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Table 2.8.6-17
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2.8.6 Semiconductor Memory Markets

SUMMARY

. The semiconductor memory market dates
back to the mid 1960s when the first bipolar
single chip dual J-K flip-flops and shift registers
were made. In 1969, the first metal oxide semi-
conductor (MOS) memory was introduced by
Intel in the form of the 1101 256 bit dynamic
RAM. Semiconductor memeory has grown from
these early beginnings to a market estimated at
$753 million in 1977 and growing to an esti-
mated $1,312 million in 1981, which represents
a compound annual growth rate of 15 percent.

Although MOS memories appeared later
than bipolar memories, they have captured a
dominant share of the total semiconductor
memory market. We estimate the 1977 world-
wide MOS memory consumption at $558 mil-
lion, or 74 percent of the total semiconductor
memory market. In 1981, we estimate that
MOS memory will represent $1,0607 million or
77 percent of the total. Our estimates of world-
wide bipolar memory consumption are $195
million in 1977 growing to $305 million in
1981.

The dynamic growth of the semiconductor
memory market has been marked by rapid
technological change, continual and rapid price
decline, fierce competition, and the advent of
increasing foreign competition. Price declines in
semiconductor memory have been approxi-
mately 30 to 40 percent per year. Early memo-
ries such as the 1103 were priced at approxi-
mately 1,500 millicents per bit in 1971; today,
4K dynamic MOS RAMs are available at 106
millicents per bit (average selling price). In
1981, we estimate that a 64K dynamic MOS
RAM will be available at about 19 millicents
per bit. The annual price decline between 1,500
millicents per bit in 1971 and 19 millicents per
bit in 1981 is 35 percent.

The early development and popularity of
semiconductor memories is largely due to the
efforts of Intel Corporation. In 1970, the Com-

pany introduced the 1103 1K dynamic RAM,
which became the most popular and highest
volume single product in semiconductor history
up to that time. This popularity has since been
overshadowed by the popularity and even

higher volume of the 4K dynamic MOS RAM.
Intel enjoyed an early competitive lead, but by

1973 a number of other semiconductor firms
were entering the MOS memory market, and
by 1975 the field was extremely competitive.
Record price declines for semiconductor
memoty have enabled it to become a price
competitive alternative for core memory. In late
1975 a memory system implemented with dy-
namic MOS RAMs became less expensive than
a comparable size magnetic core memory,
thereby increasing the demand for semiconduc-
tor memory. Despite the volatility of dynamic
semiconductor memory versus the nonvolatility
of core memory, it has been accepted by most
users. The price elastic demand for memory by
computer mainframes, minicomputers, periph-
erals, and communication systems has in-

‘creased semiconductor memory bit consump-

tion from an estimated 6.6 billion bits in 1971
to an estimated 350 billion bits in 1976. Total
semiconductor memory consumption is esti-
mated at 4,976 billion bits in 1981, which rep-
resents an average annual growth of 94 percent
between 1971 and 1981.

INTRODUCTION AND BACKGROUND

Historical Perspective and Overview

Semiconductor memories date back to the
mid 1960s when advances in bipolar integrated
circuits produced the first single chip J-K flip-
flop. These early flip-flops contained approxi-
mately 25 transistors and stored one bit of in-
formation. Serial shift registers followed in a
couple of years and they in turn were followed
by random access memories. The first shift reg-
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2.8.6 Semiconductor Memory Markets

isters and random access memories typically
had 16, 64, 128, or 256 bits of storage. MOS
memories first appeared in 1969 with Intel’s in-
troduction of the 256 bit dynamic MOS RAM
(1101). The real milestene for MOS memories.
however, was Intel’s 1970 introduction of the
1103 1K dynamic MOS RAM. This introduc-
tion was a very significant event in semiconduc-
tor memory history, because it then became
feasible to incorporate semiconductor memory
in minicomputers and mainframe computers.
Although memory systems implemented with
semiconductor memory were inittally more ex-
pensive than core memory systems. the cross-
over point was reached by the mid 1970s. The
1103 became the single most popular and
highest volume semiconductor device made up
to that time; it has since been surpassed in total
unit volume by the 4K dynamic MOS RAM.

Table 2.8.6-1 presents a brief history of
semiconductor memory, indicating the years in
which major product types were introduced.
The 1K dynamic MOS RAM was first intro-
duced in 1970, with production quantities fol-
lowing in 1971; the 4K dynamic MOS RAM
was introduced in 1974, with production quan-
tities in 1975; and the 16K dynamic MOS
RAM was introduced in 1976, with production
quantities following in 1977. The first EPROM
device was introduced in 1971; it was followed
in 1975 by the 8K EPROM and in 1977 by the
16K EPROM.

MOS ROM memories have been available
since the early 1970s. They are used primarily
10 store microprocessor program codes in termi-
nals, calculators, games, and some computers.
The first MOS ROM, a 2K device, appeared in
1971 and was followed in 1972 by the 4K
ROM and in 1973 by the 8K ROM. The 16K
ROM appeared in 1975 and the 32K and 64K
ROMs first appeared in 1977. The EAROM
was introduced in 1974, but it has not made a
considerable sales impact to date. MOS shift
registers first appeared in 1969 and have in-

creased in length; they have since been fol-
lowed by CCD serial access memories. The
16K CCD was introduced in 1975, and the
64K CCD was introduced in 1977.

The early bipolar shift registers were fol-
lowed by the 64 bit bipolar RAM in [969. the
256 bit bipotar RAM in 1971, the 512 bit and
1K bipolar RAMs in 1972, and the 4K bipolar
RAM in 1976, The 256 bit bipolar PROM was
introduced in 1970, and was followed by the
512 bit PROM in 1971, the 1K PROM in 1972,
the 4K PROM in 1974, and the 8K PROM in
1977.

In the early 1970s, the semiconductor mar-
ket was served primarily by American-based
firms. Some Japanese firms had MOS memory
products as early as 1972, The Japanese com-
panies have steadily improved their memory
products as well as their market share to the
point where they are now becoming sertous
contenders in the MOS memory market. Euro-
pean companies have had MOS memory pro-
ducts since the early 1970s but they have not
made any significant penetration of the impor-
tant dynamic and static MOS RAM markets
because of their relatively weak position in
MOS technology. Their memory strategy now
appears to be one of gaining entry by acquiring
interests in smaller U.S. companies that already
possess the memory technology, as exemplified
by Philips’ Signetics subsidiary, Bosch’s interest
in AMI, and Siemens expressed intent to ac-
quire an interest in AMD.

In the first half of the 1970s the semicon-
ductor memory market was dominated by rela-
tively few products—primarily the 1K and 4K
dynamic MOS RAMSs and the 2K and 8K
EPROM devices. The outlook for memory,
however, is for a much more varied product
mix. We expect that a broader proliferation of
memory components will become available
with a wide variety of speeds and configura-
tions.

Most companies are beginning to stan-
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2.8.6 Semiconductor Memory Markets

Table 2.8.6-1
HISTORY OF SEMICONDUCTOR MEMORY
MOS RAMs MOS ROM/PROMs MOS Other Bipolar RAMs Bipolar ROM/PROMs
1964 1K Flip Flop and
- Quad Latch
1968 8 and 10 bit
Shift Registers
1969 256 bit Shift Registers 64 bit RAM
Dynamic RAM
1970 1K Dynamic RAM 1K bit Shift 256 bit PROM
Register
1971 2K ROM 256 bit RAM 512 bit PROM
2K EPROM
1972 1K Static RAM 4K ROM 2K bit Shift 512 bit RAM 1K PROM
Registers 1K RAM
1973 8K ROM
1974 4K Dynamic RAM 4K PROM
1975 4K Static RaM 8K FPROM 16K CCD
16K ROM
1976 16K DPynamic 4K RAM
RAM
1977 16K EPROM 64K CCD 8K PROM
32K ROM
64K ROM -
Source: DATAQUEST, Inc.

dardize on a 16-pin package for the 4K and for
the new 16K dynamic MOS RAMs. Other pin
configurations and performance standards,
however, do exist for memory products, and
complete standardization is not expected in this
industry. The lack of standardization results be-
cause component developments occur in paral-
lel at different companies; therefore, competi-
tion rather than cooperation exists in product
development. Once a product becomes an ac-
cepted standard, however, it is emulated by

Copyright @ 7 Qctober 1977 by DATAQUEST

most, but not all, of the competition.

In the 1960s and early 1970s, most mem-
ory applications were fulfilled by magnetic core
memory. The introduction of the semiconductor
memory made an alternative approach possi-
ble, and rapidly declining prices have made
semiconductor memory a viable alternative.
Two costs should be considered when compar-
ing core and semiconductor memory: (1) the
component or device cost, and (2) the total
memory system cost. Figure 2.8.6-1 shows the
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2.8.6 Semiconductor Memory Markets

estimated component level cost of core and
semiconductor random access memory from
1972 through 1981. Additional system level
costs for core memory include the cost of drive
and sense circuits, address decode circuits, and
printed circuit boards. The system level costs
for a core memory are 2 to 3 times the compo-
nent level costs shown in Figure 2.8.6-1. For
semiconductor memories system level costs of
refresh circuitry, address decoding, and printed
circuit boards must be considered. Depending
on the speed and size of the semiconductor
memory, the system level costs range from 1.5
to 3.0 times the component level costs.

The rapid price decline of semiconductor
memory is a major factor contributing to its
pervasiveness. In the early 1970s, memory was
used in mainframe and minicomputer memo-
ries. Memeory has now spread to microprocessor
systems, calculators, terminals, communications
systems, point of sale terminals, and a host of
other applications. It is now beginning to enter
the home via hobby computers, although it has
already been there in the form of electronic cal-
culators and programmable video games.

The major factor in the continued price de-
cline of semiconductor memory is the ability of
semiconductor manufacturers to decrease their
manufacturing costs through increased density
and yield improvements. As a measure of the
increased bit density that the semiconductor
manufacturers are achieving, consider Table
2.8.6-2: The IK dynamic MOS RAM had an
effective bit area of 20.0 mils’ when it was in-
troduced, while the 64K dynamic MOS RAM is
expected to have an effective bit area of 0.75
mils’. This represents a 27-fold increase in bit
density between the 1K RAM of 1970 and the
64K RAM expected in 1979,

This continued progress toward higher
densities is the result of two major trends: (1)
design improvements, which have taker mem-
ory from the early days of three transistors per
bit of storage to the present one transistor per

bit; and (2) photolithography and processing
improvements, which have permitted smaller
dimensions on the chip. Currently, no designs
exist that will enable the use of less than one
transistor per cell. Major advances in density
must now come from photolithography, and
the 64K dynamic MOS RAM is now pushing
the limits of conventional optical photolithogra-
phy. Most semiconductor firms will probably
use optical techniques on the 64K dynamic
RAM, but the 256K RAM must be patterned
with E-Beam techniques because of its smaller
dimensions.

Definitions

Any discussion of semiconductor memory
technology is laden with acronyms; therefore,
we will present a clear set of definitions of
those acronyms used throughout this section.

Metal Oxide Semiconductors (MOS)

Memory technology falls into two major
technology segments— MOS and bipolar. Metal
oxide semiconductors { MOS) are three-terminal
devices in which current flow between source
and drain is controlled by a voltage applied to
the gate (or control) terminal. Current is con-
ducted by either positive or negative carriers
and current conduction occurs at the surface of
the silicon.

Bipolar Semiconductors

Bipolar devices are three-terminal devices
in which current flow between emitter and col-
lector is controlled by a current applied to the
base terminal. Current flow is the sum of both
negatively charged electrons and positively
charged holes. The major flow of current in the
bipolar device occurs within the bulk silicon
substrate rather than on the silicon surface.

18.6.4 Copyright @ 7 Octoher 1977 by DATAQUEST i



2.8.6 Semiconductor Memory Markets

Figure 2.8.6-1
COMPONENT LEVEL COSTS OF SEMICONDUCTOR AND CORE MEMORY
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2.8.6 Semiconductor Memory Markets

Table 2.8.6-2
TYPICAL AREAS OF MOS RAMs

Chip Area Effective Bit Area

Year (mils)* (mils)

1K 1970 20,000 20.00
4K 1975 15,000 3.75
16K 1977 25,000 1.56
64K 1979 48,000 0.75

Source: DATAQUEST, [nc.

Random Access Memory (RAM)

The random access memory (RAM) is a
storage device in which each individual bit is
addressable. It is a read/write device, which
means that information may be read out or
written in as often as desired. Semiconductor
RAMS, however, are volatile devices, which
means they lose their memory contents when
the applied voltage is removed.

Dynamic RAM

Random access memories (RAMs) are ei-
ther dynamic or static. Dynamic RAMs lose the
charge that stores the information and must
have their memory locations recharged about
every two milliseconds by refresh circuits.

Static RAM

A static RAM does not lose the charge that
stores the information as long as power is ap-
plied. Therefore, no refresh circuitry is required
with static RAMs.

Read Only Memory (ROM)

A read only memory (ROM) is a storage
device that has its contents programmed into it
at the time of manufacture. The data are non-
volatile and cannot be changed. There is 2
mask charge of about $1,000 on orders of less
than 1,000 units for each different ROM pat-
tern, as well as a turnaround time of eight to
sixteen weeks. Therefore, ROMs are only used
in applications where significant production
volume can be generated and the long turn-
around time can be accepted.

Programmable Read Only Memory (PROM)

A programmable read only memory
(PROM) is a memory device that is manufac-
tured in an unprogrammed state. It is program-
med in an electrical programmer and, once
programmed, the PROM contents are nonvola-
tile and cannot be changed.

Erasable PROM (EPROM )

An erasable programmable read only
memory (EPROM) is a memory device that is
manufactured in an unprogrammed state. It is
programmed in a programmer and each bit can
be programmed only once between erasures.
Once programmed, it can be returned to an un-
programmed state by the application of some
nonelectrical energy (ultraviolet light, heat,
etc.) for a period of generally 20 to 30 minutes.
The data are nonvolatile for those devices pro-
grammed in a programmer.

Electrically Alterable Read Only Memory
(EAROM)

An electrically alterable read only memory
{EAROM) is a memory device that is manufac-
tured in an unprogrammed state. Once pro-
grammed, it can be returned to the unprogram-
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2.8.6 Semiconductor Memory Markets

med state by the application of electrical sig-
nals to its terminals. It can be programmed in-
circuit or in a programmer box.

Volatile and Nonvolatile Memory

A volatile memory is one that loses its con-
tents after power has been removed; a nonvola-
tile memory is one that retains the data bits
even after power has been removed. The data
in a nonvolatile memory are permanent and
available for the expected life of the equipment
in which it is used.

Charge Coupled Device (CCD)

A charge coupled device (CCD) is a vola-
tile device that stores information by storing
electronic charges in small packets. The manu-
facturing process used for the CCD is basically
the same as that used for standard MOS de-
vices; thus, it is generally considered to be a
MOS device.

Magnetic Bubble Device (MBD)

The magnetic bubble device (MBD) is a
memory device in which binary information is
represented by the presence or absence of mo-
bile cylindrical magnetic domains in a thin
magnetic layer. The manufacture of MBDs is
quite different from that of MOS and bipolar
devices. The MBD is actually a magnetic device
rather than a semiconductor device, but it is
mentioned here because a discussion of semi-
conductor memories and their future outlook
would not be complete without considering this
important device.

THE MARKET
Market for MOS Memory

Market by Device Type

The estimated consumption of MOS semi-
conductor memory is shown in Table 2.8.6-3.
We estimate that the market will grow from
$558 million in 1977 to $1,007 million in 1981,
which is a 15.9 percent compound annual
growth rate. MOS RAMs constitute the major
portion of the MOS memory market. In 1977,
they represent approximately 61 percent of the
total; in 1981, they are expected to represent 35
percent of the total MOS comsumption.

The compound annual growth rate for
MOS RAM memory between 1977 and 1981 is
expected to be 2.9 percent; dynamic RAMs
will grow at an estimated 11.9 percent rate, and
static RAMs will grow at an estimated 16.2
percent rate. ROMs have an estimated 14.2
percent average growth rate for the 1977 to
1981 period. EPROMs, EAROMs, and CCDs,
with estimated compound annual growth rates
of 18.9, 29.4, and 96.8 percent respectively,
represent the high growth portion of the MOS
memory market, but their high growth rate is
somewhat due to their small base in 1977.

Dynamic MOS RAM Consumption

Table 2.8.6-4 is DATAQUEST s estimate
of worldwide dynamic MOS RAM consump-
tion for 1971 through 1981. Estimated con-
sumption for 1971 10 1976 is shown to provide
a historical perspective which has not been
completely presented elsewhere. This table
shows units and average selling prices as well
as the dollar value of the MOS RAM markets.
DATAQUEST estimates that the 4K dynamic
RAM market will peak in 1978 in both units

gis Copyright ® 7 October 1977 hy DATAQUEST 2867



2.8.6 Semiconductor Memory Markets

Table 2.8.6-3
ESTIMATED WORLDWIDE MOS SEMICONDUCTOR MEMORY CONSUMPTION
{Dollars in Millions)
1970 1971 1972 1973 1974 1975 1976
RAM 32 $13 $40 } 68 $146 $152 $267
Dynamic e 2 13 39 60 97 115 205
Static A | 0 1 8 49 37 62
ROM b - 8 20 30 50 67 73 88
EPROM 0 0 1 5 17 29 43
EAROM ¢ 0 0 0 0 0 2
CcCD 1] 0 0 1] 0 1 3
Shift Register 10 20 26 34 50 40 41
Total MOS Memory $20 $53 397 3157 $280 $2585 $444
Compound Annual
Growth Rate
1977 1978 1979 1980 1981 1977-1981
RAM $343 $420 3446 $498 $558 12.9%
Dynamic 264 326 338 369 414 11.9%
Static 79 94 108 129 144 16.2%
ROM 103 121 135 160 175 14.2%
EPROM 61 90 96 104 122 18.9%
EAROM 5 8 9 11 14 29.4%
cCh ) 8 25 41 T 120 96.8%
Shift Registex 38 32 25 22 18 {17.0%)
Total MOS Memory $558 $696 3752 $866 $1,007 15.9%
Source: DATAQUEST, Inc.

and dollars while the 16K dynamic RAM mar-
ket is gaining momentum. We estimate that the
64K RAM will be introduced in 1978 with
small sample quantities, but production will not
begin until 1979 with an estimated 800,000 un-
its.

Note that the average selling price of the
1K dynamic RAM is expected to remain rela-
tively flat between 1977 and 1981. This fiatness
is due to the fact that it is still used in many old
designs, but there is no incentive for the few

2.36-8

suppliers of this part to reduce prices on this
dying part. The 4K, 16K, and 64K average
selling prices are expected to decline 30 to 40
percent each year through 1981.

Static MOS RAM Consumption

Table 2.8.6-5 shows estimated worldwide
static MOS RAM consumption for the years
1973 through 1981. Consumption estimates for
the years 1973 to 1976 are shown for historical

Copytight @ 7 October 1977 by DATAQUEST 85



2.8.6 Semiconductor Memory Markets

Value (Dollars in Millions)
1K
4K
16K
64K

Total Bynamic RAMs

Units (Millions)
1K
4K
16K
64K

Average Selling Price
1K
4K
16K
64K

Value (Dollars in Millions)
1K
4K
16K
64K

Total Dynamic RAMs

Average Sefling Price
1K
4K
16K
64K

1971

$13
0

9

1977

$ 28
204
32

$264

11.0
48.0
1.7

$ 250

5 425

$1%.00
N.A.

Table 2.8.64
ESTIMATED WORLDWIDE DYNAMIC MOS RAM CONSUMPTION

1972

$39
0

0

1978

315
200
110

1

5326

1.0
570
16.0

202

$ 220
% 3.50
$11.00
$55.00

N.A.: Indicates that product was not yet introduced.

1973

——

$59

$7.25
N.A.
N.A,
N.A.

1979

$ 10
150
150

28

$338

5.0
50.0
20.0

$ 2,00
$ .00
$ 7.50
$35.00

1974

$83
14 -

0

0

397

166

(=]

$369

$ 190
$ 260
3 5.20
$16.00

1975

$ 70
45

$3.50
$9.00
N.A,
N.A.

1981

$ 2

182
144

$414

1
38
48
12

$ 180
$ 225
$ 3.80
$12.00

1976

$ 42
161

$205

14.0
28.0
05

$ 3.00
$ 575
$30.00

Source: DATAQUEST, Inc.
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2.8.6 Semiconductor Memory Markets

significance. The total dollar value, units, and
average selling prices are shown for the 1K,
4K, and 16K static RAMs. The year of 1977 is
estimated to be the peak year (in both units
and dollars) for 1K static RAMs, since the 4K
statics are gaining production volume. We ex-
pect that the 4K static RAM will generate the
most dollar value in the static MOS RAM mar-
ket in 1978 to 1980. By 1981, we expect the
16K static RAM to be the leading dollar value
product. We expect to see the first 16K static
RAMS in late 1978, with production beginning
in 1979.

MOS EPROM Consumption

Table 2.8.6-6 shows estimated MOS
EPROM consumption for the period 1974
through 1981. Again, prior years are shown for
their historical significance. We estimate that
the 2K EPROM will peak out in unit volume in
1977; 8K EPROMSs should peak out in 1978,
We expect the 16K EPROM to be available
only in smalil quantities in 1977, with pro-
duction increasing in following years. By late
1979 or early 1980, we expect to see the first of
the 32K EPROM devices. Average selling
prices of EPROMs are falling rapidly in 1977
after the prices held relatively high levels
through 1976 because of limited competition.

Table 2.8.6-5
ESTIMATED WORLDWIDE STATIC MOS RAM CONSUMPTION

1973 1974 1975 1977 1978 1979 1980 1981
Value (Dollars in Millions)
1K $8 $49 $35 852 $44 $ 38 $ 29 20
4K 0 0 2 27 48 48 57 43
16K 0 0 0 0 2 22 43 81
Total Static
RAMs $8 $49. $37 379 $94 $108 $129 $144
Units (Millions)
1K 0.9 96 12.7 271 242 23.0 18.0 13.0
4K 0 0 06 3.0 8.0 10,0 14.0 12.0
16K 0 0 0 0 A 1.0 5.0 12.0
Average Selling Price
1K $8.80 $5.10 $ 2.75 $ 2.00 $1.92 3 1.82 $ 165 $1.61 $1.54
4K N.A. N.A. $30.00 $15.00 $9.00 $ 600 $ 4.80 $4.10 $3.60
16K N.A, N.A. N.A. N.A. N.A. $13.00 $11.00 $8.50 $6.75
N.A. Indicates that product was not yet iniroduced.
Source: DATAQUEST, Inc.
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2.8.6 Semiconductor Memory Markets

Table 2.8.6-6
ESTIMATED WORLDWIDE MOS EPROM CONSUMPTION
1974 1975 1976 1977 1978 1979 1980 1981
Value (Dollats in Millions)
2K (1702 Type) 317 521 $12 $10 $4 33 3 1 $ 1
8K (2708 Type) 0 8 31 45 60 36 21 13
16K (2716 Type) 0 1] 0 6 26 33 60 70
32K 0 0 0 ¢ 0 4 22 38
Total $17 $29 $43 361 $90 196 104 $122
Units (Millions)
2K 0.3 1.0 2.0 1.2 1.0 .5 2
8K ¢ .1 3.0 6.0 4.5 3.0 20
16K 0 0 Jd 1.2 3.5 5.0 1.0
32K 0 1] 0 0 N 8 2.0
Average Selling Price
2K $57.00 $21.00 $ 8.00 § 5.00 $ 3.50 $ 300 $ 280 3250
BK N.A. $80.00 $£52.00 $15.00 $10.00 $ 8.00 $ 7.00 $ 650
16K N.A, N.A. N.A. $55.00 $22.00 $15.00 $12.00 $10.00
32K N.A. N.A. N.A. N.A. N.A. 340,00 $28.00 $19.00
N.A. Indicates that product was not yet introduced.
Source: DATAQUEST, Inc.

CCD Consumption

Table 2.8.6-7 shows estimated CCD con-
sumption for 1976 through 1981. The 64K bit
CCD was introduced in 1977; however, signif-
icant production quantities are not expected un-
til 1978 and 1979. By 1979, we expect to see
smalil quantities of a 256K bit CCD memory.
The CCD average selling prices are expected to
fall from the range of 50 millicents per bit in
1977 to nine millicents per bit by 1981, which
represents a compound annual price decline of
35 percent.

SIS Copyright ® 7 Octaber 1977 by DATAQUEST

Applications of MOS Menmory

MOS memory finds its applications in four
major areas; computers, industrial. government
and military, and consumer.

Computer Memory Applications

The estimated end markets for MOS mem-
ories are shown in Table 2.8.6-8. The computer
memory applications include mainframes. mini-
computers, terminals, and peripherals. In 1977.
we expect computers to represent 82 percent of
the total MOS memory usage. falling off to an
expected 57 percent of the total in 1982. To-
day, the main storage area of large mainframe

256-11
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Table 2.8.6-7
ESTIMATED WORLDWIDE CCD CONSUMPTION

1976
Value (Dollars in Miilions)
16K $3
64K 0
256K 0
Total CCDB 3.3!
Uniés (Millions)
16K A5
64K 0
256K 0
Average Selling Price
16K $20.00
64K N.A,
256K N.A.
N.A. Indicates that product was not yet infroduced.

$ 8.00
$30.00

1978 1979 1980 1981
35 $7 $2 b |
- 20 24 32 57
0 10 37 62
$25 341 371 $120
1.0 2.0 1.0 -5
1.2 2.5 5.0 10.0
0 .2 1.2 2.9
3 4.80 $ 350 $ 2.20 $ 1.85
$17.00 ¥ 960 $ 640 $ 5.75
N.A, $50.00 $31.00 $23.00

Source: DATAQUEST, Inc.

computers ranges in size from two to eight
megabytes with some going as high as 16
megabytes. An eight megabyte memory with
error correction uses 18,000 to 20,000 4K
RAMSs. New memory designs are incorporating
the 16K RAM to cut the device counts down by
a factor of four. Smaller mainframes and mini-
computers have main storage areas ranging in
size from 8K bytes to one megabyte and use
the 4K dynamic RAM. Their new memory de-
signs are also rapidly incorporating the 16K
RAM.

The 4K static RAMs, which were intro-
duced in 1975, are finding very wide use in add
on memories. The new fast 4K statics are in es-
pecially high demand by manufacturers of com-
puters. These fast 4K statics are also finding
wide acceptance in buffer and cache memory
markets—a market previously dominated by bi-
polar RAMs. The competition between MOS
and bipolar memory in the fast memory mar-
kets will be discussed in more detail later.

23612

Terminals and peripherals range from gen-
eral purpose intelligent terminals to dedicated
point of sale terminals— as well as discs, tapes,
and other peripherals that require memory in
their controllers. In these applications. the 1K
and 4K static MOS RAMs have become very
popular because they require no refresh circuits
and are thus ecasier to implement. The 4K and
16K dynamic RAMs are also used, as well as
the 8K EPROMs. ROMs are widely used in ter-
minals to store the microprocessor program
code. The amount of ROM code per terminal
varies widely from 4K bytes to 48K bytes and
is increasing rapidly as more capability is con-
stantly being added to terminals.

Industrial Applications

The industrial market includes communi-
cations, industrial controls, test instruments,
and office equipment. Communications equip-
ment is just beginning to switch over 1o exten-

Copyright @ 7 Ocwber 1977 by DATAQUEST w8



2.8.6 Semiconductor Memory Markets

1977
Computers $457
Mainframes
Minicomputers
Periphorals
Terminals

Industrial 84
Communications
Control
Instruments
Office Equipment

Government & Military 6
Aeroepace
Communications/Navigation
Defense

Consumer 11

Total $358

Table 2.8.6-8

END MARKETS FOR MOS MEMORY
{Dollars in Millions)

1978 1979 1980 1981

$522 3526 $546

$696 $752 L)

i 54

125 150 199 262

14 23 43 60

is 53 78 111

$1.007

Source: DATAQUEST, Inc.

sive use of semiconductor memory. Both on-site
PABX equipment and local office electronic
switching systems now incorporate 4K dynamic
RAMs. The large number of PABXs and local
exchanges makes a potentially very large mar-
ket. Industrial controls use static and dynamic
RAMs for work space as well as EPROMs and
ROMs for program storage. Typically, more
bits of ROM/EPROM are used than RAM bits.
RAM storage requirements range from 1K to
4K bytes whereas ROM/EPROM requirements

SIS Copyright @ 7 Ociober 1977 by DATAQUEST

can range from 2K or 4K bytes up to 8K or
16K bytes.

Instruments also use both volatile RAM
storage and nonvolatile ROM/EPROM storage.
The amount of storage required varies with the
instrument and application but are in the same
ranges as those listed above for industrial con-
trols. Both industrial controls and instruments
are very good markets for memory because of
the hundreds of thousands of units produced
each year.

134613
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Office equipment includes all types of spe-
cial banking, bookkeeping, and accounting
equipment as well as word processing equip-
ment. Word processing equipment typically
uses 24K to 48K bytes of ROM program stor-
age plus several K bytes of RAM storage. The
other specialized office equipment uses both
RAM and ROM storage in quantities per sys-
tem that are similar to those for instruments
and controls. Office equipment, especially word
processing, offers a very attractive growth mar-
ket for MOS memory.

Government and Military Applications

Government and military applications in-
clude aerospace, communicatiens, and naviga-
tion, as well as defense requirements. Both the
government and the military have used core
memory and tape recorders almost exclusively
until the last couple of years. They are now
slowly switching over to the use of MOS mem-
ory in selected areas. Much of the new commu-
nications and navigation equipment for the
FAA and other agencies is now using MOS
memory. The military is now beginning to ac-
cept MOS RAM memory in some applications
although they still depend heavily on core
memory. Aerospace applications are also slowly
converting to MOS memory. These markets
range from | percent of the total MOS memory
market in 1977 to 6 percent of the total in
1981.

Consumer Applications

The fourth application area for MOS
memory is the consumer market which includes
but is not limited to audio, CB, calculators,
games, television, and watches. The major users
of memory are the programmable video games
and the new electronic board games, plus cal-
culators—both hand-held and desk-top models.
Although each application uses only a-few K

x56-14

bytes of memory— generally ROM memory for
program storage—the total number of units
used runs into the millions.

MOS Market by Process Technology

There are four process technologies within
the MOS memory market—NMOS, PMOS,
CMOS, and SOS. Table 2.8.6-9 shows the MOS
RAM market forecast by process technology.
NMOS became the dominant technology in
1975 and is expected to maintain the mujor
portion of the MOS RAM market. We do not
expect the SOS technology to be widely used
for memory applications because of its higher
costs. There will be limited applications, how-
ever, where the use of SOS memory is worth
the added cost. The use of CMOS technology
for RAMs is increasing because of more de-
mand for low power memories. The CMOS
RAMs are used in battery powered applications
(calculators, games, etc.) and in conjunction
with CMOS microprocessor chips sets.

Market for Bipolar Memory

Market by Device Type

The estimated consumption of bipolar
memory is shown in Table 2.8.6-10. Bipolar
memory consumption is estimated to increase
from $195 million in 1977 to $305 million by
1981, a compound annual growth rate of 11.8
percent. Bipolar RAMs are expected to grow at
14.3 percent annually; ROMs and PROMs are
expected to grow at 9.8 percent annually. This
somewhat slower growth for the total bipolar
memory market compared to the MOS memory
market is partially due to the fierce competition
it is facing from dynamic and static MOS
RAMs. This will be a key issue in the future
and is addressed later in this section. It is also
due to the higher average selling price that a

Copyright © 7 October 1977 by DATAQUEST SIS
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Table 2.8.6-9 ,
ESTIMATED WORLDWIDE MOS RAM CONSUMPTION BY
PROCESS TECHNOLOGY
(Dollars in Millions)

1977 1978 1979 1980 1981

NMOS $291 $370 $395 $438 $48)
PMOS 26 10 4 2 2
CMOS 22 34 40 a8 60
s08 _t © _7 LI
Total MOS RAMs $343 $420 5446 $498 $558

Source: DATAQUEST, Inc.

bit of bipolar memory commands over MOS Applications for Bipolar Memory
memory because of its higher performance,
Bipolar memory applications are seg-
. mented into four areas: computers, industrial,
government and military, and consumer as

Table 2.8.6-10
ESTIMATED WORLDWIDE BIPOLAR MEMORY CONSUMPTION
1970 1971 1972 1973 1974 1975 1976
Bipolas
RAM £9 516 $28 336 § 48 340 $ 55
ROM/PROM 4 7 11 38 64 58 80
Total Bipolar Memory $13 $23 $39 5714 3112 398 $135
Compound Annual
Growth Rate
1977 1978 1979 1980 1981 1977-1981
Bipolar
RAM 385 3110 3115 $125 $145 14.3%
ROM/PROM 110 120 125 140 160 9.8%
Total Bipolar Memory $195 $230 $240 $265 8308 11.8%
Source: DATAQUEST, Inc.

SIS Copyng @ 7 Ocreber 1977 by DATAQUEST 28618
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shown in Table 2.8.6-11. Computers include
mainframes, minicomputers, terminals, and pe-
ripherals, and consume 85 percent of the total
bipolar market in 1977, falling to an estimated
74 percent in 1981. Bipolar devices are high
speed devices and, as such, are used extensively
in buffer and cache memories within main-
frame CPUs; they are also used in some very
high speed main memories for high perform-
ance mainframe and minicomputer systems,
and in the input/output channel buffers associ-
ated with mainframes. These buffers require the
high speed of bipolar RAMs but do not use
large amounts of memeory.

Terminals and peripherals represent a
smali portion of the computer category. Bipolar
memory is used in those terminal and periph-
eral applications that require higher speeds;
such as input/output buffers to high speed
mainframes.

Industrial applications include communica-
tions equipment, industrial controls, test instru-
ments, and office equipment. This segment uses
an estimated 14 percent of the total bipolar
memory market in 1977, growing to an esti-
mated 20 percent in 1981. Bipolar memory is
used in small quantities and only where its
higher speed is required. This is primarily in
the input/output channels and those areas re-
quiring high speed computation, buffering, or
refresh. :

Government and military applications use
an estimated 1 percent of the total in 1977,
growing to an estimated 5 percent of the total
in 1981. This market is not expected to be a
significant market for bipolar memory.

The consumer markets for bipolar memory
are not expected to exceed 1 percent of the to-
tal in 1981. Consumer applications do not need
the higher speed and performance of bipolar
memory.

