

4Mb 1 ^ 
DRAM ^ ^ 

4Mb 
DRAM 

XI x4 
x4 x8 

x8 
x16 

Saturation 

2 Years 

1Mb 
DRAM •"^t' 

- DRAM 

Xl 

x8 
x16 

Decline 

5 Years 

256K 
VRAM 

Phaseout 

2 Years 

256K 
DRA 

xl 
x4 

x4 
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\ DRAM 
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x4 

Time 

Source: Dataquest (August 1992) 
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DRAM Life Cycle Stages j 
Figure 5-2 shows that the DRAM R&D stage occurs over a 
three- to five-year period. The DRAM introduction and growth 
stages extend for five years. The maturity and saturation stages— 
which total four years—represent the peak of the life cycle. The 
decline/phase out period typically persists for five to seven years. 
Figure 5-2 shows that the 1Mb DRAM life cycle—^which peaked 
during 1991 in terms of unit shipments—should move through 
the decline phase starting in 1993. The 1Mb DRAM Ufe cycle 
should extend well past 1995. Dataquest expects a long liife for 
4Mb DRAMs, with the life cycle peak not expected until the 1994 
time frame. Figure 5-2 also shows that the 16Mb DRAM has 
entered the introductory stage of a cycle that should extend to 
the year 2000, and that 64Mb DRAMs are in the R&D phase. At 
the other end of the curve, the 256K DRAM continues to move 
through the decline stage. 

DRAM Product Configurations 
The xl and x4 designs have been the mainstream DRAM organiza
tions; however, the DRAM trend should be toward product prolif
eration in terms of wide-word configurations (x8; xl6/xl8), single 
in-line memory modules. (SIMMs), the range of speeds, package 
choices (TSOP, ZIP), and specialty applications such as 2Mb 
VRAMs, sjmchronous DRAMs, and cache DRAMs. Figure 5-2 shows 
that the life cycle for the newer wide-word organizations lags 
behind that of the more familiar xl and x4 configurations. SIMM M 
life cycles are virtually the same as those of the underljdng DRAM ^ 
devices. VRAM life cycle lags the stage of the equivalent-density 
DRAM by about one year. 

DRAM Suppliers 

This section analjrzes the product and market strategies of leading 
DRAM suppliers. The analysis covers each company's DRAM 
market ranking, product positioning, strategic alliances, and global 
fab network. 

Users of megabit-density DRAMs should be aware that the introduc
tory stage of the DRAM product life cycle can mean a competitive 
advantage for early entrants able to enjoy premium pricing through 
the introduction and growth phases of the product. Furthermore, the 
DRAM's extended maturity stage eventually tips the competitive bal
ance to low-cost producers. Regarding the next-generation 16Mb 
DRAM, some 1992 reports to Dataquest indicate an aggressive pricing 
curve for the product during the forward stages of the life cycle; how
ever, dumping allegations in North America against Korean suppliers 
have undercut that scenario. 

Table 5-1 presents the 1991 worldwide ranking of DRAM suppliers by 
product. The table presents each company's ranking in terms of units 
for densities ranging from 256K through 4Mb. i 
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Table 5-1 
Top Worldwide DRAM Suppliers by Product 

Supplier 
Toshiba 

Samsung 

NEC 
Hitachi 

Texas Instruments 
Mitsubishi 
Fujitsu 

Micron 
Oki 

Siemens 
Motorola 
Goldstar 

Hyundai 

Matsushita 
Vitelic 

Total (Millions of Units) 

1991 
Revenue 

Ranking' 

1 
2 

3 
4 

5 

6 
7 
8 

9 

10 
11 

12 
13 

14 
15 

Unit Shipment Ranking by 
Product Density*^ 

256K 1Mb 4Mb 16Mb 

10 
1 

2 
8 

4 

6 
7 

11 

5 

13 
19 

9 
3 

12 
16 

299 

2 

1 

5 

13 

3 

9 
8 
4 

11 

6 
7 

12 
10 

15 
16 

835 

2 

3 
4 

1 

10 
6 

5 
13 

7 

8 
11 

12 

9 

14 

138 

2 

4 
1 

7 

3 

6 

5 

0.1 
Note: Total Includes other suppliers not shown on table 
În terms of revenue 

^Includes VRAMs 
În units 

Source: Dataquest (August 1992) 

Table 5-2 presents the estimated total worldwide fab capacity of 
leading DRAM suppliers, including percentage devoted to DRAMs. 

Table 5-3 displays the worldwide network of DRAM technology 
alliances. 

For a detailed analysis of DRAM technology alliances, see Chapter 6. 

Tables 5-1, 5-2, and 5-3 are guides in the analysis of the 256K, 1Mb, 
4Mb, and 16Mb DRAM supplier base. 

Toshiba 
Table 5-1 reveals that Toshiba holds a second-place ranking in both 
1Mb DRAMs and 4Mb DRAMs as measured in unit shipments. 
Toshiba is waging a neck-and-neck battle with Samsung during 
1992 for total DRAM market share leadership. 

The vertically integrated Japan-based supplier positions itself as a 
leader in terms of DRAM manufacturing capability. Toshiba is well 
prepared to battle all suppliers for 4Mb and 16Mb DRAM market 
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Table 5-2 
Estimated Number of Wafer Fabrication Production and Pilot Lines of Top-Ranked DRA 

Toshiba^ 

Samsung 

Hitachi 

NEC 

Texas Instruments 

Fujitsu 
Mitsubishi 
Micion 

Old 

Siemens 

Hyimdai 

North 
America 

0 

0 
1 

2 

10 
1 

1 

3 

0 
1 

0 

Japan 
29 

0 
27 

24 

5 

20 
17 

0 

8 
0 

0 

Europe 
0 
0 
1 

2 

4 
1 

0 

0 
0 
7 

0 

Asia/Pacific 
Row 

0 

7 
0 

0 

1 
0 

0 
0 

0 
0 

5 

Total 
No. of 
Lines 

29 
7 

29 

28 
20 

22 

18 
3 

8 
8 
5 

Theoretical capacity stated In millions of square Inches of silicon per year 
Includes Tohoku Semiconductor (Japan) 
Includes Tl/Acer 

Source: Dataquest (August 1992) 
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Table 5-3 
Estimated Worldwide DRAM Technology Alliances as of August 1992' 

Supplier 
Goldstar 
Goldstar 
Hitachi 
Hitachi 
IBM 

IBM 
Intel 
Matsushita 

Micron 

Micron 

Motorola 
NMB 

NMB 
NMB 
Oki 
Sanyo 
TI 
TI 
TI 
Thom-EMI 

Toshiba 
Toshiba 

1Mb DRAM Alliances 
Second-Source 
Agreements 

Goldstar 

Qoldstar (OEM) 

NEC (Mutu^ 
OEM) 

Sanyo (64Kxl6 
device) 

Goldstar (OEM) 

Mitsubishi 
NMB (LA per 

Thorn's Inmos-
based patent) 

Motorola 
Siemens (LA) 

Fab 
Afireements 
^ t̂elic-MOSet 

Intel (also Sales 
Agency Agreement) 

4Mb DRAM Alliances 
Joint-Venture 
ARreements 

Hitachi (FA) 

MkTDn(LA) 
Goldstar (OEM) 

NEC (Mutual OEM) 

Goldstar (OEM) 
Hitachi (OEM arrangement 

based on Hitachi production 
technology) 

Ramtron International (JD) 

Mosaid 
HP-Canon-Singapore 
Acer 

Motorola 

Fab 
Agreements 

Mm&moSi^ 

1 

Joint-Ven 
Agreemen 

NEC (Mutu 

Riiintrcm 
Vitelic-MOS 

HP-Canon-

Deflnltlons/Notes: 
FA - F ^ agreemerrt: supplier offers fab capacity for palner's product technology. In most cases, the supplier provides fab capacity and pr 
JD = Joint development; the companies )olntly agree to develop new products, which may or may not be marketed separately. 
JV " Joint venture: the companies form a new joint-venture company to develop, manufacture, and market new products. 
LA - Licensing agreement; supplier receives or Issues a license to partner for an up-front fee and/or royalties. 
OEM - OEM arrangement: supplier sells product to alliance parmer, whlc*i Is sold under partner's narrw. 
SA - Sales agency agreement: supplier sells Its partner's products as either a sales representative or a vaJue-added resellef, 
SS - Second-source agreement: the companies agree to develop consistent spedflcaHons to ensure a second source. 
'Exdudes SIMMs (e.g., Wang's X9 SIMM) and other patent royalties. 
Sourra; Datai^est (August 1S92) 
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share. Even so, Toshiba has publicly expressed concern about the 
DRAM supply and demand outlook—^not only for 1992 and 1993, 
but also the long term. A major concern for Toshiba is the accurate 
industry gauging of the DRAM fab capacity required to meet 
demand. 

The industry giant should remain a leader in the DRAM market for 
the foreseeable future. During the short term, Toshiba will empha
size the 4Mb DRAM density. The information in Table 5-2 shows 
that Toshiba has started the shift to the 16Mb device that will 
become the mainstream product by the 1995/1996 time frame. 

Toshiba's competitive product portfolio includes high-speed DRAMs, 
VRAMs, wide-word configurations, and SIMMs. Toshiba recently 
announced samples of synchronous DRAMs and RDRAM, the latter 
based on Rambus' high-throughput DRAM. Based on 1991 unit 
shipments, Toshiba is the leading supplier of 1Mb VRAMs. During 
1992, Toshiba intnxiuced a 2Mb VRAM. The supplier should be a 
major player in the 4Mb VRAM segment as the market emerges 
during 1993. 

A key DRAM alliance for Toshiba is the well-publicized DRAM/ 
MPU arrangement with Motorola. In this alliance, Toshiba provides 
the DRAM design and manufacturing technology. The alliance part
ners manufacture DRAMs in their joint Tohoku (Japan) fab, and 
Motorola resells them in world regions such as North America. 

Users in Europ>e should monitor the evolution of the Toshiba-
Motorola £illiance as the rules on local diffusion become final. For 
example. Motorola has established five fabs in Europe. Toshiba has 
none outside Japan except for a small facility in North America 
(California); however, it has aimoimced new fabs for Germany and 
North America (Oregon). 

Toshiba also just aimounced an alliance with IBM and Siemens for 
256Mb DRAM product/process development. 

Samsung 
Samsung of the Republic of Korea continues its inripie^ive advance 
in the global DRAM marketplace, now aiming to move a notch 
higho" into a first-place ranking. Samsung ranks first in the 256K 
and 1Mb segments, and third in the 4Mb arena. Samsung holds the 
No. 8 position in the 1Mb VRAM nuu-ketplace. A key factor is that 
the company has used a low-cost manufacturing strategy to gain 
share in world markets such as North America and Europe. 

Dataquest advised last year that to protect its long-term position in 
the worldwide DRAM arena, Samsung must avoid trade friction— 
which would be challenging. A recent obstacle to Samsung's 
advance in North America is the dumping allegations by North 
America-based Micron Technology against Korea-based suppliers, 
allegations that have caused trade friction for Samsung. For exam
ple, diuing the first half of 1992, Samsung positioned itself for a 
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forward-stage price strategy on the 16Mb device—similar to the 
256K pricing scenario by Japan-based suppberg during the 1985-1986 
period. Micron's allegations might throttle such aggressive pricing. 
Samsung also remains under trade scrutiny in Europe. Samsung's 
vuhierability to trade restraints is heightened by the lack of fabs 
outside Korea and the absence to date of any key DRAM alliances. 

Regardless, Samsung now positions itself as a DRAM technology 
leader and aims for a global leadership role in the 16Mb market
place. Users can expect a competitive product portfoho. As shown 
by its second-place ranking in the 4Mb segment and competitive 
position in the early stage of the 16Mb life cycle, Samsung ranks 
among the world leaders in the DRAM technology race. 

NEC 
NEC holds a second-place ranking in the 256K DRAM segment, the 
No. 5 ranking in the 1Mb arena, and fourth place in the 4Mb mar
ketplace. NEC has somewhat of a reputation as a DRAM "follower 
of the leader." For example, NEC acts somewhat torn a DRAM 
technology catch-up position—but the company does not trail the 
market leaders by far. The vertically integrated Japan-based com
pany has successfully executed this strategy in past years by sup
porting superior manufacturing planning with deep-pockets financial 
strength, 

NEC should remain a top worldwide DRAM supplier. Like other 
leading suppUers, NEC's long-term strategy focuses on DRAM den
sities of 4Mb and greater; however, the company is strong in some 
lower-density segments as well. For example, NEC is the leading 
supplier of 256K VRAMs and holds the No. 5 spot in the 1Mb 
VRAM arena. During the first half of 1992 it started volume 
production of 2Mb VRAMs. Users of 4Mb DRAMs can look to 
NEC for a competitive product portfolio including high-speed 
4Mb DRAMs, wide-word configurations, SIMMs, and VRAMs. 

NEC has positioned itself nicely to withstand potential trade friction 
in regions such as North America and Europe, having two fabs in 
each of those regions (see Table 5-2). The recentiy announced OEM 
arrangement with Micron (see Table 5-3) puts NEC onto the DRAM 
alliance map. 

Hitachi 
Hitachi, a Japan-based vertically integrated supplier, now battles 
Samsung and Toshiba, among others, to n\aintain its first-place 
ranking in the mainstream 4Mb segment, while migrating to the 
emerging 16Mb arena. 

Hitachi's DRAM strategy continues to focus on the companjr's 
design expertise and manufacturing prowess, augmented by market
ing skill. Users can expect a competitive product portfolio from 
Hitachi in terms of a full range of product speeds, configurations, 
and packaging options toward a goal of DRAM product differentia
tion. For example, Hitachi's 4Mb DRAM product line includes 
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wide-word configurations, SIMMs, and high-speed DRAMs. Hitachi 
de-emphasizes 256K DRAMs and 1Mb DRAMs except for VRAM 
products. Hitachi ranks third in the 256K VRAM business (64Kx4) 
and sbcth in the 1Mb segment (256Kx4; 128Kx8). The supplier will 
make an orderly move to 3V DRAM and 4Mb VRAM as those 
markets develop. 

Hitachi's fab network includes one facility in both the European 
and North American markets—an important consideration in a 
period of rising trade tension. A sign of Hitachi's DRAM manu
facturing prowess is that the fab network includes state-of-the-art 
8-inch wafer capability. 

Japan-based Hitachi has forged two key DRAM technology 
alliances—one with Korea-based Goldstar and the other with North 
America-based Tl. The alliances are still evolving. For example, the 
alliance with TI on 16Mb DRAMs resulted in two different DRAM 
designs—^but a common package. The 64Mb alliance aims at a 
second-source arrangement. Hitachi's 1Mb DRAM alliance with 
Goldstar is a second-source deal. In the 4Mb foimdry arrangement, 
Goldstar makes the device using Hitachi's design, with the product 
sold by Hitachi. 

Texas Instruments 
TI trails the market leaders in the 4Mb DRAM business. The North 
America-based supplier ranks fourth in 256K density, third in the 
1Mb arena, and is No. 10 in the meunstream 4Mb arena. In terms 
of global coverage, however, TI stands in good position to make a 
DRAM market advance over the next few years in each world 
region. 

The industry giant offers a competitive 4Mb DRAM product portfo
lio that includes wide-word configiirations and SIMMs. TI, which 
invented the VRAM in 1983, ranks second among suppliers of 1Mb 
VRAMs and fifth in the 256K VRAM marketplace. TI wiU bypass 
any 2Mb VRAM and concentrate on the 4Mb VRAM product, 
aiming for volume production during the fourth quarter of 1992. 

TI centers one prong of its DRAM strategy on alliances that spread 
the risk and benefits of participation in the global DRAM business 
to a network of alliance partners that includes users, other suppli
ers, and governments. Table 5-3 presents information on a host of 
TI alliances. The joint venture agreement on 4Mb and 16Mb 
DRAMs among TI, Canon, HP, and the govenunent of Singapore— 
along with the TI-Acer (Taiwan) alliance on 4Mb DRAMs—^might 
serve over the long term as industry models of xisei^supplier alli
ances not only in DRAMs but also with other ICs. The TI-Hitachi 
edliance has been discussed. Another alliance not shown in Table 
5-3 is a venture between TI and the Italian government to produce 
4Mb DRAMs in Italy 

A second prong of TI's DRAM strategy calls for aggressive protec
tion of its entire IC patent portfolio—^whether through litigation or 
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negotiation—^toward the goal of collecting royalty payments. In 
fact, n reports patent royalties and related payments as operating 
income on its betlance sheet. 

Users should expect continuing adherence by TI to this set of 
strategies. 

Mitsubishi 
Mitsubishi holds the No. 6 position among suppliers of 256K 
DRAMs and 4Mb DRAMs, and it is ninth in the 1Mb segment. 
The vertically integrated Japan-based company ranks second among 
suppUers of 256K VRAMs and fourth in the 1Mb VRAM segment. 
Mitsubishi sampled 2Mb VRAMs during the first half of 1992. 
Mitsubishi's 4Mb DRAM portfolio includes high-speed DRAM and 
wide-word configurations. 

Mitsubishi remains a competitive world-class supplier. For example, 
Mitsubishi strives for process and packaging technology expertise, 
which might translate into a market advantage at the 16Mb and 
64Mb densities. The zig-zag in-line package (ZIP) and the thin 
small-outline package (TSOP) were J/Iitsubishi innovations. Even so, 
if success in the 4Mb DRAM business serves as a key indicator of 
long-term success, the signals remain mixed regarding any ultimate 
leadership role for Mitsubishi. 

Fujitsu 
Fujitsu holds the No. 5 spot in the 4Mb DRAM market, but lower 
rankings in the 256K segment and the 1Mb market. For this verti
cally integrated Japan-based supplier, internal demand reduces the 
company's expostire to DRAM merchant market volatility. 

Fujitsu's product portfolio will be competitive. Fujitsu has a market 
reputation for good DRAM technology (small die sizes). Users can 
look to Fujitsu for VRAMs. The company ranks third among sup
pliers of 1Mb VRAMs and fourth in the 256K VRAM marketplace, 
and will evolve with the market to higher-density VRAMs. Fujitsu 
has evolved its SIMM product portfolio in line with market 
demand trends (wide-word configurations). Fujitsu will place less 
emphasis on 256K and 1Mb DRAMs during 1992 and 1993. 

Fujitsu has fab locations in Europe and North America in addi
tion to Japan. To date, Fujitsu has not been a player in the world 
of DRAM technology alliances. Users can look to Fujitsu as a 
dependable and competitive long-term supplier of DRAMs. 

Micron 
Micron, a relatively small North American supplier surrounded by 
industry giants, ranks fourth in the 1Mb DRAM arena. Micron did 
not crack the top 10 in the 256K and 4Mb segments based upon 
1991 imit shipments. 

There are four prongs to Micron's competitive strategy. Unlike its 
vertically integrated competitors. Micron does not aim at leading-
edge DRAM technology leadership. Instead, the first key prong of 
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the companj^s strategy calls for leadership in low-cost DRAM 
manufacturing capability. For example. Micron is able to reduce 
its capital requirements—a critical concern for DRAM suppUers— 
through innovative mask-reduction techniques. Micron's product 
portfolio is weighted toward mature DRAM devices (1Mb DRAMs 
diuing 1992) because the market typically favors low-cost producers 
during this peak stage of the DRAM life cycle. A key to Micron's 
success is that the company gears its effort toward achieving die-
shrinks for mature DRAMs, which meeins quaUty results in 
manufacturing and low market pricing. 

Alliances, indicated by Micron's just-announced OEM arrange
ment with NEC, serve as another prong of the company's strategy. 
Another Micron aUiance with IBM on DRAM manufacturing process 
technology has supported Micron to implement its low-cost 
manufacturing plan. 

A third prong in Micron's competitive strategy is that the company 
utilizes the global legal S3^tem to protect its stake in the market. 
During the first half of 1992, Micron alleged that Korea-based sup
pliers dumped DRAMs into the North American market. The action 
could stifle the advance into North America and other world 
regions of suppliers such as Goldstar, Hyundai, and Samsung. 

The fourth prong is that Micron aims to meet specialty memory 
needs. For example, users of 1Mb DRAMs can look to Micron 
for 64Kxl6 DRAMs and 128Kx8 VRAMs. Another example is that 
Micron offers a triple-port DRAM. Micron ranks sixth among s u p 
pliers of 256K VRAMs and hopes to start volume production of 
2Mb VRAMs during the third quarter of 1992. 

Users can expect Micron to become an increasing force in the 
4Mb DRAM segment as the product nears and then moves 
through the maturity stage of the life cycle during 1993 and 1994. 

Oki 
Oki ranks fifth in the 256K DRAM segment. No. 11 in 1Mb density, 
and seventh in the key 4Mb marketplace. The vertically integrated 
manufacturer has encountered somewhat uneven results in the 
brutally competitive DRAM business over the last several years. 

Oki aims at leadership in the SIMM marketplace. As noted last 
year, users can expect Oki to be a leader in the move to 4Mb 
SIMMs and later to 16Mb modules. For example, Oki likely will 
ship the majority of its 4Mb DRAMs in the form of SIMMs. 

Siemens 
Siemens ranks sixth in the 1Mb DRAM market and eighth in the 
4Mb segment. 

The geographic focus for this vertically integrated Germany-based 
company has reverted to Europe, given the inunense geopolitical 
changes in that region during the past several years and concomi
tant long-term opportunity. Users in Europe are likely to become 
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more dependent on Siemens for DRAMs—certainly until other sup
pliers are producing there and especially if trade friction in that 
region increases. For example, the alliance between Siemens and 
IBM on 16Mb/64Mb DRAMs signals for users that Siemens's 
DRAM future aims more at serving European demand—^including 
Eastern Europe—^and less on North American or Asian demand. 

There are other ratiotmles for the alliance. For example, Siemens 
wants to reduce its risk exposure in the volatile DRAM market
place. Significantly, Siemens ponders a shift in its strategic direction 
over the long term from the highly competitive memory business to 
other products such as ASICs—^wWch makes unclear the company's 
ultimate goals regarding DRAMs of densities of 64Mb and greater— 
although the company just established the aUiance with IBM-Toshiba 
on 256Mb DRAM development. 

I B M 

Another player has emerged on the scene, a player that could end 
up in Table 5-1 by next year. IBM, which at the time of this writ
ing had just emnoimced plans to enter the DRAM merchant market, 
should be a key wild card among DRAM suppliers—^as shown by 
the alliance with Siemens and Toshiba on 256Mb DRAM. 

Supply Base Analysis 

This section uses information on DRAM product life cycles and sup-
pUers to present a product-by-product evaluation of the supply base 
over the long term for 256K through 4Mb DRAMs. This section blends 
the DRAM life cycle analysis and supplier evaluations to generate a 
summary assessment from a user's perspective on the anticipated 
DRAM supply and supplier base outlook. 

The goal of thb section is not to present a detailed forecast on DRAM 
supply-demand trends, but rather to provide supply base managers 
with guidance as to whether users face a favorable or negative supply 
outlook for each density of DRAMs. Building upon the prior sections, 
factors affecting the supply base such as supplier strategies and 
strategic alliances are assessed here. 

Figxu«s 5-3, 5-4, and 5-5 guide the analysis in this section. Figure 5-3 
shows the size of the 256K DRAM metrket in terms of units shipped 
during 1991 and a ranking of the suppliers of these devices including 
suppliers' shares. Figure 5-4 shows unit shipments and supplier rank
ing for 1Mb DRAMs. Figure 5-5 shows the same information for 4Mb 
DRAMs. Keep in mind that IBM's recent announcement does not 
specify its DRAM product strategy by density, although IBM's impact 
should be pronounced at densities of 16Mb and greater. 

Supply Base for 256K DRAMs 

Figure 5-3 shows the top-ranked 256K DRAM suppliers based on 1991 
imit shipments. The figure reveals that leading suppliers, in descend
ing order, are Samsung, NEC, Hyxmdai, TI, Old, Mitsubishi, Fujitsu, 
Hitachi, Goldstar, and Toshiba. Table 5-1 shows the range of suppliers. 
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Figure 5-3 
256K DRAM Supplier Base 
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Figure 5-4 
1Mb DRAM Supplier Base 
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Figure 5-5 
4Mb DRAM Supplier Base 

Goldstar (1. 
Texas Instruments (2.3%) x \ J Z L 

Hyundai ( 2 . 7 % ) . - , , ^ _ > - < T T 
Siemens (2.8%) - 0 \ \ \ \ 1 

Oki (6.1%) ^ V ' \ \ \ \ \ l 

S3— Motorola (1.9%) 
= = : : : — - Micron (1.3%) 

Hitachi \ 
(19.9%) \ 

Mitsubishi (9.0%) — | ^ 1 
I ^^-——•""^^ Toshiba g 

Fujitsu (9.5%) - - A / 
\ y NEC 

Xv(11.5%) 

^ ^ (15.5%) 1 

Samsung jg^ 
( 1 5 . 3 % ) ^ ^ 

1 oiai units - t o o IVIIIIIUII 

Note: Segments do not add to 
100 percent because of rounding. 

Source: Dataquest (August 1992) G2000Bia 

Figures 5-1 and 5-2 show that the 256K DRAM product is moving 
through the decline stage. Worldwide production of 256K DRAMs 
fell to 299 million units during 1991 versus a 1990 level of nearly 
600 million imits. The life cycle peaked during the 1988-1989 period. 

Suppliers are migrating to higher-density devices that could cause 
short-term supply constraints for some users. In general, however, 
users face a favorable outlook in terms of supply because of 
decreasing market demand. 

To minimize the likelihood of any supply line disruption, users should 
be prepared to forge long-term supply arrangements with current sup
pliers or else qualify new suppliers. For example, Korea-based suppli
ers likely will support users of 256K DRAMs in an effort to win 
qualification on other devices such as higher-density DRAMs. The life 
cycle for high-speed DRAMs lags behind that of general DRAM life 
c^^es, so suppliers such as NMB should renwin supportive to users of 
the higher-speed devices. 

The 256K VRAM life cyde lags that of the garden-variety 256K DRAM 
by about a year, meaning somewhat longer support from suppliers on 
this device. NEC is the leading supplier, followed by Mitsubishi, 
Hitachi, Fujitsu, and TI. Users should target these companies for 
continuing support. 

Supply Base for 1Mb DRAMs 

Figure 5-4 presents the top-ranked 1Mb DRAM suppliers bJised on 
1991 unit shipments. The figure shows that the top-ranked suppliers in 
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descending order are Samsung, Toshiba, TI, Micron, NEC, Siemens, 
Motorola, Fujitsu, Mitsubishi, Hjomdai, Oki, and Goldstar. Table 5-3 
shows 1Mb DRAM alliances between these suppliers, including Gold
star/Hitachi, Motorola/Goldstar, Micron/NEC, and Toshiba/Motorola. 
Table 5-1 shows suppliers and their rankings. 

The information in Figure 5-1 and Figure 5-4 reveals that worldwide 
production of 1Mb DRAMs totaled 835 million units in 1991, versus a 
1990 level of just over 700 million units. 

The 1Mb DRAM stands at the saturation point—or peak stage—of its 
life cycle. Supply will decrease as the device moves along the decline 
stage of the ciuve, but volume should still exceed 100 million units for 
1995. Barring an unexpectedly severe cutback in capacity, users who 
plan carefully can expect an adequate supply of 1Mb products for the 
next several years. 

Standard versus Specialized DRAIM 

Nevertheless, users must accurately forecast long-term 1Mb demand 
in terms of specifications such as speed, configuration, package, and 
application. Although the impact will be stronger at the 4Mb level, 
users of 1Mb DRAM will be affected by the market trend toward dis
placement in system applications of standard DRAMs by specialized 
DRAMs. Standard DRAMs refer to devices that are organized xl or x4 
eind are contained in standard packages like SOJ, TSOP, or SIMM. 
Specialized DRAMs include VRAMs, wide-word configurations, cache 
DRAMs, and other DRAMs that offer special I/O, that serve graphics-
based applications, or that will become part of a cell-based IC (CBIC) 
library. 

The challenge for users of 1Mb DRAMs is to align themselves with an 
appropriate supplier or set of suppliers as the supplier base shifts dur
ing the 1992 to 1994 period. In order to target 1Mb DRAM suppliers 
for long-term support, users should look for suppliers that have 
recently increased or decreased market share. For example, the follow
ing suppliers increased market share by more than 1 percent in 1991: 
Goldstar, Hjomdai, Micron, Siemens, and TI. North America-based 
suppliers such as Micron, Motorola, and TI likely will support 
demand from established custonters, as will Europe-based Siemens. 
Korea-based suppliers such as Goldstar, Hyundai, and Samsung likely 
will support new users as well. 

Japan-based suppliers will continue to de-emphasize 1Mb DRAM out
put. For example, the following suppliers lost more than 1 percent of 
market share during 1991: Fujitsu, Hitachi, Mitsubishi, NEC, Oki, and 
Toshiba. Their emphasis will be on higher-density 4Mb DRAM 
devices. 

1Mb VRAAIIs 

For users of 1Mb VRAMs, the supply base scenario is somewhat 
different. At the time of the writing of this report, some users had 
reported longer lead times diuing midyear 1992 for 1Mb VRAMs such 
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as the 256Kx4 device, A possible cause is a supply and demand mis
match stemoning from booming demand for Wndows software—a 
graphics appUcation that requires VRAM. If so, suppliers likely will 
adjust capacity accordingly during 1992 to meet demand. 

The leading suppliers of 1Mb VRAMs, in descending order, are as 
follows: Toshiba, TI, Fujitsu, Mitsubishi, and NEC. Users should target 
these companies for longer-term support. 

Supply Base for 4Mb DRAMs 

Figure 5-5 presents the top-ranked 4Mb DRAM suppliers in terms of 
1991 unit share. In descending order, the leading suppUers of 4Mb 
DRAMs are Hitachi, Toshiba, Samsung, NEC, Fujitsu, Mitsubishi, Old, 
Siemens, Hyundai, TI, Motorola, Goldstar, and Micron. Goldstar/ 
Hitachi, IBM/Micron, Micron/NEC, Motorola/Goldstar, and Toshiba/ 
Motorola were among the major 4Mb DRAM alliances. 

Global 4Mb DRAM production totaled 138 million units in 1991. The 
life cycle curves in Figures 5-1 and 5-2 show that the 4Mb DRAM 
device is now moving through the growth stage of the life cycle. The 
peak maturity stage should be reached during the 1994 to 1995 time 
frame, when annual output should exceed 800 million units. The 4Mb 
DRAM life cycle should extend toward the end of this decade, 

Although the long-term supply base appears favorable for users of 
4Mb DRAMs, there are some concerns. For example, the trend toward 
specialized DRAMs should mean continuing management challenge 
for users. The trend has picked up the pace in the 4Mb density 
marketplace—meaning periodic supply and demand mismatches as 
occurred during 1992 for some users of 1Mb VRAMs and/or ZIP 
devices. A more ominous example is public pondering by supphers 
such as Toshiba regarding slower rates of DRAM capacity expansion 
compared to plans of two or three years ago—let alone outright 
capacity cutbacks. 

4Mb DRAM Capacity: Differing Maricet Perspectives 

At Dataquesf s SEMICON/West Seminar, Dataquesf s Mark FitzGerald, 
Senior Industry Analyst in the Semiconductor Equipment, Manufactur
ing, and Materials Service (SEMMS), provided a midyear 1992 update 
regarding the adequacy of 4Mb DRAM capacity for 1992 to 1993. 

Tables 5-4 and 5-5—^which were presented at the seminar— 
demonstrate why there are two differing metrket perspectives regard
ing the 4Mb DRAM capacity outlook for the second half of 1992 and 
1993. 

Readers should note at the outset of this analysis—as will be shown— 
that Dataquest has not changed its stated assumption that North 
American users can expect adequate 4Mb DRAM capacity for the next 
several years. Even so, Dataquest analysts continue to examine the 
worldwide supply-demand equation to determine whether there 
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Table 5-4 
Capacity Utilization, Distribution of 1992 Slices 
(<0.5 and <0.8 Micron) into 4Mb DRAM Die* 

1. 

2. 

3. 

4. 

5. 

Forecast 4Mb DRAM, 
Million Units per 
Month 1992 

Theoretical Die Capacity 
Million Units per Month 
in 1992 

Assumption of Percent 
Theoretical Die Capacity 
in 4Mb Production 

Adjusted Theoretical Die 
Capacity Assuming 
70% Yield 

Capacity Utilization (%) 

34.3 

113 

50 

39.6 

86.8 

34.3 

113 

60 

47.5 

72.3 

34.3 

113 

70 

55.4 

62.0 

34.3 

113 

80 

63.3 

54.3 

34.3 

113 

90 

71.2 

48.2 

34.3 

113 

100 

79.1 
43.4 

*77mm die size/170 die per wafer 
Source: Dataquest (August 1992) 

Table 5-5 
Delayed 200mm Fab Plans in Japan 

Fujitsu 
Hitachi 

Kn 
Matsushita 
Matsushita 

NEC 
NEC 
NKK 
Old 

Sanyo 
Sharp 

Toshiba 

Toshiba 

Toshiba 

Toshiba 

Products 
16Mb DRAM 
4Mb/16Mb DRAM 
ASIC 
16Mb DRAM 

16Mb/64Mb DRAM 
16Mb, MPU 
4Mb/16Mb DRAM, EPROM 

4Mb SRAM, ASIC, MPU 
16Mb DRAM 
16Mb DRAM 
4Mb DRAM, ROM 
16Mb DRAM 

4Mb/16Mb DRAM 

4Mb/16Mb DRAM 

16Mb DRAM 

Type 
of Fab 
Production 
Production 
Production 
R&D 
Production 

Production 
Production 

PUot 
Production 

Production 
Production 

Pilot 
Production 

Production 

Production 

i 

Source: Dataquest (August 1992) 
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should be any change to the assumption of adequate 4Mb DRAM 
capacity. 

The Message of Tables 5-4 and 5-5 
Table 5-4 provides an estimate for June 1992 of worldwide 4Mb 
DRAM capacity utilization. As shown in the footnote to Table 5-4, 
this capacity analysis assumes the availability of 170 4Mb DEIAM 
die from each 0.5- through 0.8-micron wafer slice. The 4Mb DRAM 
capacity analysis in Table 5-4 flows on the basis of the following 
assumptions and estimates: 

• Line 1. Dataquest estimates worldwide 4Mb DRAM at 
34.3 million units per month during 1992. 

• Line 2. Dataquest estimates theoretical die capacity from 
0.5- through 0.8-micron fabs at 113 million units per month 
in 1992, as stated in Table 5-4. 

• Line 3. Dataquest assumes the percentage theoretical die 
capacity in 4Mb DRAM production in a range from 50 percent 
to 100 percent. 

• Line 4. Dataquest assumes a 70 percent yield rate for 4Mb 
DRAM manufacturers and then adjusts the information in Lines 2 
and 3 into an estimate of 4Mb DRAM theoretical die capacity as 
measiued in ntiillions of units. 

Formiila: Line 4 = Line 2 x Line 3 x 0.70. 

• Line 5. Shows an estimate of 4Mb DRAM capacity utilization 
based on the estimate in Line 1 and the estimates/assumptions 
in Lines 2, 3, and 4. 

Formula: Line 5 = Line 1 / Line 4. 

Table 5-5 shows 200mm fab plans that have been delayed in Japan 
by suppliers of 4Mb and 16Mb DRAMs. 

Adequate 4Mb DRAM Capacity: Dataquest's 
Midyear 1992 Perspective 

In his presentation at the Dataquesf s SEMICON/West Seminar, 
Mr. FitzGerald noted that the conclusion he makes can be viewed as 
conservative. He assumed that just 70 percent of the 0.5-/-0.8-micron 
capacity is being used for 4Mb DRAMs during 1992—^when in fact 
market reality would allow Dataquest to assume a higher percentage. 

The salient point from Table 5-4 and the SEMICON/Wesl Seminar is 
that Dataquest estimates current 4Mb DRAM capacity utilization at a 
62 percent rate, which should mean adequate worldwide supply for 
users bailing a major market change. Dataquest also believes that 
additional capacity will be available in the Republic of Korea over the 
next 12 to 18 months. Mr. FitzGerald's conclusion is that adequate 
4Mb DRAM capacity exists as of midyear 1992. 
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A 4Mb DRAM Shortage? 

A DRAM shortage should never be discounted. For example, what 
about the latest imverified reports (aka rumors) of a 1992 or 1993 
DRAM shortage? 

Table 5-5 shows that the worldwide network of 4Mb DRAM users 
must continue to monitor DRAM capacity trends. The main point 
from this table is that, in response to harsh DRAM market realities, 
Japan-based suppliers such as Fujitsu, Hitachi, NEC, and Toshiba have 
chosen to delay the opening of some 4Mb/16Mb DRAM fabs that 
otherwise would be open by now or else be opened during the period 
from mid-1992 through 1993. The table does not speak of cancellations 
nor close-downs of operating fabs, but rather of delays in schedule 
openings. Nevertheless, Dataquest expects that some of the delays 
will become permanent scuttles, which could over time change the 
long-term DRAM supply-demand scenario. 

To answer the question posed earlier regarding a near-term shortage, 
the information in Table 5-4 indicates that any shortage during the 
second half of 1992 or the first half of 1993—should one occur—likely 
would be a short-term spot shortage. The impact would be much less 
than the massive DRAM supply base disruption that occurred during 
the 1987 to 1988 shortage. 

What Will the Impact Be? 

The upshot for DRAM supply base managers is that some long-
established user/supplier relationships will likely be strained by 
increased emphasis on low-cost pricing by buyers. Suppliers in turn 
already search for more profitable product lines. To some extent, Tl-
type user/supplier alliances might become the best long-term protec
tion for assured supply of 4Mb DRAMs. Nevertheless, under the cur
rent supply and demand scenario, users of 4Mb DRAMs still face a 
favorable supply base outlook through 1994. 

Supply Base for 16Mb DRAMs 

The 16Mb DRAM product is now moving through the introductory 
stage of its cycle. Table 5-1 shows which suppliers shipped 16Mb 
DRAMs during 1991. A host of other suppliers have entered or will 
soon enter this market. 

The product life cycle of this part shoiild extend beyond the year 2000. 
Early leadership for the next-generation product often signals future 
DRAM market leadership. For users looking ahead, Dataquest expects 
the 1994-1995 total ranking to be strongly influenced by 16Mb 
DRAMs. The battie during 1992 and 1993 in the 16Mb market between 
suppliers such as Hitachi, Samsung, TI, and Toshiba should set the 
stage for DRAM market leadership during the second half of this 
decade. 

i 

i 
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Long-Term Supply Base Concerns 
Users should be forewarned that the trend toward DRAM product 
proliferation should intensify at densities of 16Mb and above, mean
ing tremendous long-term supply base stress. For example, at ISSCC 
1992, representatives from DRAM manufacturers such as Hitachi, 
IBM, Mitsubishi, Etron (Taiwan), Toshiba, and TI expressed some 
pessimism regarding suppliers' ability to profitably overcome the 
technical barriers associated with long-term DRAM development. 
Why? SuppUers in the future must make numerous cost trade-offs, 
perhaps leading to some wrong choices, to accommodate the market 
trend toward DRAM product proliferation in regard to voltage 
levels, power, access time, refresh schemes, configuration, and 
chip/die size. 

A long-term scenario shows standard DRAMs accounting for less 
than 50 percent of DRAM shipments. Dataquest believes that, at 
the 16Mb and 64Mb densities, DElAMs contained in SOJ and TSOP 
packages will hit a plateau in terms of their share of total DRAM 
shipments—^with the curve for specialty DRAMs pointing upward. 

What are the industry implications? For suppliers, the DRAM's role 
as a process and technology driver should become accentuated as 
the market moves beyond the 16Mb density—ru>t only regarding 
other memory ICs but also other products including CBICs and 
digital signal processors, A result under such a scenario is that 
standard DRAMs would eventually become fab-fillers akin to the 
role today played by slow SRAMs. A related scenario, according 
to one ISSCC panel member, is that flash technology will eclipse 
DRAM technology by the end of this decade. Suppliers of flash 
memory, such as Intel, claim this will happen even sooner. 

Adequate Long-Term Supply? 
Users and suppliers are already debating whether there will be ade
quate long-term supply of 16Mb DRAMs to meet demand. The pro 
argument by users and suppliers is made by pointing to history 
The con side says that huge costs in a time of changing financial 
and economic markets will translate into inadequate long-term sup
plies. This early debate should intensify during the second half of 
1992. 
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Chapter 6 
DRAM Technology Alliances 

In 1986, Dataquest predicted that strategic alliances would be an elec
tronics industry megatrend for the rest of this century. The strategic 
alliance megatrend will affect all users of DRAM for the rest of this 
decade. This chapter presents the evolving worldwide network of 
DRAM alliances jmd assesses the impact and strategic competitive 
significance of the top aurangements. 

Table 6-1 shows the worldwide network of more than 20 DRAM tech
nology alliances by product density as of August 1991. The footnotes 
to Table 6-1 provide the definitions for each type of alliance and high
light special arrangements. Alliances other than those listed at the top 
of Table 6-1 are noted in parentheses and defined in the table. This 
information includes internal and external consumption. 

Dataquest conducted an informal poll of DRAM analysts in Tokyo, 
London, Seoul, Taipei, and San Jose, California, regarding the critical 
significance of each alliance in terms of strategic competitiveness and 
actual or prospective market impact. Table 6-2 shows Dataquesf s 
perspective on the most significant worldwide DRAM alliances. 

Tables 6-1 and 6-2 build on a mass of information and insight. Using 
that informational mass, this chapter analyzes the top six worldwide 
DRAM pacts regarding what each alliance partner gives and receives 
from the alliance—or does not give nor receive—^with a focus on the 
long-term market implications for both DRAM users and IC suppliers. 

Table 6-1 
Top Worldwide DRAM Alliances 

Top Worldwide 
DRAM Alliance 
i;2. IBM/Siemens; Texas 

Instruments/Hewlett-
Packard/Canon/Govem-
ment of Singapore 

3. Toshiba/Motorola 
4. Hitachi/Goldstar 

Hitachi/Texas Instruments 
Texas Instruments/Acer 

Market Impact 
(Current/Potential) 
1. IBM/Siemens 
2. Texas Instruments/Hewlett-

Packard/Canon/Govem-
ment of Singapore 

3. Hitachi/Goldstar 
IBM/Micron 
Texas Instruments/Acer 
Toshiba/Motorola 

Source: Dataquest (August 1992) 
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t Table 6-2 
Estimated Worldwide DRAM Technology Alliances as of August 1992' 

® 

o 

i 

I 

3 

Supplier 
Goldstar 
Goldstar 
Hitachi 
Hitachi 
IBM 

IBM 
Intel 
Matsushita 

Micron 

Micron 

Motorola 
NMB 

NMB 
NMB 
Oki 
Sanyo 

•n 
TI 
•n 
Thom-EMI 

Toshiba 
Toshiba 

1Mb DRAM Alliances 
Second-Source 
Agreements 

Goldstar 

Goldstar (OEM) 

NEC (Mutual 
OEM) 

Sanyo (64Kxl6 
device) 

Goldstar (OEM) 

Mitsubishi 
NMB (LA per 

Thorn's Inmos-
based patent) 

Motorola 
Siemens (LA) 

Fab Agreements 
ViteUo-MOSel 

Intel (also Sales Agency Agree
ment) 

4Mb DRAM Alliances 
Joint-Venture 
ARreements 

Hitachi (FA) 

Micron (LA) 
Ck>Idstar (OEM) 

NEC (Mutual OEM) 

Goldstar (OEM) 
Hitachi (OEM arranganent 

based on Hitactti production 
technology) 

Ramtron International (ID) 

Mosaid 
HP-Canon-Singapoie 
Acer 

Motorola 

Fab Agree
ments 

Vitelic-MOSel 

Joint-Ve 
Agreem 

NEC (Mu 

Ramtron 
Vitelio-M 

HP-Cano 

Definitions/Notes: 
FA = Fab agreenient: supplier oflers fab cs^^adty for partner's product tectincrioey. In most cases, ttis supplier provides fab capacity and 
JD 1 Joint development: the companies Jointly agree to develop new products, wtiich may or may not be marketed separately. 
JV = Joint venture: the companies form a new joint-venture company to develop, manufacture, and market new products. 
LA = Licensing agreement: supplier receives or Issues a license to partner for an up-frw>t fee and/or royalties. 
OEM - OEM arrangement: supplier sells product to alliance partner, which is sold under partner's name. 
SA = Sates agency ayeornent: siflaplier sells Its partner's products as either a sales representative or a value-added reseller. 
SS 1 Second-source agreement: the companies agree to develop consistent specifications to ensure a second source. 
'Excludes SIMMs (e.g., Wang's X9 SIMM) and other patent royalties. 
Source: Dataquest (August 1992) 
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IBM/Siemens 

In terms of both strategic competitiveness and potential market 
impact, Dataquest analysts view the IBM/Siemens joint-development 
alliance on 16Mb and 64Mb DRAMs as the most significant alliance. 
On July 4, 1991, these two global giants extended their prior 64Mb 
DRAM joint-development program to joint manufacturing of the 
16Mb device. 

During the second quarter of 1992 Siemens made the following series 
of moves: 

• Elected to not build a joint 64Mb DRAM fab with IBM 

• Elected to align with IBM-Toshiba on 256Mb DRAM product/ 
process development 

What the Partners Give and Get 
This section examines the "gives and gets" of the IBM/Siemens alli
ance. Readers should note in general that the items exchanged in 
many of the DRAM alliances shown in Table 6-1 sound similar (for 
example, process technology and risk reduction). The conimon stra
tegic threads will be noted in the alliance assessments; however, 
this chapter spotUghts unique or special alliance factors whenever 
possible. 

IBM: Reducing Technology Dependence 
IBM Corporation provides three temgibles for the 16Mb DRAM alli
ance: the basic device design, the 0.5-micron process technology 
(which runs on 8-inch wafers), and the fab in France. Siemens AG's 
practical contributions include capital and engineering talent—the 
latter for translating IBM's proprietary design into a product suit
able for European and worldwide merchant market coi\STunption 
(for example, an eventual shhnk version). 

What does IBM receive? Some practical elements have been indicat
ed: an estimated 50 percent contribution by Siemens on fab costs 
and risk-sharing by Siemens on merchant market technology 
development. IBM is likely to receive a supply of 16Mb devices 
starting for systems such as the FS/2 line. 

IBM aims for key long-term strategic benefits. First and foremost 
is a counterbalance in Europe—and, perhaps, eventually North 
Anierica—to Japan's worldwide strength in DRAMs. Second is an 
evolution by IBM, which is an internal DRAM suppber as well as 
user, toward a global shared fab strategy, perhaps allowing for 
entry into the merchant market. 

Siemens: A Stake in the DRAM Merchant Market 
What does Siemens get in exchange for its capital aiui clout in 
European and other merchant markets? Siemens' DRAM efforts 
have been lagging. Now, it should be able to make a timely ramp 
up during the second half of 1992 in the 16Mb DRAM arena. An 
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unresolved issue is whether Siemens will become an independent 
DRAM supplier or a supplier of IBM DRAM products. 

Eventually, Siemens might be permitted to use IBM's 0.5-micron 
process to expand its ASIC product offerings. Siemens to date has 
received no license, however, to the IBM process. 

64Mb DRAM Joint Development 
The 16Mb manufacturing alliance accentuates the significance of the 
partner's prior joint-development effort on 64Mb DRAMs. The 64Mb 
alliance presumably was proceeding favorably, however, capital risk 
considerations in part caused Siemens to cancel a joint 64Mb 
DRAM fab. 

The exchange items are similar; Siemens can promise 64Mb DRAM 
product technology to merchant market customers later this decade. 
IBM will be assured of supply for internal demand while balancing 
the strength of Japan-based suppliers. 

TI/HP/CanonAiovernment of Singapore 

In terms of strategic competitiveness, Dataquest analysts view the 
4Mb/16Mb DRAM joint venture between TI, HP, Canon, and the 
government of Singapore as equal in significance to the IBM/Siemens 
arrangement. Dataquest analysts consider this arrangement to be 
second-most significant in terms of current or potential market impact. i 
We believe that this alliance is a unique and perhaps trendsetting * 
global consortium of DRAM users with their supplier. 

TI: The Give and Get 
TI (no mystery) supplies the DRAM technology and runs the 
Singapore joint-venture fab. The technology for 4Mb DRAMs is 
a 0.6-micron process using 6-inch wafers; for 16Mb devices, a 
0.5-micron process and 8-inch wafers are used. This alliance con
forms with TI's long-term strategy for spreading the risk associated 
with the volatile international DRAM business. In exchange for 
DRAM technology and know-how, TI reduces the risk associated 
with opening its fifth submicron CMOS manufocturing plant in 
Asia—a costly $300 million-plus venture. TI has an option to 
become the majority partner. 

Besides capital contributions by the partners, TI has some likely— 
although not assured—^major ctistomers for the fab's output. 

The alliance also provides TI with an expanded presence for 
serving users in Asia, including migrating Japan-based customers. 

HP: A Network of Strategic Alliances 
In addition to customer-name credibility, HP's major contribution to 
date is advanced customer payments. For HP, the alliance provides 
a guaranteed supply of DRAMs in line with its partnership share m 
(nearly 25 percent) if qxiality/price conditions are acceptable to HP. ^ 
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For HP, the real benefit is linked to its worldwide network of stra
tegic alliances. The alliance should strengthen its alliance partners 
over the long term. For example, TI is one of the leading suppliers 
of DRAMs to HP. In turn, HP supplies computer and other systems 
to TI. HP and Canon have an alliance in the printer business. The 
strategic upshot for HP is that the alliance eiJiances the globed 
position of TI—a key North America-based DRAM supplier—^vis a 
vis other world competitors. 