22.6-16

Factors in the Marketplace

MOS versus Bipolar

MOS and bipolar have been and are ex-
pected to remain the major technologies in the
semiconductor memory business. In 1977, MOS
represents 74 percent of the estimated semicon-
ductor memory market; this percentage is ex-
pected to increase to 77 percent by 1981 as
shown in Table 2.8.6-12.

There will, however, be continuing compe-
tition between MOS and bipolar memory for
commonly served markets. Intense competition
is developing between high speed static MOS
RAMSs and bipolar RAMs.

The relatively lower power consumption of
MOS devices, and especially CMOS devices, is
an important factor in their favor. Some of the
new static MOS RAMs have a standby mode
that enables them to consume far less power
than competing static RAMs. For example. the
Mostek 4104 (4K static) dissipates 125 milli-
watts maximum in the standby mode comparcd
to 710 milliwatts for the standard 2114 device.
which does not offer the standby mode. These
considerations are quite important in power-
limited applications such as portable terminals.

High Speed Memory

In 1976 and early 1977, significant ad-
vances were made in N-channel NMOS tech-
nology. Design and processing advances have
enabled manufacturers to offer static and dy-
namic MOS RAMs whose access time is com-
petitive with that of bipolar RAMs. For exam-
ple, 120 nanosecond access times for 4K RAMs
and 150 nanosecond access times for 16K
RAMs are a production reality in mid-1977. By
mid-1978 these access times are expected to
drop to the range of 100 nanoseconds for both
4K and 16K RAMS. 4K static RAMs are now

Copyright © 7 October 1977 hy DATAQUEST 58
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1977
Computers 5166
Mainframes
Minicomputers
Peripherals
Terminals

Industrial 27
Communications
Control
Instruments
Ofiiice Equipment

Government & Military 2
Aerospace
Commiunications/Navigation
Defense

Consumer 0
Audio
CB
Calculators
Games
TV
Waiches

Total $195

Table 2.8.6-11

END MARKETS FOR BIPOLAR MEMORY
(Dollars in Millions)

1978 1979 1980 1981

5191 §195 5204 $226

33 38 48 61

$230 $240 $265 Satis

Source: DATAQUEST, Inc.

available with access times of 50 to 70 nanosec-
onds. These access times are competing with bi-
polar RAMs whose access time is in the range
of 5 to 50 nanoseconds. Since MOS devices
consume less power than their bipolar counter-
parts, they are a very attractive alternative
when speed and power are important parame-
ters. Furthermore, N-channel MOS devices ap-
pear to have cost advantages over bipolar de-
vices.

The primary competition in high speed

. Cepyright ® 7 October 1977 by DATAQUEST

MOS memories is coming from Intel, Insersil,
Mostek, and several Japanese firms. We expect
that other firms will be offering competing high
speed products within the next year.

The technology used to achieve these
higher speeds in MOS devices includes im-
proved sensing circuitry, depletion enhance-
ment, double poly, full ion implantation,
smaller line widths, and thinner oxides. Each of
these techniques is evolutionary rather than
revolutionary. We expect that continued pro-

28617
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Table 2.8.6-12
ESTIMATED WORLDWIDE SEMICONDUCTOR MEMORY CONSUMPTION
Pollars in Millions

1970 1971 1972 1973 1974 1978

MOS Memory $20 $53 $ 97 $157 $280 $295

Bipolar Memory 13 23 39 74 112 98
Total Semiconductor - - —

Memory $33 $76 $136 $231 $392 $393

Percent of Total
MOS Memozy 61% T70% 1% 68% 1% 75%
Bipolar Memory 3% 30% 29% 32% 2%% 5%
Dollars in Millions

1976 1977 1978 1979 1980 1981
MOS Memory §444 $558 3696 $752 $ B66 $1,0607
Bipolar Memory 135 195 230 240 265 305

Total Semiconductor
Memory $579 3753 $926 $992 $1,131 $1.312
Percent of Total

MOS Memory 717% 4% 75% 76% 1% 1%

Bipolar Memory 23% 26% 25% 24% 23% 23%
! Source: DATAQUEST, Inc.

gress will be made on making MOS devices
faster; consequently, by 1979, 50 nanosecond
4K RAMs should be available as well as 50 to
75 nanosecond 16K RAMs and 75 to 110 na-
nosecond 64K RAM:s.

By 1978, static RAM access times are ex-
pected to be under 35 nanoseconds for 1K
static devices and under 50 nanoseconds for 4K
static devices. It it is conceivable that these
speeds could be even faster. With this constant
pressure from the MOS devices in terms of

286-18

speed, power, and cost, bipolar devices will be
pushing the one nanosecond barrier with in-
creasing emphasis.

Static versus Dynamic Memory

Static and dynamic memory serve some-
what separate markets. Dynamic memory is
used primarily in mainframe and minicomputer
memory systems where speed, power, and cost
are important considerations. Cost is usually the

Capyright @ 7 October 1977 by DATAQUEST S1s
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overriding factor in choosing dynamic memory
because when large amounts of memory are
used, a cost savings at the component level of
20 to 30 percent can be realized.

Static memory is used in terminals, caicula-
ters, instruments, and add on memories for use
with large mainframe computers Statlic mem-
ory ri q.ares no refreshing as does dynamic
memory: thus, it is easier to use. Furthermore,
clocked static memories have a standby mode
that can « onsiderably decrease the power con-
sumption of the memory system.

Table 2 &.6-13 shows the total MOS RAM
market as well as the share of market for dy-
namic and «tatic RAMs expressed in millions of
dollars and as a perccit of the total. We believe
the relative percentages will remain fairly con-
stant through 1981, although such unsettling
forces as greatly expanding static memory mar-
kets could change the mix.

Impact of Core Memory

In the 1960s, core memory was the domi-
nant memory device. Other memory devices in-
cluded plated wire and twistor memories. In the
mid-1960s, the first sé miconductor mem:.rv
made its appcarance. Unul 1974, magnetic
cores were supplying the majonty of memory
bits; then, in 1974, semicondu-tor memor; t:.0k
the lead away from core memory and th: gap
has been widening e er zincc. These trend~ are
shown in Table 2 8.6 14. which provides est:-
maied semiconductor and c.re bit consumption
from 1970 to 1981. In 1970, core memory rep-
resented an estimatcd 96 percent of the total; in
1981, core memory is expected to represent
only 3 percent of the estimated total. This dras-
tic shift in a period of 11 years is the result of
the continued price decline of semiconductor
memory. The estimated component level price
of core and semiconductor memory on a per hat
basis is shown in Figure 2.8.6-1. It is this dra

Table 2.8.6-13
ESTIMATED WORLDWIDE DYNAMIC AND STATIC MOS
RAM MEMORY CONSUMPTION

Dollars in Millions
1976 1977 1978 1979 1980 1981
Dynamic MOS RAMs §$205 3264 $326 $338 $369 $414
Static MOS RAMs 62 79 94 108 129 144
Total MOS RAMs $267 $343 $420 $446 $498 $558

Percent of Total

Dynamic MOS RAMs T 7% 78% T6% T4% 4%
Static MOS RAMs 23% 23% 22% 24% 26% 26%
Sowrce: DATAQUEST, Inc.

SIS Copyright @ 7 October 1977 hy PDATAQUEST
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matic change in price that has initiated the
transition of the bulk of memory to semicon-
ductor devices. Accompanying this price decline
has been lower power per bit and higher pack-
ing density that results in savings at the system
level.

Price

The estimated average selling price of
MOS RAM and EPROM memories is shown in
Table 2.8.6-15. It should be emphasized that
these prices are average selling prices and that
high volume quotes for a device fall below
these numbers. The prices of EPROMS have
been especially volatile in 1977; prices have de-
creased about $1 each month. The 3K EPROM
in quantities.of 1,000 began the year in the mid
$20 range and is expected to be at $10 by year
end 1977.

- The price of semiconductor memory is on
a predictable learning curve. Historically, mem-
ory prices have been falling 30 to 40 percent
cach year. We expect this trend to continue at
least through 1981. )

COMPETITION

Competitive Environment

Semiconductor memories have become one
of the fastest growing and thé most competitive
segments of the semiconductor business. Intel
pioneered this market and remains a market
leader. Since the early 1970s, however, essen-
tially every semiconductor company that manu-
factures integrated circuits has joined the mem-
ory race. Intel, Mostek, and Texas Instruments
are acknowledged leaders in the MOS memory
market; Fairchild and Signetics are the major
leaders in the bipolar memory market.

In the past, the memory market was domi-
nated by only a few products. If a company

2.8.6-20

had one or two of these products, it could par-
ticipate to a large degree in the memory mar-
ket; however, this is no longer true. Now a
company must have a very broad offering of
products to participate actively in the memory
market. Intel, Mostek, and Texas Instruments
all have, or are working toward, a very broad
product line. Several Japanese firms—including
NEC, Hitachi, and Fujitsu—are also working
toward this end. Currently, the share of the
market enjoyed by the Japanesc companies is
relatively low when compared to that of the
American firms. The Japanese government and
the Japanese firms, however, are investing an
estimated $250 million over the next three
years in research and development directed at
improving their Very Large Scale Integration
(VLSI) capability. For this reason, they must
be considered a potential major competitor in
memory components.

Market Shares of Major Suppliers

MOS Marker Shares

Table 2.8.6-16 shows our market share es-
timates for the major producers of MOS mem-
ory for the period 1973 through 1576. Intel had
a 39 percent share of the 1974 RAM market
and a 100 percent share of the 1974 EPROM
market. After 1974, activity in the MOS mem-
ory market increased markedly as witnessed by
the larger number of participants in 1975 and
1976. Table 2.8.6-17 shows market share esti-
mates in the MOS memory market by percent
of total market. In this table, the relative posi-
tions of the competitors are evident. Although
Intel has lost market share (from 30 percent of
the total MOS market in 1974 to 25 percent ol
the total in 1976}, its dollar total has increased
from an estimated $84 million in 1974 to an es-
timated $110 million in 1976.

In 1976 the leaders in the MOS memory

Copyright © 7 October 1977 by DATAQUEST BIS
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MOS Memory
RAM;s
Dynamic
Static
ROMs
EPROMs

Bipolar Memory
RAMs
ROM/PROM

Total S8emiconductor

Memory
Total Core Memory

MOS Memory
RAMs
Dynamic
Static
ROMs
EPROM;s

Bipolar Memory
RAMs
ROM/PROM

Total Semiconductor

Memory
Total Core Memory

1970
1.3
0.1
o1

N.A.
1.2

N.A.

1.0
0.5
0.5
23
50.0

1976
267.7
155.1
126.8
28.3
104.3
7.8

82.2
28.9
53.3

349.9
74.0

Table 2.8.6-14

(Bits in Billions)

1977

482 .
269
230

183
30

161
61
100 -

643
84.0

N.A. Indicates that product was not yet introduced,

16.2
60.0

ESTIMATED SEMICONDUCTOR AND CORE
' MEMORY BIT CONSUMPTION

1973

34.2
9.0
8.1
0.9

5.0

144
58

48.6
65.0

405
155
250

1,697
104

1974

77.4
290
19.4

9.6
47.8

29.5
10.7
18.8

106.9
72.0

1980

2,284
1,153

154
1,000
131

600
250
350

2,884
118

1975

1221
53.0
40,0
13.0
65.3

310
138
232

159.1
68.0

1981

3,926
1,942
1,689

1,192
192

1,050
410
640

4,976
135

Source: DATAQUEST, Inc.
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Table 2.8.6-15
ESTIMATED AVERAGE SELLING PRICES OF MOS MEMORY
(Millicents per Bit)
1975 1976 1977 1978 1979 1980 1981
MOS Dynamic RAMs
1K 350 300 250 220 200 150 180
4K 225 144 106 88 75 65 56
16K N.A, 188 11% 75 47 33 24
64K N.A. N.A. N.A, 85 55 25 19
MOS Static RAMs “
1K (weighted
average) 275 200 192 182 165 161 154
4K 750 375 225 150 120 103 90
i6K N.A, N.A. N.A. 113 69 53 42
MOS ROMs
4K 118 95 75 55 40 26 N.A,
8K 100 82 65 45 35 25 N.A,
16K N.A. 80 40 30 22 16 14
32K N.A. N.A. 50 35 22 15 12
64K N.A, N.A. 70 50 28 14 10
128K N.A. N.A. N.A. 60 36 18 2
MOS EPROMs
2K 1,050 400 250 175 150 140 125
8K 1,000 650 188 125 100 88 81
- 18K N.A, N.4, 344 138 94 75 63
K N.A. N.A, N.A. N.A. 125 88 39
N.A. Indicates product not available
Source: DATAQUEST, Inc.

market were Intel, Texas Instruments, and
Mostek with an estimated 25, 11, and 8 percent
share of the market respectively. Japanese firms
collectively had an estimated 7 percent of the
MOS market while European firms collectively
had 3 percent. The interesting question for the
future is which firm will have the dominant
market share.

28622
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Bipolar Market Shares

Table 2.8.6-18 shows our market share es-
timates for the bipolar memory market in mil-
lions of dollars for the period 1974 to 1976.
Table 2.8.6-19 shows bipolar memory market
share estimates expressed as a percent of the
total.

Fairchild is the dominant participant in
this market, with a 25 percent share of the
1976 bipolar memory market. Signetics and
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Monolithic Memories followed with a 16 and
14 percent share of the total market in 1976.
Within the bipolar RAM market, Fairchild had
a very dominant 45 percent share of the market
in 1976, followed by Signetics with 22 percent.
In the 1976 ROM/PROM market, Monolithic
Memories was the leader with 23 percent fol-
lowed by Harris with 19 percent.

Future Competitive Factors

Several important factors will eventually
affect the semiconductor memory market. These
factors include the potential impact of Japanese
semiconductor firms, competitive moves by
IBM, and problems related to standardization.

Impact of Japanese Firms
The Japanese government has been fund-

ing basic research and development of VLSI
(Very Large Scale Integration) for several

years. Japanese firms are now entering the
American market with high quality and high
speed N-channel MOS random access memory.
In 1977, they have made significant shipments
of 4K RAMs to U.S. firms. We expect them to
become a major factor in the worldwide mem-
ory markets over the next five years.

Impact of IBM

IBM computers still use the basic 2K bit
static N-channel MOS memory chip, which was
introduced by IBM in 1972. Four of these chips
are packaged into a single 8K bit memory
module. This memory module forms the mem-
ory for most of IBM’s computer systems today.
IBM is expected to make a change in its mem-
ory components soon to upgrade to the 16K or
64K chip. What IBM does will set some stan-
dards for semiconductor memory and have an
impact on the memory market. The recent
heavy demand for IBM computers is placing

Table 2.8.6-18
ESTIMATED MARKET SHARES OF BIPOLAR MEMORY PRODUCERS
{Dollars in Millions)
Total RAMs ROMs/PROMs

1974 1975 1976 1975 1976 1974 1975 1976

Fairchild $23 $21 $ 34 $18 $16 $25 $ 3 $5 $9
Harris 12 10 15 0 o 0 12 10 15
Inted 9 8 g 2 1 1 7 7 3
Intersil 13 8 10 8 5 4 5 3 6
MMI1 21 17 19 3 l 1 K 18 16, 18
Motorola 1 1 3 1 1 3 1] 1] 0
National 2 2 5 1 1 2 1 l 3
. Signetics 10 8 22 5 4 12 5 4 10
TI 12 9 16 5 4 6 7 3 10
Others 9 14 2 § 7 1 4 7 1
Total $112 598 $135 548 $40 $55 564 358 380
Source: DATAQUEST, Inc.
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Table 2.8.6-19

ESTIMATED MARKET SHARES OF BIPOLAR MEMORY PRODUCERS
{Percent of Total)

Total RAMs ROMs/PROMs
1974 1975 1976 1974 1975 1976 1974 1975 1976
Fairchild 21% 21% 25% 8% 40% 45% 8% 9% 11%
Harris 10 10 11 0 0 0 19 17% 19%
Intel 8 8 7 4 3 2 11 12% 10%
Intersil 12 8 7 17 12 7 8 5% 8%
MMI 19 18 14 3 3 2 28 28% 23%
. Motorola 1 1 2 2 3 5 0 0% 0%
National P 2 4 2 3 4 1 2% 4%
Signetics 9 8 16 10 10 22 8 7% 12%
- Tl 10 9 12 10 10 11 11 8% 12%
Others ) 8 15 2 10 16 2 6 12% 1%
Total 100% 100% 100% 100% 100% 100% 100% 100% 100%
Source: DATAQUEST, Inc.

extreme requirements on the IBM semiconduc-
tor facilities to produce the necessary memory
modules and memory boards. The impact of
this heavy demand will most likely precipitate
an upgrade of the IBM memory module and
thus have an impact on the add-on memory
business.

Need for Standardization

Standards for memory components have
been and will probably always continue to be a
problem among semiconductor manufacturers.
Although the 16-pin 4K NMOS memory pack-
age appears to be standard, it is not; several
performance differences exist in the various 16-
pin configurations. Therefore, there is a need
for greater standardization, but it is expected
that this need will be satisfied very slowly.

At present, Mostek has a competitive ad-
vantage because—in the 4K and 16K RAMs—
its pin configuration and performance specifi-
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cations have become the industry standards.
TECHNOLOGY FORECAST

MOS technology is expected to continue its
record pace of development over the next five
years. Major advances expected include an im-
aging and processing capability to enable the
patterning of two-micron lines and gaps needed
for the 64K dynamic RAM. Furthermore,
processing and design enhancements are ex-
pected that will enable dynamic MOS RAMs to
have sub-100 nanosecond access times by 1978
and static MOS RAMs to have sub-40 nanosec-
ond access times by 1978. Additionally,
E-Beam technology is expected to be available
on a production basis by 1980 to enable the ev-
olution to the 256K dynamic RAM.

In bipolar technology, major advances are
expected in low-power Schottky and very fast
ECL (less than one nanosecond access time).
Bipelar technology is under pressure to offer
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speed advantages because NMOS technology is faster speeds are the main advances expected in
already approaching the access times available bipolar devices.
with TTL technology. Higher densities and
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SUMMARY

The add-on memory market consists of
memory products added to computer systems
after they are installed in the field. This need is
created as new applications are added to the
system, or as the volume of data being pro-
cessed increases. The market is directly related
to the installed base of computer CPUs and in-
cludes memory boards and systems added to
the CPUs of IBM and the other large main-
frame suppliers, as well as Data General, Digi-
tal Equipment Corporation (DEC), and other
minicomputer manufacturers.

The market can be segmented into three
submarkets. The first is the end-user-oriented
market for adding memory to IBM 360, 370,
and System 3 computers. In 1976, this market
had an end-user equipment sales value of $140
million and an OEM value of $72 miilion; by
1981, it is projected to grow to $280 million
end-user if-sold value and $135 million OEM.
This market is primarily semiconductor mem-
ory systems for addition to IBM system 370
computers. The manufacture of 360/370 add-
on memory i dominated by semiconductor
suppliers such as Intel, Intersil (formerly Ad-
vanced Memory Systems), and National Semi-
conductor; marketing and leasing are handled
by third parties such as Computer Investors
Group (CIG), Control Data Corporation
(CDC), Itel, Memorex, and Storage Technol-
ogy Corporation (STC).

The second market segment is the add-on
products for general purpose mini and micro-
computers. These systems have well-defined
card cage sizes and elecirical interfaces that
make possible ‘“add-in’” memories which fit in-
side the CPU enclosure and derive their power
from the CPU power supply. The primary tar-
get in this market is the large installed base of
DEC PDP-11 and PDP-8 processors. Add-on/
add-in products are available for ail popular
minicomputers. This market is currently domi-

nated by core suppliers, including the core sys-
tems manufactured by Data General and DEC.
This predominantly OEM market had esti-
mated sales of $52 million in 1976; the ex-
pected market size is $125 million by 1981.

The third market segment includes both
custom and standard memory modules and sys-
tems manufactured for dedicated systems. This
is the oldest and largest of the three segments,
with an OEM market size in 1976 of $120 mil-
lion that should grow to $290 million by 1981.
Like the minicomputer market, this segment is
served by over 30 manufacturers that offer over
100 standard memory boards, modules, and
systems employing both core and semiconduc-
tor technologies. The latter is rapidly increasing
market share. Market share is not highly con-
centrated.

The total add-on memory market is esti-
mated at $244 million in 1976; it should grow
at about an 18 percent compound annual rate
to an estimated $550 million in 1981. The
number of bits of memory shipped is expected
to grow even faster—from 41 billion bits in
1976 to 202 billion bits in 1981. This represents
a 37 percent compound annual growth rate in
bits shipped over the forecast period. The add-
on memory market is summarized in Table
2.8.4-1.

As the market shifts from core to semicon-
ductor due to the falling prices of semiconduc-
tor devices, the dollar volume of semiconductor
OEM memory systems is expected to grow from
$120 million in 1976 to $450 million in 1981.
This is about a 30 percent growth rate and an
expansion from 49 percent of the OEM dollar
market to 82 percent of the market by 1981.

The potential market for semiconductor
memory devices in add-on products is expected
to increase from $24 million in 1976 to just un-
der $77 million in 1981, which represents a 26
percent growth rate. In semiconductor memory
systems, the cost of the memory devices cur-
rently averages close to 20 percent of the OEM
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Table 2.8.4-1

SUMMARY OF ESTIMATED ADD-ON
MEMORY MARKET
1976-1981
(Dollars in Millions)

Compound
Annual
Growth
1976 1981 Rate
Total OEM Add-on
Memory $244 $550 17.7%
Core Add-on 124 100 -4.2%
Semiconductor Add-on 120 450 30.3%
Semiconductor Devices 24 17 26.3%
Devices as Percent of
OEM System Dollars 20% 17% -

Source: DATAQUEST, Inc.

sales price. Due to the increase in memory sizes
and the decreasing costs of semiconductors rel-
ative to other system components, this is ex-
pected to decrease to 17 percent by 1981. The
semiconductor memory content of add-on sys-
tems is primarily MOS devices, with some lim-
ited use of bipolar RAM in higher performance
cache memory systems.

Toward the end of the forecast period,
more intelligent memory systems will be intro-
duced that provide full management of large
memory systems under the control of a local
processor. Moreover, systems and boards utiliz-
ing CCPD and bubble memory devices should
be common by 1981.

INTRODUCTION AND BACKGROUND

Overview

Add-on memory refers to memory modules

or subsystems added to a computer system af-
ter it is in the field. Memory may be added to
large mainframes such as the IBM 360 and 370
series, as well as standard minicomputers and
microcomputers such as those manufactured by
Data General and DEC. The term ‘‘add-on™
generally is used to describe a stand-alone sub-
system attached to the host system as a replace-
ment for, or in addition to, the original system
main memory. A similar term—“‘add-in” mem-
ory—refers to circuit cards containing addi-
tional memory inserted in the card slots in the
CPU. This latter type of memory usually draws
its electrical power from the power supply in
the host. Add-on and add-in memory products
are supplied by the computer system manufac-
turers as well as a number of independent sup-
pliers of memory systems.

The add-on memory market is a direct
function of the installed base of computer sys-
tems as opposed to the market for main mem-
ory for use with new system shipments. Add-on
memory must be electrically, and in the case of
add-in memory, physically compatible with the
memory originally shipped with the system.

Each computer manufacturer has devel-
oped policies for handling maintenance and
service of its CPUs with ““foreign’ memory at-
tachments. In the case of large IBM-oriented
systems, the memory system can be made
transparent to the CPU by software; therefore,
it is not attached to the system during mainte-
nance operations. Many smaller systems are
under third-party maintenance agreements,
and the computer manufacturer is no longer re-
sponsible for the system operation or reliability.

Market Segmentation

The add-on memory market is divided
into three segments for this analysis and fore-
cast. The first segment is the large mainframe
add-on memories for systems such as the IBM
360 and 370. Add-on memory is also available
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for mainframes of other manufacturers and the
1IBM System 3. The second segment is the mar-
ket for memory systems and modules for use
with general purpose minicomputers and mi-
crocomputers. Such products must be bus-com-
patible with the host mini or micro; for add-in
products, they must also fit the card rack inside
the CPU. The third segment includes custom
memory modules and systems, as well as stan-
dard products that do not meet any general
CPU interface standard.

Market Development

The large mainframe market evolved in re-
sponse to the need for memory extension to the
aging 360 series computers during the time of
the introduction of the 370 series. During this
time {in the early 1970s), the non-IBM owners
of 360s {e.g., users who had purchased systems
and the third-party leasing firms with extensive
360 portfolios) wanted to extend the life of
their 360s because they could avoid the need to
upgrade to a 370 (which, in the case of the
leasing firms, would protect their lease portfo-
lios). A number of core memory systems were
developed for all sizes of 360 systems, which
were quite successful in extending the life of
that product family.

The minicomputer add-on memory market
started at about the same time. Independent
firms began to offer memory boards based on
core technology for use by systems houses and
system users as a lower cost alternative when
memory €xpansion was necessary. As the in-
stalled bases of the leading minicomputer man-
ufacturers grew, more firms entered the market
and new and improved products were made
available.

The custom and standard systems market
has always existed to provide memory boards
and subsystems for special or low-volume sys-
tems and higher volume dedicated systems
such as industrial control and intelligent termi-

1S Copyright © 8 March 1977 by DATAQUEST

nals. Many of the current minicomputer add-on
memory suppliers began by supplying custom
core and semiconductor memory products. In
this segment are also memory systems that use
other than RAM techniques, such as cache
memory systems and CCD-based memory
boards and subsystems.

Add-On Memory Products

Products in the add-on memory market
range from complete subsystems containing
power supply, storage, interface, diagnostics,
and error correction (such as that supplied for
use with a system 370) down to small core
memory modules or circuit boards used in pro-
grammable calculators. The minicomputer and
microcomputer products are generally circuit
boards with the proper dimension and connec-
tor to fit the card slot of the host CPU. These
add-on memory boards and subsystems may
use either semiconductor or core technology.
Prices range from over $200,000 for a 2-mega-
byte 370 add-on to $6,000 for a 16K word
minicomputer memory and further down to a
$500 core memory card used with 8080 based
MiCrocomputer systems.

End User and OEM Markets

Memory products may take a variety of
paths to reach the end-user computer site. In
the case of the large IBM-oriented systems,
sales are directed to the system owner or renter
who contracts for the additional memory for his
system. The system may be either sold or
leased, with service contracts for system main-
tenance. The primary end-user marketing orga-
nizations are the leasing companies such as Itel
and the plug-compatible peripheral suppliers
with established marketing, leasing, and service
capabilities such as CDC, Memorex, and STC.

The OEM market refers to sales of systems
to systems houses that combine the CPU, mem-
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ory, peripherals, software, and applications ex-
pertise to provide a complete system to the end
user. In this case, the sale or lease of the system
is by an independent system integrator who
must ensure that the system performs as re-
quired. Both minicomputer add-on and the cus-
tom/standard memory products are primarily
OEM markets. A small percentage of the small
computer add-on memory is sold to the com-
puter owner, but usually these owners are uni-
versities or laboratories that have put the sys-
tem together and provide their own program-
ming and maintenance.

In the past, computer CPU manufacturers
such as IBM have been forced to make policy
decisions regarding maintenance of their equip-
ment with independent add-on memory. IBM
has consented to continue maintenance con-
tracts for systems containing add-on memory
not manufactured by IBM after a ‘‘certifica-
tion” of the product to ensure that it meets all
IBM specifications, and can be electrically re-
moved from the system for IBM maintenance
of the CPU and other equipment. Since only a
small percentage of the minicomputers built by,
for example, DEC are maintained by DEC, a
serious problem does not exist. Most computer
manufacturers make available the specification
for the bus interface to their systems to aid sys-
tems houses in using the equipment. This facili-
tates the design of add-on memory, particularly
for minicomputers and microcomputers.

Advantages of Independent Add-On Memory

All computer manufacturers provide add-
on memory boards or sysiems for use with their
computers. Why then does a market exist for
independents to supply equivalent memory
products to computer users and systems houses?
The primary consideration is cost; until re-
cently, the minicomputer manufacturers and
the large mainframe manufacturers were charg-
ing premium prices for add-on memory since it
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was a sole source item. As competition devel-
oped, prices have decreased rapidly for both
the computer suppliers and the independent
memory producers. The price differential is
generally in the 20 to 40 percent range, which
is enough to attract all but the most conserva-
tive of computer users.

Another major reason for the independent
market is increased performance. The IBM 360
series, like all IBM computers, was limited con-
cerning the amount of main memory that could
be attached to each model. These limits were
structured so that the user would switch to a
larger CPU when memory sizes beyond the
limits were needed. The 360 add-on products
offered memory extension beyond the IBM lim-
its and increased system performance due to
faster memory and CPU cycle times. The 370
series computers are not as memory limited as
the 360 series, but the independents are pre-
pared to offer memory performance and op-
tions not available from IBM when the need
arises.

In the OEM market, alternate sources of
compatible memory products are available,
which makes possible multipie sources and
competitive bidding for large OEM quantities
of memories. The competitive nature of the in-
dependent memory market also provides alter-
native technologies such as core or semiconduc-
tor to suit the particular application. Some en-
hanced products—such as multiport memoties—
are available for minicomputers that make
them well-suited to multiprocessor environ-
ments. Similar products can be expected for the
larger computers in the future.

MARKETS AND COMPETITION

Overview

The add-on memory market for indepen-
dents was relatively small in 1970, when it had
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grown to include only custom and standard
products built for dedicated computer systems.
In recent years, both the IBM compatible and
general purpose minicomputer compatible mar-
kets have grown rapidly. In 1976, the total
add-on memory market woridwide was esti-
mated at $244 million, with a total of 41 bil-
lion bits shipped in modules and systems. By
1981, this market is expected to grow to $550
million, with a total of 202 billion bits shipped.
Dollar volume is forecasted to grow at a 17.7
percent annual rate; annual bits shipped should
grow at a 37.4 percent annual rate. The differ-
ence in growth rates is directly related to de-
creases in memory cost and the highly elastic
nature of the market.

In the past five years, the cost of main
memory has declined to the point where it is
now feasible to trade off memory cost for other
system costs or problems. One method is to use
complex software operating systems that use
large amounts of main memory but keep the
system more efficient by allocating and sched-
uling resources more effectively than program-
mers. A second method, even in smaller sys-
tems, is to trade off more memory for increased
programmer productivity by using high-level
languages. The use of language interpreters in-
creases memory size and reduces processor per-
formance for a given job; however, lower hard-
ware costs make it possible to compensate for
these problems. A third method of recent inno-
vation that contributes to the increase in mem-
ory is the use of memory management or vir-
tual memory techniques. This allows the CPU
to address considerably more memory than
would be practical or economical in older sys-
tems. Virtual memory is a derivative of the
memory paging techniques developed for use
with time-sharing systems. Finally, another
contribution is the unspoken truth of Parkin-
son’s laws applied to computer memory: data
expands to fill the memory available and mem-
ory expands to fill the budget available. As

memory costs decrease, users find it possible to
add ever larger increments of memory to their
computer systems.

Table 2.8.4-2 summarizes the three seg-
ments of the add-on memory market. To avoid
confusion, care shouid be taken in this and sub-
sequent tables to differentiate between OEM
and retail values and bits and bytes. The end-
user price or market is approximately twice the
OEM levels. Prices for 360/370 add-on pro-
ducts at the end-user level are on an if-sold ba-
sis, although most of these products are leased
to end users under various types of agreements.

The add-on market for the large mainfra-
mes is served by only a few companies; the
other two market segments each have between
20 and 30 suppliers, depending upon the spe-
cific product. As these markets change from
core to semiconductor for primary technology,
the semiconductor manufacturers such as Intel,
Intersil, and National should increase their
share of the market. Table 2.8.4-3 illustrates
the shift in market dollars and bits among the
three segments during the forecast period. As
can be seen, we expect the 360/370 add-on
market to decline in its share of dollars and
bits, while the other segments gain in dollar
share. The custom/standard module and sys-
tem segment looks attractive; however, this
market is comprised of a number of fragmented
submarkets with a relatively large number of
small suppliers competing with a few large
memory manufacturers.

Add-On Memory Suppliers

The manufacturers of add-on memories in-
clude the core memory suppliers, several semi-
conductor companies, and a large number of
assemblers. Upwards of 50 companies supply
some type of add-on memory product for use
with both general purpose and dedicated com-
puter systems. Intense competition exists be-
tween the suppliers of CPUs and the indepen-
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Table 2.8.4-2
SUMMARY OF ESTIMATED INDEPENDENT ADD-ON
MEMORY MARKET
Annual
Growth
Rate
1976 1977 1979 1981 {1976-81)
360/370 Add-on
OEM Market
(Miltions of Dollars) 3 72 $ 79 3 110 3 135 13.4%
Average Price Per
Bit (Cents) 1.104 0.90¢ 0.73¢ 0.60¢ -11.4%
Market Size
(Millions of Bits) 6,550 8,800 15,000 22,500 28 %
Minicomputer Add-on
OEM Market
{Miltions of Dollars) 3 52 $ 66 $ 93 5 125 19.2%
Average Price Per
Bit (Cents) 0.40¢ 0.35¢ 0.25¢ 0.15¢ -17.8%
Market Size
{Millions of Bits) 12,900 18,700 39,550 82,500 45 %
Custom and Other Memory
OEM Market
(Millions of Dollars) 3 1 5 143 3 2035 b 290 19.3%
Average Price Per
Bit (Cents) 0.55¢ 0.50¢ (.40¢ 0.304 -11.4%
Market Size
(Millions of Bits) 21,800 28,600 51,000 97,000 5 %
Totat Add-on Market
OEM Market
{Millions of Dollars) $ 244 3 288 3 413 3 550 17.7%
Average Price Per
Bit {Cents} 0.59¢ 0.57¢ 0.39¢ 0.27¢ -14.5%
Market Size
{Millions of Bits) 41,250 56,100 105,550 202,000 37.4%
Source: DATAQUEST, Inc.
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Table 2.8.4-3

ESTIMATED PERCENT SHARE OF
TOTAL ADD-ON MEMORY MARKET
BY SEGMENT - 1976 To 1981

1976 1981

360/370 Add-on

Percent of Total Dollars 29.5% 24.6%

Percent of Total Bits 15.9 11.1
Minicomputer

Percent of Total Dollars 21.3% 12.1%

Percent of Total Bits 31.3 40.9
Custom/Standard

Percent of Total Dollars 49.2% 52.7%

Percent of Tatal Bits 52.8 48.0

Source: DATAQUEST, Inc.

dent add-on memory suppliers. Major indepen-
dent suppliers are Ampex, Cambridge Memo-
ries, Electronic Memories & Magnetics
(EM&M), Fabri-tek, Intel, Intersil, Lockheed,
Monolithic Systems, National, Plessey Memo-
ries, and Standard Memories. A complete list-
ing of the suppliers of core and semiconductor
add-on memory is given at the end of this sub-
section. Table 2.8.4-4 shows the participation in
various market segments by the major indepen-
dent suppliers.