Canon: The Other DRAM-User Partner 
Like HP, Canon, the second DRAM-user alliance partner, provides 
advanced customer payments in exchange for a guaranteed supply 
of DRAMs, given acceptable quality/price terms. In addition to 
strengtheiung HP and TI, two long-term alliance partners. Canon's 
IC manufact\iring equipment group is likely to win increased 
account penetration at TI (and perhaps, over time, HP). 

Government of Singapore: A Host of Benefits 
The government of Singapore's main contribution is financial and 
other support. For Singapore, the alliaiu:e ensures a share of the 
joint venture's output of DRAMs to Singapore-based computer 
companies—a critical need there during periods of spot shortage. 
The alliance also advances Singapore's CMOS processing technology 
base for production of memory and ASICs (for exam^ple, gate 
arrays). The alliance puts the tiny dty-nation on the global DRAM 
map. 

Toshiba/Motorola 

In terms of both strategic competitiveness and current and potential 
market impact, Dataquest analysts rank the DRAM alliance between 
Toshiba and Motorola as the tlurd-most-significant arrangement. The 
first version of the alliance was formed during 1986 and expanded 
toward the end of 1990. Uncertainty associated with an alliance 
element—Toshiba's rights to Motorola's 68030 microprocessor—has 
diminished the market impact somewhat. Nevertheless, this alliance of 
two giants of the IC business, one Japan-based and the other North 
America-based, has had a direct impact on both DRAM market trends 
and the global competitive bedance. 

Toshiba 
In this alliance, Toshiba provides the DRAM design and process 
technology. Toshiba leads the DRAM development efforts, including 
development of the 16Mb DRAM. In exchange, Toshiba receives the 
right to sell Motorola's 68030 MPU in Japan. Toshiba never received 
the rights to sell the 68030 (or the 68040) in world regions other 
than Japan. 

The alliance arrangement enables Toshiba to supply 1Mb DRAMs 
from Motorola's Scotland fab while avoiding import duty and 
European reference pricing constraints. 
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Motorola ( 
In exchange for Toshiba's limited hcense on the 68030, Motorola has 
received 1Mb and 4Mb DRAMs from the Tohoku, Japan, joint-
venture fab. Motorola resells the product in regions such as North 
America and Europe. Motorola can produce 1Mb DRAMs in its 
worldwide network of fabs. The 4Mb DRAM can only be produced 
in the Tohoku fab. In order to gain worldwide rights to 4Mb 
DRAMs, Motorola presumably must give Toshiba worldwide rights 
on the 68030 or 68040. 

For Motorola, a key long-term strategic goal of the alliance is 
acquisition of DRAM technology (for example, 16Mb DRAMs) and 
manufacturing know-how. An unresolved issue is whether Motorola 
will develop 16Mb DRAM alone or with Toshiba. For example, dm--
ing 1991 Motorola and Toshiba terminated plans for a Europe-based 
DRAM/memory fab on the basis of competitive cost analysis, 
although other factors such as the 68030 negotiations played a role 
in the final decision. Nevertheless, Dataquest beheves that eventu
ally the Tohoku fab will produce 16Mb DRAMs for Motorola. 

Hitachi/Goldstar 

Dataquest views the DRAM alliance between Hitachi and Goldstar 
Electronics Company Ltd., which comprises a series of licensing and 
fab agreements between a first-tier, Japan-based supplier of DRAMs 
and an emerging IC power from Korea, as the third-most-signtficant A 
DRAM pact in terms of current and potential market impact. The I 
arrangement ranks fourth regarding strategic competitive significance. 
This agreement represents one of the key alUances between Japan- and 
Korea-based IC supphers. 

In this aUiance, Hitachi provides the DRAM technology, including 
product design. During 1989, Hitachi designated Goldstar as a second 
source for Piitachi's 1Mb part, meaning a market boost for Goldstar's 
advance in global IC markets. In addition to establishing an alternate 
source for 1Mb DRAMs, Hitachi also receives some supply for resale. 

Recently, Hitachi extended Goldstar's alliance to the 4Mb device. The 
Hitachi/Goldstar alliance is still evolving. For example, the 4Mb 
arrangement currently carries some of the hallmarks of a fab agree
ment and of an OEM arrangement. Nevertheless, this alliance is 
advancing although no official extension to 16Mb DRAM technology 
has apparently yet been made. 

IBM/Micron 

Several alliances tied for third place in terms of current and potential 
market impact. Dataquest analysts rank the alliance on 4Mb DRAMs 
between IBM and Micron Technology, two North America-based com
panies, among those deemed third-most-sigidficant regarding market 
impact. 

IBM provides the DRAM process technology, which runs on 8-inch fl 
wafers. Micron uses its own 4Mb DRAM design, having elected not to 
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develop IBM's proprietary design for merchant market consumption. 
(Note the challenge for Siemens in the 16Mb arena.) For IBM, the alli
ance provides another balance to Japan's worldwide DRAM strength: 
a stronger, competitive, low-cost. North America-based supplier of 
DRAMs. 

For Micron, the alliance provides access to IBM's process technology. 
The alliance also provides the relatively small company, which com
petes against the global DRAM giants, with a key long-term strategic 
partner. The agreement is likely to extend to the 16Mb device. 

Tl/Acer 
Dataquest analysts rank the joint venture in 4Mb DRAMs between TI 
and Acer (Tedwan) as one of the third-most-significant DRAM arrange
ments in terms of current and potential market impact. The agree
ment also is tied for fourth place regarding strategic competitive sig
nificance. This agreement exemplifies another key user/supplier alli
ance, here between a North America-based supplier of DRAMs and a 
Taiwan-based user. 

TI's Role 
The give and gets for TI through this alliance are consistent with 
those of TI's alliance with HP, Canon, and the government of Sin
gapore. In exchange for its technology, TI reduces the risk 
associated with construction of this $250 million-plus investment. 
The technology for 4Mb DRAMs b 6-inch wafers based on an 
advanced CMOS trench-capadtor design. This alliance purposely 
bypassed the 1Mb part but is likely to be extended to the 16Mb 
density. 

Acer's Role 
Acer's contribution will be capital—^about 75 percent of the quarter-
billion-dollar-plus cost. The joint venture marks Acer's entry into 
vertically integrated DRAM production. The real key for Acer is a 
guaranteed supply (50 percent) of the total output of the joint-
venture fab, whidi should meet a full third of the 4Mb DRAM 
requirements for this sjrstem manufacturer. Past DRAM shortages 
have played havoc with Acer's manufactiuing plans. 

Hitachi/TI 
Dataquest analysts view the joint-development agreement for 16Mb 
DRAMs between Hitachi and TI among the fourth-most-significant 
DRAM alliances in terms of strategic competitive significance. When 
Dataquest analysts rai\ked the alliances, the recent dramatic extension 
of the alliance to 64Mb DRAM, a second-source pact had just been 
annoimced. The strategic significance of this alliance between two 
giants of the DRAM business—one Japan-based and the other North 
Annerica-based—^has presumably increased since the announcement of 
the 64Mb deal at the end of November 1991. 

The exchange items and goals behind this alliance in general are simi
lar to those noted in the other iilliance discussions. The bottom line is 
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that both companies want to reduce the capital risk associated with 
developing new generations of DRAM. TI also views DRAM process 
expertise as a key stepping-stone for technology migration to digital 
signal processors (DSPs) and other advanced devices. Even so, the cur
rent results and evolution of this alliance have in some instances been 
imique. 

16Mb DRAM Joint Development 
The Hitachi/TI joint-development effort on 16Mb DRAMs led to 
design of an innovative DRAM package known as the lead on 
chip with center bond package, which both suppliers will use. By 
contrast, the 16Mb joint-development agreements resulted in two 
different 16Mb designs: Hitachi's stacked-cell structiu'e and TI's 
trench-based storage cell approach. 

64Mb DRAM: A Second-Source Arrangement 
The goal of the 64Mb DRAM joint-development effort will be a 
second-source arrangement. Hitachi and TI will develop a conunon 
64Mb DRAM design. They will also use common design automation 
and the sarae 0.35-micron manufacturing processing technology. The 
suppliers will separately engage in mass production and marketing. 

As noted, the alliance strategically aims to reduce each partner's 
financial exposure to the risk of ultimately low-priced DRAM parts 
that can be exorbitantiy expensive to develop. The alliance should 
also lead the partners to other technology paths for ASICs and DSP 
chips. 

The alliance could atfect the course of Japan-United States trade. 
Significantiy, Hitachi took a license on TI's Kilby patent as part 
of the agreement. For TI, the Hitachi license strengthens the Kilby 
patent in Japan in the face of Fujitsu's ongoing legal challenge. 

Outlook on DRAM Alliances 

Everyone affected by the DRAM market—^users, suppliers, investors, 
and governments—^must prepare for the impact of the strategic alli
ance megatrend during the rest of this decade. Table 6-1 shows a 
nearly exhaustive list of DRAM technology alliances between suppliers 
or suppliers and users, including governments. The alliance table grew 
during the course of this chapter's preparation as new alliances were 
announced, extended, or modified. 

Dataquest realizes that some alliances will terminate with little impact. 
As shown in Table 6-2, however, Dataquesf s DRAM analysts in 
Tokyo, London, Seoul, Taipei, and San Jose now see or foresee sharp 
market impact and strategic competitive significance from alliances 
such as the IBM/Siemens pact, the joint venture among TI/HP/ 
Canon/Government of Singapore, the Toshiba/Motorola deal, and the 
Hitachi/TI joint effort. 

The economic realities of the 1990s indicate some long-term consolida
tion of the DRAM supplier base. DRAM alliances are not a sign of 
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weakness, but rather a necessary step for survival. From the supplier 
side, DRAM alliance participants such as Hitachi, Motorola, TI, and 
Toshiba are not the weaklings of the IC world. Although Dataquest at 
present anticipates no imiversal trend toward DRAM user/supplier 
alliances, TI's strategy for Asia—for example, the Acer venture £ind the 
Singapore arrangement—emerges as one model for suppliers during 
the 1990s. DRAM alliances can also be a technology path to other 
products such as ASICs or DSPs. Readers should note that some of 
the DRAM players notably absent from Table 6-1 include AT&T, 
Fujitsu, Mitsubishi, and Matsushita. 

What is the wild cjird in this whole set of global DRAM alliances? 
IBM, which in 1992 will be changing and assessing or reassessing its 
many business options. The IBM/Micron deal shows a limit to the 
impact of IBM's proprietary DRAM technology on the market, but 
IBM's impact remains significant. Dataquest analysts already foresee 
significant market impact and strategic competitive effect from the 
IBM/Siemens alliance, especially in world regions such as Europe 
and North America. As IBM reshapes its business during 1992 and 
thereafter, the DRAM market might also be reshaped. 
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Chapter 7 

Package Technology 

Semiconductor package constraints—^which include technology as well 
as supply—may be a long-term barrier to adequate DRAM supply. 
The following chapter, which is based on results from Dataquesf s 
recent multidient study of semiconductor package technology, 
highlights the critical trends and forecasts in this critical arena. 

Semiconductor packaging, often referred to as the back end of semi
conductor assembly, is in the forefront of activity and technical evolu
tion. A review of 1991 package production worldwide shows that the 
through hole (TH) family of packages (DIPs, ZIPs, and PGAs), and 
specifically the DIP package, declined after a 28-year reign. W t̂h an 
eye toward the future, we expect surface mount (SM) packages to rep
resent a 49 percent share of total packaged single chips, while bare 
die shipments are expected to represent an 11 percent share (see Fig
ure 7-1). The majority of SM-packaged ICs are in the area of small 
outline (SO) and QUAD packages. Growth in the SO product area is 
driven by analog, logic, and memory devices. The QUAD configura
tions are used predominantly for high-density, high-pin-count ASICs. 

ASIC devices, specifically gate arrays, continue to be the product area 
contributing to both package proliferation and high pin count. The 
data compiled in Figure 7-2 are a result of component suppliers and 
their estimates of lead count as a percentage of production over time. 
The lower-level 8- to 28-pin-count packages consun\ed more than 
55 percent of the total share in 1991. This lower pin count level is 
expected to decline to less than 40 percent by 1994, as production 
shifts to the high-pin-coimt ASIC and microprocessor devices. 

Table 7-1 shows the worldwide market for packaged ICs by package 
type. Growth in SO packages in 1991 was stimulated by the continu
ous shift of SRAMs and DRAMs from DIP/ZIP and larger SOIC pack
ages to the thinner, finer-pitch SOJ/TSOP packages. Although most of 
the supply of DRAMs in TSOP packages is coming from Japan, the 
North American market continues to be the largest driver of custom 
DRAM modules. The breakout of DRAM SIMMs by organization for 
1991 is in Figure 7-3. 

A decline in MOS EPROM bookings and an increased demand for 
memory bare die used in COB applications caused a precipitous 
decline in the usage of CERDIP packages for 1991 and 1992. The 
largest consumers of nonvolatile devices in North America are 
designing in EEPROM, flash, and ROM devices in TSOP and COB 
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Figure 7-1 
Worldwide Package Share 

Source: Dataquest (August 1992) eaoooess 

i 
Figure 7-2 
Worldwide IC Package by Pin Count 

1991 

360->600(1.4%) 

1994 

360->600 {4.6%} <6-24 {2.0%) 

32-72 (3.0%) 

Source: Dataquest (August 1992) G2000696 i 
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Table 7-1 
Estimated Worldwide IC Package Production 

Plastic DIP 

Ceramic DIP 

QUAD 

Ceramic Chip 
Carrier 

Plastic Chip 
Carrier 

SO 

Ceramic PGA 

Plastic PGA 

Bare Chip 

Total 

1990 

20^75 

3,169 

4,068 

260 

431 

10,602 

265 

147 

2,878 

42,395 

1991 

17,549 

2,801 

5,169 

271 

579 

12,053 

395 

248 

4,153 

43,218 

1992 

14,264 

2,616 

7,024 

292 

724 

13,576 

602 

512 

4,905 

44,515 

1993 

11,056 

2,304 

10,140 

312 

834 

14,809 

762 

744 

6,604 

47,565 

1994 1995 1996 

8,120 5,818 4,350 

2,142 1,922 1,770 

14,399 16,781 18,550 

350 325 292 

767 663 613 

16,860 19,058 20,811 

795 742 660 

865 850 801 

9,409 12,011 16,053 

53,707 58,170 63,900 

Source: Dataquest (August 1992) 

Figure 7-3 
Estimated MOS DRAM Module Organization 

X36 (5.0%)-
X32 (1.0%)' 

X40 (2.0%) 

1991 

Source: Dataquest (August 1992) GZ000697 

configurations for use in 8-bit and 16-bit systems as well as m.emory 
cards. The "downsizing" drivers of electronics such as memory cards, 
laser printers and graphics, pocket calculators, video game systems, 
and laptop/palmtop segments are expected to be the largest drivers of 
higher-integration and smaller-size package growth. 
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In the next five years, emerging package technologies will become an 
extension of the system designers' focus on the miniaturization of 
drive electronics. The challenge to the system designer is either to 
integrate more functions in a complex single chip or to integrate two 
or more chips into a cost-effident module that would accomplish the 
same task. The forecast growth in the bare die market shown in 
Figure 7-4 assumes an initial growth in bare die usage in multichip 
module configtu-ations. 

Single Chip or IMulticiiip: Wliat Is the Best Solution? 

Tasks that could be performed with many chips on the PCB must now 
be accomplished with fewer chips. The ultimate system goal is to have 
CMOS chips that consume less power, offer improved performance 
and increased reliability over previous generations, have a low profile, 
and, if possible, be cost-efficient. Wiil the ultimate goal be reached 
with a single chip capable of all these functions, or can this be 
attained with a multiple set of chips in a module configuration? 

Dataquest defines a multichip module (MCM) as a set of multiple die 
attached through various means to a substrate. The IPC-defined cate
gories for MCMs are MCM-L (L = laminated), MCM-C (C= ceramics), 
and MCM-D (D = deposited). The greatest demand for MCM technol
ogies is expected to come from the data processing, consumer, and 
communications application markets. The consumer market is forecast 

Figure 7-4 
Worldwide Bare Die Consumption 
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to use most MCM-L configurations. The communications market will 
consimie both MCM-L and MCM-C designs. However, the data 
processing MCM market will generate not only the largest amount of 
MCM revenue but also create the greatest amount of challenges to the 
MCM-D designer. 

The benefits of MCM-D technology are that it provides the following: 

• Monolithic performance (or better) at complexities not attainable by 
monolithic chips 

• Lower-risk cost and schedule route to product development 

• Economic advantages through faster ramping production cycles or 
lower-cost hardware 

• Higher-complexity systems built without degrading performance 

• 20 percent higher clock rates than single-chip solutions 

• Mixed technology such as GaAs and silicon 

• Use of optimized technology such as SRAMs and microprocessors 

• Shorter design cycle times 

• More available wafer vendors because acceptable yields can be 
achieved with wafers of lesser quality 

The benefits of single-chip designs are as follows: 

• It offers the least expensive alternative if the chip is not too 
complex. 

• There is no need to deal with an MCM and chip supplier. 

Table 7-2 is Dataquesf s comparison of single-chip versus miiltichip 
costs. The table includes the cost of MCM assembly. The external 
package cost is assumed to be the same because both solutions have 
the same number of leads to the outside world. The substrate cost is 
tj^ical for MCM-D. The assembly assumes wire bonding. The test and 
rework assumes the following: 

• Rework cost is 10 times the assembly cost. 

• One MCM has to be replaced. 

• Chips have a 95 percent probability of being good. 

• Module has (0.95)* = 81 percent probability of being good. 

• Rework cost is spread over both good and bad modules. 

Dataquest Perspective 

Although packaging for high-pin-count ASICs and complex 
microprocessors is rapidly approaching technology limitatiot^ in terms 
of speed barriers and heat dissipation, the SMT available today will 
address the needs of both chip manufacturers and systems desi^ers. 
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Table 7-2 
Chip-Level Comparison of Single-Chip and Multichip 
Implementations of the Same System Function 

Relative complexity of Single Chip 

Edge Dimensions* (Mils) 

Max. Peripheral I / O Pins** 
Wafer Cost ($/sq. in.) 

Gross Die Cost ($) 
% Yield (Murphy Yield Stats.) 

Yielded Die Cost ($) 
Yielded Test Cost ($) 

Net Die Cost ($) 

Multichip 
(Each Chip) 

-

380 
152 

40 

5.78 
35.2 

16.43 
1.64 

18.07 

Single Chip 

4X 

730 

292 

40 

21.32 

5.3 
398.56 
24.77 

423.33 

'Assumes square chip. Allowance for bonding pads is a 15-nfril border on all sides of the 
chip. 
"Assumes one pin every 10 mils. 
Source: C&H Associates, Dataquest (August 1992) 

Financially, 1991 was not a good year for MCM start-up companies. 
Many closed their doors and others sought additional funding as 
orders were delayed by six months. 

Ultimately, Dataquest beUeves that a complex single chip could 
displace an MCM-D design as single-chip cost efficiencies are 
achieved. More in-depth discussion on MCM technology is 
available in Dataquesf s new multiclient study. 

i 
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Chapter 8 

DRAM Price Outlook 

DRAMs represent the largest share of IC purchasing budgets for many 
electronic system manufacturers. First, a statement of Dataquest's IC 
pricing metiiodology. Next, Tables 8-1 and 8-2 present Dataquesf s 
North American DRAM bookings quarterly forecast for 1992 to 1993 
and oiu- long-range forecast for the 1992 to 1996 period, respectively. 
We also include an assessment—^which uses DRAM life cycle pricing 
information—^to estimate the full-year 1993 range of prices for the 
16Mb DRAM product. 

Quarterly Price Survey Methodology 

The Semiconductor Procurement Service (SPS) qusirterly price survey 
provides information and forecasts for the North American bookings 
prices of more than 200 semiconductor devices. Dataquest collects 
North American bookings price information on a quarterly basis from 
North American suppliers and major buyers of these products. The 
methodology described pertains in general to all products covered in 
the survey. However, some product-spedfic differences do exist. 

The survey begins with Dataquest sending the prior SPS quarterly 
price forecast for updating ptuposes to survey participants. For exam
ple, regarding DRAM, the survey pool includes a combined total of 16 
to 18 users and suppliers. All user-participants are SFS clients located 
in North America, mainly computer manufacturers but also included 
are telecom and industrial houses. Regardless of country of origin, the 
suppliers that participate in the survey are located and book orders in 
North America. 

Dataquest seeks the price of orders that were or will be booked in the 
current quarter. For example, during the February-March 1992 survey, 
Dataquest sought the North American bookings price for ICs booked 
during January-February 1992. In addition, we seek user-supplier fore
casts of the bookings price for strategically important quarters (for 
example, the fourth quarter of 1992). 

When all survey prices have been collected, SPS inputs the quarterly 
bookings prices into its database in several forms: total raw average 
and in some cases, user raw average and/or supplier raw average. For 
devices in the SPS quarterly price survey that are also included in 
Dataquesf s Online DQ Monday service (that is, world regional prices), 
SPS analysts compare the current quarterly price forecast against the 
survey raw averages and the twice-monthly North American bookings 
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Table 8-1 
Estimated DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars)' 

g 

I 

3 

Product 

256Kxl DRAM 
80ns DIP 

64Kx4 VRAM 
120ns ZIP 

IMbxl DRAM 
80ns (DIP/50J) 

64Kxl6 DRAM 
80ns SOJ 

256Kx4 VRAM 
100ns ZIP 

128Kx8 VRAM 
100ns SOJ 

4Mbxl DRAM 
80n5SOJ 

lMbx4 DRAM 
60ns SOJ 

512Kx8 DRAM 
70ns 

256Kxl6 DRAM 
70ns SOJ 

256Kxl8 DRAM 
80ns SOJ 

IMbxSSIMM 
lOOns (2 pc) 

lMbx9 SIMM sons 
(3pc) 

1991 
Year 

1.75 

3.20 

4.35 

6.90 

9.31 

10.01 

16.96 

NA 

NA 

NA 

NA 

NA 

NA 

Ql 

1.60 

2.95 

3.80 

5.65 

7.75 

8.05 

13.13 

14.45 

NA 

16.00 

17.07 

30.00 

33.27 

Q2 

1.60 

2.70 

3.50 

5.19 

7.30 

7.65 

12.05 

13.25 

15.08 

15.50 

16.75 

27.00 

30.45 

1992 

Q3 

1.50 

2.70 

3.45 

4.93 

6.85 

7.25 

11.05 

11.96 

13.78 

13.99 

15.55 

24.98 

28.79 

Q4 

1.50 

2.70 

3.40 

4.67 

6.56 

6.91 

10.15 

10.91 

12.36 

12.79 

14.70 

24.00 

27.72 

1992 
Year 

1.55 

2.76 

3.54 

5.11 

7.12 

, 7.47 

11.60 

12.64 

NA 

14.57 

16.02 

26.49 

30.06 

Ql 

1.50 

2.65 

3.40 

4.49 

6.18 

6.58 

9.50 

10.17 

11.23 

11.75 

13.75 

22.00 

25.00 

Q2 

1.50 

2.65 

3.40 

4.33 

5.95 

6.30 

8.90 

9.35 

10.56 

11.00 

13.00 

20.90 

23.77 



i 

Table 8-1 (Continued) 
Estimated DRAM Price Trends—North American Bookings 
(Contract Volume; Dollars)' 

Product 

256Kx9 SIMM 
100ns 

256Kx36 SIMM 
80ns' 

512Kx36 SIMM 
80ns (24 pc) 

4Mbx9 SIMM 80ns 
(9pc) 

lMbx36 SIMM 
80ns (9pc) 

4Mbx4 DRAM 
70ns SOJ 400 mil 

1991 
Year 

13.85 

49.86 

NA 

NA 

NA 

NA 

Qi 

12.70 

47.00 

82.00 

130.2 

131.0 

180.0 

Q2 

12.53 

44.40 

80.40 

116.8 

122.0 

149.0 

1992 

Q3 

12.65 

42.20 

77.75 

112.5 

107.0 

119.6 

Q4 

12.50 

40.00 

75.39 

107.4 

100.0 

95.0 

1992 
Year 

12.59 

43.40 

78.88 

116.7 

115.0 

135.9 

Ql 

12.50 

37.17 

73.00 

96.35 

97.00 

83.25 

Q2 

12.50 

35.50 

71.00 

88.00 

87.00 

74.18 

NA = Not avEdiabte 
'Contract volume = at least 100,000 per order except VRAMs. 
Two-ptece soluflon for 1993. 
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, sen/l(», and v 
Intended (or use as guidelines. 
Source: Dataquest (August 1992) 
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Table 8-2 
Estimated Long-Range DRAM Price Trends— 
North American Bookings 
(Contract Volume; Dollars)' 

Product 

256Kxl DRAM 80ns DIP 

64Kx4 VRAM 120ns ZIP 

IMbxl DRAM 80ns 
(DIP/SOJ) 

64Kxl6 DRAM 80ns SOJ 

256Kx4 VRAM 100ns ZIP 

128Kx8 VRAM 100ns SOJ 

4Mbxl DRAM 80ns SOJ 

lMbx4 DRAM 6Qns SOJ 

512Kx8 DRAM 70ns 

256Kxl6 DRAM 70ns SOJ 

256Kxl8 DRAM 80ns SOJ 

lMbx8 SIMM 100ns (2 pc) 

lMbx9 SIMM 80ns (3 pc) 

256Kx9 SIMM 100ns 

256Kx36 SIMM 80ns' 

512Kx36 SIMM 80ns (24 pc) 

4Mbx9 SIMM 8Qns (9pc) 

lMbx36 SIMM 80ns (9pc) 

4Mbx4 DRAM 70ns 
SOJ 400 mil 

1992 
Year 

1.55 

2.76 

3.54 

5.11 

7.12 

7.47 

11.60 

12.64 

NA 

14.57 

16.02 

26.49 

30.06 

12.59 

43.40 

78.88 

116.71 

115.0 

135.9 

1993 
Year 

1.50 

2.65 

3.40 

4.29 

5.73 

6.10 

8.68 

9.12 

10.24 

10.70 

12.79 

20.58 

22.88 

12.50 

35.19 

70.25 

85.% 

85.00 

70.19 

1994 
Year 

1.65 

2.40 

3.55 

4.12 

5.00 

5.25 

6.06 

6.15 

6.21 

6.36 

6.54 

15.44 

16.44 

12.00 

27.28 

56.20 

60.17 

59.50 

30.00 

1995 
Year 

1.85 

2.40 

3.55 

4.12 

4.95 

5.15 

5.50 

5.56 

5.69 

5.72 

5.91 

15.00 

16.00 

NA 

23.07 

45.54 

56.35 

57.75 

18.50 

1996 
Year 

2.00 

2.40 

3.70 

4.15 

4.95 

5.15 

5.50 

5.55 

5.60 

5.72 

5.90 

14.00 

15.00 

NA 

20.91 

45.00 

56.00 

56.10 

14.00 

NA B Not available 
'Contract volume > at least 100,000 per order except VRAMs. 
Two-piece solution for 1993-1996. 
Note: Actual negotiated marlwt prices may vary from these prices tiecause of 
manufacturer-specific factors such as quality, service, and volume discount These prices 
are irrtended for use as guidelines. 
Source: [>ataquest (August 1992) 

prices as published in the Online DQ Monday report. SPS analysts 
also establish assumptions regarding market supply-demand trends, 
supplier strategies, government action, and related factors. The 
preliminary SPS price forecast is formulated and then presented to 
Dataquesf s semiconductor product analysts. Dataquest analysts then 
meet to exchange information and reconcile forecast assumptions. The 
SPS pricing forecast is then finalized. Shortly thereafter, the completed 
forecast is delivered to SPS clients. 

i 

i 
August 17,1992 ©1992 Dataquest Incotpofated SPWW-SVC-m-9202 



DRAM Price Outlook 8-5 

DRAM Life Cycle Pricing 

Because many DRAM users' eyes are on the next-generation 16Mb 
DRAM device, this section uses recent Dataquest research on DRAM 
life cycle pricing trends to assess the likely range of 16Mb DRAM 
pricing during 1993, the first full year of volume production of this 
device. 