The independent market for semiconduc-
tor add-on memories has been increasingly
dominated by semiconductor manufacturers. In
1976, Intel, Intersil, and National Semiconduc-
tor were all major producers, each with reve-
nues close to $30 million. Of this, the three
companies produced an estimated $63 million
of IBM add-on memories, with Intersil having
the largest share. As other semiconductor com-
panies become more firmly established in these
markets, however, market shares may show

major changes.
Large Mainframe Market

This segment of the add-on memory mar-
ket is directly related to the installed base of
IBM 360, 370, and System 3 computers (see
Table 2.8.4-5). Although the installed base of
360s is now decliming, it has been a strong mar-
ket for independently supplied add-on memory.
In 1976, the 360 segment accounted for about
one-third of dollar sales of add-on memory.
The System 3 market has seen only limited
sales and competition and is a very small part
of the total market.

The IBM-compatible market was started
in the early 1970s when the new IBM 370 was
a substantial competitive threat to the non-IBM
owned 360 installed base. These machines were
owned primarily by third-party leasing compa-
nies that were leasing them in direct competi-
tion to IBM, but at lower monthly rates. The
lower rates were made possible by depreciating
the equipment over an eight- to ten-year period
instead of the usual five years. As a result, a
considerable need developed to keep the 360s
on rent despite the introduction of the new and
attractive 370 line.

A number of enhancements were devel-
oped for the 360s including better software, at-
tachment of 370 peripherals, and the addition
of larger, faster main memory. These main
memory products were primarily core since the
360 was a core machine and semiconductor
technology was not price-competitive at that
time. As the 360 portfolio began to be phased
out in 1975 and 1976, the attention of the
third-party leasing companies turned to en-
hancements for the growing number of 370s
they were placing on lease. By 1974, the 370
memory interface was sufficiently defined to
permit wide-scale attachment of memory to the

155 and 165 models that IBM had introduced

and then abandoned in favor of the virtual
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Table 2.8.44

MARKET PARTICIPATION OF MAJOR INDEPENDENT
MEMORY SYSTEM MANUFACTURERS

ESTIMATED WORLDWIDE INSTALLED
BASE OF IBM COMPUTER SYSTEMS

{Thousands of Units)
1976 1978 1981
System /370 32 38 45
System /360 10 7 5
System/3 37 41 45
Total 79 86 95

Source: DATAQUEST, ine.
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Technology Markets
Company _Co_re; Semt 037 Mini/Micro Custom
Ampex X X X
Cambridge Memories X * x X X
Control Data X x X
Dataproducts X X X
Dataram X X X X
EM&M X x X X X
Fabri-tek X X X x
Fairchild o X X
Harris (Datacraft) x X X
Intel X X X X
Intersil (AMS) X X x X
Lockheed x X X
Monolithic Systems =* X X
Motorola x X X
National Semiconductor x4 x x X
Plessey EY X X
Standard Memories % X X
Source: DATAQUEST, Inc.
memory versions called the 158 and 168. These
computers are the upper end of the 370 line;
the the CPUs that need memeory expan-
Table 2.8.4-5 hey are <P

sion the most due to the substantial software
overhead of the complex operating systems
used in their large installations.

With the IBM VS 370 introductions came
the widespread use of MOS semiconductor
memory in the 370 line. With this IBM blessing
of semiconductor memory, the add-on suppliers
introduced semiconductor-based memory sys-
tems for the 158 and 168, The 158 and 168
users were sophisticated users accustomed to
dealing with independent vendors for memory
and peripherals. At prices that saved the user
up to 40 percent of normal monthly rental,
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many users quickly accepted the independent
158 and 168 memory. During 1976 and 1977,
the new models pursued by the add-on suppli-
ers are the 145 and 148, and the 135 and 125
small systems.

The market for IBM add-on memory 1s
shown in Tables 2.8.4-6 and 2.8.4-7. To date,
the independents have been able to capture ap-
proximately 20 percent of the sites in the IBM
installed base for a given processor; conse-
quently, they predict this same rate of success
with the other models. Although it is unlikely
that IBM would complicate the attachment of
foreign memory systems any more than was
done in the design of the 370, some system
changes could decrease the effectiveness of the
independent memory. Perhaps the most effec-
tive potential competitive edge IBM has is
price; during 1976, the company reduced the
prices of many memory products by as much as
35 percent. It can be expected that the product
introductions will see further decreasing prices
for 370 memory products.

The current IBM product lines—the 360,
370 and System 3—represent different stages in
the product maturity cycle; however, all three
are now mature products. It is relatively appar-
ent that IBM will not introduce a major new
series of computers in the near future. Instead,
the company is expected to introduce evolu-
tionary changes in the 370 series directed at
conversion to virtual storage and distributed
processing. This provides a stable 370 market
in terms of technology and one in which the in-
dependents who manufacture their own semi-
conductors can expect to remain quite competi-
tive,

Despite the large number of System 3
computers installed worldwide, little attention
has been given to this market. The reasons are
the relatively low prices for these smaller pro-
ducts (typically, 32K to 64K words) and the
high marketing expenses. A few of the smaller
firms have introduced products for this market;

Table 2.8.4-6

ESTIMATED 1976 WORLDWIDE IBM
ADD-ON MEMORY MARKET
(360, 370 and System 3 At If-Sold
Market Value)

Independents IBM Total

Units Shipped 1,200 3,715 4915
Average Size

{Megabytes) 0.5 0.4 0.44
Total Memory Shipped

(Megabytes) 655 1,485 2,140
Average Price/Byte

{Cents per Byte) 21¢ 304 27¢
End User Market

{Millions of Dollazs) $140 $445 $585
OEM Market

(Millions of Dollars) § 72

Source: DATAQUEST, Inc.

however, fewer than 1,000 systems have been
installed to date, whereas close to 3,000 360/
370 add-on systems have been installed by in-
dependents worldwide. Firms supplying System
3 add-on memory include CFI Memories, Fa-
bri-tek, and Business Systems Technology; all
of these suppliers use core memory.

Of the original ten suppliers of 360 add-on
memory, few are active in the 370 market.
With the exception of EM&M, none of the
other core suppliers have developed a semicon-
ductor capability. EM&M, Fabri-tek, and
Lockheed remain the primary suppliers of core
for 360 sites. The 360 market currently ac-
counts for about 30 percent of sales; however,
this is expected to decrease rapidly as the 360
and 370/155 and 370/165 markets saturate.

During the past three years, the semicon-
ductor companies that participated in the add-
on memory market have come to dominate it.
The top three are Intel, Intersil, and National;
combined, these companies have over 80 per-
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Table 2.8.4-7
ESTIMATED IBM ADD-ON MEMORY MARKET
SERVED BY INDEPENDENTS
1976-1981
Anpual
Growth
1976 1977 1979 1981 Rate

Total Market

(Millions of Dollars) 3585 3650 $825 31,125 14.0%
End User Price

{Cents per Byte)} 27¢ 24¢ 184 16¢ - 99%
Total Memory Shipped '

(Millions of By tes) 2,140 2,700 4,500 7,025 26.8%
Independent Market

{Millions of Dollars) 3140 3160 3220 3280 14.9%
Independent Market Share 24% 25% 27% 25% -
Independent Units Shipped 1,200 1,350 2,500 4,500 30.3%
Independent Memory Shipped

(Millions of Bytes) 655 880 1,500 2,250 28.0%
Average System Size

(Megaby tes) 0.55 0.65 0.60 (.50 -

Source: DATAQUEST, Inc.

cent of the 360/370 add-on memory market at
the OEM level. The core memory suppliers that
were active in the 360 market have redirected
their efforts into the minicomputer and custom
markets where core is still a major factor.

Over 90 percent of the large add-on mem-
ory systems are marketed by organizations
other than those that build the products. Mar-
ket outlets for large add-on memory systems in-
clude third-party leasing companies such as
CIG (a part of General Electric), Itel, and es-
tablished IBM plug-compatible products sup-
pliers such as CDC, Memorex, and STC (see
Figure 2.8.4-1). Moreover, Intel and EM&M
have end-user marketing groups. Figure 2.8.4-1
depicts the manufacturing/marketing relation-

2.8.4.10

ships existing in the IBM-compatible add-on
memory market.

A number of consolidations and acquisi-
tions have occurred in this market in recent
years. In 1974, CDC bought Memory Technol-
ogy and its installed base; in the same year,
Fabri-tek bought Data Recall and established
CIG as the sole end-user marketing outlet for
the Data Recall products. In late 1976, EM&M
bought the installed base of 360 and 370 mem-
ory systems from Cambridge Memories, which
gave EM&M the largest installed base in the
industry. Cambridge Memories was one of the
early suppliers of both core and semiconductor
based add-on products. The firm successfully
integrated into the manufacture of semiconduc-
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Figure 2.8.4-1
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Source: DATAQUEST, Inc.

tor devices; however, this cash drain, alonz
with the financing of a rental installed pase,
brought the firm to Chapter XI. It was/t{this
time that EM&M purchased the Cghridge
Memories installed base.

It appears that the shakeout in the IBM
add-on market has reduced the number of via-
ble suppliers to four or five, with a two-tier
market for manufacturing and marketing. The
marketing organizations generally also provide
the maintenance and service for the memories.
It appears that the 370 add-on market at the
OEM level belongs to the semiconductor manu-
facturers and the one or two memory suppliers
who have vertically integrated. The semicon-
ductor suppliers are expected to continue domi-
nating the manufacturing of add-on memory
systems, with the primary market access being
OEM sales to marketing organizations with
service and leasing capabilities.

Minicomputer/Microcomputer Market

The minicomputer/microcomputer add-on
memory segment contains products designed to
be plug- or bus-compatible with the general
purpose minicomputer and microcomputer pro-
ducts. The independents compete directly with .
the mainframe or CPU suppliers for this mar-
ket. The total market—including sales by CPU
manufacturers and independents—will be pre-
sented and analyzed.

The 1976 market for add-in memories is
estimated at 12.9 billion bits and $52 million,
as shown in Table 2.8.4-8. By 1981, this market
is expected to grow to 82.5 billion bits and
$125 million, which represents a dollar growth
rate of 19 percent and a bit growth rate of 45
percent. During this time, the installed base of
minicomputers worldwide is expected to grow
from 285 thousand units to 1.2 million units, a
33 percent annual rate of increase.

Add-on minicomputer memory is primarily
single board memory modules ranging from 1K
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words to 128K words; this translates to a range
of 32K bits to 5 million bits per module. These
products plug into the standard connectors in
the computer chassis and obtain their power di-
rectly from the system power supply. A small
portion of the market is complete memory sys-
tems for use with minicomputers. Approxi-
mately 10 percent of the market is considered
to be end user, which means that products are
sold directly to the computer owner/user.

Minicomputer products include add-in
memories for most popular minicomputers such
as the DEC PDP-11 series, PDP-8, and LSI-11,
the Data General Nova Series, Hewlett-Pack-
ard, Interdata, Microdata, and Varian CPUs.
DEC claims to have over 50,000 computers in-
stalled. The independent suppliers have appar-
ently sold memories to only about 1 percent of
the DEC installed base.

Products are sold to OEMs who incorpo-
rate the memory devices in a minicomputer-
based system such as a remote batch terminal

or machine tool controller. Additional units go
to systems houses that assemble hardware and
then write applications programs for specialized
applications. As indicated earlier, an estimated
10 percent of the shipments go directly to com-
puter owner/users.

The minicomputer add-on market is ex-
tremely competitive with some 30 suppliers of-
fering over 100 different products using both
core and semiconductor technologies. Recent
entry into the market has been announced by
Fairchild, Mostek, and Motorola.

In addition to the suppliers of minicomput-
ers, major suppliers of small computer add-on
memory are Ampex, Cambridge Memories,
Dataproducts, Dataram, EM&M, Fabri-tek,
Harris (Datacraft), Intel, Monolithic Systems,
Plessey Memories, and Standard Memories.

The core versus semiconductor competition
is intensifying in this market, with prices in the
0.2 cent to 0.4 cent per bit range for most sin-
gle board products. The CPU manufacturers

Table 2.8.4-8
GENERAL PURPOSE MINICOMPUTER ADD-ON
MEMORY MARKET
Annual
Growth
1976 1977 1979 1981 Rate
Worldwide Minicomputer
Installed Base
(Units in Thousands) 285 395 680 1,200 33%
Minicomputer Add-On
(Megabits) 12,900 18,700 39.550 82,500 45%
Average Price per Bit
(Cents) 0.40¢ 0.35¢ 0.25¢ 0.15¢ -18%
Market Size
(Dollats in Millions) 3 32 66 3 98 $ 125 19%
Source: DATAQUEST, Inc.
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have become quite competitive in the last two
years in an attempt to retain their share of the
market.

(MITS) and IMSAI computers have standard
bus configurations that lend themselves to add-
in memory products. These systems currently
have a relatively small (under 10,000 units)
non-consumer installed base.

Custom and Standard Memory Products

The custom and standard memory market
segment includes memory products of both the
custom and standard type that are not de-
signed to interface with the popular minicom-
puters or microcomputers. This is the oldest
and largest of the markets, and although it is
not in the true sense an add-on market, it is of
importance since it is a related market in which
most of the suppliers in the other segments are
active; furthermore, it is one of the fastest
growing of the memory markets. Products in-
cluded in this market go into new systems as
well as for add-on. In most cases, these systems
are dedicated, such as in the case of program-
mable calculators or intelligent terminals.

This market segment accounted for an esti-
mated 21.8 billion bits, with an OEM market
value of about $120 million in 1976, as shown
in Table 2.8.4-9. By 1981, this market is ex-
pected to grow to 96.7 billion bits and $290
million in sales, which represents a 19 percent
growth rate for dollars and a 35 percent rate
for bits. Approximately $50 million, or 42 per-
cent of the 1976 market, was custom products;
this percentage is expected to remain relatively
constant throughout the forecast period.
Included in this segment are memory products
other than RAM. Some products have already
been introduced using devices and this trend-—
particularly CCD and bubble memories—is ex-
pected to continue. Suppliers are basically the
same as in the minicomputer segment, with the
addition of Intersil, Lockheed, and National.

In the microcomputer market, the Altair

Copyright ® 8 March 1977 by DATAQUEST

MEMORY TECHNOLOGY AND COSTS

Semiconductor Versus Core

The primary competing technologies in the
add-on memory market are magnetic core and
MOS semiconductor. Despite forecasts of the
demise of core due to semiconductor memory,
core is still a major factor in the memory mar-
ket; it continues to make incremental improve-
ments in product cost. Moreover, core relies on
its advantages of familiarity and non-volatility
if price is the same. In general, semiconductor
memory is more cost-effective in small memo-
ries, and core memories have better cost in
large memories; this crossover is currently in
the 16K to 32K word range. Below that level,
semiconductor memories using 4K MOS RAMs
are clearly less expensive. Above that, core
shows a cost advantage but not a performance
advantage. Thus, in large high-performance
memories such as those used on the system
370s, IBM and the independents are exclusively
using semiconductor memory devices.

Overall, core still accounts for close to 60
percent of the total add-on memory market.
This share 1s expected to decrease rapidly to 20
percent by 1981, but core should not be com-
pletely eliminated from the market in the near
future. In fact, in some applications where non-
volatility and noise immunity are critical, core
is expected to continue to be the predominant
memory technology. The larger, business-ori-
ented systems with disk memory can make ef-
fective use of large quantities of semiconductor
main memory since the disk is a non-volatiie
back-up store. This type of application should
dominate the computer market in the next five
years, and create a substantially increased use
of semiconductor memory in both large and
minicomputer systems.
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Table 2.8 49
ESTIMATED CUSTOM/STANDARD MEMORY
MODULE MARKET
Annual
Growth
Rate
1976 1977 1979 1981 {1976-81)
Number of Bits
{(Megabits) 21,800 28,600 51,000 96,700 34.7%
Average Price Per Bit
(Cents) 0.55¢ 0.50¢ 0.40¢ 0.30¢ -11.4%
Market Size
{Dollars in Millions) 3 120 3 143 $ 205 5 290 19.3%
Source: DATAQUEST, Inc.

Memory Costs

The minicomputer memory market pro-
vides an effective example of rapid decrease in
the cost of semiconductor memory. A 32K by
16-bit memory built in 1976 using 2K RAMs
sells for $4,500 at the OEM board level; to ob-
tain a 64K memory, two of these boards at a
total cost of $9,000 would be required. During
1977, a single board 64K by 16-bit memory
built using 4K RAMs will sell for approxi-
mately $3,000. A direct cost breakdown is
shown in Table 2.8.4-10. Since the 1K, 4K, and
16K MOS RAMs will all use a 16- or 18-pin
package, they are interchangeable from a space
standpoint. The number of packages, circuit
boards, and assembly cost remain the same;
the major differences are the cost of the chips
and the chip density at any given time. This
permits the cost of semiconductor memory to
drop in direct proportion to the declining chip
cost.

234.14 Copytight © 8 March 1977 by DATAQUEST

Table 2.8.4-10

TYPICAL COST ANALYSIS -
MINICOMPUTER MEMORY BOARD
Size: 64K x 16 Bits, Semiconductor

(One Million Bits)

256 4K RAMS @ $4.00 §1,024
Miscellaneous TTL Logic 26
Citcuit Board, Hardware 50

Total Materials Cost $1,100
Assembly, Test, Rework 50

Total Direct Cost 31,150
Quantity OEM Selling Price $3,000
Cost Per Bit 0.3¢
Semiconductor Percent of

Selling Price 35%

Source: DATAQUEST, Inc.
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Core memory, on the other hand, is fabri-
cated in mats of cores strung together by fine
wires, The larger the total number of bits and
the wider the data word, the more economical
core can be. Current price levels for large core
boards are under 0.2 cent per bit; smaller
memories in small OEM quantities are in the
0.4 cent per bit range area.

A recent advertisement for a PDP-8 add-in
memory with 8K by 12 bits had a quantity one
OEM price of $695 or 0.72 cents per bit. A pro-
duct of this type with a large quantity OEM
discount would sell for about $425 or 0.44
cents per bit. :

With semiconductor memory, the modular
nature of the technology makes the cost per bat
more a function of the bits per chip than the
size of the memory system; as a result, major
cost decreases come with each new generation
of devices. Conversely, core memory is more ec-
onomical with larger numbers of bits, since
they are all strung at the same time. This per-
mits the semiconductor technology te continu-
ally push at the core market from the smaliler
size modules and keep increasing the memory
size at which the core/semiconductor costs are
the same. With the introduction of the 16K
RAM, the crossover will likely be raised to at
least 256K words.

The same type of boards or modules that
are used in minicomputer add-on memory are
combined in a cabinet with a power supply and
control electronics to form an add-on system
for a large computer. Therefore, with the cabi-
net and power supply as a fixed overhead, the
increase in bits per chip allows more bits in the
same physical space; this brings greater econo-
mies to the large computer add-on market. A
typical cost breakdown is shown in Table 2.8.4-
t1. The competition with IBM in this market
forces the use of the latest MOS devices for
both economy and performance. Prices of 370
add-on memory are approximately $0.32 per
byte at the end-user level; this translates into

an OEM price of approximately $0.16 per byte,
which is the price for the complete system with
power supply cabinet, error detection and cor-
rection, diagnostics, and IBM interface. The
equivalent IBM end-user price is approximately
$0.60 per byte.

Technology Trends

The primary concern at the memory sys-
tem level is reliability and errors. The introduc-
tion of single bit error detection and correction
by IBM in the 370 computer’s semiconductor
memory has provided a clear trend that the in-
dependents have followed. The memory sup-
plied by Data General for the Eclipse Comput-
ers also uses this technique. Using a method
known as a Hamming Code, the output of the
memory plus some additional bits are run
through an error checking algorithm to detect
and correct single bit per word errors and to
detect and flag multiple bit errors, which in-

Table 2.8.4-11

TYPICAL COST ANALYSIS -

370 ADD-ON MEMORY SYSTEM
Size: One Megabyte, Semiconductor
2600 4K RAMS & $4.00 $10,400
Miscellaneous TTL Logic 600

Power Supplies, Cabinets,
Circuit Boards, etc. 3,000
Total Materials Cost $14,000
Assembly, Test, Rework 31,000
Total Direct Cost $17,000
Typical OEM Selling Price 350,000
Cost Per Byte 3¢

Semiconductor Percent of
Selling Price 21%

Source: DATAQUEST, Inc.
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volves additional bits in the memory. Earlier,
large memories stored one additional parity bit
for each 8-bit byte of data stored, which re-
quired 18 bits for the storage of a 16-bit word.
With the newer method, a total of 20 bits are
required—the 16-bit data word plus 4 bits for
the Hamming code. This increases the cost per
bit slightly and slows down the memory due to
the time necessary to check the output before
passing it on to the CPU. However, in large
semiconductor memory systems, this type of er-
ror protection is considered essential for reli-
able operation.

Another technique that has been devel-
oped by the 370 add-on market is self-diagnos-
tics in the memory. This permits the CPU in
conjunction with the memory to make control-
lable, routine status checks on each memory
subsystem to ascertain its error rate and the
source of the errors. Maintenance is facilitated
by the diagnostics informing the serviceman
which memory card contains the chip with the
error-producing bit so that it can be replaced.
Similar features are available on large memory
subsystems for use with minicomputers.

Other technology trends are the use of
multipie port memories that allow multiple
CPUs to access the same main memory concur-
rently; this is an attractive feature for mul-
tiprocessor systems of all sizes. It is expected
that the upper end of the IBM 370 line will
evolve to tightly coupled multiprocessors with
up to 32 megabytes of multiport or shared
main memory. The upper end of the minicom-
puter market is following the same trend.

Additional technology innovations revolve
around extensions of the concept of the main
memory system as a functional subsystem in
the overall computer system. Such a system acts
on commands from the CPU or CPUs and han-
dles its own memory management, including
paging or virtual memory control. These intelli-
gent memory subsystems can be expected to be
introduced for use with minicomputers; they

23.4-16

would operate in conjunction with large disk
files in business-oriented systems.

Low cost and relatively slow bulk RAM
using either semiconductor or core technology
is making some progress as a replacement for
fast-fixed head disk memeory in large memory
management applications. Up to 10 megabytes
of this bulk RAM can be placed between the
slow disk memory and the smaller, faster main
memory to form a very efficient hierarchial
memory system. Software development and
system compatibility with existing large com-
puter operating systems are the current prob-
lems with this approach; however, it is ex-
pected that the growing need for this type of
memory will produce solutions to these limita-
tions by 1979 or 1980.

Future Memory Systems and Products

Some general long-term trends exist in the
memory market that apply to all of the market
segments being discussed here. A few of these
trends relate to the use of memory systems us-
ing a mixture of technologies to implement hi-
erarchial memory architectures for computers
of all sizes. These systems would start with
high-speed cache memory that attaches directly
to the CPU. The core or semiconductor main
memory systems would connect to the cache
memory and provide access to bulk RAM or
rotating magnetic memory. Currently, the file
storage would have to be rotating disk; how-
ever, the potential exists for the use of bubble
domain technology as a solid state replacement
for the rotating memory. This type of memory
system would be processor-controlled and func-
tion as a complete subsystem in a distributed
processor system configuration.

The semiconductor companies appear to
be in the best position to exploit these technol-
ogies early with their memory systems opera-
tions. For example, Intel has introduced a
board level product using the 16K CCD device

Copyright © 8 March 1977 by DATAQUEST 1
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introduced in 1975.

Where software permits, compiex systems
of this type will be added to existing 360 and
370 series computers, Moreover, the large mini-
computers such as the DEC 11/70 and System
20 are a market for such systems.

MARKET FOR SEMICONDUCTOR
MEMORY DEVICES

The growth of the semiconductor memory
market has been shown in the add-on memory
market analysis of this report. During the 1976
to 1981 period, semiconductor memory is €x-
pected to grow from 49 percent of the market
to 82 percent.

In relation to OEM system selling price,
the semiconductor device cost represents from
10 to 335 percent of the system price. Large 370
add-on systems with power supplies, control
electronics, fans, and cabinets have a semicon-
ductor content of about 10 percent, which in-
creases to a high of 35 to 40 percent for a sim-
ple one-board memory module containing un-
der 100K bits of storage.

Current semiconductor technology is based
on the 4K dynamic RAM with production of
16K RAMs in early 1977. The 16K devices are
expected to reduce the chip level cost of RAM
to under 0.03 cents per bit by 1978. Prices us-
ing the current 4K devices are in the 0.1 cent
per bit area and expected to drop to 0.05 cents
by 1980. Current trends are to offer both dy-
namic and static versions of popular memory
products. Static parts have about a 25 percent

S5is Copyright © 8 March 1977 by DATAQUEST

price premium.

Table 2.8.4-12 provides the derivation of
the market potential for semiconductor memory
devices in add-on memory products. The num-
ber of bits is forecasted to grow at a 58 percent
rate from 16.5 billion bits in 1976 to 160 bil-
lion bits by 1981. The average cost per bit for
the memory devices in this broad range of pro-
ducts is expected to decline from 0.15 cents per
bit in 1976 to 0.05 cents in 1981. These aver-
ages reflect the expected mix of MOS and bipo-
lar devices.

The dollar market potential for semicon-
ductor devices in add-on memory is forecasted
to grow from $24 million in 1976 to $77 mil-
lion in 1981, which is a 26 percent growth rate.
During the same period, the OEM market
value of semiconductor add-on memory boards
and systems is expected to grow from $120 mil-
lion to $450 million, which is a 30 percent
growth rate. The difference in the system and
device growth rates reflects the fact that semi-
conductor device prices are expected to be fall-
ing faster than the other components in the sys-
tem. During this time, the average semiconduc-
tor device value as a percent of OEM system
value should decrease from 20 percent in 1976
to an estimated 17 percent in 1981. This de-
cline reflects the expected increase in memory
size and the fact that device prices will be fali-
ing faster than system prices. During the next
five years, the growth rate for the semiconduc-
tor-based memory systems market will be
nearly twice the growth rate for the total add-
on memory market.
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Table 2.8.4-12

ESTIMATED MARKET FOR SEMICONDUCTOR DEVICES

360/370 Bits
% Semiconductor
Semiconductor Bits

Minicomputer Bits
% Semiconductor
Semiconductor Bits

Custom/Standard Bits
% Semiconductor
Semiconductor Bits

Total Semiconductor Bits
(Megabits)

Average Price Per Bit
{Cents)

Semiconductor Market
Potential (Millions of
Dollars)

IN ADD-ON MEMORY SYSTEMS
1976 1977 1979
6,550 8,800 15,000

76% 83% N%
4.975 7,325 13,695
12,900 18,700 39,550
30% 40% 60%
3.870 7480 23,730
21,800 28,600 51,000
35% 40% 55%
7630 11.440 28,050
16,475 26,245 65475
0.145¢ 0.10¢ 0.065¢
$ 24 $ 26 $ 43

Annual
Growth
Rate
1981 (1976-81)
22,500 28.0%
95% -
21,300 34.0%
82,500 45 0%
80% -
66.000 76.0%
97,000 35.0%
5% -
72,750 57.0%
160,050 57.6%
0.048¢ -19.8%
$ 17 26.3%

Source: DATAQUEST, Inc.
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ADD-ON MEMORY MANUFACTURERS

Core Memory

Ampex Corporation
Memory Products Division
200 N. Nash St.

El Segundo, CA 90245
(213) 640-0150

Applied Magnetics Corp.
Standard Memories, Inc.
2221 South Anne St.
Santa Ana, CA 92704
(714) 540-3605

Business Systems Technology, Inc.

3015 Daimler St.
Irvine, CA 92705
(714) 549-9961

CFI Memories, Inc.
Subsidiary of Lencor Co.
305 Crescent Way
Anaheim, CA 92803
{714) 776-8571

Dataproducts Corporation
Woodland Hills Division
6219 DeSoto Ave.
Woodland Hills, CA 91365
{213) 887-8451

Dataram Corporation
Princeton-Hightstown Rd.
Cranbury, NJ 08512
(609) 799-0071

Fabri-tek Incorporated
Computer Systems Division
5901 South County Road 138
Minneapolis, MN 55436
{612) 935-8811

Harris Corporation ( Datacraft)
1200 Gateway Drive

Fort Lauderdale, FL 33309
(305) 974-1700

Lockheed Electronics Company, Inc.
Data Products Division

6201 East Randolph St.

Los Angeles, CA 90040

(213) 722-6810

The Plessey Company Limited
Plessey Memories, Inc.

1674 McGaw Ave.

Santa Ana, CA 92705

(714) 540-9945

Core and Semiconductor Memory

Cambridge Memories, Inc.
12 Crosby Drive

Bedford, MA 01730

(617) 271-6300

Electronic Memories and Magnetics Corp.

EMM-—-West Coast Division
Computer Products

3216 West El Segundo Blvd.
Hawthorne, CA 90250
{213) 644-9881

Semiconductor Memeory

Fairchild Camera and Instrument Corp.

Systems Technology Division
1725 Technology Drive

San Jose, CA 95110

(408) 998-0123

Intel Corp.
Memory Systems Division
1302 North Mathilda Ave.

Copyright © & March 1977 by DATAQUEST
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Sunnyvale, CA 94036
(408) 734-8102

Intersil, Inc.

1275 Hammerwood Ave.
Sunnyvale, CA 94036
{408) 734-4330

Monolithic Systems Corp.
14 Inverness Drive East
Englewood, CO 80110
(303) 770-7400

Motorola, Inc.

Motorela Semiconductor Products, Inc.

5005 East McDowell Rd.
Phoenix, AZ 85008
(602) 273-6%00

National Semiconductor Corp.
Systems Division

2921 Copper Rd.

Santa Clara, CA 95051

(408) 737-5515

Add-On Memory Marketing and Leasing

Computer Investors Group, Inc.
1351 Washington Blvd.
Stamford, CN 06902

(203) 359-2100

Control Data Corp.
8100 34th Avenue South
Minneapolis, MN 55420
(612) 853-8100

Itel Corp.

Computer Products Division
One Embarcadero Center
San Francisco, CA 94111
(415) 989-4220

Memorex Corp.

San Tomas at Central Expressway
Santa Clara, CA 95052

(408) 987-1000

Storage Technology Corp.
2270 South 88th St.
Louisville, CO 80027
(303) 666-6581
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Memory Modules

SUMMARY

The semiconductor industry's recent advances in VLSI have prompted a
surge of interest in semiconductor packaging. As semiconductor end users
demand more function per chip size, packaging has become a very important
issue for semiconductor manufacturers.

One approach in semiconductor packaging has been to assemble
prepackaged memory chips onto a second substrate to create a memory
module. This sclution answers the needs of many end users but is not
without drawbacks.

OVERVIEW

Several different types of modules are available in the semiconductor
memory market. The two main types of modules are SIP assemblies and DIP
configured modules. -

Single-in~Line Memory Modules

Cne of the most fregquently seen module types is a single-in-line
memory module. Some manufacturers refer to this type as a SIP
(single~in=-line package), while others ¢all the same part a SIMM
(single-in-line memory module). DATAQUEST makes the distinction that a
SIP module is insertion (through-hole) mounted, and a SIMM module has no
pins and requires a socket (Figure 1).

-

Figure 1

SINGLE-IN~-LINE MEMORY MODULES

SIM-SOCKET SIM-SOCKET
INSERTABLE MODULE INSERTABLE MODULE

CEEEEEERE N EEEEEEEEE,

4X MODULES 8X MODULES 9X MODULES
LEADED SIP PACKAGE LEADED SIP PACKAGE LEADED SIP PACKAGE

SR 0| - )

Source: AWI, Inc.
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Memory Modules

SIPs (and SIMMs) are typically composed of individual plastic leaded
chip carriers (PLCC) or leadless ceramic chip carriers (LCC), and
decoupling capacitors surface-mounted onto either one or both sides of
the single-in-line substrate.

The single-in-line memory module was originally designed by
James Clayton in July 1983 for Wang Laboratories, Inc. Wang issued no
licenses for this technology. Wang's intention was to benefit from lower
memory prices when other module manufacturers entered volume production.

The first SIPs were composed of nine 64K DRAMs with associated
decoupling capacitors on a ceramic substrate. Eight of the chips served
as usable memory while the ninth provided parity bits for error
detection. The resulting SIP was 3.0 inches long, 0.185 inches wide,
0.75 inches high, and had 30 pins. The individual chips used were 18-pin
plastic leaded chip carriers. Wang provided the design for these
modules, Texas Instruments supplied the DRAM chips, and Zenith
Microcircuits Corporation manufactured the ceramic module and mounted the
chips. The module was designed to be upgradable to nine 256K DRAMs.

Wang's SIP could be mounted on the surface of a board or plugged into
a socket. This module initially sold for $200. In comparison, nine
64K DRAMs sold for around $35. :

Dual-in-Line Memory Modules

Several companies are offering modules composed of LCCs surface-
mounted on top of, or on both sides of, a dual-in-line package (DIP).
DIP modules are_available with up to 18 individual LCCs. These modules
are being used predominantly in the military market (Figure 2).

Figure 2

DUAL-IN-LINE MEMORY MODULE

Source: Integrated Device Technology
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Piggy-Back or Stack Pack Modules

A two-chip module called a piggy-back or stack is being offered by
other companies. This is typically one DIP package connected to the top
of a second DIP package. The pins from the top DIP are physically
connected to the pins on the bottom DIP. For this organization to be
connected, chips with one or two unused pins are required for the purpose
of the interconnect (Pigure 3). There are alsc stacks composed of two
chip carriers instead of two DIPs.

Figure 3

PIGGY-BACK OR STACK PACE

Source: Micron Technology, Inc.

Stackable DIP Modules

National Semiconductor offars stackable DIP modules. These mnodules
have a top surface that is essentially a socket for another module. Up
to eight modules can be stacked in this fashion (Figure 4).

SIS Products - Markets © 1985 Dataguest Incorporated Oct. 8 ed. 3



Memory Modules

Figure 4

STACRABLE DIP MODULE
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Source: National Semiconductor

ISSUES

Memory modules offer tremendous advantages over monolithic chips.
Modules are not, however, a good choice for all applications. End users
must weigh the pros and cons of using modules in their particular
applications before sound business decisions can be made.
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Advantages

Modules offer many benefits. The examples given are listed in
approximate order of importance.