Figure 8-1 provides historic and forecast DRAM pricing in North 
America in millicents per bit over the first years of the product life 
cycle for densities of 64K, 256K, 1Mb, 4Mb, and 16Mb DRAMs. Note 

Figure 8-1 
North American DRAM Life Cycle Stage (Millicents per Bits; Volume: 100,00 Units) 

Millicents per bit 
Introduction 

1,000.0 

100.0 -

10.0 -

1.0 

0.1 -

0.0 

Growth Maturity 

Note: 64K DRAM prices are woridwide prices for years 1 -6 
256K DRAM prices are worldwide for years 1 and 2 

- 1 1 " 
2 

64K X 1 DRAM 

256K X 1 DRAM 

T T 

Years 

b- 1Mb x1 DRAM 

^ 4Mb X 1 DRAM 

4Mb X 4 DRAM 

Source: Dataquest (August 1992) G2O00S21 
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that the 16Mb DRAM price curve rests at the bottom of Figure 8-1. 
Based on the information in Figure 8-1, Figure 8-2 presents the rate-of-
price dedine in North America for each density of DRAM relative to 
the prior-generation device at each stage of the life cycle. 

Forward Stage 16Mb DRAM Price Analysis 
For users, a keynote DRAM supply base issue has become the 
16Mb DRAM price outlook during the early volatile years of the 
product's life cycle. 

In regard to the early life cycle (forward stage) 16Mb DRAM price 
outlook for North America, Figure 8-2 shows that during 1992—the 
first year of the 16Mb life cycle—Dataquest expects that millicent-
per-bit pricing for the 16Mb part to be 84 percent lower than 
millicent-per-bit pricing for 4Mb DRAMs during the first year 
of their life cycle, which was 1989. It is important to note that 
the first-year life price curve for 16Mb DRAMs most closely 

Figure 8-2 
DRAM Pricing: Rate of Decline at Each Stage in Life Cycle Relative to Prior 
Density (64K DRAM = Base) 

Percentage Change 

Introduction 
+100 

Growtli Maturity 

+ 5 0 -

Base 

-50 

-100 

i 

Years 

256K X 1 DRAM llVlbxl DRAM 4Mb X 1 DRAM 16Mbx1 DRAM 

Source; Dataquest (August 1992) Q2000e2£ 
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DRAM Price Outlook &-7 

approximates the first-year curve for 256K DRAMs (1983), which 
in part led to U.S. allegations of dumping against Japan-based 
suppliers in the inid-1980s. 

The 1993 Scenario 
Prices in 1992 for 16Mb DRAMs in regions such as North America 
and Europe should be somewhat erratic and vary widely because 
suppliers are at different stages in terms of sancipling, initial volume 
production, and full volume production. For 1993, however, the 
information in Figure 8-2 can be used to provide a forecast of the 
estimated high and low range of North America 16Mb DRAM 
pricing. 

The infom\ation in Figure 8-2 historically depicts this range of per
centage declines in DRAM pricing at the second year of any given 
product density relative to the prior-generation device, from a low 
of a 35 percent decrease for 1Mb DRAM in its second year com
pared with 256K DRAM in its second year, to a high of a 
90 percent decline for 256K DRAM versus 64K DRAM. 

The Estimated 1993 Range of 16Mb DRAM Pricing 
Four assumptions guide this analysis. First, the 256K scenario is 
unlikely to recur, not only because of trade friction but also 
because 16Mb DRAM require much larger capital outlays than 
did earlier-generation devices, including 256K DRAM. The second 
assumption is that, if trade friction recedes dramatically during 1993 
£ind supplier competition increases, miUicent-per-bit prices for 16Mb 
DRAM on the low side of the range will be 70 percent lower than 
the 4Mb DRAM price at the second year of its life. The third 
assumption is that, if trade friction does not recede during 1993, 
millicent-per-bit prices for 16Mb DRAM on the high side will still 
be lower than the 4Mb DRAM price in its second year, but only 
30 percent lower. The final assumption is that the U.S. government 
will avoid in any legal action a repetition of increased DRAM 
prices for North American buyers, whether measured in dollars or 
millicents per bit. (Should that scei\ario unexpectedly unfold, users 
could expect a flat 16Mb DRAM price profile for 1993). 

Using the assumptions outlined above. Table 8-3 predicts that 1993 
North American 16Mb DRAM pricing should range from a low of 

Table 8-3 
Estimated 16Mb DRAM Pricing—Nortti American Booku^ 
(Volume: 100,000-200,000) 

Part 
Estimated Low Price ($) 

Forecast for Market Average ($) 
Estimated High Price ($) 

4Mbx4 DRAM, 
70ns, SOJ 400 mil 

44.00 

70.20 
102.50 

Source: Dataquest (August 1992) 
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$44, which represents a millicent-per-bit price that is 70 percent 
lower than 4Mb DRAM pricing during its second year, to a high of 
$102.50, which represents a millicent-per-bit price that is 30 percent 
lower than 4Mb DRAM pricing during its second year. 

i 
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Chapter 9 
Dataquest Perspective 

DRAM cost management represents a priority challenge again for 
users during 1992, and will ageiin during 1993. Eight years ago, one 
author of this report worked with the Korea Trade Center, which 
alerted the world that Korean-based compaiues such as Samsung were 
intent on achieving world leadership in DRAMs—& ludicrous thought 
at the time. Today, Samstuig ranks among the very top suppUers in 
the DRAM world, with Goldstar and Hyundai aiming to join it as a 
member of this exalted rank. Looking ahead eight years from today, 
readers of this report should start preparing now to manage antici
pated major changes in the DRAM suppUer base by the year 2000. 

For purchasers, component engineers and other users of DRAM 
interested in working toward that objective, this guide couples DRAM 
life cycle emalysis with a suppUer base evaluation as a strategy for 
cost-effective DRAM demand management during the 1990s, incor
porating demand- and supply-side perspectives as key parts of the 
strategy. A critical element of the strategy calls for users to assess sys
tem migration paths against Dataquesf s DRAM life cycle forecasts. 

During the remainder of this decade, DRAM users will continue to 
confront periodic supply and demand mismatches, such as 256x4K 
VRAMs during the middle of 1992, which typically recede after one or 
two quarters. Users in North America and Europe, however, face the 
specter of fundamental long-term n:\arket changes that should make 
life quite challenging. 

First, new technologies such as flash memory aim to displace DRAMs 
from system appUcations. Second, DRAM/VRAM/SIMM supply and 
demand mismatches could become more drastic as some suppliers 
reconsider their long-term strategy for profitably serving demand, 
which may mean some market withdrawals. For example. Chapter 5 
notes the ominous delay by Japan-based suppliers of the scheduled 
opening of 4Mb/16Mb DRAM fabs. Another example is that packag
ing technology might be a barrier to future market evolution, and 
package shortages might prove more enduiing and longer-term than is 
experienced in today's market. Third, IBM wiU be a key wild card in 
the entire worldwide DRAM business, not only in terms of demand 
and technology trends but also as a merchant market supplier. Fourth, 
users must manage continuing sharp shifts in the supplier base, as 
exemplified by Samsung's dramatic rise from the nud-1980s to world
wide DRAM market leadership by the early 1990s, Fifth, supplier sur
vival means more DRAM alliances—alliances that will change, evolve, 
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or terminate over time, meaning work and worry for users—as 
exemplified by recent shifts of the IBM-Siemens agreements. 

Even so, the ever-volatile DRAM market is huge and will not disap
pear. At the end of this decade, users most likely will still be grap
pling with DRAM management strategies, although their concern in 
the year 2000 will be with suppliers of then state-of-the-art 256Mb 
DRAMs. And some of those suppliers are nonexistent today. 

i 
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Ronald A. Bohn 
Senior Industry Analyst 

Semiconductor Procurement Service 

Mr. Bohn is a Senior Industry Analyst for Dataquest's Semiconductor 
Procurement service. He is responsible for research and analysis in 
semiconductor pricing trends and lead times. He assesses semiconduc
tor life cycles and the supplier base from a purchasing and component 
engineering perspective. He has developed a database listing the top-
ranked electronic equipment producers' purchasing locations by appli
cation market, which serves as the survey base for Dataquesf s Sup
plier of the Year awards. Mr. Bohn lalso has tracked analog, discrete, 
and power IC markets. In addition to his six years experience with 
Dataquest, he has seven years of business and legal experience. Prior 
to joining Dataquest, Mr. Bohn was with a market research company 
involved in analysis of worldwide markets for electronic components 
and systems. He was International Market Research Manager for the 
Korea Trade Center in the United States. Mr. Bohn received a B.A. 
degree in History/Govenunent from Cornell University, an M.B.A. 
degree from the University of California at Berkeley, and a J.D. degree 
from the Hastings College of Law. 
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Rebecca Burr 
Market Research Analyst 

Research Operations Group 

Ms. Burr is a Market Research Analyst from the Research Opera
tions group. She has more than six years' experience in the industry. 
Ms. Burr focuses on wafer fabrication facilities databases, semiconduc
tor equipment manufacturers' market share, silicon manufacturers' 
market share, and semiconductor equipment and materials forecasts. 
Prior to joining Dataquest, she was with Siemens. Ms. Burr holds 
B.A. degrees in Economics, Marketing, and Commercial German from 
Eastern Michigan University. 
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Senior Market Research Analyst 

Research Operations Group 

Mr. Charlton is a Senior Market Research Analyst in the Research 
Operations group. He is responsible for analysis and forecast of the 
personal computer market. Before joirung Dataquest, Mr. Charlton was 
a Product Manager at Alcatel Information Systems. He also served as 
Itairung Manager at ITT. Mr. Charlton holds B.S, degrees in Electron
ics and Chemistry and an M.BA. from Golden Gate Uruversity. 
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Janet E. Cole 
Industry Analyst 

Computers and Peripherals Group 

Ms. Cole is an Industry Analyst for Dataquesf s Computers and 
Peripherals group. In addition, she provides cross-industry support to 
Dataquest's subscription clients. Ms. Cole performs literature searches, 
gathers data, and prepares reports for presentations, publications, and 
client inquiries in the workstation and PC areas. Recent consulting 
projects that Ms. Cole has been involved with are a survey of direct-
response PC vendors and an in-depth study of two PC vendors. 
Before joining Dataquest, Ms. Cole was a Manager in the Marketing 
Services Group at Symantec Corporation. Ms. Cole received her 
B.A. degree in Psychology and an M.S. degree in Communications 
from Boston University. 
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Research Operations Group 

Mr. Dalle-Molle is a Market Research Analyst from the Research Oper
ations group. He focuses on microcomponent and ASIC market share, 
as well as global semiconductor market share, for which he prepares 
sizing estimates and growth forecasts. Mr. Dalle-Molle also develops 
research material on selected vendors and provides analysis of their 
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quest, he served as a Research Associate for Strategies Unliiiuted, a 
high-tech market research company that specializes in the gallium 
arsenide and photovoltaic industries. Mr. Dalle-Molle has a B.S. degree 
in Mathematics froxn Santa Clara University. 
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Senior Industry Analyst 

Semiconductor Equipment, Manufacturing, and 
Materials Service 

Mr. FitzGerald is a Senior Industry Analyst for Dataquest's Semi
conductor Equipment, Manufacturing, and Materials service. He is 
responsible for research and analysis of semiconductor materials. Prior 
to joining Dataquest, Mr. FitzGerald was Western Region Sales Man
ager for Materials Technology, a manufacturer of epitaxial susceptors 
and high-performance ceramic coatings. Previously, he worked as an 
Application Chemist in the Applied Research and Development 
Department of the Semiconductor Group at Air Products and Chemi
cals Inc. and as a Research Chemist of Exxon Corporation's Long 
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Mr. Giudici is responsible for tracking and analyzing emerging semi
conductor procurement issues and trends. He also covers regional 
semiconductor prices and cost modeling issues. In addition, he has 
participated in various custom research projects involving procure
ment needs and regional price differentials. Prior to joining Dataquest, 
Mr. Giudici spent eight years in both the computer and semiconductor 
industries, where he held a variety of financial and marketing posi
tions. Most recently, he was a Product Marketing Engineer with 
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Chapter 1 

Executive Summary 

The microprocessor market is being pulled in many directions. The 
user community at the high end is being addressed one way, while 
the mass market personal computer (PC) segment sees a different 
picture. The difference between low-end workstations and high-end 
PCs continues to blur. The trends of the workstation market often 
lead the way for the rest of the computer industry because work
stations are often used to design other electronic equipment that 
requires PCs. A healthy and growing market, the technical work
station segment continues to be very d5mamic. With the majority of 
workstation users (60 percent) sharing machines and increasingly 
inexpensive machines continuing to come to market, the workstation 
user is in a good position to benefit from advances in technology and 
microprocessor competition. The choice of microprocessor engine that 
drives these workstations is becoming more critical as software appli-
catioi\s specific to processor t57pe become a key differentiating factor 
in market acceptance. Meeting the needs of a diverse customer base 
with various microprocessor platforms continues to be a challenge to 
the semiconductor industry. 

The 80X86 microprocessor family is the largest segment of the market 
and is rapidly being populated by increasing numbers of suppliers 
supporting this platform. Intel controls 58 percent of worldwide 
microprocessor revenue, and it is aggressively protecting this coveted 
portion of the market. Now that the shift from 16- to 32- bit versions 
of the 80X86 market is nearly complete, the addition of competition 
is a breath of fresh air to this once sole-source world. 

Intel's dominance in the 80X86 market has caused the market to react 
with alternate sourdng of these advanced microprocessors. The world 
of sole-sourced microprocessors is fast fading into history, yet the 
future of a multisourced market remains unclear because of legal 
ramifications. Good communication with suppliers of these strategic 
parts now more than ever is parannount in order to make the best 
sourdng decisions. 

The long-term supplier base of microprocessors is in the midst of 
change, resulting in challenges for the user community in dedding 
which platform and, more recently, which supplier to choose from in 
order to be best served. The choice of microprocessor technology to a 
large extent determines system market acceptance and long-term mar
ket success or rejection, which in turn determines long-term growth 
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or demise. As RISC-based and QSC-based processors vie for merging 
applications, the system designer and microprocessor buyer are 
caught in between. Internal communication of marketing design and 
procurement is mandatory for system companies that use advanced 
microprocessors because of the ever-reducing market window that 
each generation of system has to fit in. To quickly and accurately com
municate end-user needs, system design requirements and supplier 
support capabilities are becoming the normal procedure and not a task 
force function. The life cycles of key microprocessor families included 
in this guide are key in helping to dedde which technology processor 
to choose. 
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Chapter 2 
Introduction 

The intent of this guide is to have in one place the majority of 
microprocessor information needed by semiconductor procurement 
persoimel in formulating sourdng and pricing decisions on a regular 
basis. The guide is divided into chapters that deal with specijfic areas 
of concern and interest to various segments of the microprocessor 
user population. Dataquest then concludes with a perspective on 
what microprocessor users need to consider when soxu'dng these key 
components. 

Chapter 3 of this guide contains the demand-side perspective on what 
is affecting the microprocessor market. Dataquest looks at the trends 
of the technical workstation market and what the computer industry 
needs in the way of microprocessor power to support this driving 
force. The technical workstation was chosen as being representative 
of a high-growth market that demands the most from microprocessor 
suppliers and in many ways sets future trends for processor users. 

Chapter 4 of this guide focuses on the microprocessor majority market 
share holder, the 80X86 product line. The rapid evolution/revolution 
of the 80X86 suppUer base gives a general overview of what is driving 
this market from a macro perspective. Technical and legal devdop-
ments continue to influence the 80X86 market almost on an equal 
basis. The future is expected to continue as a multisourced arena. 
However, the timing and exact product specifications have not been 
finalized at the time of this writing. 

Chapter 5 deals with Dataquesf s annually updated Microprocessor 
Life Cycle Curve that notes where specific MOS microprocessors are 
in their respective life cycles. To gain an historical perspective on 
this topic the reader is directed to Appendix A, a May 1990 chapter 
addressing the once sole-source world of 32-bit microprocessors. 
Chapter 5 also deals with the major suppliers to this market and 
their plans for the near and long term. A review of supply base 
management is also included in this chapter for those companies 
that compare microprocessor technology and supplier compatibility. 
Chapter 5 then covers a review of microprocessor design and pro
duction trends that affect the industry and closes with an overview 
of life cycle price analysis. 
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Chapter 6 highlights the results of Dataquesf s Third Quarter 1992 
Price Survey for MOS Microprocessors for both short- and long-range 
time spans. This survey is conducted quarterly, combining both sup
plier and user price estimates as a basis for Dataquesf s forecast. 

Chapter 7 includes a Dataquest Perspective on the overall 
microprocessor market. 

July 20,1992 ©1992 Dalaquest Incorporated SPWW-SVC-m-9201 



Chapter 3 
Technical Workstations: A Key Application 
for Advanced liflicroprocessors ^ ^ ^ ^ ^ 

Technical Workstation liflarlcet Overview 
Becaiise this market segment often leads the data processing market 
in technological requirements, the rest of the computer industry is 
often indirectly impacted by this leading-edge application. This chap
ter is included because it reviews a key computer market that is 
influencing microprocessor technology and application trends. The 
technical workstation computer is one of the most demanding applica
tions a microprocessor can be set in. This chapter looks at where the 
workstation is headed and what is needed to support this market. 

The workstation market continued to show signs that it is healthy and 
growing. The growth from 1990 to 1991 slowed slightly from the 
previous years, primarily because of the global economic weakness. 

The workstation market continues to be driven by price/performance 
gains within the technical markets. But movement toward client/ 
server computing is aiding the entrance of workstations into business 
applications. 

The workstation market continues to be very djnciamic. Those who 
Tvould be major players in the workstation market miust have the 
ability to react quicldy to competitive pressure and to be proactive in 
driving the fundamental direction of the industry. 

Major Trends in the Workstation Market 
Dataquest has identified the following major trends in the work
station market: 

• The worldwide workstation market exceeded $8.7 billion in 1991, 
a 14.4 percent increase over 1990. The U.S. market for work
stations achieved revenue of $3,474 billion in 1991 as compared 
with $3,147 billion in 1992, a 10.4 percent increase. 

• Dataquest estimates that the worldwide market will equal 
$33.5 billion at year-end 1996, representing a five-year com
pound annual growth rate (CAGR) of 30.9 percent. The U.S. mar
ket will equal $13.7 billion, a CAGR of 31.6 percent. 

• The product mix for workstations is shifting toward low-end 
workstations. However, the shift in 1991 was slower than 
expected with 282,371 units shipping in 1991, compared with 
our forecast of ahnost 310,000. We expect high growth in 1992 
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as every major workstation vendor now offers a workstation for 
less than $10,000. 

• The traditional workstations achieved growth higher than antici
pated in 1991 as compared with our forecast. The primary reason 
is the success of Hewlett-Packard's Series 700, IBM's RS/6000, 
and Sun Microsystems' SPARCstation 2, all of which were classi
fied as traditional workstations. 

• SPARC represented 39.9 percent of the units shipped in 1991, 
retaining its market leadership for microprocessors in the work
station market. Sun Microsystems represented 89.2 percent of 
the SPARC shipments. 

• Even with the slow U.S. economy, the U.S. workstation market 
grew 10.4 percent in factory revenue, slower than the total mar
ket growth but double-digit growth nonetheless. The U.S. market 
grew 30.4 percent in unit shipments, exceeding the total market 
growth of 29.8 percent. This indicates that the United States is 
shifting toward lower-ASP systems. We expect this trend to con
tinue as more vendors offer lower-ASP workstations, as indirect 
distribution channels open up, and as 586-based workstations 
enter the market. 

Emerging Open Systems Alliances 
In 1991, we saw the emergence of a new concept and a new way 
of doing business: open systems alliances. The common theme 
among these alliances was elicnination of the distinction between 
personal computers and workstations and the movement of the 
computer industry toward client/server computing. 

As systems move toward commodity status or at least to the 
point where profit margins are minimal, value and revenue stream 
will be derived from owning the chip (that is, the technology) and 
the operating environment. In the PC market, Intel and Microsoft 
are two of ttie most powerful companies and have profited hand
somely off the growth of the PC market. In fact, according to our 
Microprocessor Group, for some aggressively positioned PC systems, 
Intel accounts for 70 percent of the profits derived from the sale 
of the PCs. We believe that these "open systems" alliances are an 
attempyt to regain some of the control and thus the revenue stream 
fi-om Intel and Microsoft. We have seen the major computer ven
dors start to jockey for position to have their technology and oper
ating environment be the winner in the 1990s. 

Although the microprocessor is a key component in the alliance, the 
operating environment will drive system sales and ultimately the 
recniitment of more vendors to an individual camp. For example, 
Microsoft's \^fedows/^^^ was clearly the driving force for the 
ACE Initiative and the reason many companies joined. Therefore, 
we see the strongest contenders being those with a strong operating 
environment. At this time, the two with the greatest potential for 
success are IBM/Apple with the PowerPC and the Taligent OS and 
PowerOpen and Microsoft's V\todows/NT on Alpha, Intel, and 
MIPS. 
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Changing Product Mix Requires Changing Business 
Models 
The workstation market has been shifting its product mix toward 
lower-ASP systems over the last few years. We expect this change 
in product mix to become more dramatic. As the product mix 
shifts, workstation vendors will have to contend with two different 
business models and two different sets of users. 

One set of users is very price-sensitive. The business model must 
accommodate intense price competition and be able to sxirvive on 
very low margins. The workstation vendor that wants to compete 
in this arena will be required to compete aggressively with the 
higher-performance Intel-based workstations. The price competition 
is guaranteed to be intense and business models and pricing ' 
models will transition to resemble the current PC market. 

The expected price slide of the 586 is an excellent example of the 
pricing trends to be expected. Assuming that the 586 is configured 
with the same features as a workstation, the major components 
driving lower prices will be the cost of the 586 and the cost of 
the operating system. We expect the 586 to initially cost about 
$1,300 and Windows/NT to cost $600 retail with the OEM price 
conceivably costing from $25 to $100. We expect the 586 to be in 
the $150 range by 1996 while an OEM price for VWndows/NT will 
be $5 to $15. This represents a ninefold drop in price over four 
years, equivalent to a negative 42.3 percent CAGR. This t5^e of 
pricing erosion will definitely put pressiue on workstation vendors 
to either meet prices or offer additional value to justify a higher 
cost. 

Hie second set of users, the traditional workstation users, are 
still driven by performance, although other factors do arise in the 
final purchasing decision. We believe that the workstation vendors 
will maintain their leadership for this customer set. They have the 
expertise in developing advanced systems and pushing performance 
capabilities to the limit. PC-based vendors in general have not had 
the systems design experience nor the necessity to spend a lot on 
R&D. Typically, a PC manufacturer will spend about 4 percent on 
R&D, whereas a typical workstation vendor will spend between 
10 and 14 percent on K&D. Instead of R&D, the PC vendor has 
focused its attention on volume manufacturing capabilities and 
distribution, skills not appreciated by the technical user. 

Processor Market Share Still a Competitive Hotbed 
Operating environments are definitely the future battlegroimd, but 
the battie is still strong in the microprocessor arena. SPARC main
tained its leadership with 39.9 percent of the units shipped in 1991, 
mainly because of the strength of Sun 

The volatility and the uncertainty in the processor forecast is at 
an all-time high. Last year, the ACE Initiative gave MIPS the poten
tial for being a major contender. Now the loss of Compaq, the 
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introduction of Alpha by Digital, and the loss of vendor neutrality 
with the purchase of MCPS Computers by Silicon Graphics has left 
the MIPS architecture with a less-than-rosy picture of its ability to 
effectively compete against the giants. 

The ability to drive volume is key in the success of a microproces
sor. We believe that Intel and the POWER chip have the greatest 
potential for driving volume. We believe that Intel has the ability 
based on its existing installed base and the likelihood that PC ven
dors will sell in volume. We beUeve that the POWER chip also has 
a high probability for driving volume because of backing by both 
IBM and Apple and the microprocessor design and manufacturing 
experience of Motorola. BuU and Cetia are the only other system 
vendors to have signed up to use the POWERchip, but we believe 
that more will come. 

The SPARC market's performance, with the exception of Sun, has 
been less than stellar. Sun still represents 89.2 percent of the world
wide SPARC shipments. The primary reason for slow growth was 
the lack of demand in markets other than Sun's installed base and 
the inhibiting factors put in place by Sun (that is. Sun's exclusivity 
agreement with VARs and the lack of the latest SPARC technology). 

Sun has attempted to correct some of these errors. In April 1992, 
SMCC announced that it will make its silicon designs, including 
SPARC CPU chips, ASICs, and other sjrstem support chips, availa
ble to selected semiconductor vendors, who will manufacture, sell, 
and support chips based on those designs worldwide. SMCC also 
announced its new distribution strategy. In this new strategy, a 
VAR will get an additional 1 percent discount for exclusivity. In 
addition, unless they have significant voliune VARs must purchase 
through the master VAR. This indicates a backing away from the 
total exclusivity annoimcement of last year. Instead of trying to 
dominate the VAR, which could destroy key relationships. Sun is 
now using monetary incentives to encourage exclusivity for VARs 
strategically important to it (that is, the master VAR and VARs 
with large sales volume). The bottom line is that these announce
ments should have a positive impact on the SPARC market. The 
major drag factor now is the addition of vendors that can h d p 
drive volume, that is, someone like IBM, Apple, or Compaq. 

The newer competitors for microprocessor dominance are PA-RISC 
and ALPHA. Both have potential because of the performance 
advantages and the financial investments HP and Digital have 
made and can make. However, neither offering has the critical 
desktop vendor to help drive volume. ALPHA has a greater 
potential to attract desktop vendors because of its relationship 
with Microsoft and the availability of Windows/NT on ALPHA. 
However, it will be late to market in comparison with other 
microprocessors and will be an expensive and power-consuming 
chip—^not conducive in its first release for use in a PC replace
ment system. 
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Definitions 

What Is a Workstation? 

Workstations have been evolving fast and furiously. In the last 
year, we have seen workstation vendors offer server systems tar
geted at tj^ical commercial midrange applications such as Sim 
with its 600 Series and IBM with its RS/6000 family, and Intel/ 
DOS machines such as the Digital 433PC with integrated network
ing. The question then becomes: What is a workstation? Is it based 
on product features? Operating system? Usage? 

Dataquesf s Workstation Service has decided to classify workstations 
on their hardware, software, and product features and not by usage 
(that is, single-user, server, or multiuser). In general, a workstation 
must come standard with an integrated floating point coprocessor, 
integrated networking, and a 32-bit multitasking operating system, 
and offer a configuration that has high-resolution graphics capabili
ties (typically 1-megapixel display). 

Once the sjretem passes these criteria, we examine whether it is 
designed to be a server or if it was designed to be a workstation 
(that is, is the system marketed and sold with graphics capabili
ties?). If it is designed to be a server (examples are the SPARC-
server 690 and RS/6000 950), the system is classified in Dataquesf s 
midrange category. If it is marketed and sold with graphics capabil
ities, we further classify the workstation and its server configuration 
(for example, SPARCstation 2) into one of four categories. 

Personal Workstation 

The personal workstation is the combination of PC technology with 
workstation technology. The criteria for a personal workstation are 
that its product feattues include integrated floating point, integrated 
networking, high-resolution graphics, and a 32-bit multitasking 
operating system. Yet its processor technology and operating 
environment typically comes from the traditional PC market. The 
best example is the 586 system sold with Windows/NT that has 
integrated networking and improved graphics performance. It is 
always priced less than $10,000 and typically sells for less than 
$5,000. We expect the primary manufacturers of these systems to 
be the current PC vendors. We expect these systems to be sold 
through many of the same distribution channels in which ciurent 
PCs are sold. The 586 performance is expected to be between 
50 and 80 SPECmarks, with Intel claiming that it could be as high 
as 100 SPECmarks. 

Entry-Level Workstation 

Entry-level workstations have typical configurations costing 
less than $15,000 and usueilly have a base price of less than 
$10,000. They are targeted at the end user that is sensitive to 
price. Entry-level workstations mainly n m two-dimensional graphics, 
although we are starting to see workstations with integrated 3-D 
graphics capabilities such as the IRIS Indigo; these are classified 
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as entry-level systems. Typically entry-level workstations do not 
have the expandability of a traditional workstation or superwork-
station and therefore cannot have as high a level of graphics per
formance or other features as do traditional workstations. In 1991, 
the performance ranged from 11 to 26 SPECmarks. In 1992, we 
expect new systems in this category to have performance of up to 
50 SPECmarks. 

Traditional Workstation 

The traditional workstation classification is the original workstation. 
It is designed for the technical or power user who requires more 
power, better graphics, and more m,emory and storage. The systems 
typically have more expandability than the entry-level workstation. 
The price typically is between $15,000 and $60,000. In 1991, the per
formance ranged from 24 to 72 SPECmarks. We expect vendors to 
offer multiprocessor traditional workstations by the end of 1993. 
Today, traditional workstations are only uniprocessor. 

Superworkstation 

Superworkstations t3rpically have the highest combination of CPU 
and graphics performance. They are designed to address sdenttfic, 
engineering, and other computationally oriented problems. The sys
tems can be acquired and run by a single user or as a server for a 
small group working on an individual project. Multiprocessing capa-
bihties first appeared in this category and typically are the entry 
point for new technology into the workstation market. Base prices 
start at about $60,000 but can extend up to more than $200,000. In 
1991, performance was typically greater than 50 SPECmarks. 

Market Size and Share 
In 1991, Sim maintained leadership in both revenue and \mit ship
ments, with HP moving into the second position for both revenue 
and unit shipments. The vendor with the strongest growth was 
NeXT, with 380 percent growth over 1990, gaining almost 3 points 
in market share. IBM also gained almost 3 point in market share. 
It should be noted that IBM only shipped for six months in 1990. 
We expected IBM to at least double its unit shipments. 

Sun's upward inarch has slowed. After experiencing a near-5-point 
gain in 1990, it barely maintained the same market share as in 
1990, having grown at the same rate as the total workstation mar
ket. The growth between 1989 and 1990 was mainly because of 
Sun's push to lower price points with the SPARCstation 1*, IPC, 
and SLC. In 1991, Sun did not drastically alter its product portfolio 
and competition increased significantly from HP and IBM at the 
high end and Digital at the low end. 

HP has recovered from its problems of 1990 when Motorola was 
delayed in delivering the 68040 and HP had no low-end RISC 
offering. In 1991, HP introduced the 700 Series with great success 
but was plagued once again with chip component supply problems. 
As a result, HP did not gain significantly in market share. By 1992, 
it was able to recover from the TI floating point shortages and 
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introduced the new low-end 705 and 710. We expect HP to 
introduce new products based on the 7100 chip in the third quarter 
of 1992. This should eliminate any outside dependence on chip sup
ply. As a single-chip implementation^ the 7100 will keep HP at the 
leading edge of performance and help reduce cost of manufactur
ing. Based on HP's current competitive position, we expect HP to 
gain market share in 1992. 

Digital's difficulties also become apparent with a slide of about 
7 points over the last three years. Digital's weaknesses can be 
attributed mainly to falling sales of the VAXstations combined with 
the inability to sell the DECstations. We expect that 1992 will be 
good for Digital in unit shipments but challenging in growing rev
enue. Digital introduced new low-end models of its VAXstations 
and DECstations at the end of 1991. Because of very competitive 
prices, these new models have had some success, with VAXstations 
growing 38.5 percent from the third quarter of 1991 to the fourth 
quarter of 1991. However, we do not expect the ramp-up to be 
enough to counter the lower ASPs. Hence, we anticipate a loss in 
market share based on revenue for Digital in 1992. 

IBM did well, but not as well as could be desired. It continued 
to lack a low-end product and was plagued with announcement 
delays. The announcement finally occurred in January 1992 and will 
help IBM be competitive in the range of less than $10,000. Another 
plus for IBM in 1992 is its restructuring. It appears that RS/6000 
can now be officially turned loose on the business accounts. In 
April, IBM aimoimced the Model 970 and specifically targeted it at 
business applications. We expect further announcements from IBM, 
with focus on the business applications and announcements regard
ing high-availability and clustering options. 

The most dramatic shift was that NeXT moved past both Inter
graph and Silicon Graphics in unit shipments with 19,200 units 
shipped in 1991. The combination of more software applications, 
increased focus on commercial and government accounts, and the 
performance improvements derived from the 25-MHz 68040 put 
NeXT in a better competitive position. In 1991, NeXT increased its 
activity within the business and government accounts. More than 
80 percent of its systems were sold into these two areas; the 
remainder was sold into higher education. The biggest question for 
NeXT is which RISC architecture it will support. NeXT has talked 
about the 88K and we have heard rumors of a two-processor 88K 
system in the works. Our initial response is "they have got to be 
crazy." NeXT's biggest problem has been that its look is too propri
etary. If it goes with the 88K, it will continue down the path of a 
niche player. Our best guess as to which RISC processor NeXT will 
use is PA-RISC. HP could provide assistance in migration from 
Motorola to PA-RISC, and PA-RISC needs a desktop operating 
environment. Our second-best guess is the POWER chip. NeXT and 
Motorola have had excellent working relations and it could be a 
nice follow-on to the 68000. But once again, NeXT would be alone 
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in promoting NeXTStep, while the rest of the POWER camp n\oved 
to PowerOpen or Taligent. 

Another important note that should not be overlooked is the 
growth of the Japanese vendors, who now hold three of the five 
second-tier positions. Virtually all of this success has come in the 
Japanese market, but all Japanese vendors are quite interested in 
the lucrative and large U.S. market. The difficulty in the past for a 
Japanese vendor hoping to enter the United States has been getting 
ISVs to support its platform. As the open system alliances take 
shape, this should not be an issue for limiting market penetration 
within the United States The current market share leaders should 
keep an eye on the activities of Hitachi, NEC, and Fujitsu. 

Driving Forces for Growth 
The basic underlying driving forces for the adoption of workstation-
class machines by both the commercial and technical end user are 
the drop in average selling price, the movement toward client/ 
server computing, the requirement for increased functionality on 
the desktop, and the opening of indirect channels. 

According to the 12-month cumulative results from our Workstation 
Customer Satisfaction survey, more than 60 percent of the respon
dents (3,201 end users surveyed) still share their workstation with 
a coworker. We believe that falling entry-level prices for worksta
tions will enable more individuals to have their own workstation 
on their desk. The fact that the desktop market in the engineering 
and scientific commimity is not totally saturated will continue to be 
a driving force through the mid-1990s. 

The movement toward client/server and distributed computing is 
a major driving force for the entry of workstations into commercial 
markets. Current PCs do not offer the advanced operating systems 
nor integrated networking features to easily implement a client/ 
server architecture. The pending announcement of \A^dows/NT 
and the expected product enhancements will bring many PCs up to 
workstation-class levels and will help drive the acceptance of work
stations in the commercial markets. 

Although \^todows/NT is the biggest threat that UNIX has had in 
many years, we see Windows/NT also as an aid to the acceptance 
of UNIX on the desktop. The multitasking, multiuser features that 
have been so widely pubUdzed in Windows/NT have always been 
foimd in UNIX. In fact, we believe that V\^dows/NT's possession 
of some of these features will validate the need for an advanced 
operating system on the desktop. UNIX is a proven operating sys
tem, unlike Windows/NT, and therefore we believe that UNIX will 
be able to ride the wave into the commercial desktop and server 
markets. 

We also believe that featiues and functionahty currentiy available in 
workstation platforms will be requirements on the desktop in the 
near future. Among these features are m.ultitasking operating sys
tems, integrated floating point processor, integrated networking, and 
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high-resolution graphics capabilities. Multitasking, multiuser operat
ing s}rstems and integrated networking are features needed for 
existing in a distributed environment. We expect to see integrated 
networking on high-end Intel-based machines at the end of 1992 
and expect integrated networking to move down the price curve 
over the next two years. In siuveys conducted by our Semiconduc
tor Applications and Markets Group (SAM), major PC manufac
turers indicated that a majority of PCs would have integrated net
working. One major vendor indicated that 80 percent of its PCs 
would have networking on the motherboard by 1994. 

The final driving force for positive growth in the workstation 
market is the opening of indirect distribution chaimels. In 1987, 
58.6 percent of the workstations were shipped through direct chan
nels, compared with 5 U percent in 1991. Wiih average selling 
prices plummeting, indirect chaimels have become necessary to 
reduce the cost of selling and to increase volume. Sun has been 
the leader in developing some dealer channels with its agreements 
with MicroAge and Intelligent Electronics. HP and IBM have fol
lowed Sun's lead and now have agreements with some of the same 
dealers. Although only 5.3 percent of the U.S. shipments went 
through dealers in 1991, we expect that the dealer channels will 
become a larger percentage as the installed base of workstations 
grows and as workstations become easier to use. 

Why Include 586 Systems? 
Many have asked why the 586 should be included when it is just 
another PC. Well, we differ in that opinion. For many systems, the 
586 will be just another PC. If the 586 is just a replacement for the 
386 and 486 and is sold with DOS, it will be classified as a PC. 
But a system with Windows/NT or Solaris or another advanced OS 
with integrated networking and high-resolution graphics will be a 
workstation. The reasoning for this distinction is as follows: 

• V\todows NT is a multitasking, multiuser operating system. It 
is being positioned by Microsoft at the high end to go directly 
against UNIX—^that is, SunSoft's Solaris, USL's Destiny, and in 
the future PowerOpen and Tahgent. AU UNIX workstation ven
dors see Microsoft NT as their direct competitor and most signifi
cant competitor for the desktop and low-end servers. 

• The growth and the definition of a workstation has not and will 
not be dependent on a single operating system. The features and 
functionality found in both the hardware and software are all 
criteria for the workstation status. 

• In a survey completed by our SAM Group, a major company 
stated that 80 percent of its PC units wiU have embedded LAN 
coimections by 1994. In addition, IBM is in joint development 
activity with National Semiconductor to produce a combined 
Token Ring and Ethernet controller chip. We expect this chip to 
end up on the motherboard of many of IBM's desktop systems, 
including those currentiy classified as PCs. This leads us to 
believe that integrated networking will no longer be a difference 
between PCs and workstations. 
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• We believe that Microsoft is tr5ang to convince hardware vendors 
to produce "VWndows PCs" by this fall's COMDEX. According 
to Microsoft, an ideal V\tadows/NT PC would be based on 
either a 586 or 486 ruiming at 33 to 50 MHz, and have a mini
mum of 8MB RAM (although 32MB is recommended), a CD-
ROM drive, and a 300MB or larger drive standanl. MFC audio, 
multimedia, and networking capabilities would be built in. A 
high-end 19-inch display system would have 1280 x 1024 resolu
tion. Assxmiing that vendors do follow Microsoft's guidance, the 
resulting system meets the criteria for the workstation definition 
and therefore should be classified as one. 

Based on these reasons, we believe that there will be 586 systems 
running Windows/NT or another advanced operating system that 
will meet the criteria for workstations. We believe that most 586s 
will still run DOS, but that there will be a migration to \Afedows/ 
NT or another advanced operating system over the forecast period. 
At this time, we do not include the 486-based systems because they 
do not meet all of the criteria for a workstation. 

Uncertainty in the Forecast 
As with every forecast, assumptions are made that may or may not 
come true. The main assumptions we are making that may cause 
us to understate or overstate the forecast are as follows: 

• Acceptance and stability of Windows/NT. We expect Windows/ 
NT to initially come out with many bugs and to not be a 
stable operating system for at least three years. However, we 
still believe that Microsoft will be able to seU many copies, 
even with the bugs. If it takes longer to fix the bugs, acceptance 
could be slowed. On the other hand, if there are fewer bugs and 
Microsoft is able to offer a stable new operating system more 
quickly than anticipated, the acceptance rate could be much 
higher. 

• Global economic weakness. We expect the economy to recover by 
1993. Continued global weakness will have a negative impact on 
workstation market growth. 

• Aggressive pricing model by Intel. Typically, microprocessors have 
followed a pricing model that resulted in a 30 percent per year 
decline in price. With pressure from AMD and other semiconduc
tor vendors cloning the 386, Intel may decided to be more 
aggressive on the 586 pricing in order to regain market share. If 
this is the case, the 586 forecast may be luiderstated. 

• Applications to take advantage of a workstation on the desktop. 
We believe that the operating systems and hardware will be 
there to entice users, but applications also need to be prevalent 
for a migration to occur. The desktop market is mature and 
many seat are already filled. As in tiie past, new applications 
were a major driver toward purchasing new systems. If the 
applications are too slow in coming, the forecast could be high. 

Summary 
The workstation market continues to offer great potential for 
growth. However, there is also intense competition. The major 
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workstations vendors must attempt to achieve leading product 
price/performance, ofifer scalability from the desktop to data center, 
embrace standards, provide heterogeneous interoperability, and 
aggressively pursue other computer manufacturers to support their 
processor architecture and operating environments. For new entrants 
or small vendors, the best strategy is to target a niche, perhaps a 
vertical niche within the business applications, focus on embedded 
workstation applications, offer some product differentiation such 
as notebooks, or have distribution be a form of differentiation (for 
example, mail order). The strategy of being the price leader on the 
desktop is risky. It has been attempted by the SPARC clone ven
dors and profitability has been severely limited. Whatever strategy 
is chosen, a new vendor must align with a major vendor. Other
wise, the ability to attract software applications will be greatly 
hindered. 

We see the workstation market as a central driving force for client/ 
server computing and distributed computing. For the major com
puter vendors, workstations are a strategic product and a strategic 
focus. There are growth opportunities for vendors involved, yet 
competition will remain fierce. One certain factor in these dynamic 
times is that workstations will continue to be a major force in the 
computer industry. 

SPWW-SVOFR-9201 ©1992 Dataquest Incofporated July 20,19% 



Chapter 4 
A Key Microprocessor Family: 
The 80X86 ^ ^ ^ _ ^ - ^ 

80X86 Processor Family Readies for Transition 

This chapter is included because the way the 80X86 product family is 
evolving from a sole-sourced 32-bit market to a multisourced arena is 
very important to procurement managers. Intel is currently in an 
advantageous market prasition that, if abused, could force some users 
to alternate architectiues and suppliers. 

The 80X86 processor class is defined as all upward-compatible ver
sions of the 8086 microprocessor, regardless of word length, instruction 
extensions, or level of integration. The following are also broken out 
as subsegments to enable a more focused analysis of market trends 
and competitive positions: 

• 16-bit general versions—8086, 8088, 80286, and equivalents, for 
example, the V20 and others 

• 32-bit general versions—80386, 80486, all versions 

• Embedded versions—80186, 80188, 80376 and equivalents 

The original 8086 was introduced by Intel Corporation in 1978, had 
29,000 transistors (then state of the art), ran at under 5 MHz, had a 
die size of 51,000 square mils, and initially sold for nearly $200. It is 
now a $6 part. Now the 80486 has 1.2 million transistors, runs up to 
50 MHz, has a die size of 261,000 square mils, and initially sold for 
nearly $800. What these parts have in common is the power of com
patibility with more than 10,000 software applications, IBM's blessing, 
and chips and systems cloned by anyone that can make them. This 
power has driven volumes to more than 40 million imits per year with 
increasing ASPs that have made the cloning of this golden goose a 
very hot target. 

As of the end of 1991, Intel had about 50 percent of the 80X86 class 
voliune (see Figure 4-1) with several vendors lining up to steal even 
more market share. The 80X86 market was originally opened up 
through second-source licensing agreements with Intel. After growing 
critical mass in the market, using the early 8088 and 80286 processors, 
both of which were widely second-sourced, the scene changed. Intel 
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Figvire 4-1 
80X86 Units by Subclass 
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introduced the 32-bit generation of 80X86 processors intending to 
grow its business around a family of single-sourced, upward-
compatible processors that wotild eventiially reach workstation per
formance. Meanwhile, Intel used the older 16-bit core as the heart of 
an embedded processor family, the 80186/188, which has been very 
successful. As shown in this figure, the 16-bit family volume still 
dominates in unit volumes. However, at current growth rates, the 
32-bit family will take the lead by the end of this year. 

The 16-Bit Family Enters Its Twilight Years 
Based on these preliminary estimates, it is not hard to imagine 
that we are at the beginning of a rapid decline for the 16-bit 
80x86 processors—^not including embedded versions. These pro
cessors were the lifeblood of the 1980s' PC, which is now domi
nated by the 386 processor and shows no signs of turning back. 
Although some contend that single-chip PC components, such as 
Chips & Technologies' new PC-chip product, will extend this family 
by living on in hand-held computers, Intel believes differently, 
focusing everything on the 386 and up. 

As depicted in Figure 4-2, unit shipments for these processors 
decreased for all vendors except the leader, NEC Corporation. 
Unit shipments for both AMD and Intel declined sharply as they 
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Figt i re 4-2 
80X8616-Bit Processor Market Share 
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focused on the 386/486 32-bit families. NEC markets the V-series 
8086 equivalents and consumes many of them in its dominant 
Japanese PC family. Although primarily considered a PC micro
processor, a large percentage of 16-bit 80X86 processors have 
been used in other applications, including small S3rstems, instru
mentation, and certain embedded applications. 

386/486 Processors Are the Target 
In 1985, Intel introduced the 386, a superior part with much greater 
performance, advanced 32-bit features, and one other major 
change—lintel was the single source. In the years that followed, 
hundreds of system vendors built an endless stream of nearly 
identical 386-based clone PCs at ever-dropping prices to the point 
where up to 75 percent of the profit derived from each system 
made its way to Intel. Thus, the attraction to second-soiuxK this 
new 32-bit series of parts the hard way, without Intel's help or 
blessing. The key issue is whether anyone will be able to success
fully grow and sustain a healthy portion of this incredibly profita
ble market. 

This processor family has two basic types and five total models, 
each of which shares the same basic 32-bit 386 core architecture. 
The primary versions and their characteristics are listed in 
Table 4-1. To date, only Intel ships every model listed, AMD 
ships versions of all 386 models (except SL Versions), and 
Chips & Technologies has introduced, but is not yet shipping, 
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Table 4-1 
80X86 32-Bit Family Comparison 
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Figme 4-3 
80X86 32-Bit Market Shares 
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its 386 equivalents. Not indd^itally, IBM internally ships some 
of its own versions of 386 processors and will be doing more so 
as the joint development with Intel at Noyce Development Center 
gets under way. 