Space savings--The main motivation for uasing modules is the
saving of space. Modules can increase meémory density by nearly
a factor of six (Table 1l). The use of smaller components can
reduce the size of the end product. This is especially
important in handheld or portable equipment. It can also lower
the overall system cost by reducing the number or size of the
boards within the system. This c¢an result jin a substantial cost
savings that can eliminate the added cost of the module itself.
Modules can also allow, for example, a personal computer
manufacturer to free up board space to accommodate additional
add-on features, such as modems or networking connections.

Bypass surface-mount upgrade—-Memory modules allow manufacturers
not yet geared to surface-mount technology (SMT) to utilize the
advantages of surface-mount chips. By using modules, a company
would not hawve to modify its present soldering apparatus or
invest in surface-mount assembly equipment. However, as SMT
becomes more widespread in the industry, this will become less
of an advantage,

Fewer PC board layers-—-Having the wvarious interconnects and
decoupling capacitors already in the module simplifies board
layout compared to the DIP. Modules allow the use of double
layer PC boards as opposed to multilayer boards. This reduces
system costs substantially.

Reduced assembly costs-=-With Ffewer components, assembly costs
are reduced for the module user. Related to this is the benefit
of easier inventory control. Though probably not a
justification for purchasing modules, the decreased number of
individual components in inventory simplifies inventory control.

Improved reliability--Reliability 4is a major issue in the
military market. Memory modules are sold as fully tested
products. The individual chips, decoupling capacitors, and
interconnect mechanisms are all fully functional. Module
manufacturers that sell to the military market stress
reliability as a strong motivation for using modules.
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Stability under thermal stress--A c¢eramic module can be more
stable than direct surface mounting of LCCs. When an LCC is
mounted directly to a polyimide PC board, there is a difference
in the thermal coefficients of expansion (TCE) of the chip and
the board. This can cause the solder joints betweeR the ceramic
chip carrier and the PC board to stress or break. This problem
can be avoided by using a module where the LCCs are mounted onto
a ceramic DIP or SIP. The pins of the module can accommodate
any heat induced expansion or ‘contractions of the different
gubstrates,

Ease of upgradability to the next density--Memory modules can
design in future upgradability much more easily than can
monolithi¢ chips. A module composed of X number of monolithic
chips can be replaced by a new module with X number of next-
generation chips. This allows the equipment manufacturer to
upgrade his end product without having to do major design
changes. It also allows the end user to stay at least one step
ahead of semiconductor chip evolution.

Faster speed mix over monolithic chips--As generations of
monolithic chips mature, faster speed mixes become available.
This allows end users to obtain modules with access times faster
than the corresponding monolithic chips. Modules c¢omposed of
four to eight 16K SRAMs are currently available with access
times of 25ns, while 64K SRAMS typically reach only 45 to S5ns.
This advantage decreaseg in impact as the new chip generation
matures and matches the access time of the previous generation.

Fasy repair of socketed modules-~~-When modules are socketed, they
are easily removed. As previously mentioned, this is an
advantage for upgradability, but-is alsc a benefit for field
repair of eguipment.

Improved heat dissipation--Memory modules typically have more
surface area exposed than do surface-mounted chips. (This is
true of modules with chips mounted on one sgide of the
substrate.) Cooling is improved with the increased potential
for air circulation.

Improved performance-~The interconnect distance in modules is
shorter than on conventional PC boards. This improves
performance in some systems. In highly speed-dependent systems
such as large computers, this can be very beneficial.
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Table 1

BOARD DENSITY COMPARISON
Monolithic Chips Versus Modules

Relative to Relative to Height
Packaging 16-Pin DIP 28-Pin DIP (Inches)
Monolithic Chips
° DIP:
16=-pin 1.0 l.9 0.18
28-pin 0.6 1.0 0.18
- PLCC:
One side of board -1.4 2.4 0.13
Both sides of board . 2.8 4.8 0.26
ZIP* 1.6 2.7 0.33
Modules
SIP Modules: .
. One=-sided 4 chip 1.9 3.4 0.33
One-gided 8 chip 2.7 4.8 0.65
One-sided 9 chip 3.3 5.8 0.65
Two~sided 8 chip 2.7 4.8 0.33
Two=gsided 9 chip 2.8 4.9 0.65

DIP Modules:. .

One-gided 4 chip 1.5 2.6 0.25
Two-gided 4 chip 2.4 4,2 0.27
Two-gided 8 chip 2.9 5.1 0.30

3.1 5.4 0.26

Two sided 16 chip

*2IP (zig~zag—in-line package)} is a monolithic DIP with all of its
pins on one edge. The ZIP is mounted on its longest edge.

. Source: DATAQUEST
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Disadvantages

Modules also have the following disadvantages:

Cost premiums--The most obvious drawback of memory modules is
the cost. A module will always cost more than the individual
chips. A SIP module usually costs from 1.3 to 5 times the cost
of individual chips. The premium for a DIP module can be even
higher, possibly even 2 to 10 times the cost of individual
chips. However, this price differential will decrease as the
module market expands. If the increased cost of the module is
not offset either by a substantially improved end product, or by
a resulting decrease in system cost (due to lower assembly costs
or fewer boards required}, then a module is not a good solution.

Instability--Some end users, 'especially the military, feel that
SIP modules are not rugged. Because they rest on one row of
pins, they can be brittle from the weight of the module. Thus,
the military often prefers DIP modules. -

lack of second sources--A lack of second sources for many
modules is c¢ited by some as a disadvantage. This will become
less of a concern as the market develops.

Lack of standards--A lack of standards is seen by others as a
drawback. The Joint Electronic Devices Engineering Council
(FJEDEC) has not published standards for memory modules.
However, as the market develops and more than one manufacturer
pushes for acceptance of standards, this disadvantage will be
eliminated.

Module height exceeds monolithic chip height~-Another
disadvantage of modules can be their height. SIP modules are
2 to 3-1/2 times as tall as DIPg, and 2=-1/2 to 5 times as tall
as PLCCs (Table l). This problem can be reduced by inserting
the SIP modules at a 30 degree angle. General Micro Systems has
produced a single VMEbus board containing two megabytes of
dual-ported RAM using this method. This reduced the height to
0.503 times the height of the 8IPs inserted vertically. To
accommodate this height reduction, board spacing of the SIPs had
to be increased from 0.2 inches to 0.3 inches.
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APPLICATICONS

Memory modules are being used for a variety of applications. These
include:

* Military equipment
- Aerospace industry
- Defense equipment

) Data processing equipment

- Computers

) . Cache memory
. Writable stores for medium and large computers
. CAE workstations

- Graphics terminals

- Point—-of-sale terminals

- Industrial equipment

- Process control instruments
- Portable medical equipment
- Remote instrumentation

Modules are used in all areas for prototyping new equipment ahead of
the next-generation chip availability.

Essentially any applications where size, efficiency, or reliability
are vital concerns, are potential markets for memory modules.

MARKET POTENTIAL

The memory module market is still in its infancy. Because of the
newness of the market and the broad base of its potential applications,
market size projections are difficult to predict. 1If the user community
becomes familiar and comfortable with memory modules, the market cculd
expand substantially.
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End-user opinions on memory modules vary dramatically. Some end
ugsers see the module market as only a transitory vehicle between chip
generations. They define the market as a bridge between 256K DRAMs and
1 megabit DRAMs. Other end users are very enthusiastic about the
benefits provided by modules, Some very large semiconductor end users
have no current plans for using memory modules. Other large end users
claim nearly all of their new designs will incorporate modules.

DATAQUEST estimates that the current size of the memory module market
(excluding stacks) is $200 million. This represents roughly 7 percent of
all MOS DRAM and SRAM units packaged as modules. In addition, a very
small percentage of EPROM units are packaged as modules. The size of the
stack market is an additional 370 million per year. If modules continue
to receive an increasingly positive reception from the end-user market
segments, the percentage of units packaged as modules could increase
dramatically. Some major suppliers predict that 40 to 50 percent of all
MOS DRAM and SRAM units will be sold as modules by 1989. A more
realistic estimate may be closer to 20 percent.

At present, SIP modules account for about 80 percent of the module
market in units, but DIP modules may be responsible for nearly half of
the dollars. This is due to the high average selling price of modules
sold to the military market, Currently, around 20 percent of all
256K DRAM units are packaged as modules. One major supplier predicts
that next year nearly half of all 1Mb DRAMs may be in modules.

AVAILABILITY

Memory modules are available now from at least a dozen semiconductor
companies. In addition, there are a large number of repackaging houses
buying DIPs or chip carriers and assembling them into modules. Many of
these repackagers have standard products and most will do custom orders.
The wvast majority of memory modules are being produced by the
semiconductor companies. Repackaging houses appear to have less than
10 percent of the memory module packaging market.

Semiconductor companies have a definite advantage over chip
repackagers, especially in the military market. When chip traceability
is an issue, buying a module from a supplier who has made the chip as
well as the module is an advantage. Some semiconductor manufacturers
believe that the module market is too small at present to merit the time
and commitment of their resources. If the market continues to grow, they
could have a change of heart.

10 © 1985 Dataguest Incorporated Oct. 8 ed. 81S Products - Markets



Memory Modules

COMPANY PROFILES ' -

Semiconductor Companies

The addresses and telephone numbers of the current memory module
suppliers are provided in Table 2 at the end of this section.

ATET Technologies

AT&T makes its own SIP modules for internal consumption. It does not
sell them on the merchant market. AT&T's main motivation for using
modules is space savings and the ability to be one generation ahead of
monolithic chips. Probably about 15 percent of the 256K DRAMS used by
ATST are in SIP modules. DATAQUEST estimates that this eguates to around
1 million DRAMs in SIP units per year. This number could decrease as
1Mb chips become available and as direct surface mounting of chip
carriers increases. ’

Fujitsu Ltd.

Fujitsu has two 22-pin SIP modules composed of four 64K DRAMs. One
is organized 64Kx4 and the other is 256Kxl. The company alsc has a SIP
. module composed of eight 64K DRAMSs.

Harris Semiconductor

Barris offers a line of military-grade DIP modules. SRaM modules are
available in densities of 64K to 256K. Harris has a l-megabit SRAM
module scheduled for availability at the end of 1985,

Hitachi Ltd.

Hitachi makes a DIP module with two 64K SRAMsS on the top surface and
two 64Ks on the underside of a 30-pin DIP. This results in a 32Kx8 SRAM
module with access from 150ns to 200ns.

Integrated Device Technology (IDT)

IDT offers a broad range of DIP modules. SRAM modules are available
with densities of 64K to 1 megabit. IDT has a 256K CMOS SRaM module with
- an access time of 55ns commercial and 65ns military. The module is
customer configurable to 16Kxlé, 32Kx8, and 64Kx4. The company's
1 megabit module iz composed of 16 64Kxl SRAMs with access times of 60ns
commercial and 70ns military. IDT alsc offers dual port RAM modules at

8Kx8 and l6Kx8, and FIFO modules at 2Kx9 and 4Kx9.
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The majority of IDT's business is the military end market. As its
production capacity expands, IDT's participation in the commercial market
will probably increase.

Micron Technology, Inc.

Micron Technclogy has SIP modules composed of eight or nine
64K DRAMs, It plans to introduce 256Kx4, x8, and x9 modules soon.
Micron offers error correction as an on-chip feature. 2IP modules are
available in 256Kxl and 64Kx4 versions.

Micron also offers a stack pack of two 64K DRAMs. This 128Kxl module
has access times of 120ns, 150ns, or 200ns.

Micron also offers another dense packaging alternative, the "cluster"
DRAM, {This is not technically a "module" but actually wafer-scale
integration.) To produce this cluster, the scribe lines on a wafer are
eliminated from the ten 64K DRAMs. This gives a cluster of two rows of
five die each. The cluster is then tested for eight to nine functiconal
die. It is then packaged in a 68-pin LCC. Thirty-gix of the pins are
active connections. The part measures about one square inch. Organiza-
tions of 512Kxl, 64Kx8, and 64Kx9 are available. Pricing is in the
$30 range per cluster.

Mitsubishi Electric

Mitsubishi has modules composed of four or eight 64K DR2Ms, and one
composed of nine 256K DRAMS. Its 256Kx9 module is a 30-pin SIMM with an
access time of 150ns.

Mitsubishi has been showing more interest in the zig=-zag in-line
package (2IP) than in modules., The 2IP is essentially a DIP on its side
with the pins on one edge in a zig-zag formation. The 32IP provides
nearly a 2:1 space savings over a DIP for the same price.

National Semiconductor

National has 16Kx8 CMOS SRAM modules with access times of 250ns.
These modules are stackable DIP modules. A wversion with a lithium
battery as a power supply backup is also available. Pricing for this
module is around $120 each in quantities of 100, This module is intended
for low-power instrumentation or for handheld, battery-powered
applications, such as portable data acquisition equipment, field test
equipment, point-of-gsale equipment, remote instrumentation, real-time
process controllers, and microcomputer memory.
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ki Semiconductor

Oki has a 128K NMOS DRAM stack composed of two 64K chips. This
module is packaged in lé-pin DIPs with access of 150ns to 200ns. Stacks
are being used in PC/AT-compatible computers.

In addition to the stack, Oki has released a preliminary data sheet
on a 256Kx9 SIMM. This module has 30 pins and access time of 1l20ns or
150ns.

Texas Instruments (TI)

Texas Instruments was among the first participants in the SIMM
market. It has a large variety of modules available. TI offers 64Kx4,
x5, %8, and x9 SIMMs, as well as 256Kx4, x8, and x9 SIMMs, TI is not
using any of these modules internally, but may do s0 in the future.

Toshiba America, Inc.

Toshiba has SIP modules composed of nine 256K chips. This module has
150ns access and 30 pins. Toshiba also has a 512Kx4 module compogsed of
eight 256K DRAMs,. This 24-pin SIP has access of 150ns.

Repackagers

Advanced Electronic Packaging

Mdivanced Electronic Packaging offers SRAM and DRAM SIP modules. Most
of its modules have eight or nine chips on each side of the module,
Currently, the company supplies 32Kx8, ©64Kx8, and 128Kx8 SRaM
organizations, and 256Kx9 DRAM modules.

Advanced Surface Mount Devices (ASMD)

ASMD has a standard line of memory modules including 64Kx4, x5, x8,
and x9 SIMMS as well as 256Kx4, x5, x7, and x9 SIMMs, It also does
custom configurations.

a

AWI, Inc.

AWI offers SIP and SIMM modules composed of 64K or 256K DRAMs in x4,
%8, or x9 configurations. The x4 module has 22 ping and the x8 and x9
modules have 30 pins. BAWI also dces custom packaging.
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Dense-Pac Development, Inc.

Dense=-Pac offers a very broad line of standard memory modules. Both
SIP and DIP modules are composed of DRAMs, SRAMs, EPROMs, and EEPROMs.
Module densities reach 1Mb for EEPROMs and 4Mb DRAMs. The company offers
a 16Kx8 SRAM module with access time of 25ns. Dense=Pac will alsc do
custom configurations.

Electronic Designs Inc. (EDI)

EDI was formed in 1980 as one of the first companiesg to specialize in
the design and manufacture of high-density modules. It produces both SIP
and DIP modules. Currently, about half of EDI's business is in DRAMs and
modules, but the proportion of SRAM modules is increasing. The company
also offers UV EPROMs, organized 16Kx8 an 32Kx8, and EEPROMs organized
32Kx8, 24Kxl6, and 64Kx16.

EDI combines SRAM and EPROM on a single module called a COMBO.
COMBOs satisfy the need for external data memory and program memory,
making the device ideal for microprocessor-based systems.

Custom modules are available for all memory products as well as
microprocessors, gate arrays, and random logic devices.

By-Pac Technology

Hy-Pac is a subsidiary of Stanford Applied Engineering. Currently,
it only produces DIP modules., SRAM modules are available organized
32kx8, as well as DRAM modules organized 64Ex8 and =x9, and 256Kx8 and
x9. Custom products are available for both commercial and military
applications.

Integrated Circuits, Inc.

Static RAM DIP modules are available from Integrated Circuits, Inc.
Prices for a 64K (MOS SRAM module are around $100 for a commercial 100ns
versgion, and $150 for the military version. The 256K module is about
3250 for commercial and $300 for the military.

Micro Industries

Micro Industries offers DRAM and SRAM SIP modules. DRAM modules
composed of 64K or 256K chips are organized x4, x8, or x9., DRAM modules
compoged of eight or nine 1Mb chips will also be available. Micro's SR2M
modules composed of 64K chips are organized 32Ex8 or 128Kx8.
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T.L, Industries, Inc.

T.L. Industries offers a very large pseudostatic RaM DIP module
composed of 16 DRAMs and a controller. To mount this 2 x 3.5=inch module
reguires two SIP sockets. The price is $395 for a 64Kxl6é module and
31,395 for a 512Kxlé. The module covers 7 square inches of PC board.
This is the point at which one begins to wonder whether to call the
product a module or a small PC board.

Zenith Electronics Corporation

Zenith has byte-wide DRAMM modules. Using nine 64K DR2Ms, this DIP

has 30 pins and column access time of 1l00ns. 2enith alsc does custom
designs. )
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Table 2

MEMORY MODULE SUPPLIERS

Advanced Electroni¢ Packaging
2159 Bay Street

- Los Angeles, CA 20021

(213) 622-9042

Advanced Surface Mount Devices
11180-G Roselle Street

S5an Diego, CA 92121

{619) 453-8111

AT&T Technologies
555 Union Blvd.
Allentown, PA 18103
(215) 770-2200

AHI; Inc.

558 Oakmead Parkway
Sunnyvale, CA 94086
{408) 720-8860

Dense=-Pac Development, Inc.
1588-A 8. Anaheim Blvd.
Anaheim, CA 92805

(714) 898-0007

Electronic Designs, Inc.
Hopkington Industrial Park
35 South Street
Hopkington, MA 01748

{617) 435-9077

Fujitsu Ltd.

3320 Scott Blvd.
Santa Clara, CA 95051
{408) 727-1700

Harris Semiconductor

(MOS Digital Products Division
P.0O. Box 883

Melbourne, Florida 32901

(308) 727-9100

SIS Products - Markets

Hitachi Ltd.

2210 0'Toole Avenue
San Jose, CA 95131
{408) 942-1500

Hy~Pac Techneology
760 Aleso
Sunnyvale, CA 94086
(408} 745-0950

Integrated Circuits, Inc.
10301 Willows Road
Redmond, WA 98052

(206) 882-3100

Integrated Device Technology
3236 Scott Blvd.

Santa Clara, CA 95051

{408) 727-6116

Micro Industries

691 Greencrest Drive
Westerville, Ohio 43081
{614) 895-~0404

Micron Technology, Inc.
2805 BE. Celumbia Road
Boise, Idaho 83706
{208) 386-3900

Mitsubishi Electric
1050 East Argues Avenue
Sunnyvale, CA 94086
{408) 730-5900

Oki Semiconducter
650 N. Mary Avenue
Sunnyvale, CA 94086
(408) 720-190C0

{Continued)
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National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
(408) 721-5000

T. L. Industries, Inc.
2541 Tracy Road
Toledo, Ohio 43619
(419) 666—8144

Texas Instruments
P.0. Box 225012
Dallas, Texas 75265
(214) 995-2011

Memory Modules

Table 2

MEMORY MODULE SUPPLIERS

Toshiba America, Inc.
2441 Michele Drive
Tustin, CA 92680
(714) 730-5000

Zenith Electronics Corporation
1000 Milwaukee Avenue
Glenview, IL 60025

{312} 391-7000
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MOS Memory—-Forecast

RY TOTAL WO DE _FORE T

The Dataquest MOS memory forecast is presented in Tables 1 through 7.
Revenue, unit shipments, average selling price, bit shipments, and average
price per bit are forecast for each of the major MOS memory product areas for
the years 1987 to 1991, These product areas are dynamic RAMs (DRAMs), static
RAMs (SRAMs), EPROMs, mask-programmable ROMs, and EEPROMs. Historical data
from 1984 to 1986 are also provided for your reference., Tables contained in
this forecast are as follows:

Table l--Worldwide MOS Memory Market--Revenue

Table 2--Worldwide MOS Memory Market--Revenue Trends

Table 3--Worldwide MOS Memory Market--Unit Shipments

Table 4--Worldwide MOS Memory Market--Unit Shipment Trends

Table 5--Worldwide MOS Memory Market--Average Selling Prices

Table 6--Worldwide MOS Memory Market--Bit Shipments

Table 7--Worldwide M0OS Memory Market--Average Selling Price per Bit

For more detailed forecasts of each product family, refer to the
appropriate product section.

1i Forecas

The last Datagquest MOS memory forecast was published in September 1986.
Although actual 1986 MOS memory revenue is the same as that of the previous
forecast, unit shipments are higher and the average selling price (ASP) is
lower, Despite the U.S8.-Japan Semiconductor Trade Arrangement and the
accompanying foreign market wvalues (FMVs), DRAM prices dropped considerably
in the last quarter of 1986 after a brief increase in the third quarter.
Prices of MOS memories in Furope and the Asia Pacific region were consis-
tently and markedly lower than in the United States.

The projected growth in 1987 has been revised to 21 percent, compared to
40 percent in the September forecast. Although U.S. book-to-bill ratios have
crossed unity, European ratios have not shown the same strength and Japan's
economy is hurting because of the depreciating dollar. Yet, 21 percent is a
healthy growth, a welcome relief after the soft market conditions of 1985
and 1986,
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Tempered optimism characterizes the 1988 to 1991 outleck in this
forecast. The MOS memory market is expected to grow at a compound annual
growth rate (CAGR) of 14.7 percent, compared to 22.0 percent in the previous
forecast. Hew product intreduction schedules (4Mh DRAM, 1Mb SRAM, and
others) have been adjusted. Conservatism in capital spending for production
equipment for new products is prevalent after the severe financial losses
incurred in 1985 and 1986.

For Japanese companies, this problem is compounded by the strong yen and

an expected weak domestic consumption., Japanese government intervention in
pricing and production of MOS memories is expected to continue.

Highlights of the MOS Memory Fgrecast

We expect the fellowing to occur in the MOS memory market:

. The market achieved $4.4 billion in revenue in 1986 and is expected
to grow to $5.3 billion in 1987 and $8.8 billion by 1991,

. The market will grow at 14.7 percent CAGR from 1986 to 1991,
compared to a 16.7 percent CAGR from 1981 to 1986.

. The fastest-growing product families are the fast SRAM and EEPROM,

- Fast SRAMs and EEPROMs will grow at 17 percent and 36 percent
CAGRs, respectively.

- DRAM revenue will have an above-average 16 percent CAGR in this
period.

* Average selling prices are expected to improve beginning in 1987, as
the industry improves and newer products increasingly are produced.

* The market is expected to experience narrower swings in annual
growth rates, similar to those of the latter years of the last
decade.

There 1is no apparent application like the personal computer
that will cause the wild swings of recent years.

- We believe that the industry will be better prepared for the
next downturn.,
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. The year 1989 is projected to be a soft year for the whole
gsemiconductor industry, based on projections of the industry's
cycles. However, Dataquest expects a milder downturn in 1989 than
that of 1985.

. MOS memory bits are expected to grow at a 63 percent CAGR from 1986
to 1991, versus a 92 percent CAGR from 1981 to 1986,

MARKET OIFTLOOK

Th hort-Term look

The book-to-bill ratio of U.S., suppliers and the general increased pur-
chasing activity in the early months of 1987 are positive market signs that
are expected to fuel the 21 percent growth in 1987, Market opportunities
abound. Perscnal computer manufacturers such as IEM and Apple have announced
new products with denser and faster memories. Furthermore, several mainframe
and minicomputer companies are performing well, boosting static RAM sales,
and the 256K EEPROM is being designed into several military applications.
More companies are expected to slowly return to profitability. In the United
States, lead times for certain DRAMs and EPROMs have stretched out and are
expected to remain so through the third quarter.

Nevertheless, negative factors exist as well, Japanese consumption is
expected to be weak in 1987 because of the strong yen. Investments in new,
expensive lines for new densities and packages are being constrained by the
low level of profitability in the industry, increasing the potential for
1Mb DRAM shortages. The U.S.-Japan trade war is escalating with the semi-
conductor industry as the more wvisible battlefield. Consegquently, Japanese
producers have implemented production cuts that could 1lead te severe
256K DRAM shortages.

The Long-Term Qutlook

Datagquest believes that the following factors will lend to the antici-
pated 14.7 percent CAGR for MOS memories through 1991:

L] The traditional growth of new, higher-density memories
) The penetration of the bipolar market by high-speed MOS memories

. The expansion of the market into nontraditional memory uses
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* The emergence of new applications in graphics, speech, and digital
television
A4 Consumption growth in the Asia Pacific countries other than Japan

We believe that higher-density memories will dominate the market. We
expect 1Mb and 4Mb DRAMs, for example, to account for 93 percent of the total
DRAM market in 1991, compared to only 8 percent in 1986,

The MOS memory market promises to reach out beyond its traditional
boundaries. Submicron processes have given birth to CMOS SRAMs and EPROMs
that approximate bipolar speeds. These products are expected to take a slice
out of the bipolar memory market. With additional on-chip logic, memories
are being used in applications that perform interface and processing-related
functions, a departure from conventional storage tasks. Classified as
specialty memories, they include FIFOs, dual-port RAMs, wvideo RAMs, and cache
tag RAMs, Dataguest expects the specialty memory market segment to grow
significantly in the next years,

New applications in graphics, speech, IC cards, digital television, and
other areas are projected to pick up in activity, although real expansion in
these markets is not expected until after the turn of the decade. Faster,
high-density memories are being developed to meet future needs of 32-bit
microprocessor-based systems,

The anticipated consumption growth in the Asia Pacific region will also
contribute to the growth in MOS memory revenue. MOS memory revenue in this
region 1s expected to reach $8380 million by 1991.
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Table 1

WORLDWIDE MOS MEMORY MARKET REVENUE
(Millions of Dollars)

1984 1985 19386 1987 1988 1989 1990 1991

Read/Write Memory $4,850 $2,473 $2,905 $3,463 $4,438 $4,056 $4,743 $5,999
Dynamic RAM $3,540 $1,592 $2,102 $2,467 $3,371 $3,110 $3,478 $4,360
HMOS8 3,523 1,560 1,896 1,746 1,416 860 401 288
CMOS 17 32 206 721 1,955 2,250 3,077 4,072
Static RAM $1,310 § 881 § 803 § 996 $1,067 § 946 $1,265 $1,639
Fast SRAM 323 339 363 446 520 524 677 763
Slow SRAM 987 542 450 550 547 422 588 876
RMOS 481 315 l9g 128 84 47 28 15
CMOS 830 569 606 869 982 898 1,236 1,623
Read-Only Memory $1,774 $1,406 $1,467 $1,826 $2,085 $2,147 $2,555 $2,696
EPROM $1,185 § 876 $ 910 $1,052 $1,176 $1,225 $1,497 $1,616
UV EPROM 1.164 856 B61 989 1,055 1,097 1,346 1,428
oTP . 21 20 49 63 121 128 151 1388
MOS8 1,071 791 720 725 681 560 594 593
MOS 114 85 190 326 495 665 902 1,023
ROM $ 434 % 388 § 418 $ 543 $ 564 $ 493 § 453 § 442
HMOS 321 255 243 283 256 160 112 21
MO8 113 133 175 260 308 333 341 361
EEPROM $ 155 § 142 § 139§ 231 $ 345 $ 429 $§ 605 $ 638
NMOS 145 130 117 158 208 185 268 282
CMOS 10 12 22 73 137 244 337 156

Other MOS Memory & R0 £ 45 § 55 % 65 §$ 76 & 80 $ 100 $ 100

Total MOS Memory $6,674 $3,924 $4,427 $5,354 $6,598 $£6,283 $7,398 $8,795

Percent Change
from Previous

Year 63.0% (41.2%) 12.8% 20.9% 23.2% (4.8%) 17.7% 18.9%

Source: Dataquest
April 1987

SIS Memories ® 1987 Dataquest Incorporated April 3



MOS Memory—Forecast

Table 2

WORLDWIDE M0OS MEMOEY MARKET--REVENUE TRENDS

Percent DRAM
Percent SRAM

Total RAM

Percent EPROM
Percent Mask ROM
Percent EEPROM

Total EROM

Percent Read/Write
Memory

Percent Read Only

Memory

Parcent Other MOS

Memory

Total MOS Memory

Percent P or NMOS
Percent CMOS

Total MOS Memory

Percent Fast SRAM
Percent Slow SRAM

Total SRAM
Percent Once

Programmable
Percent Reprogrammable

Total Programmable

(Percent)

1984 1985 1986 1987 1988 1689 1990 1991
73% 64% 72% 71% 76% 77% 73% 73%
27 36 28 29 24 23 27 27

100% 100% 100% 100% 100% 100% 100%  100%
67% 62% 62% 58% 56% 57% 59% 60%
24 28 28 30 27 23 18 16

9 10 9 13 17 20 24 24

100% 100% 100% 100% 100% 100% 100%  100%
73% 63% 66% 65% 67% 65% 64% 68%
27 36 33 34 32 34 35 31

1 1 1 1 1 1 1 1

100% 100% 100% 100% 100% 100% 100% 100%
84% 79% 73% 57% 41% 29% 19% 14%
16 21 27 43 59 71 81 86

100% 100% 100% 100% 100% 100% 100%  100%
25% 38% 44% 45% 49% 55% 54% 17%
75 62 56 55 51 45 46 53

100% 100% 100% 100% 100% 100% 100% 100%

2% 2% 4% 5% 7% 7% 7% 8%
98% 98% 96% _95% 93% 93% 93% 92%
100% 100% 100% 100% 100% 100% 100% 100%

® 1987 Dataquest Incorporated April

Source: Dataquest
April 1987
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MOS Memory——Forecast

Table 5

WORILDWIDE MOS MEMORY MARKET--AVERAGE SELLING PRICES
(Dollars per Unit)

Dynamic RAM
Static RAM
Fast SRAM
Slow SRAM
EPROM
UV EPROM
OTP
ROM
EEPROM
Other MOS Memory
Overall MOS Memory
Percent Change

from Previous
Year

SIS Memories

1984 1985 1986

$£3.50
$4050
$5.41
$4.26
$5.37
$5.40
$4.10
$3.28
$3.58
$5.00

$3.90

19.9%

$2.03
$2.97
$5.00
$2.36
$3.57
$3.62
$2.40
$2.83
$3.15
$5.00

$2.59

(33.7%) (7.2%)

$1.98
$2.64
$4.47
$2.00
$3.41
$3.45
$2.84
$2.72
$2.86
$5.00

$2.40

1987

$2.17
$3.18
$4.76
$2.51
$3066
$3075
$2.69
$3.42
$4.17
$5.00

$2073

13.7%

1988

$2.74
$3.35
$5.13
$2.52
$3.78
$3.76
$3.98
$3.54
$5.13
$5.00

$3414

15.0%

1989

$2.37
$2.84
$4.70
$1.91
$3.81
$3.35
$3.49
$303?
$5.85
$5.00

$2.86

1990

$2.57
$3.32
$4.72
32047
$4.29
$4.36
$3.76
$3.37
$7.05
$5.00

$3.18

(9.1%) 11.5%

Source:

® 1987 Dataguest Incorporated April

1991

$3.00
$3.86
$4.60
$3.39
$4.53
$4.69
$3.57
$3.15
$6.09
$5.00

$3052

10.6%

Dataquest
April 1987



MOS Memory—Forecast

Table 6

WORLDWIDE MOS MEMORY MARKET--BIT SHIPMERTS
(Billions of Bits)

Dynamic RAM
Static RAM
Fast SRAM
Slow SRAM
EPROM
UV EPROM
OTP
ROM
EEPROM
Overall MOS Memory

Percent Change from Previous Year

Dynamic RAM
Static RAM
Fast SRAM
Slow SEAM
EPROM
UV EPROM
OTP
ROM
EEPROM
Overall MOS Memory

Percent Change from Previous Year

1984
68,162
5,197
618
4,580
12,933
12,720
213
13,649
126
100,067

95.0%

1988
572,680
34,750
5,285
26,465
90,006
77,526
12,480
112,853
1,668
811, 957

79.8%

1985
98,184
7,257
885
6,371
21,827
21,231
596
23,032
138
150,488

50.4%

1989
887,279
51,947
8,955
42,992
133,829
112,932
20,897
132,710
3,360
1,209,125

48,9%

10 ® 1987 Dataquest Incorporated April

1986
196,182
11,134
1,436
9,698
36,445
33,474
2,971
41,701
290
285,752

£9.9%

1990
1,353,967
99,590
18,357
81,234
201,282
168,677
32,605
175,112
8,428
1,838,379
52.0%

Source!

1987
295,585
21,774
2,695
19,078
58,123
52,396
5,727
75,579
598
451,659

58.1%

1991
2,538,471
198,468
34,005
164,463
259,797
204,584
55,213
261,554
15,931
3,274,221
78.1%

Datagquest
April 1987

SIS Memories



MOS Memory——Forecast

Table 7

WORLDWIDE MOS MEMORY MARKET--AVERAGE SELLING PRICE PER BIT

Dynamic RAM
Static RAM
Fast SRAM
Slow SRAM
EPROM
UV EPROM
OTP
ROM
EEPROM
Overall MOS Memory
Percent Change

from Previous
Year

SIS Memories

{Millicents per Bit)

7.3 4.3 3.0
4.0 2,6 1.9
3.3 1.7 1.1
1.7 1.0 0.7
75.5 48.2 38.6
2.6 1.5 1.2

1988

1990 1991
0.3 0.2
1.3 0.8
3‘7 2.2
0.7 0.5
1.3 1.0
0.8 0.7
0.5 0.3
0.3 0.2
T.2 4.0
0.4 0.3

(18.0%)(61.1%)(40.6%)(22.5%)(31.4%){36.1%)(22.6%)(33.1%)

Source!

© 1987 Dataquest Incorporated April

Dataquest
April 1987
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MOS Memory-—Forecast

Table 1

WORLDWIDE MOS MEMORY MARKET REVENUE
{Millions of Dollars)

198¢ 1085 1986 1987 1988 1989 1990 1991
Read/Write Memory $4,850 $2,473 $2,905 $3,463 $4,438 $4,056 $4,743 $5,999
Dynamic RAM $3,540 $1,592 $2,102 $2,467 $3,371 $3,110 §3,473 $4,360
NMOS 3,523 1,560 1,896 1,746 1,416 860 401 288

CMOS , 17 32 206 721 1,955 2,250 3,077 4,072
Static RAM $1,310 § 881 § 803 § 996 $1,067 § 046 $1,265 $1,639
Fast SRAM 323 339 353 446 520 524 677 763

Slow SRAM 987 542 450 550 547 422 588 876

MOS 481 315 198 128 84 a7 28 15

CMOS 830 569 606 869 982 898 1,236 1,623
Read-Only Memory $1,774 $1,406 $1,467 $1,826 $2,085 $2,147 $2,555 $2,696
EPROM $1.185 $ 876 $§ 910 $1,052 $1,176 $1,225 $1,497 $1,616
UV EPROM 1,164 856 861 989 1,055 1,097 1,346 1,428

oTP 21 20 49 63 121 128 151 188
. NMOS 1,071 791 720 725 681 560 594 593
CMOS 114 85 190 326 495 665 902 1,023

ROM $ 434§ 388 % 418 § 543 § 564 § 493 § 453 § 442
WMOS 321 255 243 283 256 160 112 81

CMOS 113 133 175 260 308 333 341 361
EEPROM $ 155§ 142§ 139§ 231 § 345§ 429§ 605 5 638
NMOS 145 130 117 158 208 185 268 282

CMOS 10 12 22 73 137 244 337 356

Other MOS Memory £ 508 45 §$ 55 % 65 % 75

£ 5035 100§ 100

Total MOS Memory $6,674 $3,924 $4,427 §5,354 $6,598

Percent Change
from Previous

$6,283 $7,398 $8,795

Year 63.0% (41.2%) 12.8% 20.9% 23.2% (4.8%) 17.7% 18.9%
Source: Dataquest

April 1987
SIS Memories ® 1987 Dataquest Incorperated April 5



MOS Memory—-Forecast

Table 2

WORLDWIDE MOS MEMORY MARKET--REVENUE TRENDS

Percent DRAM
Percent SRAM

Total EAM
Percent EFPROM
Percent Mask ROM
Percent EEPROM

Total ROM
Percent Read/Write

Memory
Percent Read Only
Memory
Percent Other MOS
Memory

Total MOS Memory

Percent P or NMOS
Percent CMOS

Total MOS Memory

Percent Fast SRaM
Percent Slow SRAM

Total SRAM
Percent Once
Programmable

Percent Reprogrammable

Tetal Programmable

{Percent)

1984 1985 1986 1987 1988 1989 1990 1991
73% 64% 72% T1% 76% T7% 7T3% 3%
27 36 28 29 24 23 27 27

100% 100% 100% 100% 100% 100% 100% 100%
67% 62% 62% 58% 56% 57% 59% 60%
24 28 28 30 27 23 138 16

9 10 9 13 17 20 24 24

100% 100% 100% 100% 100% 100% 100% 100%
73% 63% 66% 65% 67% 65% 64% 68%
27 36 33 34 32 34 35 31

1 1 1 1 1 1 1 1

100% 100% 100% 100% 100% 100% 100% 100%
84% 79% T3% 57% 41% 29% 19% 14%
16 21 27 43 59 71 81 86

100% 100% 100% 100% 100% 100% 100% 100%
25% 38% 44% 45% 49% 55% 54% 47%
75 62 56 55 51 45 46 53

100% 100% 100%  100% 100% 100% 100%  100%

2% 2% 4% 5% 7% 7% T% 8%
98% 98% 96% 95% 93% 93% 93% 92%

100% 100% 100% 100% 100% 100% 100% 100%
Source: Datagquest

April 1987

© 1987 Dataquest Incorporated April
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MOS Memory——Forecast

Table 3

WORLDWIDE MOS MEMORY MARKET--UNIT SHIPMENTS
{(Millions of Units)

1984 1985 1986 1987 1988 1989 1990 1991

Read/Write Memory 1,304 1,080 1,363 1,448 1,549 1,643 1,736 1,878
Dynamic RAM 1,012 782 1,060 1,135 1,230 1,311 1,355 1,454
NMOS 1,010 777 1,043 1,060 870 622 326 240

CMOS 3 5 17 75 361 689 1,029 1,214
Static RAM 291 298 304 313 318 333 38l 424
Fast SRAM 60 68 79 94 101 112 143 166

Slow SRAM 232 230 225 219 217 221 238 258

NMOS 138 121 89 47 31 20 12 6

CMOS 154 177 214 266 287 313 369 418
Read-Only Memory 396 427 470 501 538 541 569 602
EPROM 221 245 267 287 311 322 349 357
UV EPROM 216 237 250 264 281 285 308 - 304

OoTP 5 8 17 23 30 37 40 53

HMOS 208 228 227 228 218 183 173 160

CMOS 13 17 40 60 a3 139 176 197

ROM 132 137 154 159 160 146 135 140
HMOS 110 106 108 103 86 55 41 32

MOS8 22 31 46 gs 74 91 94 108
EEPROM 43 45 49 55 67 73 86 105
HMOS 42 42 41 44 44 39 38 49

CMOS 1 4 7 12 24 a5 48 56

Other MOS Memory 10 9 11 13 15 ___ 16 20 20

Total MOS Memory 1,710 1,516 1,844 1,962 2,102 2,200 2,325 2,500
Percent Change

from Previous
Year 33.0% (11.3%) 21.6% 6.4% 7.1% 4.7% 5.6% 7.5%

Source: Dataquest
April 1987

SIS Memories ® 1987 Datagquest Incorporated April 7



MOS Memory--Forecast

Table 4

WORLDWIDE MOS MEMORY MARKET--UNIT SHIPMENT TRENDS

Percent DRAM
Percent SRAM

Total RAM
Percent EPROM
Percent Mask ROM
Percent EEPROM

Total ROM
Percent Read/Write

Memory
Percent Read Only
Memory
Percent Other MOS
Memory

Total MOS Memory

Percent P or NMOS
Percent CMOS

Total MOS Memory

Percent Fast SEAM
Percent Slow SRAM

Total SRAM
Percent Once
Programmable

Percent Reprogrammable

Total Programmable

(Percent)

1984 1985 1986 1987 1988 1989 1590 1991
78% T2% 78% 78% T9% 80% T8% 77%
22 28 22 22 21 20 22 23

100% 100% 100% 100% 130% 100% 100% 100%
56% 57% 57% 57% 58% 59% 61% 59%
33 32 33 3z 30 27 24 23
11 11 10 11 i3 14 15 17

100% 100% 100% 100% 100% 100% 100% 100%
76% 71% 74% 74% T4% 75% 75% T5%
23 28 25 26 26 25 24 24

1 1 1 1 1 1 1 1

100% 100% 100% 100% 100% 100% 100% 100%
89% B4% 82% 76% 60% 42% 26% 20%
11 16 18 24 40 58 74 80

100% 100% 100% 100% 100% 100% 100% 100%
20% 23% 26% 30% 32% 34% 38% 39%
80 17 74 70 68 66 62 61

100% 100% 100% 100% 100% 100% 100% 100%

2% 3% 5% 6% T% 8% 8% 10%
98 97 95 94 93 92 92 90
100% 100% 100% 100% 100% 100% 100% 100%

Source: Dataquest
April 1987

© 1987 Dataguest Incorporated April
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MOS Memory Market Forecast

The Datagquest MOS memory forecast is presented in Tables 1 through 7.
Revenue, unit shipments, average selling price, bit shipments, and average
price per bit are forecast for each of the major MOS memory product areas for
the years 1987 to 1991. These product areas are dynamic RAMs (DRAMs), static
RAMs (SRAMs), EPROMs, mask-programmable ROMs, and EEPROMs. Historical data
from 1984 to 1986 are also provided for your reference. Tables contained in
this forecast are as follows:

Table l--Worldwide MOS Memory Market--Revenue
Table 2--Worldwide MOS Memory Market--Revenue Trends
Table 3--Worldwide MOS Memory Market--Unit Shipments
Table 4--Worldwide MOS Memory Market--Unit Shipment Trends
" Table 5--Worldwide MOS Memory Market--Average Selling Prices
Tahble 6--Worldwide MOS Memory Market--Bit Shipments
Table 7--Worldwide MOS Memory Market--Average Selling Price per Bit

For more detailed forecasts of each product £family, refer to the
appropriate product section,

Comparigon to Rarlier Forecasts

The last Dataquest MOS memory forecast was published in September 1986,
Although actual 1986 MOS memory revenue is the same as that of the previous
forecast, unit shipments are higher and the average selling price (ASP) is
lower. Despite the U.S.-Japan Semiconductor Trade Arrangement and the
accompanying foreign market values (FMVs), DRAM prices dropped considerably
in the 1last gquarter of 1986 after a brief increase in the third guarter.
Prices of MOS memories in Europe and the Asia Pacific region were consis-
tently and markedly lower than in the United States.

The projected growth in 1987 has been revised to 21 percent, compared to
40 percent in the September forecast. Although U.S. book-to-bill ratios have
crossed unity, European ratios have not shown the same strength and Japan's
economy is hurting because of the depreciating dollar. Yet, 21 percent is a
healthy growth, a welcome relief after the soft market conditions of 1985
and 1986,

SIS Products - Markets © 1987 Dataquest Incorporated April 1



MOS Memory Market Forecast

Tempered optimism characterizes the 1988 to 1991 outlook in this
forecast. The MOS memory market is expected to grow at a compound annual
growth rate (CAGR) of 14.7 percent, compared to 22.0 percent in the previous
forecast. New product introduction schedules (4Mb DRAM, 1Mb SRAM, and
others) have been adjusted. Conservatism in capital spending for production
equipment for new products is prevalent after the severe financial losses
incurred in 1985 and 1986.

For Japanese companies, this problem is compounded by the strong yen and
an expected weak domestic consumption. Japanese govermment intervention in
pricing and production of MOS memories is expected to continue.

Highligh £ Forecas

We expect the following to occur in the MOS memory market:

® The market achieved $4.4 billion in revenue in 1986 and is expected
to grow to $5.3 billion in 1987 and $8.8 billion by 1991.

L] The market will grow at 14.7 percent CAGR from 1986 to 1991,
compared to a 16.7 percent CAGR from 1981 to 1986.

® The fastest-growing product families are the fast SRAM and EEPROM.

- Fast SRAMs and EEPROMs will grow at 17 percent and 36 percent
CAGRs, respectively.

- DRAM revenue will have an above-average 16 percent CAGR in this
period.

L Average selling prices are expected to improve beginning in 1987, as
the industry improves and newer products increasingly are produced.

® The market is expected to experience narrower swings in annual
growth rates, similar to those of the latter years of the last
decade.

- There is no apparent application like the personal computer
that will cause the wild swings of recent years.

- We believe that the industry will be better prepared for the
next downturn.

2 © 1987 Dataquest Incorporated April SIS Products - Markets



MOS Memory Market Forecast

. The year 1989 is projected to be a soft year for the whole
semiconductor industry, based on projections of the industry’s
cycles. However, Dataquest expects a milder downturn in 1989 than
that of 1985,

L4 MOS memory bits are expected to grow at a 53 percent CAGEE from 1986
to 1991, versus a 92 percent CAGR from 1981 to 1986.

MARKET OUTLOOK

h ~Term O k

The bhook-to-hill ratio of U.S. suppliers and the general increased pur-
chasing activity in the early months of 1987 are positive market signs that
are expected to fuel the 21 percent growth in 1987. Market opportunities
abound. Personal ¢omputer manufacturers such as IBEM and Apple have announced
new products with denser and faster memories. Furthermore, several mainframe
and minicomputer companies are performing well, boosting static RAM sales,
and the 256K EEPROM is being designed into several military applications.
More companies are expected to slowly return to profitability. In the United
States, lead times for certain DRAMs and EPROMs have stretched out and are
expected to remain so through the third quarter.

Nevertheless, negative factors exist as well. Japanese consumption is
expected to be weak in 1987 because of the strong yen. Investments in new,
expensive lines for new densities and packages are being constrained by the
low level of profitability in the industry, increasing the potential for
IMb DRAM shortages. The U.S.~Japan trade war is escalating with the semi-
conductor industry as the more visible battlefield. Consequently, Japanese
producers have implemented production cuts that c¢ould 1lead to severe
256K DRAM shortages.

= 1

Dataquest believes that the following factors will lend to the antici-
pated 14.7 percent CAGR for MOS memories through 1991:

» The traditional growth of new, higher-density memories
» The penetration of the hipolar market by high-speed MOS memories

. The expansion of the market into nontraditional memory uses

SIS Products - Markets ® 1987 Dataquest Incorporated April 3



MOS Memory Market Forecast

- The emergence of new applications in graphics, speech, and digital
television

* Consumption growth in the Asia Pacific countries other than Japan

We bhelieve that higher-density memories will dominate the market. We
expect 1Mb and 4Mb DRAMs, for example, to account for 93 percent of the total
DRAM market in 1991, compared to only 8 percent in 1986.

The MOS memory market promises to reach out beyond its traditional
boundaries. Submicron processes have given birth to CMOS SRAMs and EPROMs
that approximate bipolar speeds. These products are expected to take a slice
out of the bipolar memory market. With additional on-chip logic, memories
are being used in applications that perform interface and processing-related
functions, a departure from conventional storage tasks. Classified as
specialty memories, they include FIFOs, dual-port RAMs, video RAMs, and cache
tag RAMs. Datagquest expects the specialty memory market segment to grow
significantly in the next years.

New applications in graphics, speech, IC cards, digital television, and
other areas are projected to pick up in activity, although real expansion in
these markets is not expected until after the turn of the decade. Faster,
high-density memories are being developed to meet future needs of 32-bit
microprocessor-based systems.

The anticipated consumption growth in the Asia Pacific region will also

contribute to the growth in MOS memory revenue, MOS memory revenue in this
region is expected to reach $880 million by 1991.

4 © 1987 Dataquest Incorporated April 815 Products - Markets



MOS Memory Market Forecast

Tab

le 1

WORLDWIDE MOS MEMORY MARKET REVENUE
(Millions of Dollars)

Read/Write Memory
Dynamic RAM
WMO0S
CMOS
Static RAM

Fast SRAM
Slow SRAM
NMOS
CMOS

Read-Omly Memory
EPROM
UV EPROM
oTP
NMOS
CMOS
ROM
HMOS
CMOS
EEPROM
HMOS
CMOS

Other MOS Memory

4984 1085 1986 1987 1988 1989 1990 1991

$4.,438 $4,056 $4,743 §5,999
$3,371 $3,110 $3,478 $4,360

401 2838

3,077 4,072
$1,265 $1,639

677 763
588 876
28 15

1,236 1,623

$2,555 $2,696
$1,497 $1,616
1,346 1,428

151 188
594 593
902 1,023
453 § 442
112 81
341 361
605 § 638
268 282
337 356

£ 80 §% 100§ 100

Total MOS Memory $6,674 $3,924 $4,427

Percent Change

from Previous
Year

SIS Products - Markets

$6,283 §$7,398 $8,795

$4,850 $2,473 $2,905 $3,463
$3,540 $1,592 $2,102 $2,467

3,523 1,560 1,896 1,746 1,416 860
17 32 206 721 1,955 2,250
$1,310 § 881 & 803 § 996 $1,067 § 946
323 339 353 446 520 524
987 542 450 550 547 422
481 315 198 128 84 47
830 569 606 869 982 898
$1.774 $1,406 $1,467 $1,826 $2,085 $2,147
$1,185 § 876 § 910 $1,052 31,176 $1,225
1,164 856 861 989 1,055 1,097
21 20 49 63 121 128
1,071 791 720 725 681 560
114 85 190 326 495 665
$ 434 % 388 8§ 418 $ 543 § 564 § 493
321 255 243 283 256 150
113 133 175 260 308 333
$ 1558 142§ 139 8 231 8 345 § 429
14% 130 117 158 208 1as
10 12 22 73 137 244

$. 508 45 % 556 8§ 658 75

$5,354 $6,598

63.0% (41.2%) 12.8% 20.9% 23.2%

© 1987 Dataguest Incorporated April

(4.8%) 17.7% 18.9%

Source:

Dataquest
April 1987



MOS Memory Market Forecast

WORLDWIDE MOS8 MEMORY MARKET--REVENUE TRENDS

Percent DRAM
Percent SRAM

Total RAM

Percent EPROM
Percent Mask ROM
Percent EEPROM

Total ROM

Percent Read/Write
Memoxy

Percent Read Only

Memory

Percent Other MOS

Memory

Total MOS Memory

Percent P or NMOS
Percent CMOS

Total MOS Memory

Percent Fast SEAM
Percent Slow SRAM

Total SRAM
Percent Once

Programmable
Percent Reprogrammable

Total Programmable

1984

T3%

100%

67%

24

100%

73%

27

100%

84%

100%

25%

100%

2%

—98%

100%

Table 2
{Percent)
1985 1986
64% 2%
-36 28
100% 160%
62% 62%
28 28
10 -9
100% 100%
63% 66%
36 33
—1 —1
100% 100%
79% 73%
-21 27
100% 100%
8% 44%
62 56
100% 100%
2% 4%
~98% _96%
100% 100%

1987

71%
100%
58%
30
100%
65%
34
100%

57%

100%

45%
100%
5%

100%

6 © 1987 Dataquest Incorporated April

76%

100%

56%
27

A7

100%

67%

3z

100%

41%

100%

49%

100%

7%

100%

T

100%

57%

23

100%

65%

34

100%

29%

100%

55%

100%

7%

-93%

100%

Source:

1990 1991
73% 73%
27 27
100%  100%
59% 60%
18 16
24 24
100% 100%
64% 68%
35 3]
—1 -1
100%  100%
19% 14%
81 86
100% 100%
54% 4T%
_46 53
100% 100%
T% 8%
93% 929
100% 100%
Datagquest
April 1987

S1I8 Products - Markets



MOS Memory Market Forecast

Table 3

WORLDWIDE MOS MEMORY MAREKET--UNIT SEIPMENTS

Read/Write Memory
Dynamic RAM
NMOS
CMOS
Static RAM

Fast SRAM
Slow SRAM
NMOS
CMOS

Read-Only Memory
EPROM
UV EPROM
OTP
RMOS
CMOS
ROM
HMOS
CMOS
EEPROM
NMOS
CMOS

Other MOS Memory
Total MOS Memory
Percent Change

from Previous
Year

SIS Products - Markets

{Millions of Units)

1984 1985 1986 1987 1988 1989 1990 1991
1,304 1,080 1,363 1,448 1,549 1,643 1,736 1,878
1,012 782 1,060 1,135 1,230 1,311 1,355 1,454
1,010 777 1,043 1,060 870 622 326 240
3 5 17 75 361 689 1,029 1,214
291 298 304 313 318 333 isl 424
60 68 79 04 101 112 143 166
232 230 225 219 217 221 238 258
138 121 89 47 31 20 12 6
154 177 214 266 287 313 369 418
396 427 470 501 538 541 569 602
221 245 267 287 311 322 349 357
216 237 250 264 281 285 308 304
5 8 17 23 30 37 40 53
208 228 227 228 218 183 173 160
13 17 40 60 23 139 176 197
132 137 154 159 160 146 135 140
110 106 108 103 86 55 41 32
22 31 46 55 74 91 94 108
43 45 49 55 67 73 86 105
42 42 41 44 44 39 38 49
1 4 7 12 24 35 48 56
10 9 11 13 is ___ 16 ___ 20 __ 20
1,710 1,516 1.844 1,962 2,102 2,200 2,325 2,500
33.0% (11.3%) 21.6% 6.4% 7.1% 4.7% 5.6% 7.5%

Source: Dataguest

April 1937

© 1987 Dataguest Incorporated April 7



MOS Memory Market Forecast

Percent DRAM
Percent SRAM

Total RAM
Percent EPROM
Percent Mask ROM
Percent EEPROM

Total ROM
Percent Read/Write

Memory
Percent Read Only
Memory
Percent Other MOS
Memory
Total MOS Memory

Percent P or NMOS
Percent CMOS

Total MOS Memory

Percent Fast SRAM
Percent Slow SRAM

Total SRAM
Percent Once
Programmable

Percent Reprogrammable

Total Programmable

Table 4
WORLDWIDE M0OS MEMORY MARKET--UNIT SHIPMENT TRENDS
{Percent)
1984 1985 1986 1987 1988 1989 1990 1991
78% 72% 78% T8% 79% 80% 78% 77%
—22 28 22 _22 21 _20 -22 _23
100% 100% 100% 100% 100% 100% 100% 100%
56% 57% 57% 57% 58% 59% 61% 59%
33 32 33 32 30 27 24 23
A1 11 e a1 13 Qs 15 17
100% 100% 100% 100% 100% 100% 100% 100%
76% 71% T4% Td% T4% 75% 75% 75%
23 28 25 26 26 25 24 24
1 1 1 1 1 - —1 —3
100% 100% 100% 100% 100% 100% 100% 100%
89% 84% 82% 76% 60% 42% 26% 20%
A1 16 18 24 40 58 74  _80
100% 100% 100% 100% 100% 100% 100% 100%
20% 23% 26% 0% 32% 34% 38% 39%
a0 77 74 70 68 66 62 _61
100% 100% 100% 100% 100% 100% 100% 100%
2% 3% 5% 6% 7% 8% 8% 10%
_98 97 95 94 93 92 92 99
100% 100% 100% 100% 100% 100% 100% 100%
Source: Dataquest
April 1937

® 1987 Datagquest Incorporated April
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MOS Memory Market Forecast

WORLDWIDE M0OS MEMORY MARKET--AVERAGE SELLING

Dynamic RAM
Static RAM

Fast SRAM

Slow SRAM
EPROM

UV EPROM

OoTP
ROM
EEPROM
Other MOS Memory
Overall MOS Memory

Percent Change

from Previocus
Year

SIS Products - Markets

Table 5

{(Dollars per Unmit)

1984 1985 1986 1987 1988

$3.50
$4.50
$5.41
$4.26
$5.37
$5.40
$4.10
$3.28
$3.58
$5.00

$3.90

19.9%

$2.03
$2.97
$5.00
$2.36
$3.57
$3.62
$2.40
$2.83
$3.15
$5.00

$2.59

(33.7%) (7.2%)

$1.98
$2.64
$4.47
$2.00
$3.41
$3.45
$2.84
$2.72
$2.86
$5.00

$2.40

$2.17
$3.18
$4.76
$2051
$3.66
$3.75
$2.69
$3.42
$4.17
$5.00

$2.73

13.7%

$2.74
$3.35
$50 13
$2.52
$3.78
$3.76
$3.98
$3. 54
$5.13
$5.00

$3.14

15.0%

PRICES

$£2.37
$£2.84
$4.70
$1.91
$3.81
$3.85
$3.49
$3.37
$5.85
ss.oo

$2.86

{2.1%) 11.5%

Source!

1990

$2.57
$£3.32
$4.72
$2.47
$4.29
$4.36
$3.76
$3037
$7.05
$5.00

$3.18

1991

$3.00
$3.86
$4.60
$3.39
$4.53
$4.69
$3.57
$3015
$6.09
$5.00

$3.52

10.6%

Dataquest
April 1987

@ 1987 Dataquest Incorporated April
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Table 6

WORLDWIDE M0OS MEMORY MARKET--BIT SHIPMENWNTS
{Billiong of Bits)

Dynamic RAM
Static RAM

Fast SRAM

Slow SRAM
EPROM

UV EPROM

oTP
ROM
EEPROM
Overall MOS Memory

Percent Change from Previous Year

Dynamic RAM
Static RAM
Fast SRAM
Slow SRAM
EPROM
UV EPROM
OTP
ROM
EEPROM
Overall MOS Memory

Parcent Change from Previous Year

1984
68,162
5,197
618
4,580
12,933
12,720
213
13,649
126
100,067

95.0%

1988
572,680
34,750
5,285
29,465
90,006
77.526
12,480
112,853
1,668
811,957

79.8%

1985
98,184
7,257
885
6,371
21,827
21,231
596
23,032
188
150,488

50.4%

1939
887,279
51,947
8,955
42,992
133,829
112,932
20,897
132,710
3,360
1,269,125

48.9%

10 © 1937 Dataquest Incorporated April

1986
196,182
11,134
1,436
9,698
36,445
33,474
2,971
41,701
290
285,752

89.9%

1990
1,353,967
99,590
18,357
81,234
201,282
168,677
32,605
175,112
8,428
1,838,379
52.0%

Source:

1987
295,585
21,774
2,695
19,078
58,123
52,396
5,727
75,579
598
451,659

58.1%

19931
2,538,471
198,468
34,005
164,463
259,797
204,584
55,213
261,554
15,931
3,274,221

78.1%

Dataquest
April 1987
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Table 7

WORLDWIDE MOS MENORY MARKET--AVERAGE SELLING PRICE PER BIY
(Millicents per Bit)

1284 1985 1986 1987 1988 1969 1990 1991

Dynamic RAM 5.2 1.6 1.1 0.8 0.6 0.4 0.3 0.2
Static RAM 25.2 12.2 7.2 4.6 3.1 1.8 1.3 0.8
Fast SRAM 52.3 38.3 24.6 16.6 9.8 5.9 3.7 2,2
Slow SRAM 21.5 8.5 4.6 2.9 1.9 1.0 0.7 0.5
EPRO" 1808 703 4.3 3.0 204 1.6 1.3 1.0
UV EPROM 9.2 4.0 2.6 1.9 1.4 1.0 0.8 0.7
OTP 9.6 3.3 1.7 1.1 1.0 0.6 0.5 0.3
ROM 3.2 1.7 1.0 0.7 0.5 0.4 0.3 0.2
EEPROM 122.6 75.5 48.2 3g.6 20.7 12,8 7.2 4.0
Overall MOS Memory 6.6 2,6 1.5 1.2 0.8 0.5 0.4 0.3

Percent Change
from Previous
Yeoar (18.0%){61.1%)(40,6%)(23.5%)(31.4%)(36.1%)(22.6%)(33.1%)

Source: Dataquest
April 1987

SIS Products - Markets © 1987 Dataguest Incorporated April 11
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MOS Memory Market Forecast

SUMMARY

The worldwide market for MOS memory has exhibited steady growth since
its inception, except for 1981, when declining unit prices and stagnant
demand combined to reduce the market size by 17 percent from 1980.
Table 1, below, summarizes market size estimates for 1982 and forecasts
market size for 1983 through 1988. 'During the 1983-88 period, aggregate
memory growth is expected to average 31 percent annually. The extreme
market strength of 1982 through 1985, with growth averaging 45 percent
per year with growing margins, is expected to moderate markedly during
1986 through 1988 to a more modest 20 percent per year. Bit growth and
rates of decline of prices per bit are anticipated to be slightly greater
than the 1977-82 pericd, and again, the 1982-85 period is expected to be
qualitatively different from the 1986-88 period.

’

Table 1

ESTIMATED WORLDWIDE MOS MEMORY MARKET
{Milliona of Dollars)

1982 1983 1984 1985 1986 1987 1988

Dynamic RAM $ 952 $1,818 $3,372 $4,960 $ 5,807 $ 6,142 $ 8,175
Static RAM 539 772 1,094 1,435 1,809 2,108 2,287
EPROM 528 709 946 1,383 1,459 1,675 2,187
ROM 718 559 655 850 966 1,285 1,726
EEPROM 49 103 190 373 583 787 1,029
Other 55 60 83 70 75 85 100

Total $2,841 $4,020 $6,323 $9,071 $10,700 $12,079 $15,483

Source: DATAQUEST
December 1983

FORECAST DESCRIPTION

The MOS memory forecast is built bottom up by multiplying estimates
of unit shipments and estimated average selling prices (ASPs) for a wide
variety of memory products. From this detail can be generated total
product revenues, total market revenues, total bits and total units
shipped, and average prices per bit. As such, this forecast contains a
considerable amount of detail as well as capturing the broader market
size, market growth, and technology shifts that are evident in the
summaries. The List of Tables at the bottom of page 3 provides capsule
descriptions of the 18 tables included in this report., Tables 2-5
summarize, respectively, revenues, bits, prices, and unit shipment data
from the detailed data of Tables 6-14. The forecast methodology is
described on pages 30-31.

SIS Volume I Copyright @ 9 December 1983 Dataquest Incorporated 1l



MOS Memory Market Forecast

MOS MEMORY MARKET TRENDS

We have incorporated the principal trends in the MOS memory market
into this forecast, and have built it around the historical data base
established by DATAQUEST over the past six years as published in the
DATAQUEST quarterly newsletter series, "MOS Memory Shipments,” While
parts of this data base have been published in past DATAQUEST
newsletters, the comprehensive picture presented here has not been
formally published before.

On the following two pages, we will discuss major trends affecting
the MOS memory market as a whole, which trends have been quantified in
the tables following. Further detail is contained in the discussion of
the summary tables (2-5), as well as in the individual product
tablea (6-14). p

Long-Term Trend--Short-Term Trend

In this forecast, we have tried to maintain what we feel will be the
long-term growth trends of the market, as well as to include what we feel
will be the regular oscillations about the trend line based on issues of
supply or demand excess, as well as changes in the macroeconomic
picture. 1In short, we see a strong market with good unit growth and slow
price declines during 1983 and 1984, a weakening market in 1985, and
increasing margin pressure and more rapidly declining prices per bit
during 1986 through 1988,

The Role of Prices

Closely tied with the shortage/excess scenario is the issue of
prices. The long—term historical trend 1line, which has driven down
prices an average of more than 30 percent per year since 1972 (and
50 percent per year for 1981 and 1982), has been
interrupted-—-temporarily--with the strong market of 1983.

Needless to say, prices will play an extremely important role in the
growth of the market during 1983 and 1984. Between 1980 and 1982, MOS
memory prices per bit dropped an average of 70.7 percent. Historically,
prices have tended to drop 56.4 percent every two years (34 percent per
year). Between 1982 and 1984, prices per bit are expected to drop a
total of only 42.6 percent; In a sense, the slower than normal decline
in price per bit between 1982 and 1984 will account for more than
40 percent of the revenue growth expected during that same period.

2 Copyright © 9 December 1983 Dataguest Incorporated SIS Volume I
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-

The Trend to CMOS

There is a general trend throughcocut the industry to shife
manufacturing to a variety of CMOS technologies. This is true within the
family of MOS memory products as well. Static RAMs were, for a variety
of reasons, the first memory market where CMOS devices appeared in
volume. It is almost certain that in 1983, CMOS static RAMs will
generate more revenue than NMOS devices. 1In addition, emerging markets
exist for CMOS ROMs and EPROMs. CMOS dynamic RAMs and EEPROMS are
beginning to be seen, but do not yet have the broad constituency that any
of the other major memory groups do. Estimates of CMOS market
penetration in 1982 and 1988 are as follows:

Year DRAM SRAM ROM EPROM EEPROM
1982 0% 46% 8% 3% 2%
1988 54% 90% 89% 77% 75%

Because CMOS is expected to play an increasingly important role in
the future development of the MOS memory market, it is broken out
specifically in Tables 8, 10, and 13 {(SRAMs, EPROMs, and ROMs) but not in
Tables 6 and 14 (DRAMs and EEPROMs), where it still plays an extremely
small role.

LIST OF TABLES

Page Table No. Table Description

1 1 MOS Memory Revenue 1982-1988

4 2a MCS Memory Revenue History 1977-1982

5 2b MOS Memory Revenue Detail 1980-1988

6 3a MOS Memory Bit Shipments History 1977-1982

7 3b MOS Memory Bit Shipments 1980-1988

8 4a Average Selling Prices--MOS Memory History 1977-1982
9 4b Average Selling Prices—--MOS Memory 1980-1988
10 5a MOS Memory Unit Shipments History 1977-1982
11 Sb MOS Memory Unit Shipments 1980-1988
13 6 Dynamic RAMs Forecast
15 7 NMDS Static RAMs Forecast

17 8 CMOS Static RAMs Forecast

19 9 NMOS UV-EPROMs Forecast

21 10 CMOS UV-EPROMs Forecast
23 11 One-Time Programmable (OTP} EPROMs Forecast

25 12 P/NMOS ROMs Forecast
27 13 CMOS ROMs Forecast
29 14 EEPROMs/EAROMs Forecast
SIS Volume I Copyright € 9 December 1983 Datagquest Incorporated 3



MOS Memory Market Forecast

MOS MEMORY REVENUES

Table 2b breaks down total MOS memory revenues into major
subcategories as shown in the List of Tables. 1In addition, calculations
in lines 19-34 track several key measures of market composition: CMOS
vé. P or NMOS; read-write memory vs. read-only memory; DRAM share of
total RAM market; and reprogrammable memory share of the total read-only
memory market. Most entries in lines 19-34 can be calculated directly
from entries in lines 1-16, except where the detail has not been worked
out in the specific product tables (Tables 6-14). 1In these cases, an
aggregate estimate was made directly and combined for the entry listed
(e.g., forward estimates for CMOS share of the dynamic RAM and EEPROM
markets, while not identified exactly in Tables 6 and 14, respectively,
are included in a share of line 22, CMOS Percent of Total MOS Memory.)

The "Other" category (lines 15 and 33) contains a miscellany of small
MOS memory product lines-—-some of which are mature, some of which are
active and growing. Included in the "Other"™ category are, for example,
CCDS, shift registers, FIFOS, and unclassifiable custom memories.