As shown in Figure 4-3, Intel had 100 percent market share until 
last year, when AMD entered the field. For 1991, AMD took about 
12.5 percent of the total 386/486 market or 15 percent of the 
386-specific market with a year-end nm rate of nearly 30 percent 
of 386 unit volumes (90 percent of which is in the Asia/Pacific 
region). 

Although three vendors are currently in this field and more 
are expected shortly, the structure of competition here is quite 
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complex and involves legal, financial, technical, and marketing 
issues. Briefly, Intel sets the standards for all of these advanced 
80X86 processors and has the financial, technical, and marketing 
means to remain a step ahead in new products for the foreseeable 
future. In fact, Intel will set a new high-water mark when it 
introduces the 586 in the second half of this year, beginning a new 
64-bit family of X86 processors. 

AMD achieved excellent success in 1991 as a second source for 386 
processors and may enter the 486 market by the end of this year. 
This is because of the legal setback whereby a jury decided that 
AMD did not have the right to distribute Intel Corporation's micro
code. AMD markets an identical 386 part to Intel's, right down to 
the microcode. Because these parts are identical, and AMD has 
been a credible and dominant supplier of 286s, it has had few tech
nical hurdles in selling 386s. But its ability to continue selling these 
futiu«-generation parts hinges primarily on winning the microcode-
based lawsuit, filed by Intel, that AMD just lost. In essence, Intel 
could retain 386 dominance but drive its profit maigins down to 
zero while switching demand to 486s before AMD can efficiently 
yield its 486s. Given AMD's current dependence on 386 profits, this 
strategy could have devastating consequences. 

The remaining field of potential competitors falls under a different 
category because of forward engineering (not copying) their 386 or 
486 equivalents. Although this prevents direct legal action from 
ensuing, it sets up a tremendous technical hurdle to overcome to 
qualify their parts. Because the microprocessor and its microcode 
have an infinitely large number of state changes, exhaustive com
patibility testing becomes mandatory, which is almost unmanageable 
given the number of DOS applications. 

Embedded 80X86 Processors Flatten Out 
Embedded processing started showing up in the early 1980s and 
continued to grow into enormous proportions. During this period, 
the 186/188 family of integrated processors was introduced to cap-
tiue this embedded market. Part of their appeal (to date) is their 
architectural commonahty with the IBM PC and relatively rich set 
of tools available for programming and debugging. However, with 
the wide range of other processors available with equal or better 
development tools, demand for this family is nearing its decline. 

As is evident in Figure 4-4, this segment is dominated by Intel, 
which still has over two-thirds of the market. However, Intel is the 
only vendor showing a decline in imit volumes, mainly because of 
the demand shifting to its proprietary i960 family. AMD also has a 
healthy and growing portion of this segment, but it is also migrat
ing customers to its proprietary 29K family. As a final note, this 
category includes the 80376, an embedded version of the 386, which 
is only shipped by Intel and represents nominal demand in the 
100,000-unit range. 
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Figvire 4-4 
80X86 Embedded Processors 
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Summary 
It was dearly evident during 1991 that the future for the 80X86 
class of processors lies in the 32-bit versions, leaving the real battle 
among Intel, AMD, and other potential entrants. Intel intends to 
migrate desktop computers to the increasingly fast 486s (and soon 
to be 586s) and portables to the increasingly integrated SL line of 
386s (and soon to be 486s). Dataquest believes that Intel has the 
power to make this happen by 1993, which will impose increasingly 
high barriers to competition. However, Intel could win this battle 
and lose the war as a lack of competition has allowed it to take all 
the profits and push the premier PC vendors toward multisoiux:ed 
RISC architectures. 
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Advanced Microprocessor Product and 
Supplier Assessment ^^^^^^^^ 

This chapter deals with the procurement issues involved with 
microprocessors: technology trends, microprocessor product life cycles, 
and supplier analysis. Being the heart of many electronic systems, the 
choice of a microprocessor often directly affects the performance and 
market acceptance of a given product. Choosing the correct product, 
technology, and now supplier is becoming more critical with ever-
decreasing system life cycles. 

Dataquesf s 1991 estimate of suppliers' microprocessor market shares 
showed a marketplace in the throes of change—^which means chal
lenge if not stress for the user community. Why such stress? By tying 
the company to the "right" MPU product technology, the supply base 
team can generate long-term growth and success; choosing a "wrong" 
processor engine could mean long-term demise. The MPU supply base 
outlook is for bruising supplier competition as workstation-based RISC 
technology drives downward and PC-based CISC technology migrates 
upward in the battle for system applications—^with MPU buyers and 
system designers caught between. 

This chapter contains five sections and its structure is similar to the 
annual supply base reports that the Semiconductor Procurement ser
vice (SPS) does for users on major IC product families. In addition, 
based on client recommendation, this chapter also looks at strategic 
alliances, fab networks, trends in process technology and die size, 
and forward pricing. 

The first section serves as a guide to cost-efifective procurement of 
MPUs through the use of product life cycle analysis. We then examine 
the strategies of the leading suppliers of MPU products and technolo
gy. Next we combine the analyses of the life cydes and the supplier 
base to support users of MPUs in assessing which supplier/technology 
direction to take over the long term. The fourth section examines 
trends in advanced MPU design and production, and the final section, 
on life cycle pricing—^which can serve as a tool for "forward pricing" 
anal5rsis—^presents recent research restilts and advice for clients on 
how to make future use of this research. 

It should be noted that, in terms of MPU word length, this chapter 
concentrates on 16/32-bit and 32-bit MPUs. In line with market evolu
tion, Dataquest now tracks the MPU market by processor class—^word 
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length now serves as a secondary dimension. Wthin the new segmen
tation, the focus will be on the following processor classes: 80X86 fam
ily, 68XXX family, and platform RISC processors. 

MOS Microprocessor Product Life Cycles 

This section uses life cyde information as a guide to assist users in 
adjusting to forces that continue to reshape the worldwide MPU 
marketplace. 

Typical Life Cycles for MPU Products 
Figure 5-1 shows the MPU Ufe cyde, including the time span for 
each stage of the cycle. An MPU family's life cyde typically lasts 
in excess of 10 years. 

For users, the lengthy R&D stage provides a valuable opportunity 
to monitor the vendor's pace of technical achievement as well as 
the supplier's timetable for bringing the state-of-the-art device to 
the marketplace. Based upon inquiries to Dataquest, many users are 
evaluating these leading-edge MPUs among others for use in future 
systems: 80586; R4000; 21064 (ALPHA); and SuperSPARC. 

Fig 5-1 
Microprocessor Product Life Cycle As of May 1992 

Phase 

Units 

'-

R&D 

2-6 Years 

i 
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Introduction 

1-1.5 Years 

4-Brt 
C .RISC 

Growth 

2-4 Years 

32-Bit 
Rli 5C J 

Tlmo 

Maturity 

2-4 Years 

16/32-Bit 
CI SC 

Saturation 

2-4 Years 

16 -Bit 

Production 
Unit 

Volume 

Decline 

2-4 Years 

8-Bit 

Phaseout 

2-5 Years 

Source: Dacsquest (July 1992} G20008«9 
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Figure 5-2 presents the product life cycle for select QSC 32-bit 
MPUs through 1991 using historical unit shipments data and shows 
that 1991 marked another year of growth in terms of unit ship
ments for 68020, 68030, 80386DX, and 80486DX products. The 1991 
boost in the 80386DX shipment stemmed in part from the entry 
by AMD to this once sole-sourced market. The information in 
Figures 5-1 and 5-2 shows that users should not expect market 
saturation for any of these products to occur for several years. 

Although life cycle expectations remain consistent in terms of pro
duct families the dynamics of the life cycle curve are being 
reshaped by factors such as the increased pace of new product 
introductions (for example, device speed and packaging). Figure 5-3, 
which is based on the information in Figure 5-2, depicts the 80X86 
and 68000 life cycles in terms of device speed. 

Microprocessor Supplier Analysis 

This section analyzes the product and market strategies of leading 
suppliers of MOS microprocessors. Because of the orientation of the 
SPS client base, this section focuses on suppliers that strongly serve 
demand in Europe and North America: Intel, Motorola, and AMD. 

Figure 5-2 
CISC MPU Life Cycles through 1991 

Tiiousands of Units 

5,000 

1 2 

'Exdudes SX devices 
Year 

e««w4w Source: Dataquest (July 1992) 
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Figviie 5-3 
CISC MPU Life Cycles by Speed 
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As shown in Table 5-1, Intel remains the worldwide market leader by 
far with nearly 60 percent share. During 1991, the following suppliers 
outpaced the market's growth in terms of revenue: AMD, Cypress, 
and Intel. LSI Logic, National Semiconductor, and Motorola also 
achieved growth rates in excess of 20 percent for 1991. 

Intel 
An increase in shipments of high-priced QSC MPUs—80386 and 
80486—^translated into nearly $2 billion in MPU revenue during 
1991 for top-ranked Intel. Tlie Intel product portfolio for these fam-
iUes includes the following devices: 80386SX 16-, 20-, and 25-MH2; 
80386SL 20- and 25-MHz (with on-board cache controller); 80386DX 
16-, 20-, 25-, and 33-MHz; 80486SX 16-, 20-, and 25-MHz (with on
board cache controller, plus low-power versions for each speed); 
80486DX 25-, 33-, and 50-MHz (with built-in coprocessor and 
cache controller, plus low-power version for 25-MHz speed); and 
80486DX2 25- and 50-MHz (with built-in coprocessor and cache 
controller). 

The major long-term strategic issue concerns Intel's response to the 
move by AMD into the 386 market last year—^with Chips & Tech
nologies a prospective entrant—and the likely entry during this 
year or next year of supphers such as AMD, C3Tix, and UMC into 
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Table 5-1 
Preliminary 1991 Worldwide Microprocessor Market 
Share Ranking (Millions of Dollars) 

Ranking 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Company 

Intel 
Motorola 
AMD 
Hitachi 
NEC 
National 
SGS-Thomson 
Toshiba 
Cypress 
LSI Logic 
All Others 

Total 

Segment 
Revenue ($) 

1,992 

359 
251 

90 
86 
85 
55 
55 
46 
42 

321 
3,312 

Market 
Share (%) 

58.0 
10.8 
7.6 
2.7 
2.6 
2.6 
1.7 
1.7 
1.4 
1.3 
9.7 

100.0 

1990-1991 
% Change 

39 
23 

130 
10 
8 

29 
4 

15 
254 
24 
16 
36 

Source: Dataquest (July 1992) 

the 486 camp. Despite increased competition, key strands of the 
Intel's product strategy remain quite consistent with the plan of 
several years ago. Users must note, however, that the company 
now confronts a shift—^from the mind of a monopoUst to that of 
an oligopolist if not pure competitor—^in terms of adhering to long-
term strategic goals. 

Consistent Elements of the Intel Strategy 

As alw^ays, Intel aims at unparalleled technological leadership in the 
CISC MPU arena. A key element of the product strategy is to drive 
the 80X86 technology—^via the soon-to-be-released 80586 device— 
upward into the KISC-based workstation marketplace. Intel con
tinues its relentless push to develop and manufactiue state-of-the-art 
MPUs in terms of density, functionality, and perfonnance. Users can 
expect Intel to eventually make the 80586 device available in a 
multichip module (MCM). Intel will make massive expenditure on 
capital equipment and R&D during the 1990s in order to protect its 
leadership position. For example, Dataquest estimates the company's 
1991 capital budget at nearly $1 billion while R&D expenditure 
should hit $750 million. 

Another consistent is that Intel firmly grounds its current success 
and plans on aggressive legal protection of what it claims as its 
intellectual property. AMD has made a major advance in terms 
of undercutting Intel's ability to preserve its prior 80386 legal 
monopoly—^at least vis-a-vis AMD if not other would-be suppliers. 
Intel's powerful legal team in tiuxi faces a full calendar of cases 
against powerful legal teams at AMD, Cjnrix, Texas Instruments (TI), 
and other companies. The legal battles could eventually take finan
cial and other tolls on some litigants. 
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Intel's Migration Strategy: Some Risk for System Users 

Intel consistently strives to adhere to its higher-performance/higher-
priced MPU migration strategy—^which carries some risk for s)^-
tem users. For example, except for first-tier customers, users can 
expect Intel to keep its product direction somewhat veiled in order 
to keep competitors off balance. Some users report concern to 
Dataquest regarding Intel's plans during the 1992 to 1993 period 
for the 80386, 80486, and 80586 families of MPUs. Intel's pace of 
technological advance has accelerated in response to the AMD com
petitive threat, catching some systems manufacturers off guard or 
behind schedule. Specifically, some system houses did not anticipate 
Intel's introduction during the first quarter of 1992 of the 80386SX 
25-MHz device. Intel developed this part based on first-tier cus
tomer demand—and in the face of a direct competitive AMD prod
uct offering. This new part should become the 80386SX family's 
mainstream part through 1993. 

Intel aims to migrate users soon—if not already—^from the lower-
priced 80386 family to the higher-priced 80486/80586 families. Intel 
has indicated that the 80586 device will be introduced during the 
second half of 1992. AMD has been successful in extending the 
growth stage of the 80386SX/SL family, which counters Intel's 
80486DX/SX migration plans. 

For some users, the Intel migration strategy carries risks at the 
80486 level and higher. The first risk is that the 80486 device 
includes a processor enhancement slot (PES) that enables ultimate 
end users to upgrade systems without buying an entirely new sys
tem. In this trade-off between system user and ultimate end user, 
Intel—^in line with strategic market dictates—gives the nod to the 
ultimate customer at the expense of some intermediate customers. 
Another risk is the S3retem user's inability to timely migrate in 
sjnichronization with Intel's migration path. For example, Intel's 
ftrst-half 1992 introduction of its 80486DX2 series could soon erode 
market demand for 80486DX devices. In effect, 80486DX systems 
face prospective displacement during 1992 and 1993 by the 
80486DX2 IC. 

What about the P5 (80586)? 

During 1992 Dataquest will closely track any developments on 
Intel's P5 (80586) device. To date, the following estimates are availa
ble: speed—^50 MHz to 66 MHz; number of transistors—^3.1 million; 
package—CPGA, later—^MCM; introduction date—second half of 
1992. 

Compaq Computer Corporation and Digital Equipment Corporation 
(DEC) separately indicated that they will ship 80586-based systems 
during the second half of 1992. For example, Compaq just received 
P5 engineering samples for use in technical evaluations. 

Motorola 
Motorola won Dataquesf s Semiconductor Supplier-of-the-Year Award 
each year during the 1988 to 1991 period—^in the large company 
category for the past two years. In general. Motorola will draw on 
its position as a vertically integrated captive manufacturer to gener
ate a full range of microcomponents. 
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Second-ranked Motorola continues to target the MPU market as a 
key element of its long-term strategic plans. However, strategic alli
ances will play an increased role in the formulation and implemen
tation of the company's MPU strategy. 

Contrasting Scenarios: 68020/68030 MPUs and 68040/881000 MPUs 

As shown in Figure 5-2, Motorola's penetration of the fast-growing 
technical workstation market meant a boost in demand during 1991 
for its high-performance 68020 and 68030 32-bit MPUs. Motorola's 
delay during the 1990 to 1991 period in ramping the 68040 device, 
however, caused some key users (for example, Hewlett-Packard) to 
reevaluate long-term dependence on single-source suppliers for criti
cal MPU technology. Market acceptance of Motorola's 88000 has 
been unimpressive. 

Consequently, the life cycle expectations for the QSC 68040 and 
RISC 88000 architectures have become douded. For example, 
the future role of the 68040 appears targeted over the long term 
for embedded applications. Users can expect the introduction 
of a 68ECO40 series of parts during 1992 and 1993. Even so, 
Texas Instruments just annotuiced an upgrade of its 1500 MP 
(multiprocessing computer) system, which uses Motorola's new 
33-MHz 68040 MPU. 

A Key Industry Alliance: RISC PowerPC MPUs 

A crucial prong of Motorola's future MPU strategy is the alliance 
with Apple Computer and IBM on PowerPC RISC technology. First, 
the alliance keeps Motorola aligned with a key long-term MPU 
customer—^Apple—and in turn enables Motorola and Apple to 
migrate to RISC MAC systems. Second, for Motorola, the alliance 
reduces some of the risky and expensive second-guessing associated 
with the development of a new MPU architecture that conforms 
to tiser wants and needs. Third, for Motorola, the alliance should 
enable Motorola to focus over the long term on its competitive 
strength—^IC design and volume production at award-winning 
quality standards. 

The latest word on the alliance is positive—^including the develop
ment effort at the IBM-Motorola R&D (Somerset) facility in Austin, 
Texas. Although Silicon Valley sources report some uncertainty 
regarding the alliance strategy on multimedia objectives, the IBM-
Apple team appears to be making consistent progress on the Tali-
gent object-oriented operating system that will be necessary to run 
systems. The time frame for the IC/operating system remains con
sistent with original expectations—1994. 

Advanced Micro Devices 
As shown in Table 5-1, third-ranked AMD grew its MPU revenue 
by 130 percent during 1991—directly at the expense of Intel. For 
AMD, the introduction of the AM386 device during 1991 marked 
a rapid de-emphasis of the prior-generation 80286 MPU. 
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AMD Walks a Fine Legal Line 

In staking its long-term MPU and corporate future on the 386/486 
architectures, AMD continues to walk through a legal minefield, as 
shown by the recent loss in the 287 microcode legal case. For 
users in the 386 segment, AMD's position as a pure second soxuice 
including identical microcode has been thrown into uncertainty. 
AMD and Intel still await a final legal decision on the microcode 
law case, which now is being appealed and subject to other legal 
challenge. 

Critical Steps to AMD's Long-Term Survival 
For 1992, the recent step-function decline in 386 pricing should 
extend the 386 product life cycle—^meaning strong 1992 demand— 
much to AMD's pleasure and Intel's chagrin. This achievement 
marks the first step to AMD's long-term success. There are two 
other steps—^which now shape as barriers. 

The second step is that AMD's strategy calls for volume production 
of a 486 device by the fourth quarter of 1992. AMD's long-term 
MPU strategy is to dog Intel and take MPU revenue/profits at its 
competitor's expense. Slippage in the 486 schedule coiild mean clo
sure of AMD's window of market opportunity. The nucrocode deci
sion could delay AMD's 486 schedule by six months. 

The third step—to withstand Intel's legal barrage—^has been under
cut by the microcode decision, which is subject as always to appeal. 

Supply Base Analysis 

This section uses information on MPU product life cycles and suppli
ers to present a product-by-product evaluation of the supply base over 
the long term for QSC 16/32-bit, QSC 32-bit, and RISC 32-bit MPUs. 
The section includes information on the global MPU fab network of 
key suppliers. 

V^th the supply base trend toward multiple MPU sources, procure
ment managers, component engineers, and system designers face a 
challenge in terms of the selection of the most competitive and 
dependable long-term suppliers of these product technologies. The 
approach in this section is to mesh the product life cycle and supplier 
analyses so as to generate a stunmary assessment from a user's per
spective on the anticipated MPU supply/supplier base. The sxunmary 
includes a statement on whether the user faces a favorable or a critical 
supply base for each density. Building upon the prior sections, factors 
affecting the supply base such as supplier strategies and strategic alli
ances are discussed here. 

Table 5-2 shows the size of the CISC 16/32-bit MPU market in terms 
of imits shipped during 1991, the relative market shares of the pre
dominant devices, and a ranking of the suppliers of these devices, 
including suppliers' shares in each product segment. 
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Table 5-2 
Supply Base for 16/32-Bit Microprocessors (1991) 

Leading 
Products 
68000 

80386SX 

32000 

Product's Share of 
Total 16/32-Bit MPU 

Market (%) 
60.59 

36.83 

2.58 

Suppliers' Share of 
Respective Product 

Segment (%) 
Motorola 

Toshiba 

Hitachi 

SGS-Thomson 

Signetics 

Intel 
AMD 

National 

81.23 

8.84 

5.12 

2.62 
2.19 

86.97 

13.03 

100.00 
Total Market Share = 27.085 million units 
Source: Dataquest (July 1992) 

Table 5-3 presents the information on the QSC/RISC 32-bit MPU 
market. 

Although Tables 5-2 and 5-3 are based on Dataquesf s prior segmenta
tion of MPU word length, the analysis in this section conforms with 
Dataquesf s new processor-class segmentation. 

Table 5-4 shows the estimated worldwide MPU process technology 
and fab capability—including geographic locations—^for the following 
suppliers: AMD, Cjrpress, Fujitsu, Hewlett-Packard (HP), Texas Instru
ments, Intel, Motorola, and NEC. The table shows that the process 
technology in most cases runs in the range of 0.7 microns to 0.8 
microns. 

Tables 5-2, 5-3, and 5-4 guide the analysis in this section. 

Supply Base for 16/32-Bit MPUs 
Unit shipments of 16/32-bit MPUs expanded at a 53 percent rate 
during 1991 to a total of 27.1 million devices. In terms of Data
quesf s new MPU market segmentation, this arena includes elements 
of the 80X86 and 68XXX processor families. 

The 68000 family accounts for more than 61 percent of the 
16/32-bit market—and Motorola commands more than 80 percent 
of the 68000 segment. The 80386SX product accounts for 37 percent 
of the market—a gain of 10 percent over the 1990 share. Intel— t̂he 
former market monopolist—^now holds less than 90 percent of the 
80386SX/SL segment—^with more loss of share likely during the 
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Table 5-3 
Supply Base for 32-Bit Microprocessors (1991) 

Leading 
Products 

80386DX 

80486DX 

68020 

68030 

32x32 

SPARC 

R3000 

Others 

Product's Share of 
Total 32-Bit MPU 

Market (%) 

30.14 

16.74 

15.00 

11.96 

3.35 

2.01 

1.22 

19.58 

Supplier's Share 
of Respective Product 

Segment (%) 

Intel 

AMD 

Intel 

Motorola 

Motorola 

National 

C5^ress 

LSI 

Fujitsu 

Weitek 

Bit 

Performance 

IDT 

NEC 

LSI 

Siemens 

82.2 

17.8 

100.0 

100.0 

100.0 

100.0 

36.67 

31.67 

27.67 

4.00 

0.33 

29.67 

24.73 

21.98 

13.74 

9.89 

Total Market Share = 14.93 million units 
Source: Dataquest (July 1992) 

1992 to 1993 period. AMD gains at Intel's expense. National Semi
conductor's 32XXX family holds just less than 3 percent share. 

A Long Life Cycle for the 68000 Family, with Several 
Exceptions 
Users can expect a long life cycle for the 68000 family of MFUs, 
especially the 68000 and 68HC00 devices. By contrast, the 68008 
device is being displaced by the 68EC000 product. The 68010 
shotold also decline over time, although not as rapidly as the 68008. 

Users of these devices clearly should turn to Motorola for long-
term support. Table 5-4 shows that Motorola's extensive world
wide fab network puts the industry giant in good position to 
serve demand from whatever world region for the long term. For 
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Table 5-4 
Estimated Worldwide MPU Process Technology and Production Fab Capability 

Intel 

Process Technology 0.8 Micron 

CMOS 

Motorola 

0.8 Micron 

CMOS 

AMD 

0.7 Micron 

CMOS 

Fujitsu 

3.7 Micron 

CMOS 

Geographic distribution of production and pilot lines by region of the world* 

Number of Wafer Fabrication Lines 

North America 8 

Europe 

Japan 

Asia/PaciSc-Rest of World 1̂  

Total 9 

5 

2 

1 

8 

2 

1' 

3 

Geographic Distribution of Estimated Clean Room Space (in Square Feet) 

North America 211,000 

Europe 

Japan 

Asia/Paciflc-Rest of World 24,000^ 

126,800 

59,600 

23,800 

30,700 

40,000' 

2 

2 

56,500* 

TI 

0.5 Micron 

CMOS 

5 

1 

4 

0 

10 

144,500 

10,000 

98,000 

Cypress 

1.2 Micron 

CMOS 

2 

2 

26,000 

0 

Facilities in production or slated to begin operation during 1992 

Intel Israel 
Fal3 line available to AMD through foundry relationship with TSMC, Talwein 

Clean room square footage not available tor each line 
Source: Dataquest (July 1992) 
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example. Motorola has already positioned itself for Europe's evolv
ing requirements on local "diffusion." 

Table 5-2 reveals that Toshiba, Hitachi, SGS-Thomson, and Signetics 
also have stakes, albeit small, in this arena. 