Historical revenues for various product groups for the years 1977-82
are shown in Table 2a.
Table 2a

ESTIMATED WORLDWIDE MOS MEMORY REVENUES
(Millions of Dollars)

CAGR
1977 1978 1979 1980 1981 1982 1977-1982

DRAM $268 $ 408 $ 652 $1,031 $ 635 $ 952 28.9%
SRAM 112 210 374 491 471 539 36.9%
EPROM 109 176 405 539 412 528 37.1%
ROM 135 170 220 322 436 718 39.7%
Other 41 50 67 76 87 104 20.5%
Total  $665 $1,014 $1,718 $2,458  $2,042 $2,841 31.6%

Source: DATAQUEST
December 1983

4 Copyright @ 9 December 1983 Dataquest Incorporated SIS Volume I
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21 Total RMM

22 Perosnt QUE
2] Feroant P or DS

30 Toral Programmable Memocy

31 Readferite Hemory
12 Read-Only Memory
33 Other MOS Mamsiry

34 Total DG Nemocy

SIS Volume I

Table 2b

MOS MEMORY REVENUES

1980 1981 1982 1983 1984 184S 986 1987
1522 107 1491 569 4466 6395 7614 B247 10462 41 2
101 63% 952 1818 kkyr 4960 5807 6142 817s 45 k 13
491 471 Lx: ] T 1094 1435 1809 210% 2287 n 4
307 293 31 357 %9 293 81 315 297 2 18]
1 178 48 414 695 1042 1429 1190 2050 48 k!
891 886 129% 131 1791 2606 3009 INT 922 24 9%
539 02 528 709 946 1383 M58 1675 267 2% 5
535 299 510 55 623 513 M6 n 15 (19 (29)

4 12 s % 1M 2% 282 w 437 79 57
o 0 o It 180 si4 859 1176 1616 {100} 151
2 436 718 559 455 950 966 1205 1718 12 -]
302 410 (13} 457 421 435 40 k] 168 {14} {16}
19 26 o8 102 px’ 415 §26 1 1528 % T2
3 7 r 103 150 m 583 797 029 M 58
&5 50 55 60 65 70 75 as 100 9 n
2458 2042 84l 4020 6323 0T 10700 12079 15481 M 3
4 an 3% qa 57 Q 18 1 28
68 51 64 70 7% ) % " i1
32 41 36 k1) 24 22 i ] % 22
100 100 100 100 100 100 160 100 100
10 12 11 14 18 H » 54 47
40 88 ) 13 82 T (1] 46 1
100 100 100 100 100 100 100 100 100
% 49 % i1 47 56 6l 66 ]
64 51 o5 59 53 “ » M 2
100 100 100 100 100 100 100 100 100
36 49 55 41 37 kE] 2 M 35
&d 51 45 59 (X} &7 88 66 &5
100 100 100 100 100 100 100 104 100
42 4 52 o4 7 70 71 48 68
E. 3 43 [ 1] H 28 29 s il 32
Fi 2 2 1 1 1 1 1
100 100 100 100 100 100 100 100 100
Source: DATAUEST
Decenber 1983
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MOS8 MEMORY BITS )

Table 3b breaks down total shipments of MOS memory bits into the
major subcategories shown in the List of Tables. Bit growth for the
period 1977-82, shown in Table 3a, has been about 100 percent per year in
most categories of MOS memory products and is expected to continue to do
so for the 1983-88 pericd.

The discontinuity caused by the extraordinary growth in the MOS ROMs

market in 1981-83 has been followed by a similar exceptional explosion in
dynamic RAM during 1982 to 1984, brought by sales into small systems.
Both of these phenomena caused departurez from the steadily evolving
ratio of read-write memory bits to read-only memory bits. The magnitude
of these events has been remarkable: Video games absorbed as many ROM
bits as all markets .that had come before it, combined. Personal and home
computers are expected to absorb as many dynamic RAM bits in 1982 to 1984
as all other sources of dynamic RAM demand up to that time as well, '

Table 3a

ESTIMATED WORLDWIDE MOS MEMORY BITS SHIPPED

{(Gigabits) .
CAGR
1977 1978 1979 1980 1981 1982 1977-1982
DRAM 275 659 1,488 3,390 4,812 11,384 110.6%
SRAM 53 118 224 357 588 1,210 86,9%
EPROM 40 128 376 715 1,425 3,237 140.8%
ROM 369 548 1,129 2,002 4,005 9,800 92.7%
Other 12 16 20 19 28 47 31.4%

Total 749 1,466 3,237 6,483 10,859 25,679 102.8%

Source: DATAQUEST
December 1983

é Copyright @ 9 December 1983 Dataguest Incorporated SIS Volume I
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3

Table 3b

MOS MEMORY BITS

MPD-GR  OMPD-GR
1980 1981 1982 1943 1904 19485 19686 19687 1986 1541-87 1363-68
kb 5400 12594 964 64696 140113 292521 S0%053 859996 109 L
Kk 3 4812 113684 M|535 60101 132078 267715 475849 806092 111 95
357 588 110 1N 4566 835 14806 2204 £3903 8 8
288 02 66L 1109 1524 1765 1982 2130 1966 2% 12
& 186 530 13 W2 6270 12825 IWT5 51837 170 108
278 5444 13470 19300 M0 970 161822 341009 755182 92 106
ns 1425 2 6652 13278 %28l 12316 1331104 246381 110 106
na 1419 3182 6368 0l une 12727 12141 11076 il 12
2 [ 55 02 "9 4162 9617 18874 41976 2 131
0 o 0 az 1375 20149 49971 1020689 19321 (100) m
2002 4005 2800 1256% 20455 41732 83923 196674 40919 a2 108
1974 »i 9526 11238 14930 23083 27153 41353 FyEys ] 34 19
-] H i) 1 ¥ 10647 54170 155320 456509 255 22
12 18 2 83 344 1698 5583 11232 24852 2 213
‘7 10 15 25 *s 45 70 100 150 “* 0
6403 10059 25679 0203 39608 219860 44l 846162 1615290 101 100
» 7 13% % 9% 123 102 30 91
] 8g 40 92 9 94 95 %9 9
10 11 10 8 7 1 5 [ 3 6
100 160 100 100 100 100 100 100 100
2 2 k| 6 10 17 » 50 69
9% 9 L 1 b 0 a3 70 50 3l
100 100 100 100 100 100 100 100 100
3 kLl ri] [ 10 m k] as 90
byl 26 b M 0 2 17 12 10
100 100 100 100 100 100 100 100
n kL] B 5 60 52 52 8 &4
n 26 25 > » 1] 4 42 ¥
100 100 100 100 100 100 100 100
] 50 49 62 &5 &4 64 60 53
4?2 50 51 38 M 6 % 40 47
0 1} 0 Q¢ L] 0 Q 1] 1]
100 100 100 100 100 100 100 100 100
Source: DATRQUEST
Decesber 1M2
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MOS MEMORY AVERAGE SELLING PRICES

Aggregate average selling prices (ASPs) for MOS memory are shown in
Table 4b, These data are transferred directly from the appropriate line
in Tables 6~14, and, as such, are weighted averages of ASPs for all

products in that group, i.e., total revenue dcllars generated divided by
total bits shipped.

Historical average selling price estimates are given in Table {a,
The average decline of all products of 34.6% per year has been exceeded
by a wide wargin by EPROMs, at 43.0% per year. The coming of one-time
programmable (OTP) EPROMs (see Table 11) will have the effect of pushing
thiz ASP down considerably in the coming five years.

4

Table 4a

HISTORICAL AVERAGE SELLING PRICES
(Millicents per Bit)

CAGR
1977 1978 1979 1980 1981 1982 1977-1982
DRAM 97.5 61.9 43.8 30.4 13.2 8.4 {39.8%)
SRAM 212.0 177.2 167.2 137.3 80.2 44.6 (26.8%)
EPROM 270.4 140.2 107.8 75.4 28.9 16.3 (43.0%)
ROM 47.5 27.7 21.7 16.1 10.9 7.3 (31.2%)
Overall 91.7 66.9 53.4 37.7 18.7 11.0 {34.6%)

Source: DATAQUEST
Pecember 19813

Caveats

ASPg provided here are composites of a large number of individual
products. Variables may include 1lot size, speed mix (especially for
static RAMs), package type, and military or Radiation Hard devices.

Forecast changes in price per bit are estimated to be in line with
historical rates of roughly 30 percent each year, However, temporary
market conditions may result in rates of price decline greater than this
rate (capacity excess, 1981-82) or less than this rate (supply
constraints, 1983-84).

8 Copyright © 9 December 1983 Dataquest Incorporated 818 Volume I
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AVERAGE SELLING PRICES

Table 4b

MOS MEMORY
1980 1981 1982 1983 1984 1985 1986 1987 1988 1942-87 1943-BM
1 Mead e ite Memney 0.6 2.5% 11L.8 8.6 7.0 4.6 .7 1.6 1.2 (2.1 {32.3
2 Dynamic R 3.4 13.2 8.4 6.4 5.6 k) 3.2 1.3 1.0 (3.2)  {30.8)
1 Static B 137.3 80.3 4.6 3.7 .9 18,3 12,3 7.2 4.2 (30.50  (35.00
4 e 106.5 .0 1.9 a2 %.2 2.2 19.2 14.8 2.0 1%.1)  (17.9)
5 e 265.9 95.6 46.9 31.3 2.4 5.6 1l.1 5.6 ER (32.4) (3.9
& faad-Only Memnry 32.7 16.3 9.9 7.1 5.1 1.} 1.8 1.0 0.6 (3.3) {39.0)
7 EPROM 5.4 8.9 1.3 10,7 7.1 2.8 1.9 1.1 0.7 141.6) (417
.} s 5.1 28,2 16.0 10.3 7.1 4.4 2.5 1.5 1.0 {38.1) {36.8)
9 e 183.1 203.5 2.0 2L.% 1.4 6.2 1.9 1.7 1.0 {44.3}  (46.1)
10 o 0.0 0.0 0.0 8.5 5.3 1.0 1.7 1.2 0.8 (100.0} (36.%)
11 R 16.1 10.9 7.3 4.4 1.2 2.0 1.2 0.7 0.4 {38.3} 139.6)
12 e 15.3 10.4 6.9 Ll 2.4 i.9 1.1 0.9 0.7 (35.8) 129.9
13 QUE 68,5 3.9 .0 7.7 4.3 2.2 1.2 9.6 6.3 {50.5)  (46.5)
4 EE/EAAM 461.3 W4T 151.2 124.8 55.1 2.0 i0.4 1.0 4.1 {4591 (9.4
15 Other MOE Mamwy 100.40 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0
15 Total W8 Wamory .37 18.7 11.0 8.0 6.3 4.1 2.4 1.4 0.9 (.00 {35.2)
17 Perceot Chige Fram
18 Previous Year {29.4)  (50.3) (41.0) (27.5) (20.8) (J.6) (42.6) (41.8) {33.9}
Bourcw:  DATAQUEST
Decamber 1983

SIS Volume 1
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MOS8 MEMORY UNIT SHIPMENTS

Table S5b summarizes unit shipments of MOS8 memory for the period
1980-88, broken down into the major categories shown in the List of
Tables.

Historical MOS memory unit shipments for the period 1977-82 are shown
in Table 5a, below, Dynamic RAMs have always constituted at least
40 percent of total units shipped, thus their importance as a "process
technology driver." For comparison, about 3.7 billion units of all TTL
devices combined were shipped in 1982, and, among LSI devices, all

microprocessors and microcontrollers totaled about 264 million devices in
1982,

While most MOS memory products are now shipped in 16- to 28-pin DIPs,
a small number are shipped in chip carriers or flatpacks. In addition,
there have been other notable exceptions, including the famous
"piggy-back®™ and "camel-back” 32K dynamic RAMs (two 16K die packaged as a
single 32K unit) purchased in large quantity by IBM and others. Another
important exception is the chip-on~board (COB) device, which took a
significant fraction of the ROM market going into video games., As a
result, total die shipped has exceeded the unit totals shown here; the
number of DIPg8 shipped will be somewhat less than these totals,

Table 5a

ESTIMATED MOS MEMORY UNIT SHIPMENTS

(Millions)
CAGR
1977 1978 1979 1980 1981 1982 1977-1982
DRAM 67 104 147 229 258 357 39.7%
SRAM 37 54 79 107 132 174 36.3%
EPROM 7 15 35 50 71 107 72.5%
ROM 31 37 63 92 154 256 52.5%
Other 8 10 13 17 20 25 25.6%
Total 150 220 337 485 €3S 919 43.7%

Source: DATAQUEST
December 1983

10 Copyright © 9 December 1983 Dataquest Incorporated SIS Volume I
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MOS MEMORY UNIT SHIPMENTS

Table 5b

1980 1901 1892 1983 1964 1985 1986 1987 1968 1982-87 1383-80
335 350 531 835 123 1782 2331 3120 B 4 3
229 58 kL1 616 959 1450 1964 2614 3300 49 40
107 12 174 224 280 i k1) S0% 629 24 21
86 97 113 123 129 117 112 100 B4 {2 {7
2 s 60 297 151 215 i) 409 545 47 41
152 235 m i) 414 589 749 1034 1471 22 u
S0 n w7 145 197 03 T2 454 657 34 35
L} 70 105 118 135 » 50 k1] 1 {22} (31

1 1 2 6 15 37 47 56 16 » 68
9 0 0 1 47 167 s 369 550 (100) 227
95 154 2% 20 1M 216 54 400 sy 9 20
92 149 245 2 1313 132 116 138 102 (11} {11
3 5 11 19 a2 84 138 265 4 30 an
q 10 14 25 40 70 123 180 263 66 [21]
9 10 1 12 13 14 15 17 20 9 11

w7 635 919 1237 1667 235 31S 473 s420 as 3
34 F- ] [ ] kL s 43 al 34 »

1] 56 67 T4 ™ al 84 a4 84
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MOS Memory Market Forecast

DYNAMIC RAMs

Table 6 shows the detailed bhreakdown of the dynamic RAM market for
the years 1980-88, After a brief pause in 1981, as demand stagnated and
prices dropped nearly 60 percent, the dynamic RAM market has bounced back
strongly.

Assumptions

Y The strength of 16Ks, witnessed through mid-1983, has been
eroded by the uncertainties in the home computer business and
other small systems with relatively short product life cycles.
We expect 1984 to see a sharp decline in 16K shipments as 64Ks
continue to,become more available.

* We expect a significant relaxation in upward price pressure on
64Ks, beginning about mid-1984, as capacity comes on line. 1In
1984, the second-half ASP is expected to be at least 30 cents
lower than the first-half ASP for most vendors,

® Market penetration by 256Ks in 1984 will be moderated by price
(about $25 ASP) and by the strength of the 64K market. -

® The units and ASP data shown are aggregate over an increasingly
wide variety of devices with often widely divergent prices:
CMOS and NMOS; xl, x4, x8 devices; and speeds ranging from
sub-75 ns to 300 ns.

¥ 3 One-megabit devices are expected to appear as engineering
samples in late 1985. -

[ We believe that forward DRAM prices shown here (1987-88 256K
prices, for example) are guite achievable in light of improved
lithographic capabilities and production economics established
during 1982-83,

Uncertainties

Not shown here separately are CMOS dynamic RAMs, which are expected
to be a significant portion of the 256K market by 1987-88. Attractive
both in serving the highest growth rate markets for dynamic RAMs (small
systems) and displacing SRAMs on a price~per-bit basis, these parts are
just beginning to become available.

Pseudostatic or integrated RAMs, incorporating the dynamic RAM
storage cell with clock and refresh circuitry on board, have begun to
reappear and may further attract some applications that had formerly used
SRAMS,

12 Copyright © 9 December 1983 Dataquest Incorporated SIS Volume I
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Table 6
DYNAMIC RAMS
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MOS Memory Market Forecast

NMOS STATIC RAMs

Table 7 shows details of expected shipments and prices for HNMOS
static RAMs for the period 1980-88. The table is divided into several
speed ranges and types of organization. These devices characteristically
gserve two distinct markets: slower byte-wide devices for MPU-based
systems, fast xl or x4 devices for high-speed cache, or buffer memories
for larger, faster systems.

Prices per bit for NMOS SRAMs are not expected to drop as fast as
those of other MOS memory categories as the mix becomes richer in
high-gpeed/higher-priced drives {i.e., slower byte~wide NMOS SRAMs are
losing ground to CMOS faster than high-speed NMOS SRAMSs).

The market for NMOS SRAMs has always been larger than that for CMOS.
However, the rapid growth of 16K CMOS devices has finally resulted, in
1983, in a CMOS SRAM market that is about 15 percent larger than the NMOS
SRAM market.

Assumptions

) We expect that all fast SRAMs (NMOS and CMOS) will continue to
gain ground on ECL devices, thus gaining new markets.

® The emerging fast byte-wide SRAM market will, in the long run,
be the largest segment of the high~speed SRAM market, surpassing
both x1 and x4 devices.

* NMOS will likely remain most competitive with CMOS 64K in high
speed, but will continue to give ground in the slow byte-wide
areas where CMOS's power advantage is greatest.

. All static RAMs tend to be designed into long-lived applications
or other MPU applications that economically resist redesign or
replacement by higher density devices, Therefore, product life
cycles tend to be prolonged compared to dynamic RAMS.

Major Uncertainties

Fast static RAMsS have been dominated by NMOS devices since Intel's
4K 2147 became available in 1977-78. At 16K, NMOS retained dominance,
with more than 85 percent of £ast 16K SRAM unit shipments through
mid-1983 being NMOS. However, the success of fast NMOS 64Ks remains to
be seen, as even some of the more dedicated fast NMOS SRAM suppliers are
moving to CMOS.

14 Copyright € 9 December 1983 Dataguest Incorporated SIS Volume I
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Table 7

NMOS STATIC RAMS
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MOS Memory Market Forecast

CMOS STATIC RAMS

Table 8 details expected unit shipments and prices for a variety of
CMOS SRAM devices. This category includes both full CMOS (6 Tx cell) and
mixed MOS (a.k.a. N/CMOS, pseudo-CMOS, etc.) having a 4 Tx cell, as with
Hitachi's 6147, ;

The mix of MOS SRAMs has, since about 1980, become increasingly
CMOS-like. Among all memory products, the CMOS die-size penalty for
static RAMs is lowest. From a manufacturing-cost point of view, this
penalty can be translated into “learning curve® time, which has
encouraged several manufacturers to "run down the learning curve® with
CMOs, further reducing their own manufacturing-cost penalty.

CMOS has demonstrated device speeds as fast as those of NMOS, but to
date, the narrow supplier base has left the high-speed SRAM market still
dominated by NMOS devices. In addition, much of the low power advantage
of CMOS goes away when the devices are exercised at high clock rates.
However, at the 16K density, fast CMOS has increased its share compared
to fast NMOS, and it is expected that CMOS will be dominant in terms of
market share when 64K SRAMs become mature in the 1986-88 period.

Already in the 2EKx8 market, CMOS in its varied forms constitutes
70 percent of units shipped in 1983, No NMOS byte—wide 64Ks have been
announced, while four companies offer CMOS 8Kx8s today, and at least that
many additional companies will enter the market in 1984.

Assumptionsg

® We expect little slow byte-wide activity in NMOS at 64K. At
that density, CMOS will essentially have the field to itself.

® An increasing share of the fast SRAM market will move to CMOS
(vs. NMOS) at the 64K density.

) CMOS 256K SRAM announcements are expected in early 1984, perhaps
at ISSCC, with samples to customers in 1985 and volumes in 1986.

Uncertainties

CMOS dynamic RAMs, with and without on-chip refresh, and x8 dynamic
RRMs will undoubtedly displace some CMOS SRAMs. Given the early state of
market development for these devices, it is difficult to assess the
eventual impact of these approaches at this time, However, the potential
is large but the impact will likely be in the 1986~88 time frame.
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MOS Memory Market Forecast

MOS8 UV-EPROMS

Table 9 shows details of expected shipments and prices of NMOS
UV-EPROMs. Because we have separated one-time programmable (OTP), or
Plastic-packaged, EPROMS in Table 11, Table 9 data is limited to only
those devices having a quartz window for reprogramming.

NMOS EPROM3 immediately became much more than the mask ROM

prototyping tool that they were originally intended to be. Over the past
several years, EPROM has become increasingly price competitive with MOS
ROM on a per-unit basis, and on a per-bit basis. The historical data
shown in Tables 2a-5a give ample evidence of the success of EPROMs:
fastest bit growth, most rapid price-per-bit decline, and fastest market
revenue growth for the 1977-82 period.

Today, NMOS EPROMs embody some of the most advanced technology
available in any MOS memory, and leading edge products, while requiring a
more complex manufacturing process, have die sizes substantially smaller
than their ROM counterparts of the same density.

Ags a result of the technical advances in NMOS EPROMs over the last

three or four years, EPROMS have very often been the software carrier of
choice in many applications.

Assumptions

L4 NMOS devices will increasingly be replaced by CMOS UV=-EPROMS,

! OTPs (see Table 1l) will gradually displace windowed UV-EPROMs
in production environments, while prototyping applications will
remain with the higher-priced, reusable UV-EPROMs.

° NMOS EPROMs will continue to make inroads into the mature
densities and the lower-unit=-count MOS ROMs market.

Uncertainties

The impact of OTPs is difficult to judge, since delivery has just
begun and manufacturers' process mastery and user acceptance are still
uncertain. Our expectation is, however, that the impact will be
significant, with OTPs becoming established in 1984 and rapidly replacing
the majority of the unnecessary CERDIP or ceramic-packaged EPROMs in 1985
and 1986,
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Table 9

NMOS UV-EPROMS
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% 51k WA WA WA A 80.00 35.00 13,00 7.50 5.50
37 m WA .77} N/A L7 100.00 .00 12.00 $.00
38 Bics (Billionm)

EL g

40 x 4 3 1 0 0 Q L1} 0 o
41 a 120 49 16 8 ] 0 1} 0 ]
42 16K 464 ™ 101 492 246 a2 0 Q 1]
4 I 115 S44 140]) 1589 a8s I &6 16 0
4 MK 3 92 957 3441 4315 2294 455 187 66
45 128K '] o k2] 786 1966 932 1573 655 262
46 256K 0 0 [} 52 786 3902 33z 19835 1311
47 S12K 0 [} 0 0 105 1049 5241 5243 A9
48 N a 0 0 0 0 103 1258 4194 5243
49 Total Bits n 1419 1162 6360 8903 ur 1177 12141 11076
50 Percent Change from .

51 Pravious Year ” » 12¢ 100 40 12 8 {5 [+
52 Price Per Bit

53
5¢ (Mlilicents Pec Bit)
55 F- 4 131.8 141.6 158.7 R/ oA R WA N/R N/A
56 w 54.9 39.7 42.7 42.7 WA N/A NA H/A /A
57 18k 79.3 2.0 14.3 18.3 19.8 21.4 WA N/A WA
586 3% 76.3 22.9 16.2 10.2 9.2 8.4 8.4 9.2 Wk
39 64K 167.8 42.7 13.0 8.4 6.1 5.0 4.6 i.6 5.0
60 120w HA WA 3.1 11.4 5.7 J.4 1.7 2.3 2.3
6l 256K WA WA N/A 1.1 9.5 .4 1.9 1.5 1.2
62 51m NA P WA N/ 15.3 6.7 2.5 1.4 1.0
63 n WA Wh WA WA WA 9.5 2.9 1.1 0.9
64 Avg Price Per Bit 5.1 m.2 16.0 10.3 1.1 4.4 2.5 1.5 1.0
[ %] Percent Change Prom
66 Previous Year {30) (63) (43} {36) (31) {9 {43 (4 (29

Bource: DATAQUEST
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MOS Memory Market Forecast

CMOS UV-EPROMs -

Table 10 shows details of estimated unit shipments and prices for
CMOS UV-EPROMs, again excluding OTP devices in plastic packages, which
are included in Table 11.

CMOS EPROMs have heretofore been an underserviced market, with only a
handful of suppliers pursuing the business., Eurotechnique, Fujitsu,
Hitachi, National Semjconductor, and Toshiba are the only suppliers at
present. Also, die sizes, more complicated processes, and a narrow
suppliex base have combined to keep CMOS EPROM prices high and
utilization minimal.

Assumptions

® The supplier base for CMOS EPROMs will broaden significantly in
1984, but will remain a secondary CMOS priority for most vendors.

- Reprogrammable CMOS UV-EPROMs will be subject to the same
plastic package (OTP) pressures as will be NMOS devices, i.e.,
after the price reaches about $8~-$10, a significant portion of
the market will probably shift to CMOS OTP.

. Once the marketplace base has separated into (1) applications

requiring reprogammming capability and (2) those for which OTP
is adequate, we expect the core market, {l), to resume growth.

Uncertainties

Qur estimates for this market for 1984-85 have been reduced
substantially from earlier expectations. However, we remain confident of
the long-term substitution of CMOS for NMOS EPRCMs.

A larger guestion lies in the expected progress of development of
CMOS EEPROMs. By 1988, progress in CMOS EEPROMs may be sufficient to
take over the prototyping and erasability requirement in the marketplace,
which will effectively short-circuit any resumption of growth in
reprogrammable EPROM. However, the EEPROM-EPROM price differential is
now far too great to allow much EEPROM to be used as software prototyping
devices,
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MOS Memory Market Forecast

Table 10

CMOS UV-EPROMS

1980 19461 192 1983 1984 1945 1986 1907 1988
1 value (Millione of Dollars)
2
k] & 4 k) 1 0 L] 0 a 0 []
4 [ 4 0 ] ] 0 0 0 o 0 0
5 16K 0 [3 k] n 12 ] ] 0 0
6 Ix 9 A ‘ 9 2 0 16 7 0
7 ] ] [ ] 18 n [ ] EL] 16 )
8 12a% [ ] [ ] 0 » k] Ex] 12 4
9 156K 0 0 [ 8 3 9% 100 158 140
10 S12% 1} 0 0 [} 0 F ] LT 40 72
11 m [ 2 0 [} 0 H 40 ] 213
12 Total pollars A 12 19 “ 1M 2% 282 EYs) 437
13  pecoent Chanoe Prom
14 Previous Year , 67 13 41 161 1) 92 10 14 s
15 tUnits (Millione}
16—
1? dK 0.5 .5 4.3 .1 MR WA Rk WA WA
18 [ 4 WA WA B/A WA Wh WA | 7Y WA WA
JLIT 4 WA 0.1 0.5 2.5 3.0 2.0 1.0 .72 WA
W Ix WA 0.1 0.8 1.5 5.0 8.0 5.0 2.0 Wh
2l K WA NA 0.3 1.5 4.0 15.0 10.0 5.4 3.5
22 128K /A N/A WA .7 2.0 4.0 7.0 3.0 Lo
23 256K R/A N/R N/ 0.1 1.0 8.0 2.0 5.0 5.0
H 512 WA N/A N/A N/R WA 0.4 1.0 5.0 12.0
25 L] WA /A W/ 1% Y WA 0.1 1.0 6.0 5.0
26 Total Unite g% 0.7 1.8 5.6 15.0 7.4 0.0 55,0 75.%
%‘; Average Selling Prioe
29 4K T1.50 6.00 5.00 4.00 L% H/A NAA /A N/
g ek R/A H/A WA /A N/R N/A N/A WA H/A
31 Ik A 40.00 5.00 4.%0 4.00 .75 3% N/R WA
12 31X N/A 70.00 8.00 6.00 4.50 1715 1.5 3.50 N/A
11 6K WA N/R 25.00 12.00 7.00 4.50 1.50 .25 1.5
N 128K 72 WA NN WA 19.00 7.50 4.75 4.00 1.5
35 256K N/A N/ WA 150.00 ».00 12.00 5.00 .50 4.00
36 Sl N/A WA N/ Wh N/A 50,04 18.00 .00 6.00
k) N WA .7 8 /A WA WA 100. 40.00 1%.00 8.50
38 Bits {B1llions) _
3’ ————————
0 L1 2 2 1 0 0 0 L] Q 0
4 8K 0 0 [} i} [ 0 [} 0 0
42 16K 0 2 [} 41 9 13 16 [} [
43 X [} 2 % ] 164 262 164 66 0
[T 4 L] 0 20 » 262 99) 655 kr ] 164
45 128K 0 [} 0 [} 262 S 918 393 13
46 256K 0 0 [ 13 262 2097 5243 175 7S
47 51X 0 0 0 0 0 210 1573 2621 6291
@ In 0 0 [ [ 0 52 1049 6291 2624
43 Total Bite 2 [ 55 202 99 4162 9617 legvt 41976
50 Percent Change From .
€l Previcus Year 29 200 97 267 335 16 131 9% 122
52 Prios Pec Bit
5] m——r———
54  {Mlllicents Per Bit)
55 4K 193.1 146.5 122.1 9.7 N/A /A WA N/R H/A
56 i WA H/A L2, N/ WA NN N/A N/
57 16K WA 244.1 30.5 2.5 .4 22.9 22.9 NA KA
58 2K WA 21316 24.4 18.1 11.7 i1.4 9.9 10,7 .72 8
59 64K WA 8.1 18.3 10.7 6.9 $.3 5.0 5.3
60 128K /N WA /N /N 13,7 5.7 3.6 3.1 2.7
6l 256K NAA N/A N/A 5.2 1.4 4.4 1.9 1.7 1.5
62 . 512K N/A N/N N/A WA N/A 9.5 1.4 1.5 1.1
€3 IN H/A N/A H/A WA N/, 9.5 e 1.4 0.8
& Avg Price Per Bit 183.1 203.5 %0 2.9 12.4 6.2 2.9 1.7 1.0
€5 Percent Change Prom
&6 Pravious Year (50} 11 {84) (F 1] (42) (54} {52) (42) 139)
fource: DATAJUEST
Decanber 1963

SIS Volume I Copyright @ 9 December 1983 Dataguest Incorporated 21



MOS Memory Market Forecast

ONE-TIME PROGRAMMABLE (OTP) EPROMS

Table 11 provides detailed unit shipment and ASP data for one-time
programmable (OTP) EPROMs. This category is actually a special package
type for UV-EPROMs, in which the devices are packaged in inexpensive
plastic packages to be programmed only once. See the DATAQUEST Research
Newsletter "OTP—One-Time Programmable EPROMs Promise to Impact MOS
Read-Only-Memory Market," dated 18 October 1983, for a fuller discussion
of this market. These new devices have yet to take hold, but are
beginning to appear in the portfoliogs of many leading suppliers of
UV-EPROMs3, including Intel, AMD, Hitachi, and NEC.

We expect that at least six vendors will offer 32K, 64K, or 128K OTP
devices in 1984, and that users will aquickly warm to the superior
economics of OTPs. While the initial impact will be on MOS EPROMs, the
improved pricing of QTPs will accelerate the penetration of the mature
part of the MOS ROMs market by electrically programmable devices.

Assusptions
» Present issues of speed-sorting OTPs, and product reliability
will be satisfactorily resolved by most vendors by year-end 1984.

) OTPs will eventually displace at least 90 percent of mature
UV-EPROMs and 15-25 percent of MOS ROMs of the same densities.

® Once UV-EPROM prices drop to less than $8-310 per unit, OTPs
become increasingly the proper economic choice for users.
However, most of the first two years' production of any density
device will likely be the windowed package type.

® The initial pricing of OTPs will be slightly less than that of
windowed CERDIP UV-EPROMs., As a competitive market dJdevelops,
prices will more closely reflect true manufacturing costs, at a
savings of perhaps $1.50 compared to CERDIP devices.

Uncertainties

CMOS and NMOS, not shown separately here, are eventually expected to
be represented in the OTP market in about the same proportion as in the
traditional UV-EPROM market, as shown in Table 9 (NMOS) and Table 1¢
(CMOS}. However, at this time, no CMOS OTPs are known to be on the
market.
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Table 11

ONE-TIME PROGRAMMABLE EPROMS (OTP)

1980 i ) 1982 1961 1964 1995 1986 1597 1988

1 value (Milliona of Dollars)

2

R 0 0 ‘0 0 0 0 0 0 0
4 8K ) [} [} 0 [] 0 0 [ 0
5 1ek ] 0 L] 0 1] 1] 0 o ]
& Jax ] ] 0 2 10 19 9 3 L
T MK 0 @ 0 6 j) ) 173 120 1 0
§ 18K 0 a 0 o E 21% 180 120 56
9 256K 0 L] 0 0 1] 21§ 500 550 300
10 S12x Q Q 0 Qo 0 L] 50 300 MG
u n 0 ] 0 0 [ 0 0 120 00
12 Total Dollars 9 1} [ ] a 164 614 859 1176 1616
13 percent Change Prom

14 Preavious Year {100) {100) (100} {100} 2219 242 40 w 37
135 tnits {Millionw} |

1% 4

17 4 g WA WA WA /A Wh /A WA WA
1s [ 1 KA WA WA BA |75} WA H/h WA WA
19 16x WA WA H/A RA Wh A N/h A WA
20 Ix LY WA WA 0.5 5.0 5.0 5.0 1.% WA
21 SdK WA WA WA 1.0 RN ] T0.0 §0.0 45.0 10.0
22 128k N/ WA 74 Y WA 7.0 65.0 80.0 60.0 3.0
23 258K WA A N/A L7 /A 1.0 125.0 200.0 400.0
24 512K N/A N/A N/R NAA WA H/A 3.0 0.0 80.0
25 m WA WA N/R N/R Wh WA /A 1.0 40.0
26 7Total Unite 0.0 0.0 0.0 1.5 41.0 167.0 275.0 368.5 560.0
;T hverage Selling Price

]

2 X N [ WA WA WA WA Wa Wh Wh
0 K N/A R/A [ 7Y WA WA Nk WA /A N/A
31 16K NA N/h NA WA WA W/h WA L) Wh
2 ax WA WA WA 1.50 2.00 1.75 1.15 1.7% H/A
33 6K WA NN WA 6.00 .75 2.50 2.00 1.85 2.00
34 128k WA H/A WA KA 5.50 1. 2.2% 2,00 1.85%
B 256X NA Kk WA WA WA .00 4.00 2.75 125
3% SiZK NA N/A WA A % WA 10.00 6.00 4.25
ks 1.1 - N/A W WA WA N/A WA N 10.00 7.50
:;: gite (Billions)

40 K Q0 0 0 1] 0 0 1] ] 0
i1 8K 0 0 0 0 0 Q '] 0 ']
42 16K 1] L1} Q¢ 0 L] 0 Q9 1) Q
43 2k ¢ 0 o 16 164 164 164 9 0
44 s Q Q [’} 66 2294 4588 k3 Ry 254% 655
45 128K 0 L1} 0 0 918 520 10486 T864 912
46 296K 1] 0 1] 0 9 1078 12768 52429 104858
47 51iK 0 Q 1] L] 0 ¢ 221 26214 41943
“w n 0 Q¢ 0 0 0 Q@ ) 12583 41943
4% Total bita .0 a 1] »2 375 2049 L)Y 1020089 JLAEL}E
50 Percent Change From
51 Previous Year {100) {100) {106} (100) 4020 503 146 104 a3
g';‘ Price Per Bit
54 (Milliosnts Per Bit)
55 [ 4 N KA /A WA N/ WA N/ WA
56 E: 9 WA N/A N/R "N WA N/A N WA
57 18K WA N/A N/ WA WA NA WA N/ WA
53 I W WA H/h 19.7 6.1 9.3 5.3 5.3 WA
59 64K NN H/A N/ §.2 5.7 3.8 3.1 2.8 3
60 128p N/A N N 4.2 2.5 1.7 1.5 1.4
61 256K N/A N/ WA NA Wi 3.1 1.5 1.0 0.9
62 312X N/A N/A N/A NA WA N/ 1.9 1.1 0.8
43 N WA N/A N/ WA N/A N/A /A 1.0 0.7
64 Avg Prioce Per Bit 0.0 0.0 0.0 9.5 5.3 3.0 1.7 1.2 0.8
&5 Petcent Change From
66 Previous Year {10Q) {100} {100) {100) (44) {43) {43 {33} (¥4 ]

Bource: DATAQUEST
Decenbar 1983
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P/NMOS MASK ROMS

Table 12 shows details of estimated unit shipments and ASPs for PMOS
and NMOS ROMs for 1980 through 1988,

The (N)}MOS ROM market was, during 1981 and 1982, the only MOS memory
market with growth and profits. In 1983, it became the only MOS memory
market to experience a decline in total market size--down about
25 percent from 1982, All this, in rise and in decline, has been due to
video games. Behind this more transient business has been a steady and
growing business for ROMs as the low-cost, high-volume software carrier
to most MPU-based electronic systems.

Strong unit growth during the 1980s has been the impetus for the
continually improving pricing for mask ROMs, While considerable business
has been lost to EPROM in mature densities, the ROM market has managed to
exhibit remarkable growth, due to demand for {l) high density, where ROM
is unchallenged in price, and (2) extraordinarily high wvolumes of
identical code, often in excess of 250K to 500K units.

Because decimal ROMs (2Kx10, 4Kxl0, etc.) were included in the
closest byte-wide categories in Table 12, the data here tend to
understate total bits slightly and to overstate the associated prices per
bit from the actual “"best market estimates.”

~ ~

Assumptions

® The video game "bubble® has receded considerably from its 1982
peak, although the “cartridge ROM" concept remains attractive
and will persist in a variety of small systems, e.g., IBM'sg PCir.

] ROM will c¢ontinue to be displaced in some low-volume or mature
density applications by UV-EPROM, and more severely as the OTP
market develops. (See Tables 9, 10, and 1l.)

] Though activity in CMOS ROMs is great, NMOS devices have managed
to stay well ahead on manufacturing economies, and in 1983
commanded 85 percent of the total ROMs market.

* NMOS or PMOS l-megabit ROMs are expected to play a minor role at
that density compared to CMOS,

[ PMOS will continue to be used in low-cost encoded speech
applications.
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CMOS MASK ROMS

Table 13 details the expected market development for CMOS mask ROMs,
Through 1982, the vast majority of CMOS devices were sold in close
association to CMOS MPUs such as the RCA 1802, i.e., as the MPU control
program. Increasingly, a standalone CMOS ROM market is developing.

CMOS ROMs are available from many vendors at every density from 2K to
more than 1 Mb, Overall, there are few suppliers who are broadline CMOS
ROM suppliers, but at least 12 vendors participate in the market at two
or three densities each. Even today, however, the market for CMOS ROMs
is still small, due to a continuing CMOS price penalty, which few users
are willing to pay unless CMOS is absolutely necessary to fulfill their
systems requirements. .

Assumptions

® CMOS will gradually displace NMOS and will first exceed NKMOS
shipments in the mature 256K market. At that time, prices for
CMOS ROMs will be within 10 percent of NMOS devices of the zame
density.

- With 256K and 1Mb devices already on the market, we don't expect
that either the 128K or 512K market will develop as fully as the
adjacent densities (64K, 256K, 1Mb).

® Virtually all ROMs through the forecast period will have access
times greater than 150 ns, although minor markets exist as fast
as sub-100 ns and as slow as the microsecond range.

- - As with NMOS ROMs, more mature densities of CMOS ROM will lose

designs to UV-EPROMS, and increasingly as a CMOS OTP market
develops.

Uncertainties

The CMOS ROM market, like the CMOS EPROM market, has been slower to
develop than earlier expected by DATAQUEST. In the 256K ROM market
today, NMDS is by far the dominant technology employed. At IMb, however,
more CMOS devices than NMOS have been introduced as Japanese Kanji
character generators. Full replacement of NMOS ROMs by CMOS devices must
necessarily be coincident with the broad avasilability of CMOS MPUs and
implementation of entire CMOS systems,
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EEPROMS/EAROMS

This market includes MNOS (or SNOS), as well as devices incorporating
a floating gate, manufactured by a varijety of suppliers. Also,
non-volatile RAMs are included in the Table 14 summaries (because of
their EEPROM backup feature} and probably constitute an approximately
$1S million market in 1983.

The EEPROM market contains a diverse collection of distinct products,
technical approaches, and end markets under this one heading. The
high~density wmarket (16K and up) is totally different from the
low-density business (2K and down); there is little business in between.
Vendors practice nitrox (SNOS or MNOS) technology or floating gate
technology, but not both.

Important progress has been made in the EEPROM market during 1983,
In addition to several standards being established (5-volt programming,
10,000 cycles durability, and latched output and data), 32K and 64K
devices have appeared in modest quantities. The 64K EEPROM die sizes are
small enough that they have the prospect of being manufacturable at
reasonable cost. Difficult technical problems remain, the foremost being
a consistent mastery of the delicate manufacturing processes involved,
e.g., thin oxides.

Assumptions

. Price and volume forecasts, especially at densities of 16K and
below, are aggregates of a diversity of products. Different
vendors' products differ widely in functionality, and as a
consequence, also in price.

® Lack of standards has inhibited, and will continue to inhibit,
market growth, although several primary issues have been laid to
rest within the last 12-15 months,

® No significant displacement of EPROM or ROM by EEPROM is
anticipated for most of the forecast period. EEPROM is
essentially a new capability, creating its own new application
base.

Uncertainties

Achievement of the market forecast presented in Table 14 necessarily
presumes some significant technical advances will occur. The EEPROM
market, slow to grow during the 1970s, has experienced a renaissance of
interest since about 1980. We expect that this tremendous focusing of
attention, talent, and resources into EEPROM technology will result in
revolutionary technical advances, as well as increased user awareness,
leading to broad utilization.
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MOS Memory Market Forecast

FORECAST METHODOLOGY

Principal data sources used for establishing the historical data base
for 1980-82, as well as forecast methodology, are described below.

Historical Data

The principal data source for the detail data is the DATAQUEST
quarterly newsletter series "MOS Memory Shipments,” which has been
published regularly since 1976. The newsletters originally covered MOS
DRAMs, - SRAMs, and EPROMs, and in 1982 were enlarged to cover some
densities of ROMs and EEPROMs., The newsletters have provided estimates
of quarterly industry unit shipments, as well as of prevailing prices
during that time period.

In addition, trade association data published by the SIA have been
used as a check of the top-level totals, both for units shipped as well
as total market revenues, These data, too, involve some dJdegree of
estimation for nonparticipating companies, and in certain cases must be
considered approximate.

Japanese data are available on total industry memory production in
Japan. Adjustments must be made for foreign firms producing in Japan and
Japanese firms producing in the United States and Europe in order to
count ali production once and only once., Occasionally, finer detail is
available on Japanese production as well.

These top-level data provide a valuable check on the DATAQUEST unit
and wvalue data, and although all data differences cannot be reconciled
all the time, we believe that all historical unit shipments and market
revenue estimates are within 10 percent of the actual values.

Forecast

Having established a good historical basis from which to judge trends
in (1) revenue growth, (2) bit growth, (3) ASP decline, and (4) unit
shipments growth, we can understand how the market has developed in the
past seven or eight years, Further, the time series of units and prices
can tell us a lot about typical product life cycles, and pricing as a
function of units shipped or as a function of the point in the product
life cycle. 1In addition, an understanding of the manufacturing process
can provide insight into expected die sizes, yields, process difficulty,
and, uwltimately, the cost of production for the products listed here. In
the long term, these costs track closely with relative unit costs and
costs per bit,
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To all this historical data must be added an element of the
unprecedented, We make Jjudgments as to: (1) the potential long-range
replacement of NMOS by CMOS, and the attendant price premium; (2) or the
potential for "pseudostatic RAMs" to displace DRAM or SRAM, or both; or,
the potential for EEPROM3 to overcome technical difficulties and build a
new market or to replace EPROM as a reprogrammable prototyping tool. All
these are, admittedly, quite subjective and involve a large degree of
give and take with other industry analysts in order to arrive at a
"maximum likelihood™ market  development scenario based on our
quantitative and qualitative assumptions.

Our forecast begins with an overall MOS memory bit growth envelope.
This is primarily an extrapolation of the historical bit growth rate,
with some allowances made for transient phenomena (e.g., video games) and
business cycles. From this we make assumptions about the long-term split
into DRAM, SRAM, EPROM, ROM, and EEPROM, based on application types, the
supplier base, technological momentum, ete, Next, each market can be
segmented into devices of different densities (at different points in
their life cycle, at different prices) competing for essentially the same
application. All the while, attention is paid to relative prices and
rates of change of prices, and other factors affecting ease of use, such
as EPRCMs vs. ROMs or EEPROMs. An interactive process, the data are
reviewed and inconsistencies and illogical trends are ferreted out and
corrected.
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Introduction to MOS Memory

SEMICONDUCTOR INDUSTRY SERVICE

Dataquest’s Semiconductor Industry Service (SIS) is a comprehensive information service
covering the worldwide semiconductor industry. It is a product-oriented, executive-level perspec-
tive intended to assist key executives and product managers with their strategic decisions. In
recognition of the fact that some semiconductor manufacturers focus on a single product area
within the industry, Dataquest offers various service options. These product-focused options
provide greater depth of analysis in a selected area while omitting information about other product
areas.

MEMORIES

This research notebook focuses on the product, marketing, and technological issues of the
memories market. The product areas covered in this study include the following:

¢ Dynamic random-access memory (DRAM)

e  Static random-access memory (SRAM)

e  FErasable programmable read-only memory (EPROM)

e  Read-only memory (ROM)

e  Electrically erasable programmable read-only memory (EEPROM)

MEMORY OVERVIEW

This notebook opens with a general overview of the memory market. This section provides
the reader with an understanding of the market by summarizing the information presented in each
of the product sections, as follows:

¢ Executive Summary—Identifies the pertinent issues influencing this market in easy-to-

read bullet form

s  Forecast Summary-—Combines the individual product forecasts into a total market

forecast by product category, region, and end-use market

e  Market Dynamics—Discusses the global issues affecting this market and the players in it

Each product section is designed to provide the reader with in-depth detailed information on
the structure and makeup of the market segment that these products represent. Topics discussed
may include the following:

»  Forecast—Summarizes Dataquest’s five-year forecast for this product segment

e  Product Analysis—Compares market share, product features, pricing, life cycles, and
design wins on a product type or family basis

e  Competitive Analysis—Discusses the configuration of the market based on market share,
product positioning, and number of suppliers

e  Historical Shipment Data—Records the shipment history of the various products in this
category by manufacturer -

L - ©1990 August . ¥
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Introduction to MOS Memory

COMPANY PROFILES

" The major semiconductor companies that manufacture memory products are profiled through
Dataquest’s Central Research Division. Each company’s strengths and weaknesses are discussed.

NEWSLETTERS

In addition to general executive-issue newsletiers, the subscriber receives specifically focused
newsletters on the memory market. These newsletters provide summaries of key industry events or
serve to underscore significant changes in the reference material in this notebook. Other newslet-
ters provide analyses of emerging trends or other situations that are of interest to the industry but
are not yet large enough in scope to warrant ongoing analysis.

INQUIRY PRIVILEGE

Three forms of inquiry are available to the client: access to the Semiconductor Inquiry Center,
access to the semiconductor research staff, and access to Dataquest’s On-Line Service. The
registered subscriber and one designated alternate have the privilege of direct access to Dataquest.
The inquiry center provides assistance in finding or interpreting material in the database notebooks
or other Dataquest published material. The client may seek additional commentary on or
clarification of the published material from the semiconductor research staff. Using this feature,
clients may interact with industry experts on a one-on-one basis to discuss attitudes and opinions
about topics covered in the service. In addition, the client may access the convenient On-Line
service, featuring DQ Monday, a weekly service that focuses on current events within the industry
and industries closely related to semiconductors.
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MOS Memory Market Overview

MOS MEMORY MARKET OVERVIEW

Total MOS memory revenue worldwide was more than $16.5 billion in 1989, an increase of
approximately 32.3 percent over 1988 revenue. Total MOS memory revenue is expected to grow at
a compound annual growth rate (CAGR) of approximately 15.3 percent for the 1989 through 1994
period compared with 19.8 percent for the preceding 1984 through 1989 five-year period. Of this
revenue, the dynamic random-access memory (DRAM) portion represents nearly 58.9 percent,
whereas static random-access memory (SRAM) accounts for almost 20.4 percent of revenue. All
categories within MOS memory, except erasable programmable read-only memory (EPROM),
experienced revenue growth. Dataquest forecasts a change in this trend for 1990. Products that are
forecast to grow during 1990 are fast static RAM, electrically erasable programmable read-only
memory (EEPROM), and flash devices. All the other categories, such as DRAM, slow static
RAM, EPROM, and read-only memory (ROM), are predicted to decline compared with their 1989
revenue levels. The revenue declines primarily are attributable to depressed average selling prices
(ASPs), not to the unit growth. .

The most significant factor expected to affect the worldwide semiconductor forecast is an
improvement in the US computer industry by mid-1990.

The Market

. The following observations were made while examining the 1989 MOS memory market:

e  Japanese manufacturers still dominate the MOS memory market with 91.7 percent of the
1989 market.

e  US suppliers have increased their market share in MOS memory to 7.2 percent in 1989,
up from 5.0 percent in 1988.

¢ NEC is ranked number one in revenue for 1989, with 10.9 percent of the worldwide
available market.

o The units for 1989 increased 7.8 percent over 1988, compared with an mease of
27.6 percent for 1988 units.

e  The ASPs for total MOS memory increased from an overall average of $5.14 in 1988 to
$6.30 in 1989, an increase of 22.7 percent. However, Dataquest anticipates that the
overall ASPs during 1990 will decline in the 20 percent range.

¢  During 1989, DRAMSs enjoyed the strongest revenue growth within the MOS memory
product categories—45.1 percent over 1988.

¢ The 1989 EPROM revenue declined 6.4 percent, compared with 1988 revenue.

Trends and Issues

The following points should be noted about the competition in the MOS memory market:

e DRAM production decreased by switching product mix to other products (such as
. SSRAMs and PSRAMs).

SIS Memories ©1990 D st In A
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MOS Memory Market Overview

¢ Samsung ranked third in 1989’s market share as a DRAM producer.

» The quarterly pricing trends of 1Mb devices showed a decline starting in the second .
quarter of 1989.

e The 4Mb DRAMSs are slow in coming to market; this could be, in part, due to
1IMb DRAM price erosions and rapid development of the 16Mb DRAM.

e Japanese manufacturers announced plans to build more capacity for MOS memory
products in Europe and North America.

s  Cutbacks in unit production for DRAMSs occurred during the end of 1989 in an effort to
prevent further price erosion.

o  Fast SRAMs revenue continued to increase in 1989, with a growth rate of 23.5 percent.
e Slow SRAMs grew 32,1 percent in revenue over 1988.

e The applications areas of data processing and consumer products were the leading
drivers for the consumption of memory products.

¢ SRAMSs were unable to meet market demands during the first half of 1989.

¢ BiCMOS is anticipated to become increasingly used because of its faster speeds at more
conservative line geometries and its capability of operating at both ECL and TTL I/O
levels.

o  Caches made from high-speed SRAMs will become a near necessity in the workstation
market and will develop as a desired feature for PCs.

= ROMs enjoyed strong demands during the later part of 1989 because of the healthy .
games sales in Japan.

e  Motorola announced plans to resume building a MOS memory fab facility in Sendai,
Japan.

*  Sony purchased AMD’s unused facility in San Antonio, Texas, and announced plans to
produce SRAMs in that facility.
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Memory

The following is a list of the material in this section:

® MOS Memo;y Market Forecast
#. DRAM Forecast

] DRAM Data

L MOS SRAM Forecast

o Fast MOS SRAM Data

° Fast M0S SRAM Data Update

° Slow MOS SRAM Data

. Slow MOS SRAM Data Update

] MOS EPROM Forecast

) MOS EPROM Data

e MOS ROM Forecast

] MOS EEPROM Forecast

. MOS8 EEPROM Data
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MOS Memory—Forecast

MOS MEMORY TOTAL WORLDWIDE FORECAST

: The Dataquest MOS memory forecast is presented in Tables 1 through 5. Revenue, unit
shipments, and average selling prices (ASPs) are forecast for each of the major MOS memory
product areas for the years 1990 through 1994, These product areas are dynamic RAMs (DRAMs),
static RAMs (SRAMs), EPROMSs, mask-programmable ROMs, EEPROMs, flash devices, and
other memory devices, which include specialty memory devices. Historical data from 1988 and
1989 also are provided for reference. Tables contained in this forecast are as follows:

e Table 1—Worldwide MOS Memory Market Revenue and Forecast

¢ Table 2—Worldwide MOS Memory Market Revenue Trends

¢ Table 3—Worldwide MOS Memory Market Unit Shipments

e Table 4—Worldwide MOS Memory Market Unit Shipment Trends

e Table 5—Worldwide MOS Memory Market Average Selling Prices

For more detailed forecasts of each product family, refer to the appropriate product section.

Table 1

Worldwide MOS Memory Market Revenue and Forecast
{Millions of Dollars)

Product 1988 1989 1990 1991 1992 1993 1994
Dynamic RAM 6,708 9,736 6,647 8485 11,377 15,722 18,705
Static RAM 2,608 3,375 3,396 4410 5507 7,272 8,367

Slow SRAM 1,792 2,367 2,214 2,841 3,510 4,634 5,171

Fast SRAM 816 1,008 1,182 1,569 1,997 2,638 3,196
EPROM 1,905 1,783 1,68 2079 2440 2571 2,480
ROM 929 1220 1,203 1445 1,504 1,682 1,892
EEPROM 273 305 318 371 493 599 692
Flash 3 12 37 134 335 727 1,196
Others 73 103 145 193 238 305 400

Total MOS Memory 12,499 16,534 13436 17,117 21,894 28,878 33,732
Percent Change from
Previous Year 107.0% 32.3% (18.7%) 274% 279% 319% 16.8%

Source: Dataquest (Angust 1990)
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Worldwide MOS Memory Market Revenue Trends

Product 1988
Dynamic RAM 53.7%
Static RAM 20.9

Slow SRAM 14.3

Fast SRAM 6.5
EPROM 152
ROM ' 7.4
EEPROM 2.2
Flash 0
Others 0.6

Table 2
(Percentage)
1989 1990
58.9% 49.5%
20.4 25.3
14.3 16.5

6.1 8.8
10.8 12,6
7.4 9.0
1.8 24
0.1 0.3
0.6 1.1

1991

49.6%
25.8
16.6

9.2
12.1

8.4
2.2
0.8
1.1

1992 1993
520% 54.4%
252 25.2
16.0 16.0
9.1 9.1
11.1 8.9
6.9 5.8
2.3 2.1
1.5 2.5
1.1 1.1

1994

55.5%
24.8
15.3

9.5
7.4

5.6
2.1
3.5
1.2

Total MOS Memory 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Source: Dutaquest (August 1990)

Table 3

Worldwide MOS Memory Market Unit Shipments

Product 1988
Dynamic RAM 1,298
Static RAM 503

Slow SRAM 398

Fast SRAM 105
EPROM 359
ROM 238
EEPROM 100
Flash 0
Others 9

Total MOS Memory 2,508

Percent Change from

Previous Year 31.5%
Souce: Dutaguest (August 1990)

1989

1,426
349

433
116

395
305
122
1
12

2,809
12.0%

(Millions of Units)

1990

1,351
576

434
142

405
296
118
3
17

2,766
(1.6%)

©1990 Dataquest Incorporated Aungust

1991

1,498
613

450
163

425
324
109
14
20

3,002
8.6%

1992

1 9628
666

470
196

455
294
107
41
23

3,215

7.1%

1993 1994
1,914 2,169
782 834
543 560
239 274
483 469
289 273
109 118
96 167
28 34
3,700 4,064
15.1% 9.8%
SIS Memories
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Table 4
. Worldwide MOS Memory Market Unit Shipment Trends
' (Percentage)

Product 1988 1989 1990 1991 1992 1993 1994
Dynamic RAM 51.8% S50.8% 48.8% 499% 506% 51.7% 53.4%

Static RAM 20.1 195 208 204 207 21.1 20.5

Slow SRAM 15.9 154 15.7 15.0 14.6 147 13.8

Fast SRAM 42 4.1 5.1 54 6.1 6.5 6.7

EPROM : 14.3 14.1 14.6 14.1 14.2 13.1 11.5

ROM 9.5 10.9 10.7 10.3 9.1 7.8 6.7

EEPROM 4.0 43 43 3.6 3.3 2.9 29

Flash 0 0 0.1 0.5 13 2.6 4.1

Others 0.4 0.4 0.6 0.7 0.7 0.7 0.8

Total MOS Memory 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Sourve: Dataguest (Auguat 1990)

Table §
. Worldwide MOS Memory Market Average Selling Prices
- (Dollars per Unit)

Product 1988 1989 1990 1991 1992 1993 1994
Dynamic RAM ' 5.17 6.83 492 5.66 6.99 8.21 8.62
Static RAM 5.18 6.15 5.90 7.19 8.27 930 10.03
Slow SRAM 4.50 5.47 5.10 6.31 7.47 8.53 9.23
Fast SRAM 7.77 8.69 8.32 9.63 1019 11.04 11.66
EPROM 531 452 4.17 4.90 5.36 5.32 529
ROM 3.91 3.99 4.07 447 512 582 6.93
EEPROM 2.72 2.51 2,70 3.40 459 5.51 5.85
Flash 21.17 17.84 13.63 9.47 8.13 7.61 7.18
Others 177 8.69 8.32 963 1019 11.04 11.66

Total MOS Memory 498 5.89 4.86 5.70 6.81 7.81 8.30

Percent Change from

Previous Year 574% 181% (17.5%) 1713% 195% 14.6% 6.3%
Source: Dataquest (August 1950)
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REVIEW OF 1989 MOS MEMORY MARKET PERFORMANCE

On a worldwide basis, MOS memory market revenue grew 32.3 percent in 1989 compared
with 1988. The number of units increased by 12.0 percent to 2,809 million units in 1989, with the
ASP increasing 18.1 percent to an overall average of $5.89.

DRAMs

DRAM prices started dropping during the third quarter of 1989 and have continued to decline,
with periods of stabilization, through the middle of 1990, Interestingly, the average 1989 DRAM
price improved by 32.1 percent when compared with the 1988 average, indicating that DRAM
prices had been much stronger during the first half of 1989, primarily because of the IMb volume
shift. Also, becaunse of a 9.7 percent increase in 1989 unit shipments over 1988 and the improved
average price, the overall revenue performance for DRAMs increased 45.1 percent compared with
1988. DRAMs still continue to dominate the totai MOS memory product category with
58.8 percent of total revenue in 1989.

SRAMs

Static RAM revenue in 1989 improved 29.4 percent over 1988. The strongest growth
occurred in the slow SRAM area, which improved 32.1 percent in 1989; the fast SRAM area grew
23.5 percent over the same period. Unit shipments improved 9.1 percent in the total SRAM
product category in 1989, with the ASP improving by 18.7 percent. Next to DRAMs, SRAMs are
the largest product segment of the total MOS category.

EPROMs

The EPROM revenue portion of total MOS memories dropped off in 1989 by 6.4 percent
compared with 1988. Unit shipments increased by 10 percent and the ASP declined 15.0 percent.
ROMs

ROMs enjoyed a resurgence in revenue because of increased demands made by game
manufacturers in Japan and for office automation systems equipment. ROM revenue improved
31.3 percent in 1989 over the previons period. The number of units shipped increased 28.2 percent
in 1989, with prices increasing to an annual average of $3.99, an improvement of 2.0 percent.
EEPROMs

_ The EEPROM revenue market improved 11.7 percent in 1989, with an increase of 22 percent
in units shipped and the ASP declining 7.7 percent compared with the previous year.

4 ©1990 Dataquest Incorporated August SIS Mm
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Flash Devices

Flash devices grew 400 percent in 1989 compared with 1988, a growth that was anticipated
because these products were only introduced in 1988. Flash devices are expected to follow a
similar leamning curve as DRAMSs. The ASP also declined, which is a typical trend with a new

product.

Others

Revenue for other memory devices, which include FIFO deep SRAM, dual-port SRAM,
video DRAMs, and SRAMs with a battery RAM, grew 41.1 percent in 1989 compared with 1988.
The products that grew rapidly in 1989 included specialty DRAMs (DRAM FIFO, frame, line, and
field memories) and video DRAMSs. Units shipped in 1989 were 33.3 percent higher than the
previous year, with ASPs 11.8 percent stronger than 1988.

HIGHLIGHTS OF THE MOS MEMORY FORECAST

The short-term forecast indicates that MOS memory revenue in 1990 will decline worldwide
by 18.7 percent from 1989. Dataquest is optimistic that the market will improve beginning in the
latter part of 1990, with this trend continuing through 1994. The MOS memory market is expected
to grow at a compound annual growth rate (CAGR) of 15.3 percent compared with 19.8 percent
from 1984 through 1989.

Following is a summary of Dataquest’s forecast high points:

¢ On a CAGR basis, the faster-growing product families from 1989 through 1994 will
be the flash devices (152.3 percent), fast SRAMs (26.0 percent), and EEPROMs
(17.8 percent).

¢ On a CAGR basis, units are forecast to be at 9.3 percent from 1989 through 1994. Flash
devices, as a new technology, are expected to have a strong 202.3 percent CAGR.

»  The overall ASP is expected to have a CAGR of 7.3 percent from 1989 through 1994,
with EEPROMs having the strongest at 18.4 percent.

*  The market is expected to continue its maturing process with double-digit growth rates;
in the past (e.g., in 1988), however, the MOS memory growth rate was 107.0 percent.

e The applications areca of the semiconductor business will continue to develop new
products, thus increasing consumption of semiconductors.

— The data processing segment, which historically has been the largest consumer of
semiconductors, is expected to show a CAGR from 1988 through 1994 of

16.5 percent.
— The communications and industrial segments show srong CAGRs at 14.1 and

14.7 percent, respectively.

SIS Memories ©1990 Dataquest Incorporated August o 5.
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LONG-TERM MARKET OUTLOOK

"Dataquest’s assumptions in making the previous long-range forecasts include the following:

Densities of memory products are expected to increase.

BiCMOS products will become more commonplace.

Demand for cache memory products will increase,

Further new applications in graphics, speech, and HDTV will emerge.

Growing consumption in the Rest of World (ROW) geographical region will increase.

The MOS memory market promises to reach out beyond its traditional applications bound-
aries into other segments that require performance interface and processing-related functions.
Submicron processes will continue to match or exceed the speeds of bipolar memory devices.
Dataquest expects the specialty memory segment to grow substantially throughout the forecast
. period and beyond.

©1990 Dataguest Incorporated August SIS%;
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RLDWIDE T

The Dataquest MOS memory forecast is presented in Tables 1 through 7.
Revenue, unit shipments, average selling price, bit shipments, and average
price per bit are forecast for each of the major MOS memory product areas for
the years 1987 to 1991. These product areas are dynamic RAMs (DRAMs), static
RAMs (SRAMs), EPROMs, mask-programmable ROMs, and EEPROMs, Historical data
from 1984 to 1986 are also provided for your reference. Tables contained in
this forecast are ags follows:

Table l--Worldwide MOS Memory Market--Revenue

Table 2--Worldwide MOS Memory Market--Revenue Trends

Table 3--Worldwide M0OS Memory Market--Unit Shipments

Table 4--Worldwide MOS Memory Market--Unit Shipment Trends

Table 5--Worldwide M0OS Memory Market--Average Selling Prices

Table 6--Worldwide MOS Memory Market--Bit Shipments

Table 7--Worldwide MOS Memory Market--Average Selling Price per Bit

For more detailed forecasts of each product family, refer to the
appropriate product section,

rizon E

The last Dataguest MOS memory forecast was published in September 1086,
Although actual 1986 MOS memory revenue is the same as that of the previous
forecast, unit shipments are higher and the average selling price (ASP) is
lower, Despite the U.S.-Japan Semiconductor Trade Arrangement and the
accompanying foreign market wvalues (FMVs), DRAM prices dropped considerably
in the last gquarter of 1986 after a brief increase in the third quarter.
Prices of MOS memories in Europe and the Asia Pacific region were consis-
tently and markedly lower than in the United States.

The projected growth in 1987 has been revised to 21 percent, compared to
40 percent in the September forecast. Although U.S. book-to-bill ratios have
crossed unity, European ratios have not shown the same strength and Japan's
economy is hurting bhecause of the depreciating dollar. Yet, 21 percent is a
healthy growth, a welcome relief after the soft market conditions of 1985
and 1986.
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Tempered optimism characterizes the 1988 to 1991 outlook in this
forecast. The MOS memory market is expected to grow at a compound annual
growth rate (CAGR) of 14.7 percent, compared to 22.0 percent in the previous
forecast. New product introduction schedules (4Mb DRAM, 1Mb SRAM, and
others) have been adjusted. Conservatism in capital spending for production
equipment for new products is prevalent after the severe financial losses
incurred in 1985 and 1986.

For Japanese companies, this problem is compounded by the strong yen and
an expected weak domestic consumption. Japanese government intervention in
pricing and production of MOS memories is expected to continue.

We expect the following to occur in the MOS memory market:

* The market achieved $4.4 billion in revenue in 1986 and is expected
to grow to $5.3 billion in 1987 and $8.8 billion by 1991.

® The market will grow at 14.7 percent CAGR from 1986 to 1991,
compared to a 16.7 percent CAGR from 1981 to 1986.

® The fastest-growing product families are the fast SRAM and EEPROM.

- Fast SRAMs and EEPROMs will grow at 17 percent and 36 percent
CAGRs, respectively.

- DRAM revenue will have an above-average 16 percent CAGR in this
period.

® Average selling prices are expected to improve beginning in 1987, as
the industry improves and newer products increasingly are produced.

L] The market is expected to experience narrower swings in annual
growth rates, similar to those of the latter years of the last
decade.

- There is no apparent application like the personal computer
that will cause the wild swings of recent years.

- We believe that the industry will be better prepared for the
next downturn.
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MOS Memory Market Forecast

. The year 1989 is projected to be a soft year for the whole
semiconductor industry, based on projections of the industry's
cycles. However, Dataguest expects a milder downturn in 1989 than
that of 1985.

. MOS memory bits are expected to grow at a 63 percent CAGR from 1986
to 1991, versus a 92 percent CAGR from 1981 to 1986.

MARKET QUTLOOK

The Short-Term Outlook

The book-to-bill ratio of U.S5, suppliers and the general increased pur-
chasing activity in the early months of 1987 are positive market signs that
are expected to fuel the 21 percent growth in 1987, Market opportunities
abound. Personal computer manufacturers such as IBM and Apple have announced
new products with denser and faster memories. Furthermore, several mainframe
and minicomputer companies are performing well, boosting static RAM sales,
and the 256K EEPROM is being designed into several military applications.
More companies are expected to slowly return to profitability. In the United
States, lead times for certain DRAMs and EPROMs have stretched out and are
expected to remain so through the third quarter.

Nevertheless, negative factors exist as well, Japanese consumption is
expected to be weak in 1987 because of the strong yen., Investments in new,
expensive lines for new densities and packages are being constrained by the
low level of profitability im the industry, increasing the potential for
1Mb DRAM shortages. The U.S.-Japan trade war is escalating with the semi-
conductor industry as the more visible battlefield. Consequently, Japanese
producers have implemented production cuts that c¢ould lead to severe
256K DRAM shortages.

The Long-Term Outlook

Dataquest believes that the following factors will lend to the antici-
pated 14.7 percent CAGR for MOS memories through 1991:

L The traditional growth of new, higher-density memories
L The penetration of the bipolar market by high-sgpeed MOS memories

. The expansion of the market into nontraditional memory uses

SIS Products - Markets ® 1987 Dataquest Incorporated April 3



MOS Memory Market Forecast

L 2 The emergence of new applications in graphics, speech, and digital
television
* Consumption growth in the Asia Pacific countries other than Japan

We believe that higher-density memories will dominate the market. We
expect 1Mb and 4Mb DRAMs, for example, to account for 93 percent of the total
DRAM market in 1991, compared to only 8 percent in 1986,

The MOS memory market promises to reach out beyond its traditional
boundaries. Submicrom processes have given birth to CMOS SRAMs and EPROMs
that approximate bipolar speeds. These products are expected to take a sglice
out of the bipolar memory market. With additional on-chip logic, memories
are being used in applications that perform interface and processing-related
functions, a departure from conventional storage tasks. Classified as
specialty memories, they include FIFOs, dual-port RAMs, video RAMs, and cache
tag RAMs, Dataquest expects the specialty memory market segment to grow
significantly in the next years.

New applications in graphics, speech, IC cards, digital television, and
other areas are projected to pick up in activity, although real expansion in
these markets is not expected until after the turn of the decade. Faster,
high-density memories are being developed to meet future needs of 3I2-bit
microprocessor-based systems.

The anticipated consumption growth in the Asia Pacific region will also

contribute to the growth in MOS memory revenue., MOS memory revenue in this
region is expected to reach $880 million by 1991.