AMD Likely to Prolong 386SX Life Cycle 
AMiys entry to the 386SX marketplace reduces supply base uncer
tainty for users. What is the backdrop to this statement? In the 
March 1991 version of this report we stated that users of the 
80386SX faced an uncertain outlook regarding long-term supply, 
given Intel's monopoly position and the company's then stated goal 
of migrating users during 1992 to 80486 and above parts. AMD has 
changed the long-term supply base equation in fevor of users of 
386SX/SL devices. The entiy of any other suppliers would 
strengthen the supply base outlook, although prospective entrants 
such as Chips & Tedinologies have not yet executed on original 
plans. 

Intel should continue to lose market share, not because of 80386SX/ 
SL manufacturing coitstraint but rather because of the company's 
strategic decision to shift focus during the 1992 to 1993 period to 
higher-priced 80486/80586 devices. Table 5-4 shows that Intel clearly 
has ample fab capability for supporting North American and Euro
pean user demand. AMD has strong manufactiuing capability in 
terms of serving Eiu-opean and North American demand—^with 
AMD aiming to fulfill such demand. Eiu'opean users must continue 
to monitor trade-regulation trends because these North America-
based suppliers have no fabs nmning at this time in Europe. 
Regardless, the combined fab capability of Intel and AMD as 
shown in Table 5-4 should adequately support user demand during 
the 1992 to 1994 period. 

Under ciurent market conditions, the life cycle of most 386SX and 
386SL parts should extend through 1995, although slower-speed 
devices (for example, 16-MHz versions) likely will be de-emphasized 
during the 1993 to 1994 period. AMD certainly aims to migrate 
with the market, but it will continue to accommodate market 
demand for 386SX and 386SL parts for the next several years. In 
effect, multiple sourcing should translate into a 386SX life cycle 
curve in line with historic expectations shown in Figure 5-1. 

Supply Base for 32-Bit MOS Microprocessors 
Table 5-3 provides information on the market size and leading sup
pliers of the predominant 32-bit QSC and RISC MPUs as of 1991. 
In terms of Dataquesf s new MPU market segmentation, this arena 
includes the lion's share of the 80X86 processor family, and the 
68XXX processor family plus platform RISC MPUs. 

Unit shipments of 32-bit MPUs grew to 14.9 million pieces dxuing 
1991, a 76 percent increase over 1990. As indicated in Figures 5-1 
and 5-2, MPU products such as the 80486DX and 68030 have life 
cycles that should approach the end of this decade, although 
the life cycle for lower-speed versions likely will terminate by 
mid-decade. 
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Intel: Tremendous Manufacturing Capability 
Intel is the sole source for 80486 devices, although that scenario 
should start to change by the end of 1992. As shown in Table 5-4, 
Intel's worldwide manu&cturing capability puts the company in a 
strong position to protect its position in the 80486 market unless 
AMD timely and aggressively executes on plan. 

Cracks in Intel's 80X86 Monopoly: Good News for 
Supply Base Managers 
Intel's 80386/80486 architectures account for nearly 50 percent of 
unit shipments of 32-bit MPUs. Having broken Intel's 80386 monop
oly during 1991, AMD must battle now in the legal courts to main
tain its claim to 386 "rights" in the face of the microcode decision. 
Although the company likely will emerge as a second source for ' 
the 486 family of parts, the timing of the market impact should be 
delayed. Regardless, supply base memagers must adapt to a market 
transition from yesterdajr's monopoly environment to an emerging 
two- or three-player oligopoly. 

Under these market and legal conditions, the 386DX/486 supply 
base outlook remains favorable for users. For users in North 
America and Eiuope, however, Intel's legal victory against AMD in 
the litigation on microcode raises the spectre of the Intel-related 
"constrained MPU supply" scenarios of the recent past. Users 
should note that the U.S. Federal Trade Commission currently is 
investigating Intel's market activities. The market awaits a final 
decision on AMD's "rights" to the 386 product technology. 

Users should note that strong growth in 80486DX/SX shipments 
diuing 1993 could push that MPU unit volume over the 80386 ^ m -
ily volume by end of 1993. 

Cloudy Outlook for Other 80X86 Market Entrants 
The outlook is not clear regarding other prospective entrants such 
as Cyrix—^which has formed an alliance with Texas Instruments—or 
UMC of Taiwan. Cyrix/Texas Instruments is waging a legal battle 
against Intel to seciue manufactiuing rights to this family of parts. 
Legal uncertainty notwithstanding, Cjnrix and TI recently annoimced 
their 486 version—^which in effect is a 386DX with a 487 device. 

UMC faces the same scenario. Chips & Technologies continued to 
experience financial loss as of midyear 1992. 

Motorola: A Shift to Embedded Applications 
Table 5-3 shows that Motorola's 68020 and 68030 devices account 
for nearly 27 percent of 32-bit MPU unit shipments, down from 30 
percent during 1990. Shipments of the 68040 MPU totaled less than 
250,000 units, which is below original market expectations. Motoro
la's strategy calls for a shift to emerging embedded applications. 

The information in Table 5-4 indicates that Motorola continues to be 
a worldwide manufacturing powerhouse among suppliers of CISC 
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MPUs. The Apple-IBM-Motorola alliance likely will strengthen and 
advance Motorola's RISC MPU manufacturing expertise. Under cur
rent market conditions, users should anticipate continuing support 
by Motorola for the 68020 and 68030 architectures—^meaning lengthy 
life cycles. Users of these devices face a favorable long-term supply 
scenario. 

Motorola's new 68ECXXX series is targeted for high-performance 
embedded appUcations. The parts are in effect 68^0 , 68030, and 
68040 devices minus the FFU and MMU. Another newer series— 
the 683XX—is in effect a fully static MPU with integrated I / O 
and without internal EPROM, which targets hand-held instnunent 
applications. 

The 68040 strategy is to evolve in line with market demands— . 
which carries some risk for users depending on intended applica
tion. Why? Although the full-blown 68040 device aims at worksta
tion applications, market interest in the 68040 has shifted to other 
applications. For exanciple, during 1991 Motorola introduced a low-
cost 68LC040 part—which disables the FPU—that targets PC appli
cations. During the second half of 1992, Motorola likely will start 
volume shipments of the 68EC040 device for embedded applications. 

As noted earlier. Motorola's long-term thrust into the RISC camp 
will be via the Apple-IBM-Motorola alliance on the PowerPC NffU 
family. Some uncertainty exists regarding the outlook for the RISC 
88XXX processor. 

Platform RISC Processors 
In terms of Dataquesf s platform RISC processor segmentation, the 
discussion here will focus on these processors families: SPARC, 
MIPS, PowerPC, and PA-RISC. 

Table 5-3 reveals that RISC processors accoimted for less than 
5 percent of 1991 unit shipments of 32-bit MPUs—a gross under
statement of the impact that these processors are having and will 
have on the entire MPU marketplace. 

The impact of RISC technology in part can be shown through 
recent financial results. In terms of profitability for fiscal 1991, the 
following players in the RISC technology arena rank among the 
leaders among Silicon Valley companies: Hewlett-Packard (2nd rank
ing); Sun Microsystems (5th ranking via SPARC); and C3T7ress Semi
conductor (15th). 

The fact that RISC processor unit shipments and revenue remain 
dwarfed vis-a-vis the CISC marketplace requires somewhat different 
analysis to properly assess the supply base outlook. Because of the 
relative nascence of the RISC marke^lace, the goal here will be to 
signal which RISC processor families are likely to emerge as long-
term winners—and which suppliers most likely will be part of the 
long-term success paths. 

For example, the goal here is not to assess each supplier's manu
facturing capability—which tends to xmderstate market positions— 
although Table 5-4 includes information for some suppliers of RISC 
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Figure 5-4 
RISC Processor Shipments by Family 

1991 
PA RISC (3.3%) 

PowerPC (7.5%) 

Total = 535,000 Units 

GZ0Q0S7Z Source; Dataquest (July 1992) 

MPUs. Another example is that this section does not directly assess 
Digital Equipment's 5ret-to-be-released ALPHA MPU family—which 
likely will become part of Dataquesf s RISC processor class. How
ever, information on the ALPHA processor is used to illustrate 
MPU design and manufacturing trends. 

Figure 5-4 shows RISC processor shipments by class—with SPARC 
leading the market. During 1991 IBM's PowerPC was not sold on 
the merchant market. Besides internal consxunption, Hewlett-
Packard's PA RISC MPUs ship to merchant customers. 

Figure 5-5 presents preliminary 1991 RISC market shares by IC sup
plier for the SPARC and MIPS processors. 

RISC: A World of Multiple Sources and Long-Term 
Alliances 
Two key factors distinguish the RISC 32-bit supplier base from the 
CISC 32-bit supplier base. First, in order to establish RISC devices 
as viable long-term competitors to well-established CISC 32-bit 
processors, the early leaders in the RISC arena—^Sxm/SPARC and 
MIPS Computers—strategically positioned themselves to prospective 
users as offering multiple sources vis-a-vis the Intel and Motorola 
monopolies. Second, to grow the market in the face of the QSC 
camp's enormous entrenched market power, players in the RISC 
camp have forged a series of key industry alliances among the 
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Figure 5-5 
Final 1991 RISC Market Share (Units) 

SPARC 

Wertek (4.0%) — 1 i BIT (1.0%) 

/ Fujitsu \ 
1 ;9R r\%.\ L 

Cypress ^ 
(38.0%) 1 

\ ^ LSI \ M 
\ (29.0%) \ . ^ 
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MIPS 

BIT (1.0%) 

>^^iemens 
/ \ ( 1 0 . 0 % ) 

/ (14.0%) V 

Performance \ 
Semi \ 

(30.0%) \ 

\ ^^^ / IDT ^ # 
\ (21-0%) / (24.0%) / 

1991 Units =186 ,000 

Source: Dataquest (July 1992) GM0Oa75 

MPU inventors, prospective users, and chip suppliers. Each RISC 
processor class shown in Figure 5-4 in effect represents an industry 
alliance that aims to be a mainstream desktop computing system. 

SPARC Processors 
Figure 5-4 shows that Sim's SPARC family commands a 55 percent 
share of the RISC MPU marketplace. For SPARC processor suppli
ers, Figure 5-5 shows a three-way battle among LSI Logic, Fujitsu, 
and C3^ress, with Cypress the new market leader based on out
standing 1991 results. 

Sun's SPARC Strategy 
As noted. Sun's alliance strategy won the company an impressive 
stream of revenue during 1991. A key element of the strategy, 
however, threatens to kill Sun's golden egg. Sun invited companies 
to done the SPARC architecture but later—^through domination of 
the distribution channel—^in effect stifled meaningful growth of the 
clone competitors. Sun recentiy announced a policy that would miti
gate this effect. However, the market must await year-end 1992 
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results. A possible outcome is that the SPARC alliance will become 
an alliance of one on the systems side. 

SPARC Processor Supply Side 
Regarding the IC supplier side of the SPARC alliance. Cypress and 
Fujitsu advanced during 1991 at the expense of LSI Logic, which 
formerly led the market. Regarding 1991 resxilts and long-term 
trends. Cypress and Fujitsu supply integrated lU/FPU devices that 
are attractive for some users. Fujitsu advanced when Sun 
introduced new systems and via the emergence of an embedded 
applications marketplace (that is, SPARC-Lite series). Cypress' 
advance during 1991 stems from increased business with Sun, 
among other accounts. The RISC market is not risk-free, however. 
Early in 1992 Cypress reported lower earnings attributed in part to 
slower demand for SPARC processors. 

Fujitsu might be best positioned for long-term market leadership. 
For example. Table 5-4 reveals that Fujitsu has strong SPARC MPU 
manufacturing capability. This vertically integrated supplier likely 
can withstand the RISC market volatility. Fujitsu should be well-
positioned for success in the home Japan market and/or key 
regional markets such as North America as a supplier of either 
SPARC MPUs or SPARC-based systems, or both. Cypress and LSI 
Logic are relatively small vis-a-vis Fujitsu. However, the companies 
are aggressive, competitive, and well-managed. 

For these suppliers, competition in the SPARC market has intensi
fied with TI's recent market entry, although merchant customers 
will not receive TI's Viking SuperSPARC product until the foxutii 
quarter of 1992 (Table 5-5 provides device/technology specifications). 

Cypress aims to return the volley with its just-annoimced Pinnacle 
family. 

MIPS Processors 
Figure 5-4 shows that the MIPS processor family holds a 35 percent 
share of the RISC MPU marketplace. Among the suppliers of the 
mainstream R3000 device. Figure 5-5 reveals a five-way battle (in 
ascending order of ranking) among Perfonnance Semiconductor, IDT, 
NEC, LSI Logic, and Siemens. BIT and Toshiba have also entered or 
will soon enter the marketplace. 

ACE Initiative: Losing Momentum As a Key Player 
Departs? 
The MIPS processor market had gained momentum diuing 1991 
through the Advanced Computing Environment (ACE) initiative. 
The ACE/MIPS strategy was to compete against Intel's 80486/80586 
iaxraly using the same NT-Windows operating system. The key alli
ance players (role) at that time were former MIPS Computer (ar
chitect); Microsoft (operating system); 75 system vendors—^most 
notably Digital and Compaq Computer (users); and the MIPS MPU 
suppliers as shown in Figure 5-5. 
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The ACE/MIPS strategy confronts some challenging realities. In 
terms of market results, for 1991 MIPS processor platform sales-
mainly workstations—^totaled just over 100,000 imits. Two users— 
Digital and Silicon Graphics—accounted for two-thirds of these plat
form imits. Embedded applications accounted for 40 percent of 
shipments. 

During the first half of 1992, the ACE/MIPS alliance encountered a 
series of niomentum-draining events. First, Digital announced its 
ALPHA architecture, the result of a $1 billion R&D effort. Second, 
MIPS Computer—a key player—continued to lose money and was 
acquired by Silicon Graphics. The scenario here is akin to Inter-
graph's acquisition of Fairchild's Clipper architecture during the 
1980s. The eventual result in that case was that the Clipper 
architecture becanie a good one-company processor—^for 
Intergraph—^with some prospective customers leery of using a 
processor owned by an actual or prospective competitor (that is, 
Intergraph). Some current and prospective users of the MIPS 
processor are uncomfortable with Silicon Graphics' acquisition of 
MIPS Computer. 

Third—and perhaps most tellingly—Compaq Computer withdrew 
from the ACE consortimn early in the second quarter of 1991. 
Compaq has delayed indefibnitely workstation systems that were to 
use the MIPS processor. The news on Compaq's 80586-based system 
emerged shortly thereafter. Other systems manufacturers such as 
Convex and Groupe Bull have left the consortium in favor of other 
RISC alliances (Convex with Hewlett-Packard, Bull with IBM). 

Nevertheless, the RISC market is quite young. Market players 
remain enthralled with the 64-bit R4000 processor. During the first 
half of 1992, Silicon Graphics emd former MIPS Computer Systems 
kept performance pressiue on competitors by introducing 
R4(X)0-based systems that operate at speeds of 50 to 67 MHz. 

MIPS Processor Supply Side 
Performance Semiconductor and IDT maintained their leadership 
ranking of 1990 dvuing 1991. These suppliers are not industry 
giants and earnings should continue to be uneven over time. For 
example. Performance Semiconductor—^which announced a processor 
with on-board lU, FPU, and cache memory—to date depends 
largely on Digital in terms of its customer base. IDT has a more 
balanced customer base including workstation (Silicon Graphics), 
embedded, and system module (AT&T) applications. NEC jiunped 
in ranking diuing 1991 by winning business from Digital. LSI Logic 
lost share. However, the supplier could rebound via an integrated 
processor that targets X \ ^ n d o w terminal applications. Siemens 
gained 10 percent market share in its first year in the market. 
Recent entrants such as BIT and Toshiba aim for similar results. 

In terms of embedded applications, the MIPS supplier base includes 
most of the suppliers shown in Figure 5-5—^Performance Semicon
ductor, IDT, and Siemens. Macronix (Taiwan), NKK 0apan), Sony, 
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and Toshiba have entered or likely will enter this segment during 
1992. Macronix and NKK also have a flash memory alliance that 
uses NKK's new $1 billion 0.8-micron fob. 

Of the MIPS suppliers shown in Figure 5-5, NEC might emerge as 
a long-term market leader. As shown in Table 5-4, this vertically 
integrated supplier should be positioned for success not only in 
Japan but also in North America and Europe. In the aggregate, the 
MIPS marketplace is fragmented in terms of the supplier base— 
with NEC a likely s iu^vor in the event of eventual market consoli
dation. 

For users in North America and Eiu'ope, the outiook regarding the 
viability of the MIPS architecture and the supplier base remains ^ 
uncertain. 

PowerPC Family 

As noted in the analysis on Motorola, the PowerPC alliance links 
Apple Computer and Motorola—^which have had a long-term busi
ness relation—with IBM, Apple's long-term competitor. The RISC 
PowerPC family will advance IBM's RS/6000 POWER architecture. 
As shown in Figiue 5-4, this processor represented 7.5 percent of 
the RISC MPU market as measured in imit shipments. These ship
ments were for IBM's captive consumption. To date. Motorola will 
be the only merchant market suppUer. Bull and Thomson-CSF 
recently joined the alliance as users. 

The strategy is as follows: the alliance participants will jointly 
develop the processor at the billion-dollar Somerset R&D center. 
Later IBM and Motorola will separately manufacture the processors. 
Intended applications include the entire platform market: notebooks, 
PCs, workstations, and servers. As noted earlier, development of the 
Taligent operating system appears on schedule for introduction dur
ing 1994. 

One alliance participant—^Apple Com.puter—^publicly shares its 
vision of the role that the alliance will play in the companj^s mar
ket evolution. For Apple, the alliance is the key for establishing 
itself in the corporate client/server marketplace The PowerPC MPU 
should become critical as Apple makes the transition from CISC 
MACs—^which were based on Motorola's 680X0 family—^to RISC 
MACs. 

Precision Architecture RISC (PA-RISC) 

Hewlett-Packard first shipped this family during 1987 and advanced 
the technology dtiring 1989. As shown in Figure 5-4, H F s PA-RISC 
processor represents 3.3 percent of the RISC MPU market—which 
understates its potential impact. The PA-RISC processor ranks as 
one of the performance leaders in the performance-intensive RISC 
arena—creating a threat for other RISC processors such as SPARC 
products. In addition to H P s captive production, other suppliers/ 
users include Japan-based Hitachi and Korea-based Samsung, a 
potentially powerful global alliance. 
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HP has steadily if quietly grown this market. Although small today, 
the PA-RISC architecture already shows sign of emergence as a 
long-term winner. For example, during the first half of 1992 HP 
struck an alliance with Convex, a former mem.ber of the ACE/MIPS 
consortium. 

Microprocessor Design and Production Trends 

This section highlights trends in MPU design and production. 
Table 5-5 summarizes information on leading-edge 32-bit and 
64-bit RISC/CISC processors regarding the following factors: architec
ture, speed, process technology, power supply voltage, design rule, 
transistors, and chip size. The table includes information on two 
devices developed by Digital, including ALPHA and one from Sun/TI 
(SuperSPARC). No R4000 papers were presented at ISSCC 1992. 

Trends from ISSCC 1992 
At ISSCC 1992, all microprocessor papers were presented by com
puter/workstation companies. Digital's Alpha RISC architecture and 
MIPS R4000 architecture (not presented at ISSCC/1992) herald the 
arrival of 64-bit computing. Leading-edge microprocessors are using 
CMOS technology with minimum lithography design rules in the 
0.5- to 0.8-micron range. Extra-wide-field stepper lenses and other 
lithography innovations such as step-and-scan technology will be 
needed to print increasingly larger microprocessor chips. BiCMOS 
technology may be needed to implement the ECL-type low-level 
logic swings of Wgh-speed microprocessors. 

Microprocessors continue to drive multilevel interconnect technology. 
Three-level interconnect technology is rapidly becoming the standard 
in advanced 32/64-bit microprocessors, with four-level interconnect 
implementations looming on the horizon. Metal linewidth/space and 
contact featiu« sizes in the range of 0.5 to 0.8 microns rival the 
traditional transistor gate-length as a technology driver. In response, 
microprocessor manufocturers will increase the proportion of the 
wafer fab equipment capital budget spent on planarization, plug, 
interconnect deposition, and etch applications/ relative to lithogra
phy applications. 

The Impact of RISC 
What is the potential MPLJ impact of the RISC technology? The 
semiconductor revolution is giving way to the semicomputer evolu
tion. The design innovation pendulum is swinging away from tradi
tional proprietary, merchant microprocessor houses such as Intel and 
Motorola toward S3^tem-knowledge-intensive, captive computer com
panies such as Digital, Hewlett-Packard, IBM, Sun, and Silicon 
Graphics. The evolution of RISC-based open-architecture computing 
and access to leading merchant CAD tools and global ASIC foun
dries has significantiy leveled the silicon pla3nng field between 
traditional merchant microprocessor companies and captive com
puter/workstation companies. 
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Table 5-5 
Key Features of Microprocessor Technology at ISSCC/1992* 

Company 
Digital 
Digital 
Sun/TI 

Architecture 
32-Bit/CISC 
64-Bit/RISC 
32-Bit/RISC 

Speed 
(MHz) 

100 
200 
40 

Technology' 
CMOS 
CMOS 
BiCMOS 

Power Sup
ply 

Voltage 
3.3V 
3.3V 

5V 

Design 
Rule 

(Microns) 
0.75 
0.75 
0.80 

Itansistors 
(Millions) 

1.30 
1.68 
3.10 

Chi 
(cm 
1.62 
1.68 
1.60 

'All use three layers of metallization 
Source: Dataquest, ISSCC/1992 (July 1992) 
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Microprocessor Life Cycle Pricing 

This section extracts recently published work by SPS on forward-stage 
MPU pricing. The information can be used to generate estimates— 
based on MPU transistor counts and prior MPU price history—^for 
next-generation parts. The example is Intel's 80586 processor. 

There are two goals of this section: to explain the forward-pricing 
methodology, and to make clients aware that SPS can assist them via 
our inquiry service—along with published reports such as this—on 
forward-pridng analysis. 

Methodology behind MPU Life Cycle Pricing Analysis 
A number of SPS dients have requested a structured framework as 
they make the transition from today's predominantly QSC world to 
tomorrow's CISC/RISC marketplace. The following analysis was 
first published April 20, 1992 in a Semiconductor Procinement Data-
quest Perspective article entitled "Buyer's Headache: Will IC Prices 
Stay Low if the Economy Turns Up?" This analysis marks a move 
toward that goal. 

Figure 5-6 shows pricing measured in dollar-per-transistor for the 
early, or forward, stages of the product life cycle for 80286-10, 
80386DX-16, and 80486DX-25 devices, and 68000-8, 68020-16, and 
68030-25 parts. To construct this MPU life cycle pricing curve, we 
used information dating as far back as 1979 and 1980 on pricing, 
product introduction dates, and transistor coimts. 

Figure 5-7—^which is based on the information in Figure 5-6—shows 
the rate-of-price decline for the 80X86 and 680X0 devices relative to 
the family's prior generation part over the life cycle. Although the 
objective is to estimate the forward price of the 80586 device from 
Intel, Motorola MPU price history serves as an analytical "check." 

The rates of decline shown in Figure 5-7 are quite similar for the 
forward life cycle stages regarding 80486DX-25 pricing vis-a-vis the 
prior-generation 80386DX-16 product; 68020-16 pricing vis-a-vis the 
68000-8 device; and 68030-25 pricing versus the 68020-16 part. 

The Assumptions behind the 80586 Price Estimate 
Dataquest clients require a statement of the asstunptions for for
ward price estimates like the 80586 estimate shown in Table 5-6. 

Table 5-6 states the critical assumptions. Clients who disagree with 
these assumptions can modify the estimated price in line with their 
differing assumption(s). The table shows several assirmptions regard
ing specifications (for example, transistor count and package) but 
also an analjrtical assumption regarding the pricing environment/ 
rates of price decline that Dataquest assumes. Again, clients may 
modify their estintate depending on the kind of competitive 
environment they assume. 
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Fig 5-6 
North American MPU Pricing by Life Cycle Stage (Dollars per Transistor) 

Dollars per Transistor 

0.005 

0.004' 

0.003 -

0.002 -

0.001 

Early 
Growth 

Late 
Growth 

Volume: 25.000for 68000-8,80288-10 
1,000 to 5,000 for 80366DX-16,80486DX-25,68020-16, 58030-25 
First volume production: 100 to 1,000 for all products 

First Volume 
Production 

Yearl 

" - • - 80286-10 PDIP 

•"•™ 80386DX-16CPGA 

Year2 * Year 3 

80486DX-25 CPGA 

68000-8 

Year 4 

68020-16 CPGA 

68030-25 CPGA 
(PQFPforYear4) 

Source: Dataquest (July 1992) GSCOOBTS 

Other Forward Prices 
Dataquest also tracks forward-pricing via discxissions with users and 
suppliers. For example. Digital's ALPHA 21064 200-MHz device (see 
Table 5-5) should be available during the third quarter of 1992 at 
an estimated price of $1,650 (l,(XK)-unit volume). Another device 
shown in Table 5-5, the Sun/TI SuperSPARC processor (33 MHz, 
CPGA-293) should be priced during the first quarter of 1993 at less 
than $400 at 10,000-unit volume 
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Figure 5-7 
MPU Pricing: Rate of Decline at Forward Stages in Life Cycle Relative to Prior 
Generation (80286-10 and 68000-8 = Base of 0) 

Percentage Change 

80286-10 

80386 DX-16 

804S6DX*25 

68000-8 

68020-16 

68030-25 

Late Growth 

Swrce ; Dataquest (July 1992) G^OOOBT? 
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Table 5-6 
Estimated P5 (80586) Pricing by Product Life 
Cycle Stage 

Stage: 

Introduction (Second HaJf 1992) First 
Voliune Pnxiuction 

Early Growth (1993) Price at First Full 
Year of Production 

Growth (1994) Price at Second Full Year 
of Production 

Price ($) 

i;268 

788 

694 

Assumptions: Specs: 3 million treinsistors; 50 MHz; CPGA (not multichip module). 
Intel's strategy: conforms more so with historic fonward-pricing strategy associated with 
competitive marl<et environment and less so with monopoly-pricing power. Life cyde: 
starts by fourth quarter of 1992. 
Volume of 100-1,000 units 

volume of 1,000-5,000 units 
Source: Dataquest (July 1992) 
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Chapter 6 
Microprocessor Price Outloolc 

A procurement guide would not be complete without a chapter on 
price trends. The following price tables come from Dataquesf s Semi
conductor Procurement Service and are based upon survey results 
from suppliers and users of microprocessors. 

Table 6-1 provides the estimated North American microprocessor quar
terly price trends for 1992 and 1993. Table 6-2 provides a long-range 
estimate for North American microprocessor price trends through the 
year 1996. 
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Table 6-1 
Estimated Microprocessor Price Tirends—North American Bookings 
(Volume: 8- and 16-Bit—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package; 8/16-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; exceptions noted) 

© 

68000-12 

68ECO0O-8 

80186-8 PLCC 

80086-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 FQFP 

68EC020-16 PQFP 

68C20-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 CPGA 

AM386-40 

386DX-25 PQFP' 

1991 
Year 

5.58 

NA 

6.33 

NA 

6.54 

13.50 

35.69 

NA 

NA 

NA 

NA 

161.00 

NA 

538.85 

NA 

57.74 

89.21 

NA 

NA 

NA 

157.61 

Ql 
5.50 

3.00 

5.75 

9.95 

5.00 

9.25 

29.00 

17.00 

36.00 

21.00 

76.00 

120.00 

37.00 

455.08 

125.00 

53.82 

81.41 

84.00 

178.00 

180.00 

148.00 

1992 
Q2 

5.50 

2.95 

5.65 

9.95 

4.75 

8.00 

29.00 

16.00 

36.00 

20.20 

70.00 

110.00 

36.50 

430.10 

115.00 

49.00 

59.00 

78.50 

122.00 

150.00 

99.00 

Q3 
5.50 

2.85 

5.50 

9.45 

4.50 

7.05 

27.00 

15.75 

34.50 

19.75 

68.00 

105.00 

35.25 

413.90 

110.00 

45.12 

55.60 

68.99 

90.00 

92.50 

74.00 

Q4 
5.50 

2.75 

5.50 

9.25 

3.75 

6.25 

26.00 

15.50 

34.00 

19.00 

66.00 

100.00 

35.00 

400.90 

108.00 

42.00 

51.00 

57.75 

79.00 

78.20 

68.00 

1992 
Year 

5.50 

2.89 

5.60 

9.65 

4.50 

7.64 

27.75 

16.06 

35.13 

19.99 

70.00 

108.75 

35.94 

425.00 

114.50 

47.49 

61.75 

72.31 

117.25 

125.18 

97.25 

Ql 
5.00 

2.75 

5.50 

9.00 

3.75 

5.75 

24.00 

15.00 

33.57 

18.00 

60.00 

95.00 

34.65 

388.00 

97.00 

39.00 

44.00 

47.00 

69.00 

69.88 

65.00 

1993 
Q2 

5.00 

2.65 

5.50 

9.00 

3.75 

5.75 

24.00 

14.20 

33.25 

18.00 

60.00 

95.00 

34.30 

376.00 

97.00 

36.00 

40.00 

41.00 

59.00 

66.15 

63.00 

Q 
5.0 

2.5 

5.5 

8.7 

3.7 

5.7 

24.0 

13.5 

32.7 

18.0 

60.0 

95.0 

33.9 

364.0 

97.0 

35.0 

35.0 

35.0 

56.0 

62.1 

60.0 
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Table 6-1 (Continued) 
Estimated Microprocessor Price Trends—North American Bookings 
(Volume: 8- and 16~B it—25,000 per Year; 32-Bit—1,000 to 5,000 per Year; Dollars) 
(Package: 8/16-Bit Devices—PDIF; 32-Bit Devices—Ceramic PGA; exceptions noted) 

80486SX-20 PQFP' 

80486DX-25 

80486DX-50 

8O486DX2-S0 

29000-25^ 

88100-25' 

R3000-25' 

6-9SPARC-25' 

8O960CA-25 

1991 
Year 

NA 

533.75 

NA 

NA 

111.25 

76.06 

131.75 

88.74 

NA 

Ql 
237.00 

409.00 

610.00 

550.00 

92.00 

69.50 

105.00 

75.62 

95.30 

1992 
Q2 

201.00 

405.00 

565.00 

517.00 

85.50 

68.05 

96.00 

72.30 

91.30 

Q3 

99.00 

365.00 

505.00 

465.00 

81.00 

67.45 

94.00 

69.51 

90.30 

Q4 

96.00 

325.00 

455.00 

415.00 

78.00 

67.00 

93.40 

66.55 

89.25 

1992 
Year 

158.25 

376.00 

533.75 

486.75 

84.13 

68.00 

97.10 

71.00 

91.54 

Q l 
93.00 

300.00 

357.18 

375.00 

76.00 

64.50 

90.00 

64.50 

88.35 

1993 
Q2 

90.00 

200.00 

339.32 

266.67 

71.00 

62.20 

87.00 

62.88 

87.45 

Q3 
86.00 

180.00 

325.00 

236.25 

67.00 

60.20 

84.00 

61.60 

84.30 

NA=Not available 
'CPQA for 1991, QM992 
'Pricing excludes accessory parts such as floating point and memory management 
Note: Actual negotiated market prices may vary from these prices because of metnufacturer-speclfic factors such as quality, service, and volume disco 
Intended for use as guidelines, 
Source: Dataquest (July 1992} 
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Table 6-2 
Estimated Long-Range Microprocessor Price Trends— 
North American Bookings 
(Volume: 8- and 16-Bit—25,000 per Year; 32-Bit—1,000 to 
5,000 per Year; Dollars) 
(Package: 8/16-Bit Devices—PDIP; 32-Bit D e v i c e s -
Ceramic PGA; exceptions noted) 

68000-12 

68EC000-8 

80186-8 PLCC 

80C186-10 PLCC 

80286-10 PLCC 

80286-16 PLCC 

68020-16 PQFP 

68EC020-16 PQFP 

68020-25 PQFP 

68EC020-25 PQFP 

68030-16 CQFP 

68030-25 CQFP 

68EC030-25 PQFP 

68040-25 

68EC040-25 

386SX-16 PQFP 

386SX-20 PQFP 

386SX-25 PQFP 

386SL-25 CPGA 

AM386-40 

386DX-25 PQFP' 

80486SX-20 PQFP' 

80486DX-25 

80486DX-50 

80486DX2-50 

29000-25^ 

88100-25^ 

1992 
Year 
5.50 

2.89 

5.60 

9.65 

4.50 

7.64 

27.75 

16.06 

35.13 

19.99 

70.00 

108.75 

35.94 

425.00 

114.50 

47.49 

61.75 

72.31 

117.25 

125.18 

97.25 

NA 

376.00 

533.75 

486.75 

84.13 

68.00 

1993 
Year 

5.00 

2.62 

5.50 

8.88 

3.75 

5.69 

23.75 

13.93 

33.00 

18.00 

60.00 

95.00 

34.18 

370.00 

97.00 

36.00 

38.25 

39.25 

59.25 

64.14 

61.25 

87.75 

210.00 

331.62 

275.48 

69.78 

61.25 

1994 
Year 

4.50 

2.35 

5.30 

7.25 

NA 

5.00 

17.00 

12.00 

31.04 

17.00 

59.00 

94.00 

32.10 

332.50 

92.00 

28.00 

28.00 

28.00 

43.00 

47.00 

47.00 

74.00 

112.75 

135.30 

124.03 

63.00 

56.00 

1995 
Year 

4.00 

2.30 

5.30 

6.75 

NA 

4.50 

17.00 

11.00 

31.00 

16.00 

58.94 

94.09 

30.50 

325.00 

87.00 

24.00 

24.00 

24.00 

37.00 

40.00 

40.00 

62.00 

94.86 

109.09 

101.97 

58.00 

51.00 

1996 
Year 

4.00 

Z30 

5.30 

6.50 

NA 

NA 

17.00 

10.00 

31.00 

15.50 

58.94 

93.15 

30.00 

325.00 

83.00 

20.00 

20.00 

20.00 

31.00 

34.00 

3400 

53.00 

80.19 

8419 

80.99 

55.00 

50.00 

(Continued) 
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Microprocessor Price Outlook 6-5 

Table 6-2 (Continued) 
Estimated Long-Range Microprocessor Price Trends— 
North American Bookings 
(Volume: 8- and 16-Bit—25,000 per Year; 32-Bit—1,000 to 
5,000 per Year; Dollars) 
(Package: 8/16-Bit Devices—PDIP; 32-Bit D e v i c e s -
Ceramic PGA; exceptions noted) 

R3000-25^ 

SPARC-25^ 

80960CA-25 

1992 
Year 

97.10 

71.00 

91.54 

1993 
Year 

85.50 

62.40 

85.33 

1994 
Year 

74.00 

59.00 

77.14 

1995 
Year 

65.00 

53.66 

75.21 

1996 
Year 

60.00 

53.00 

75.21 

NA = Not available 
^CPGA for 1991, Q1-1992 
Pricing excludes accessory parts such as floating point and memory management 

Note: Actual negotiated market prices may vary from these prices t>ecause of 
manufacturer-spedfic factors such as quality, service, and volume discount. These prices 
are intended for use as guidelines. This forecast correlates with Dataquest's quarterly 
forecast for 1992-1993 dated June 1992. 
Source: Dataquest (July 1992) 
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Chapter 7 
Dataquest Perspective 

The next two to three years should be especially challenging for users 
of MPUs. The rise of the RISC technology and AMD's entry to the 
386 marketplace signal dramatic long-tenn market change. For exam
ple, as this report was being prepared, two RISC devices—^TI's Super-
SPARC and Cypress's Hĵ perSPARC processor—^hit the market, along 
with the CISC 486 device from Cyrix/TI. 

For many users, the central MPU supply base issue is whether to 
maintain or break a long-standing buyer-seller bond with Intel. 
Regarding 80386 devices, AMD has a stronger strategic interest 
than Intel in serving long-term demand for this part. Depending 
on legal results, AMD and Cyrix-TI stand poised to smash Intel's 
80486 monopoly. Other wotdd-be entrants aim to do the same, 
although their prospects for successful market penetration appear 
more cloudy. 

However, the long-term action in this provocative MPU world lies in 
the 32/64-bit QSC-versus-RISC battle that could completely reshape 
the IC business during this decade Simply stated, systems houses 
such as Apple, Hewlett-Packard, and IBM could emei;ge cis the key 
players in the MPU marketplace later this decade. But at press time— 
witii news of Compaq sjrstems that will be based on Intel's next-
generation P5 (80586) CISC processor—old ways seem never to 
change. 
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Appendix A 

Dateline May 1990: Semiconductor Users 
Still Eye the Risks of Sole-Sourced CISC 
32-Bit MPUs ^ ^ _ ^ _ . ^ — ^ 

This article from May 1990 is included as a reference to highlight that 
issues regarding 32-bit micropiDoessors have been and are still vexing 
procurement managers. Many of the issues analyzed in this article 
have been resolved, some have not. By knowing the past, it is hoped 
that one can prepare for the future. 

Systems manufacturers continue to confront tough decisions about 
which 32-bit complex-instruction-set com.putrng (CISC) or reduced-
instruction-set computing (RISC) microprocessor(s) to use and from 
which manufacturer. The broad strategic decision of whether to use 
single- or multisourced ICs will challenge systems manufacturers 
throughout the 1990s. Currently, although users reported to Dataquest 
a rising interest in future use of RISC MPUs, sjretems manufacturers 
remain largely committed to 32-bit CISC devices. Table A-1 shows that 
using single-sourced 32-bit CISC MPUs carries a special set of risk/ 
benefit trade-offs—as illustrated by the recent stunning legal ruling on 
the 68030 microprocessor. 

This appendix is based on the information presented in Table A-1, 
with focus on the risks associated with the use of single-sourced 
ICs—specifically, CISC 32-bit MPUs—and recommendations to users 
for reducing risk exposxuje. Table A-1 centers on two critical user 
issues: competitive component/sj^tem pricing and global availability 
of single-sourced ICs. 

Strategic IC Pricing Risics 
As shown in Table A-1, users typically pay higher prices for single-
sourced ICs such as CISC 32-bit MPUs than for components thai are 
available from multiple sources. In addition, all component buyers, 
whether of single- or multisourced ICs, confront other pricing/ 
availability risks: inconsistent IC pricing, supply, and quality 
among the different world regions. 

Higher-IC ASPs 
Although the use of sole-sourced ICs in systems typically means 
higher IC pricing vis-a-vis mtiltisourced devices, the use of these 
higher-priced components can translate into enhanced system perfor
mance and profitability. Users of sole-sourced ICs must realize, 
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A-2 Microprocessor Procurement Guide 

Table A-1 
A User View of Single-Sourced CISC 32-Bit 
Microprocessors 

Prospective Benefits for 
Users Possible Risks for Users 

Enhanced system value and com
petitiveness by use of proprie
tary technology 

Protection against shortages 
through long-term contracts 

More accurate production fore
casts per close user/supplier 
relationships 

Qear system/technology road 
map 

Improved supply/pricing of ICs 
used along with the 32-bit MPU 

Higher IC ASPs (versus second-
sourced 32-bit MPUs) 

Inconsistent world regional IC 
supply, quality, and pricing 

Periodic allocations to users in. 
times of product scarcity 

Inability to meet system produc
tion and life cycle plans 

Legal uncertainty associated with 
patent enforcement and other 
claims 

Source: Dataquest (May 1990) 

however, that the long-term pricing trend for these higher-priced 
devices is likely to be different than the historical pattern. 

IC Life Cycle Pricing 
Historically, semiconductor users have grown accustomed to rapid 
attrition in IC pricing during the early (or forward) stages of ttie 
IC life cycle, especially for multisourced devices such as standard 
logic or memory products. This pattern of semiconductor pricing is 
called life cycle or forward pricing. 

Users of sole-sourced 32-bit CISC devices should expect a somewhat 
different pricing structure. The huge expense (for example, R&D, 
fab construction, legal protection) of producing these complex chips 
motivates suppliers of 32-bit MPUs to resist stiff price declines dur
ing the early years of the ICs life cycle. Pricing for these devices 
typically dedines between 5 and 9 percent per quarter during the 
growth stage. By contrast, pricing for multisourced devices often 
dedines at a quarterly rate of between 10 and 30 percent during 
the forward stages. 

Depending on the CISC 32-bit MPU supplier, product pridng 
for major hiyers should either stabilize or continue to decline 
moderately during the later years of the life cyde. When pricing 
stabilizes, a higher-speed product typically costs no more than a 
lower-speed version for long-term customers (that is, 16-MHz and 
20-MHz price parity). 
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Dateline May 1990: Semiconductor Users Still Eye the Risks of Sole-Sourced CISC 32-Bit MPUs A-3 

World Regional Supply Risks 

Inconsistent IC pricing among different world regions relates directly 
to global supply/demand trends. For systems manufacturers that 
develop coordinated international procurement/manufacturing/mar
keting plans, management of world regional IC supply/pricing trends 
should become a central concern. Over the long term, some suppliers 
might be able to sell ICs at uniform prices worldwide, but that 
remains a future goal. 

For users of CISC 32-bit MFtJs, global pricing management requires, 
at a minimum, that users monitor suppliers' worldwide manufecturing 
capabilities, preferably taking an active role in shaping the global fab 
plans of the sole-sourced supplier. This strategy can help reduce the 
likelihood of another risk associated with use of single-sourced 
products; periodic allocations to users in times of product scarcity, as 
is now occurring for users of Intel's 80386/80386SX devices. Depend
ing on supply/demand trends, a product can be on allocation in one 
or more world regions but be more readily available in other areas. 

Table A-2 
32-Bit CISC MPU Worldwide Manufacturing 
Capability—Intel and Motorola (as of May 1990) 

North America 

Eiu-ope 

Japan 

ROW 

Total number 

North America 

Europe 

Japan 

ROW 

Total 

Motorola 
32-Bit 
CISC 

MPUs' 
Regional 

Total 

Number of Fabs 
by World Region 

2 

1 

I' 

0 

* 

4 

3 

1' 

0 

a 
Square Feet 

of Clean Room 
by World Region 

76,900 

34,000 

0 

0 

110,900 

91,800 

94,600 

23,800' 

0 

210,200 

Intel 
32-Bit 
CISC 

MPUs' 

3 

1̂  

0 

0 

4 

72,000 

24,000^ 

0 

0 

96,000 

Regional 
Total 

7 

1' 

0 

0 

8 

182,000 

24,000' 

0 

0 

206,000 

'Intel and Motorola fabs largely dedicated to 32-bit CISC MPUs 
'Joint Motorola/Tosliiba facility 
•Israel 
Source: Dataquest (May 1990) 
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A-4 Microprocessor Procurement Guide 

The 32-Bit CISC MPU Global Fab Networks of Intel 
and Motorola 
Table A-2 weighs the global manufacturing strengths of Intel and 
Motorola regarding production of 32-bit OSC devices. These 
components include Intel's 80386, 80386SX, and 80486 products 
and Motorola's 68020, 68030, and 68040 devices. 

Manufacturing by World Region 
Table A-2 reveals that Motorola and Intel are well positioned to 
serve long-term North American demand. Motorola's United King
dom fab puts suppliers in a good position to supply European 
users. Intel currentiy supplies European users of 80386 partly with 
products from the Israel fab. The approach of 1992 could mean 
expanded capacity for that region. 

Table A-2 also shows that users in Japan and Rest of World (ROW) 
know firsthand of the challenges involved in globally sourdng 
single-sourced ICs. Motorola's alliance and joint-fab arrangement 
witti Toshiba should enable Motorola to serve the Japan market 
effectively over the long term. 

The Risk of Allocation 
Nevertheless, xmexpectedly strong market demand can overwhelm 
the ability of the formidable single-source suppliers to meet all 
user needs, as is now occurring with Intel's 80386/80386SX 
products. Clients that forged long-term contracts with Intel for 
these products report Uttie interruption of supply, unlike buyers 
that operate on the spot markets. 

At the time of this writing, Dataquest had been informed that the 
supply/demand imbalance is not expected to improve in North 
America and Europe until the second or third quarter of 1990. The 
imbalance in Japan and ROW also should not improve until the 
third or fourth quarter of this year. 

Legal Risks 

Users of 32-bit CISC MPUs must be ready to confront another risk: 
potential legal uncertainty surrounding the validity of sole suppliers' 
patents and other intellectual property. For example, an invalid pa
tent ultimately vitiates the benefits presented as rationales for using 
sole-source devices. As shown in Table A-1, these benefits include 
enhanced sj^tem value through use of proprietary MPU technology 
and clear long-term system/technology road maps. 

68030 Litigation 
The stunning decision in the Hitachi/Motorola case concerning 
microprocessor (and microcontroller) patent infringement claims 
shocked users of the 68030 microprocessor. Regarding the OSC 
32-bit MPU arena, the case could have severe and unanticipated 
consequences for Motorola and users of this device. 
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Dateline May 1990: Semiconductor Users Still Eye the Risks of Sole-Sourced CISC 32-Bit MPUs A-5 

Setback for Users? 

Users continue to receive shipments of 68030 products from Moto
rola during the second quarter of 1990. In late Jime 1990, barring a 
prior settlement, Hitachi and Motorola will return to court. A major 
issue is whether or not Motorola should be allowed to continue 
shipments during the lengthy appellate process. If not (again, 
barring a settlement), users will experience major disruption of 
1990 system production plans and long-term uncertainty regarding 
their systems' life cycles and technology road maps. 

A Fairly Speedy Settlement? 

Dataquest believes that both Hitachi and Motorola have good rea
sons for seeking a resolution to their litigation. In Motorola's case, 
the threat of injunction hangs over a product that Dataquest 
believes garnered revenue in the $120 million to $150 million range 
in 1989. As noted, of greater long-term significance is the fact that 
stopping the flow of 68030s represents a serious hardship to Moto
rola's customers. Succinctly, major users are dependent on the 68030 
as the sole-source heart of significant portions of their systems 
sales. 

Hitachi also is motivated to com.e to terms. Although U.S. sales of 
its H8 product may not be as monetarily significant as the 68030, 
sales of the H8 in Japan wotild be jeopardized if the final destina
tion of domestic equipment was the United States. As has been 
demonstrated by Intel and Texas Instruments, invoking the powers 
of the International Trade Commission (TTC) in defense of one's 
intellectual property can empower customs to seize imports of 
equipment containing an offending product. Consequently, many of 
Hitachi's customers also probably want a hasty resolution of the 
issue. 

Given the stakes involved for both Hitachi and Motorola, Dataquest 
anticipates a fairly speedy settlement and an end to the jitters felt 
by 68030 customers. The settlement may cost Motorola the millions 
of dollars it might have hoped to gain from Hitachi when it first 
pressed its lawsuit more than one year ago. Nevertheless, the cur
rent bottom line is that users of the sole-sourced 68030 remain 
waiting for a legal resolution that could occur as soon as tomorrow 
or not for several years. 

A User Eye on Unresolved Legal Issues 
Dataquest strongly recommends that users carefully monitor legal 
developments associated with all sole-sourced ICs—^not only the 
68030 MPU, but also 80386/80386SX products and application-
specific ICs (ASICs). 

Regarding the 68030 Utigation, the resolution of the following issues 
could have a forceful impact on users' 1990 production schedules 
and long-term technology road maps, as follows: 

• If Hitachi and Motorola do not settle the litigation, how long 
will users have to wait before the case is resolved? 
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A-6 Microprocessor Procurement Guide 

• Would a cross-license deal, as part of a settlement, imply access 
to selected technologies or outright second-sourcing of the 68030? 

• Is Hitachi at all interested in producing the 68030? 

• If the 68030 were to be second-soxuxred to Hitachi, how would 
this affect Motorola's agreement with Toshiba, with which it has 
a DRAM/microprocessor joint venture? 

• Will pricing for 68030 products be higher than originally 
expected (Ibr example, pass-on of Motorola's royalty pajmients), 
unaffected, or lower (that is, Hitachi as second source)? 

More Legal Shocks for Users of Sole-Sourced 
32-Bit MPUs? 
Dataquest will be tracking the 68030 case with an eye on these 
issues. The recent events surrounding the 68030 product augur 
future shocks for supply-base managers at systems companies that 
use single-sourced CISC 32-bit MPUs. For example, users of 80386 
devices must monitor the arbitration case between AMD and Intel 
over 80286 products. AMD claims a right to produce 80386 devices. 
Should AMD win that argument—as stuiming as the scenario 
seems—^AMD might emerge as a supplier of 80386 products. The 
unresolved issues siurounding the 68030 litigation could become for 
users—^with some modification—the uiu'esolved issues surrounding 
the 80386 case. 

Dataquest Conclusions and Recommendations 

Dataquest believes that users of sole-sourced ICs such as CISC 32-bit 
microprocessors confront a challenging set of risks in terms of pricing, 
worldwide supply, and legal claims. Use of these proprietary proces
sors can mean enhanced system value and competitiveness, provided 
that the risks are minimized. Generally, risks can be minimized 
through close user/supplier relations that include the mutual sharing 
of sensitive forecast information. 

Specifically, Dataquest also makes the following recommendations: 

• To manage pricing risks (higher prices, no life cycle pricing), users 
must actively monitor suppliers' R&D/capital equipment plans to 
make certain that these plans coordinate with users' long-term 
worldwide system production goals and technology road maps. 

• To manage global supply risks, users must track their single-
sourced suppliers' worldwide network of fabs as well as world 
regional demand patterns in order to gauge the periodic likelihood 
of limited allocation on a world regional basis. 

m To manage legal risks, users must monitor any legal developments 
surrounding any single-sourced IC and require from suppliers 
information on any such products cvurently involved or likely 
to be involved in a legal dispute. 
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