£ ® 1987 Dataguest Incorporated April SIS Products - Markets



MOS Memory Market Forecast

¥able 1

WORLDWIDE MOS MEMORY MARKET REVENUE
{Millions of Dollarsa)

1984 1965 1986 1987 1988 1989 1990 199)

Read/Write Memory $4.850 $2,473 $2,905 $3,463 54,438 $4,056 $4,743 $5,999
Dynamic RAM $3.540 $1,592 $2,102 $2,467 £3,371 $3,110 $3,478 $4,360
NMOS 3,523 1,560 1,896 1,746 1,416 860 401 288

CMOS 17 32 206 721 1,955 2,250 3,077 4,072
Static RAM $1,310 § 3881 § B03 § 996 $1,067 $ 946 $1,265 $1,639
Fast SRAM 323 339 353 446 520 524 677 763

Slow SRAM 987 542 450 550 547 422 588 876

RMOS 481 315 198 128 B4 47 28 15

CMOS 830 569 606 869 982 898 1,236 1,623
Read-Only Memory $1,774 $1.406 $1,467 $1.826 $2,085 $2,147 $2,555 $2,696
EPROM $1,185 $ 876 § 910 $1.052 $1.,176 $1,225 $1,497 $1,616
UV EPROM 1,164 856 861 989 1,055 1,097 1,346 1,428

oTP 21 20 49 63 121 128 151 188

NMOS 1,071 791 720 725 681 560 504 593

CMOS 114 85 190 326 495 665 902 1,023

rROM $§ 434§ 388 % 418 $ 543 5 564 & 493 § 453 § 442
RMOS 321 255 243 283 256 160 112 81

CMOS 113 133 175 260 308 3a3 341 a6l
EEPROM $ 155 ¢ 142 $ 139 § 231 % 345 $ 429 § 605 § 638
HMOS 145 130 117 158 208 185 268 282

CMOS 10 12 22 73 137 244 337 356

Other MOS Memory $§ S0% 45 % 55 & 65 % 75 % 803 100 £ 100

Total MOS Memory $£6,674 $3.,924 $4,427 $5,354 $6,598 $6,283 $7,398 $8,795
Percent Change

from Previous
Year 63.0% (41.2%) 12.8% 20.9% 23.2% (4.8%) 17.7% 18.9%

Source: Datagquest
April 1987
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MOS Memory Market Forecast

Parcent DRAM
Percent SRAM

Total RAM

Percent EPROM
Percent Mask ROM
Percent EEPROM

Total ROM

Percent Read/Write
Memory
Percent Read Only
Memory
Percent Other MOS
Memory

Total MOS Memory

Percent P or HMOS
Percent CMOS

Total MOS Memory

Percent Fast SRAM
Percent Slow SEAM

Total SRAM
Percent Once

Programmable
Percent Reprogrammable

Total Programmable 100%

Table 2
WORLDWIDE MOS MEMORY MAREET--REVENUE TRENDS
{Percent)
1984 1985 1986 1987 1988 1989
73% 64% T2% T1% T76% 77%
27 _36 _28 _29 _24 23
100% 100% 100% 100% 100% 100%
67% 62% 62% 58% 56% 57%
24 28 28 30 27 23
_ 9 10 -9 _13 17 20
100% 100% 100% 100% 100% 100%
73% 63% 66% 65% 67% 65%
27 36 33 34 32 34
1 1 1l 1 1 1
100% 100% 100% 100% 100% 100%
84% T79% 73% 57% 41% 29%
216 21 .21 43 5% 911
100% 100% 100% 100% 100% 100%
25% 38% 44% 45% 49% 55%
_15 -62 _56 5% _51 45
100% 100% 100% 100% 100% 100%
2% 2% 1% 5% T% T%
a98% 98% 86% 55% 93% _93%
100% 100% 100% 100% 100%
Sourcet

6 © 1987 Dataquest Incorporated April

1990 19931
T3% 73%
=<7 .27
100% 100%
59% 60%
18 16
24 24
100% 100%
64% 68%
35 31
-1 _1
100% 100%
19% 14%
81  _86
100% 100%
54% 7%
46 53
100% 100%
T™ 8%
923% _92%
100% 100%
Datagquest
April 1987
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Table 3

WORLDWIDE MOS MEMORY MARKET--URIT SHIPMENTS

Read/Write Memory
Dynamic RAM
NMOS
CMOS
Static RAM

Fast SRAM
Slow SRAM
HMOS
CMOS

Read-Only Memory

EPROM
UV EPROM
OTP
WMO0S
CMOS

ROM
NMOS
CMOS

EEPROM
RMOS
CMOS

Other MOS Memory
Total MOS Memory
Percent Change

from Pravious
Year

8IS Products - Markets

1984

1,304
1,012
1,010
3

291
60
232
138
154

396
221
216
5
208
13
132
110
22
43
42
1

—10

1985

1,080
782
777

5
298
68
230
121
177

427
245
237
8
228
17
137
106
31
45
42
4

— 9

470
267
250
17
227
40
154
108
46
49
41

—11

1,710 1,516 1,844

33.0% (11.3%) 21.6%

{Millions of Units)

1987 1988 1989

1,448
1,135
1,060
75
313
94
219
47
266

501
287
264
23
228
60
159
103
55
55
44
12

—13

1,962

6.4%

1,549
1,230
870
361
318
101
217
31
287

538
311
281
30
218
93
160
86
74
67
44
24

1990 1991
1,643 1,736 1,878
1,311 1,355 1,454

622 326 240
689 1,029 1,214
333 381 424
112 143 166
221 238 258
20 12 6
313 369 418
541 569 602
322 349 357
285 308 304
37 40 53
133 173 160
139 176 197
146 135 140
55 11 32
91 94 108
73 86 105
39 38 49
35 48 56
16 20 20

2,200 2,325 2,500

4.7%

Sourcet

5.6%

7.5%

Dataguest
April 1987
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MOS Memory Market Forecast

Percent DRAM
Percent SRAM

Total RAM
Percent EPROM
Percent Mask ROM
Percent EEPROM

Total ROM
Percent Read/Write

Memory
Percent Read Only
Memory
Parcent Other MOS
Memory
Total MOS Memory

Percent P or NMOS
Percent CMOS

Total MOS Memory

Percent Fast SRAM
Percent Slow SRAM

Total SEAM
Percent Once
‘Programmable

Percent Reprogrammable

Total Programmable

78%

100%

56%
33

11

100%

76%

23

100%

89%
11

100%

20%

100%

2%

100%

Table 4
WORLDWIDE MOS MEMORY MARKET---UNIT SHIPMENT TRENDS
{(Percent)
1985 1986 1987 1988 1989 1990 1991
72% 78% 78% 79% 80% 78% 77%
<8 22 22 21 -20 =22 23
100% 100% 200% 100% 100% 160% 100%
57% 57% 57% 58% 59% 61% 59%
32 33 32 30 27 24 23
11 _10 211 13 _14 15 17
100% 100% 100% 100% 100% 100% 100%
71% Ta4% T4% T4% 75% 75% 75%
28 25 26 26 25 24 24
—1 1 1 1 1 1 1
100% 100% 100% 100% 100% 100% 100%
84% 82% 76% 60% 42% 26% 20%
16 18 24 -40 58 74 80
100% 100% 100% 100% 100% 100% 100%
23% 26% 30% 2% 34% 8% 39%
17 _74 70 68 _66 562 51
100% 100% 100% 100% 100% 100% 100%
3% 5% 6% 7™ 8% 8% 10%
21 95 94 93 92 92 S0
100% 100% 100% 200% 100% 100% 100%
Source: Dataquest
April 1937

8 © 1987 Dataquest Incorporated April
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Table 5

WORLDWIDE MOS MEMORY MARKET--AVERAGE SELLING
{(Dollars per Unit)

Dynamic RAM
Static RAM
Fast SRAM
Slow SRAM
EPROM
UV EPROM
OTP
ROM
EEPROM
Other MOS Memory
Overall MOS Memory
Percent Change

from Previous
Year

SIS Products - Markets

1984 1985 1986 1987 1988

$3.50
$4.50
$5.41
$4.26
$5.37
$5.40
$4.10
$3.28
$3.58
$5.00

$3.90

19.9%

$2.03
$2.97
$5.00
$2036
$3.57
$3.62
$2.40
$2.83
$3.15
$5.00

$2.59

(33.7%)

$1.98
$2.64
$4.47
$£2.00
$3.41
$3.45
$2.84
$2.72
$2.86
$5.00

$2.40

$2.17
$3.18
$4o76
$2.51
$3.66
$3.75
$2.69
$3.42
$4.17
$5.00

$2.73

(7.2%) 13.7%

$2.74
$3.35
$5.13
$2.52
$3.78
$3o76
$3.98
$3.54
$5.13
$5.00

$3.14

15.0%

PRICES

1989

$2.37
$2.84
$4o70
$1091
$3.81
$3.85
$3.49
$3.37
$5.85
$5000

$2.86

1990 1991

$2.57
$3.32
$4.72
$2.47
$4.29
$4.36
$3.76
$3.37
$7.05
$5000

$3.18

$3.00
$3.86
$4.60
$3.39
$4.53
$4.69
$3.57
$3.15
$6.09
$5.00

$3.52

{(9.1%) 11.5% 10.6%

Source:

Dataquest
April 1987
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Table 6

WOBRLDWIDE MOS MEMORY MARKET--BIT SHIPMENIS
{Billions of Bits)

Dynamic RAM
Static RAM

Fast SRAM

Slow SRAM
EPROM

UV EPROM

oTP
ROM
EEPROM
Overall MOS Memory

Percent Change from Previous Year

Dynamic RAM
Static RAM
Fast SRAM
S8low SRAM
EFROM
W EPROM
oTP
ROM
EEPROM
Overall MOS Memory

Percent Change from Previous Year

log4
68,162
5,197
618
4,580
12,933
12,720
213
13,649
126
100,067

95.0%

1988
572,680
34,750
5,285
29,465
90,006
77,526
12,480
112,853
1,668
811,957

79.8%

1985
98,184
7,257
885
6,371
21,827
21,231
596
23,032
138
150,488

50.4%

1989
887,279
51,947
8,955
42,992
133,829
112,932
20,897
132,710
3,360
1,209,125

48.9%

10 © 1987 Dataquest Incorporated April

1986
196,182
11,134
1,436
9,698
36,445
33,474
2,971
41,701
290
285,752

89.9%

19900
1,353,967
99,590
18,357
81,234
201,282
168,677
32,605
175,112
8,428
1,838,379
52.0%

Source:?

1987
295,585
21,774
2,695
19,078
58,123
52,396
5,727
75,579
598
451,659

58.1%

1091

2,538,471
198,468
34,005
164,463
259,797
204,584
55,212
261,554
15,831
3,274,221
78.1%

Dataquest
April 1987
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Table 7

WORLDWIDE MOS MEMORY MARKET--AVERAGE SELLING PRICE PER BIT
{Millicents per Bit)

1984 1985 1986 1987 1988 1989 1990 1991

Dynamic RAM 5.2 1.6 1.1 0.8 0.6 0.4 0.3 0.2
Static RAM 25,2 12.2 7.2 4.6 3.1 1.8 1.3 0.8
Fast SRAM 52.3 38.3 24.6 16.6 9.8 5.9 3.7 2,2
S8low SEAM 21.5 8.5 4.6 2.9 1.9 1.0 0.7 0.5
EPROM 18.8 7.3 4.3 3.0 2.4 1.6 1.3 1.0
UV EPROM 9,2 4.0 2,6 1.9 1.4 1.0 0.8 0.7
OTP 9.6 3.3 1.7 1.1 1.0 0.6 0.5 0.3
ROM 3.2 1.7 1.0 0.7 0.5 0.4 0.3 0.2
EEPROM 122.6 75.5 48.2 38.6 20.7 12.8 7.2 4.0
Overall MOS Memory 6.6 2.6 1.5 1.2 0.8 0.5 0.4 0.3

Percent Change

fxrom Previous
Year {18.0%)(61.2%)(40.6%)(23.5%)(31.4%)(36.1%)(22.6%)(33.1%)

Source: Dataguest
April 1987
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DRAM—Forecast

SUMMARY

The current economic slowdown, begun during the last half of 1989 and continuing through
the first half of 1990, has dramatically impacted 1990 DRAM revenue. DRAM revenue for 1990 is
forecast to be more than $3 billion lower than that for 1989! However, recovery from the 1989/
1990 cyclic downturn is expected to occur during the second half of 1990.

Dataguest forecasts moderate growth during 1991, solid growth during 1992 and 1993, and
the peak year of the growth cycle occurring in 1993, We predict a slowdown in revenue growth
rate for 1994, indicating early signs of the next major cyclic downturn.

DATAQUEST’S DRAM FORECAST

Table 1 presents Dataquest’s worldwide total DRAM forecast. Tables 2 and 3 present the
NMOS and CMOS DRAM forecasts, respectively. The DRAM forecast includes three years (1987
through 1989) of historic perspective and five years (1990 through 1994) of predictions. Revenue
in dollars (*“dollarized units” computed as the product of units and worldwide ASP), unit
shipments, and average selling price (ASP) are detailed for each DRAM density and process
technology.

Comparison with Earlier Forecasts

Dataquest’s last published forecast for the DRAM market was dated August 1988. (Updates
have been available on request or via Dataquest’s on-line service.) The major changes from our
last forecast are summarized in the following paragraphs.

The revenue, unit shipments, and ASPs for 1988 and 1989 have been adjusted to reflect the
final historical data collected from manufacturers. Our previous forecast overstated the 1988 unit
shipments of 64K DRAMs by 10.0 percent, understated the 256K DRAMs by 6.2 percent, and
understated the 1Mb DRAMSs by 11.9 percent. The 1988 unit shipments for all DRAM densities
were understated by 5.3 percent.

For 1989, 64K DRAM units were decreased from the previous forecast of 74.8 million units
to 67.0 million units, 256K DRAM units increased from the forecast 720.0 million wunits to
853.7 million units, 1Mb DRAMSs decreased from 533.3 million units to 503.0 million units, and
4Mb DRAMs decreased from 2.2 million units to 1.9 million units. The decreased IMb DRAM
forecast was due to suppliers reducing production of 1Mb DRAMSs when an oversupply situation
occurred as a result of the industry entering the 1989/1990 cyclic slowdown. Unit shipments for all
DRAM densities increased by 7.2 percent in 1989 over the previous forecast; the increase was due
to higher-than-expected 256K DRAM shipments reported by suppliers.

The 1988 and 1989 revenue growth rates were higher than previously forecast; actual revenue
growth for 1988 was 155 percent and for 1989 was 45 percent compared with the previously
forecast growth of 115 percent for 1988 and 13 percent for 1989. The increases in revenue were

due to higher unit growth and higher ASPs during 1988 and the first half of 1989 than originally
forecast.

SIS Prod., Mkt,, & Tech. ©1990 Dataquest Incorporated June b §



DRAM—Forecast

Table 1
Total Worldwide DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994) .
Actual Forecast
1987 1988 1989 1990 1991 1992 1993 1994
Value ($M)
IK 0 0 0 0 0 0 0 0
4K 0 0 0 0 0 0 0 0
16K (3 Power Supply) 3 2 0 0 0 0 0 0
16K (5-Volt Only) 3 3 0 0 0 0 0 0
32K (2-Chip Package) 0 0 0 0 0 0 0 0
64K 165 191 15 31 12 8 6 2
128K (2-Chip Package) 12 o 0 0 0 0 0 0
256K 1,808 2915 2544 1,159 671 449 314 186
1MDb 636 3,590 6845 4,741 5290 4,454 3,825 2978
4Mb 0 7 232 76 2513 6245 9627 10464
16Mb 0 0 0 0 0 220 1,950 5075
Total Dollars 2,627 6.708 9736 6,647 8.485 11377 15722 18,705
Percent Change
from Previous
Year 29% 155% 45% 32%) 28% U% 38% 19%
1987 1988 1989 1990 1991 1992 1993 1994 .
Units (M)
IK 0 0 0 0 0 0 0 0
4K 0 0 0 0 0 0 0 0
16K (3 Power Supply) 2.0 10 0 0 0 0 0 0
16K (5-Volt Only) 1.5 1.0 0 0 0 0 0 0
32K (2-Chip Package) 0 0 0 0 0 0 0 0
64K 152.6 127.1 67.0 215 7.8 537 4.0 1.0
128K (2-Chip Package) 3.0 0 0 0 o 0 0 )
256K 766.3 955.9 8537 5823 3706 240.0 165.0 93.0
iMb 426 212.7 5030 7261 1,000.0 960.0 850.0 7300
4Mb 0 0 1.9 212 1192 4200 8650 12000
16Mb 0 0 0 0 0 20 30.0 145.0
Total Units 9680 12978 14256 173511 14976 16277 19140 21690
(Canticxsd)

2 e ©1990 Dataquest Incorporated June SIS Prod, Mkt., & Techa.
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Table 1 (Continued)

. Total Worldwide DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)
Actual Forecast
1987 1988 1989 1990 1991 1992 1993 1994
Average Selling Price
(Dollars/Unit)
1K ] 0 0 0 0 0 0 0
4K 0 0 0 0 0 0 0 0
16K (3 Power Supply) 1.50 2.00 0 0 0 0 0 0
16K (5-Voit Only) 2.00 2.50 0 0 0 0 0 0
32K (2-Chip Package) 0 0 0 0 0 0 0 0
64K 1.08 150 172 145 148 1.49 152 1.55
128K (2-Chip Package) 4.00 ] 0 0 0 0 0 0
256K 236 3.05 2.98 1.99 1.81 187 1.90 200
IMb 1493 16.88 13.61 6.53 529 464 450 4.08
4Mb 0 460.00 122.90 33.77 21.08 14.87 11.13 8.72
16Mb NA NA NA NA 300.00 110.00 65.01 35.00
Overall ASP 271 517 6.83 492 567 6.99 8.21 8.62

NA = Not availshie
Source: Datequest (June 1990)

SIS Prod., Mkt., & Tech. ©1990 Dataquest Incorporated June 3
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Table 2

Worldwide NMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

Value ($M)

16K (3 Power Supply)
16K (5-Volt Only)
3K (2-Chip Paclage)
[«

128K (2-Chip Package)
IMb

16Mb
Towl Dollars

Percent Change from

Previous Year

Units (M)
IK
4K
16K (3 Power Supply)
16K (5-Volt Only)
32K (2-Chip Package)
HK
128K (2-Chip Packnge)
256K
1IMb
Fiv s
16Mb

Towal Unks

Actual Forecast

1987 1988 1989 19% 1991 1992 1993 19%4
0 0 0 0 0 0 0 0

(] 0 0 0 0 0 0 0

3 2 0 0 0 0 0 0

3 3 0 0 0 0 0 0

0 0 0 0 0 o 0 0
165 187 115 3t 12 8 6 2
12 0 0 0 0 0 0 ]
1,639 2,558 2,056 927 3% 350 241 141
0 206 399 190 159 134 115 0

0 0 0 0 0 (] 0 0
9 0 L 0 -0 -0 _o 2
1822 2,955 1570 1,148 700 492 362 202
(2%} 2% {13%) {55%) (39%) (30%) 26%) (44%)
1987 1988 1989 19% 1991 7] 1993 19%
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

20 10 0 0 0 0 0 0
15 1.0 0 0 0 o 0 0

0 0 0 0 0 0 0 0
1525 1245 66.8 215 78 57 40 10
30 0 0 0 0 0 0 0
2.7 §38.7 6899 4658 2028 1872 127.1 7.7
(] 122 293 29.0 300 288 255 146

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 _0
$71.7 971.5 786.1 5164 3306 217 156.6 86.3

(Contimd)

-

©1990 Dataquest Incorporated June
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. - Table 2 (Continued)
Worldwide NMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)
Actual Forecast
] 1987 1988 1989 19% 1991 1992 1993 1994
Avennge Sclling Price
oliacs/Unit)
1K o 0 0 o 0 0 0 0
4K o 0 0 o 0 0 0 o
16K (3 Power Supply) 150 2.00 0 0 0 o o o
16K (5-Volt Only) 2.00 250 0 o 0 0 0 0
37K (2-Chip Puckage) 0 0 0 o 0 o 0 o
64K 1.08 150 172 145 148 149 1.52 155
128K (2-Chip Package) 3.90 0 0 0 o o o 0
256K 2.30 305 298 199 181 187 1.90 2.00
1My 1495 1638 1361 653 5329 464 430 408
aMb NA 460.00 122.90 3BT 2108 14.87 1L13 872
16Mb NA NA NA NA 30000 110.00 65.01 35.00
Ovenill ASP 2.09 302 - 327 222 212 222 231 235

NA = Not svailahls
Source: Dutnguest (hane 1990)

SiS Prod., Mkt.,, & Tech. ©1950 Datsquest Incorporated June ' 5
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Table 3

Worldwide CMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

Valec (SM)
1K
4K

" 16K (3 Power Supply)
16K (5-Volt Only)
2K -Chip Paclage)
64K
128K (2-Chip Packnge)
256K

IMb
4M
16Mb
Toml Dollars

Percent Change
from Previous
Year

Units (M)
1K
&
16K (3 Power Supply)
16K (5-Volt Only)
32K (2-Chip Package)
64K
128K (2-Chip Package)
236K

1Mb
4Mb
16Mb
Total Units

1987

(]
QOOOOQQO

gle o 8

2%

g

oo oo

2

536
42.6

&lo o

©1990 Dataquest Incorporated June

Actual
1988

w
I3
wEJdocro0oo0o

o

3,753

OﬁOOOOO

nz

1989

MO0 OQ OO0

o
33

7,166

1%

o

coboocooo

1638
4737
19

6395

Forecast

19% 1991 1992 1993 1994
0 0 0 1] 0
(1] 0 0 0 0
0 0 0 0 0
0 0 0 0 )

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
232 141 9 72 45
4552 51 4321 370 2,919
716 2,513 6,245 9,627 10,454
I _0 220 1,950 5,075
5499 1785 10,885 15,360 18,52
3%} 2% 40% 41% 20%
19%¢ i 192 1993 1994
Q 1] 0 0 0
(1] 0 0 0 L+
o o 0 0 0
0 0 0 0 0
0 0 0 (1] 0
0 0 0 0 0
0 0 (1] 0 0
1165 778 5238 380 223
697.1 970.0 9312 8248 7154
212 1192 420.0 865.0 1,200.0
0 0 2.0 0.0 145.0
M7 1,1670 1,406.0 L7515 20827

(Continewd)
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Table 3 (Continued)

Worldwide CMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

Average Selling Price

(Dollars/Unit)

1K

4K

16K (3 Power Supply)
16K (5-Volt Ouly)
32K -Chip Packuge)
64K

128K (2-Chip Package)
256K

1M

4Mh

16Mb

Overnll ASP

NA = Not svailabic
Source: Dataquest (June 1990)

SIS Prod., Mkt, & Tech.
0007668

1987

O&DOOQO

K b
14.95

NA
8.37

1989 19% 1951 1992

0 0 0 0

0 0 0 0

0 ] 0 .0

0 0 ] 0

0 0 0 ]

172 145 148 149

0 o 0 0

298 159 1.81 187

13.61 653 529 464

12290 377 21.08 14.87

NA NA 300,00 11000

121 659 667 7.74
©1990 Dataquest Incorporated June

Forscast

193 19%4
0 0

0 0
0 0

0 0

0 0
152 155
0 0
1.90 200
450 4.08
1113 3.2
65.01 35.00
8.74 B.88

"
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Compared with the previous forecast, unit shipments for 1990, 1991, and 1992 decreased by
29.8 million units, 1.3 million vnits, and 36.8 million units, respectively.

The compound annual growth rate (CAGR) for revenue from 1986 to 1994 is expected to be
31.8 percent, compared with the previous forecast of 32.1 percent CAGR during the period from
1986 through 1992. DRAM revenue from 1990 to 1994 is expected to grow at a 29.5 percent
CAGR. Revenue for 1990 has been increased by 3.6 percent over the previous forecast, but will
drop by 32.0 percent from the previous year. This large decrease is due to sharp declines in ASPs
and reduced shipment volumes during the later part of 1989 and first part of 1990.

Major Factors Supporting this Forecast

Major factors supporting Dataquest’s current DRAM forecast include the following:
* Industy slowdown from mid-1988 through mid-1990

¢ Continuing market dominance by the Japanese

¢  Increasing market share of non-Japanese vendors

¢ Movement of manufacturing to North America and Europe

* High cost and difficulty of submicron technology

e Continued political influences in the market

e  Unification of Europe in 1992

e No major influence on market by new applications

The Short-Term Outlook

The mid-1989 downturn, predicted by Dataquest in the August 1988 forecast, occurred as
expected. Prices dropped as the industry entered the slowdown, even though prices had been
sustained at unhistorically high levels since the implementation of the foreign market value (FMV)
system during 1987. Prices are expected to continue to decline through the first half of 1990, but
ASP declines are expected to slow down, returning to more historical patterns, during the latter
part of the year when user demand picks up. Momentary price increases could occur during the
second half of 1990 if manufacturers do not increase production volumes fast enough to support
increasing user demand.

As a result of recent declines in 1Mb prices during late 1989 and early 1990, the 4Mb price
crossover (4X unit price of 1Mb) is not expected to occur until the first quarter of 1991. This
delayed crossover will impede the growth of the 4Mb DRAM market during 1990.

The Long-Term OQOutlook

Dataquest forecasts a decline in DRAM unit growth of negative 5.2 percent during 1990,
moderate growth during 1991 and 1992, and strong growth during 1993. Unit shipment growth
will not be as rapid; quadrupling of chip densities will cause unit shipments to grow at a slower
rate. Bit growth during 1990 is forecast at 31.0 percent, but it will average 70.0 percent per year
from 1991 through 1994.

8 ©1990 Dataquest Incorporated June SIS Prod, Mkt, & Tech,
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The major driver of bit growth will continue to be the increased pervasiveness of memory.
High-bit-usage applications, such as HDTYV, are not expected to have a significant influence on the
DRAM market until after 1994. However, Dataquest believes that more specialty and intelligent
memories will emerge. Video RAMs, frame/field buffers, and wide-word memories are in
production today, and other specialty DRAMSs such as cached DRAMs and high-speed nonmul-
tiplexed DRAMs have been introduced. The integration of complete systems on a single chip,
including large-size DRAM memory storage, is expected within the decade.

SIS Prod., Mk, & Tech. ©1990 Dataquest Incorposated Jane 9
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SUMMARY

The current economic slowdown, begun during the last half of 1989 and continuing through
the first half of 1990, has dramatically impacted 1990 DRAM revenue. DRAM revenue for 1990 is
forecast to be more than $3 billion lower than that for 1989! However, recovery from the 1989/
1990 cyclic downturn is expected to occur during the second half of 1990.

Dataquest forecasts moderate growth during 1991, solid growth during 1992 and 1993, and
the peak year of the growth cycle occurring in 1993. We predict a slowdown in revenue growth
rate for 1994, indicating early signs of the next major cyclic downturn.

DATAQUEST’S DRAM FORECAST

Table 1 presents Dataquest’s worldwide total DRAM forecast. Tables 2 and 3 present the
NMOS and CMOS DRAM forecasts, respectively. The DRAM forecast includes three years (1987
through 1989) of historic perspective and five years (1990 through 1994) of predictions. Revenue
in dollars (“dollarized units” computed as the product of units and worldwide ASP), unit
shipments, and average selling price (ASP) are detailed for each DRAM density and process
technology.

Comparison with Earlier Forecasts

Dataquest’s last published forecast for the DRAM market was dated August 1988. (Updates
have been available on request or via Dataquest’s on-line service.) The major changes from our
last forecast are summarized in the following paragraphs.

The revenue, unit shipments, and ASPs for 1988 and 1989 have been adjusted to reflect the
final historical data collected from manufacturers. Our previous forecast overstated the 1988 unit
shipments of 64K DRAMs by 10.0 percent, understated the 256K DRAMs by 6.2 percent, and
understated the 1Mb DRAMSs by 11.9 percent. The 1988 unit shipments for all DRAM densities
were understated by 5.3 percent.

For 1989, 64K DRAM units were decreased from the previous forecast of 74.8 million units
to 67.0 million units, 256K DRAM units increased from the forecast 720.0 million units to
853.7 million units, 1Mb DRAMs decreased from 533.3 million units to 503.0 million units, and
4Mb DRAMs decreased from 2.2 million units to 1.9 million units. The décreased 1IMb DRAM
forecast was due to suppliers reducing production of 1Mb DRAMSs when an oversupply situation
occurred as a result of the industry entering the 1989/1990 cyclic slowdown. Unit shipments for all
DRAM densities increased by 7.2 percent in 1989 over the previous forecast; the increase was due
to higher-than-expected 256K DRAM shipments reported by suppliers.

The 1988 and 1989 revenue growth rates were higher than previously forecast; actual revenue
growth for 1988 was 155 percent and for 1989 was 45 percent compared with the previously
forecast growth of 115 percent for 1988 and 13 percent for 1989. The increases in revenue were
due to higher unit growth and higher ASPs during 1988 and the first half of 1989 than originally
forecast.

SIS Memories ©1990 Dataquest Incorporagd H@BMATON RESOURCE CENTER
0006953 AT P IR PR P Ea

A TARUERS T o lnk LJhHTED

1290 Biclder Park Drive

San Jese, CA 95131-2398
(408) 437-8600



DRAM—Forecast

Table 1 o
Total Worldwide DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994) .
Actual Forecast
1987 1988 1989 . 1990 1991 1992 1993 1994
Value (SM)
1K 0 0 L1 0 0 0 0 0
4K 0 0 0 0 0 0 0 0
16K (3 Power Supply) 3 2 0 0 0 0 0 0
16K (5-Voit Only) 3 3 0 0 0 0 0 0
32K (2-Chip Package) 0 0 0 0 0 0 0 0
684K 165 191 115 31 12 8 G 2
128K (2-Chip Package) 12 0 0 0 0 0 0 0
256K 1,808 2915 2,544 1,159 671 . . 449 314 186
1Mb 636 3,590 6,845 4,741 5,290 4454 3,825 2978
4Mb 0 7 232 716 2,513 6,245 9,627 10464
16Mb 0 0 0 0 0 220 1,950 5,075
Total Dollars 2,627 6,708 9,736 6,647 8,485 11,377 15,722 18,705
Percent Change
from Previous )
Year 29% 155% 45% (32%) 28% 4% 8% 19%
1987 1988 1989 1990 1991 1992 1993 1994
Units (M)
1K 0 0 0 0 0 0 0 0
4K 0 0 0 0 0 0 0 0
16K (3 Power Supply) 2.0 1.0 0 0 0 0 0 0
16K (5-Voit Only) 1.5 1.0 0 0 0 0 0 0
32K (2-Chip Package) o 0 0 0 1} 0 0 0
64K 152.6 1271 67.0 215 78 L7 4.0 10
128K (2-Chip Package) 3.0 0 0 ] 0 0 0 0
256K 766.3 955.9 853.7 5823 3706 240.0 165.0 930
1Mb 42.6 212.7 503.0 726.1 1,000.0 960.0 850.0 730.0
4Mb 0 0 1.9 21.2 1152 420.0 265.0 1,200.0
16Mb 0 0 0 0 0 2.0 30.0 145.0
Total Units 958.0 1,297.8 14256 13511 14976 16217 1,914.0 2,169.0
(Continmed)
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Table 1 (Continued)

. Total Worldwide DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)
Actual Forecast
1987 1988 1989 1990 1991 1992 1993 1994
Average Selling Price

(Dollars/Unit)
1K 0 0 0 0 ] 0 0 0
4K 0 0 0 0 0 0 0 0
16K (3 Power Supply) 1.50 2.00 0 0 0 0 0 0
16K (5-Volt Only) 2.00 2.50 0 0 0 0 0 0
32K (2-Chip Package) 0 0 0 0 0 0 0 0
64K 1.08 1.50 1.72 145 1.48 1.49 1.52 1.55
128K (2-Chip Package) 4.00 0 0 0 0 0 0 0
256K 2.36 3.05 2.98 1.99 1.81 1.87 1.90 2.00
1Mb 14.93 16.88 13.61 6.53 5.29 4.64 4.50 4.08
4Mb 0 460.00 122.90 33.77 21.08 14.87 11.13 8.72
16Mb NA NA NA NA 300.00 110,00 65.01 35.00
Overall ASP 271 5.17 6.83 492 5.67 6.99 8.21 8.62

NA=Not available

Source: Dataquest (June 1990)
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Table 2

Worldwide NMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

Value ($M)

K
4K
16K (3 Power Supply)
16K (5-Yoit Only)
32K (2-Chip Package)
64K
128K (2-Chip Package)
256K
IMb
4Mb
16Mb

Totad Dollars

Percent Change from
Previous Year

Units (M}

1K
4K
16K (3 Power Supply)
16K (5-Volt Only)
32K (2-Chip Package)
64K
128K (2-Chip Package)
256K
IMb
4Mb
16Mb

Total Units

Actual Forecast

1987 1988 198 199%¢ 1991 1992 1993 19%4

0 0 0 [+ 0 [+ 0 L]

0 0 0 L] 0 0 0 0

3 2 L] 0 0 0 0 1]

3 3 0 1] 0 0 0 0

0 [+] 0 0 0 0 0 0

165 187 115 k) | 12 8 & 2

12 0 0 0 0 0 Q 0

1,639 2,558 2,056 9227 530 350 4 i41

0 206 399 190 159 134 115 60

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 _0

1,822 2,955 2570 1,148 700 492 s2 202
2%) 62% (13%) (35%) (39%) (G0%) (26%) %)

1987 1968 198% 19% 159 . 1992 1993 1994

0 0 0 0 0 0 ] 0

0 0 0 0 0 0 0 1]

20 1.0 0 0 0 0 0 0

15 1.0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1525 124.6 66.8 215 7.3 57 4.0 1.0

30 0 0 0 ] 0 0 ]

7127 838.7 6399 465.8 2928 1872 1271 0.7

0 122 293 29.0 30.0 288 255 146

0 0 0 0 ] 0 0 1]

0 0 0 0 4] 0 0 _9

871.7 9775 786.1 516.4 3306 2217 156.6 863

©19%0 Dataquest Incorporated June
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Table 2 (Continued)

Worldwide NMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

~

Average Selling Price

(Dollars/Unit)

1K

4K

16K (3 Power Supply)
16K (5-Volt Only)
32K (2-Chip Package)
64K

128K (2-Chip Package)
256K

1IMb

4Mb

16Mb

Overall ASP

NA=Not available
Source: Dataquest (June 199()

SIS Memories
0006953

1987

150
2.00

1.08
3.90
230
14.95

209

1.50

3.05
16.88
460.00
NA
3.02

1989

odoccocoo

13.61
122.90
NA
327

1990

cocooeo

145

0
1.99
6.53

BT
NA
222

Forecast

1991 1992 1993 1994
0 0 o 0
0 0 0 o
0 0 0 0
1] 0 0 0
0 0 0 0
1.48 1.49 152 155
0 0 0 0
1.81 1.87 1.90 2.00
529 4.64 450 408
21.08 14.87 11.13 8.72
300.00 110.00 65.01 35.00
2.12 222 231 235

©1990 Dataquest Incorporgied-JBe, + » 11 \N RESOURCE CENTER
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Table 3

3

Worldwide CMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

Velue ($M)

IK
4
16K (3 Power Supply)
16K (5-Volt Only)
32K (2-Chip Package)
64K,
128K (2-Chip Package)
256K
M
4Mb
16Mb

Total Dollars

Percent Change
from Previous
Year -~

Units (M)

1K
4K
16K (3 Power Supply)
15K (5-Volt Ouly)
32K (2-Chip Package)
64K
128K (2-Chip Paciage)
256K
iMb
4Mb
16Mb

Total Units

P

1937

]
Toococooso

#o o &

oo 0o0oOS

53.6

§I00§

©1990 Dataquest Incorporated June

[P U

Actual Foreeast
1988 1989 199 1991 1992 1993 1994
0 0 0 0 0 L 0
0 0 0 1] 0 0 0
0 0 0 0 -0 ] 0
0 0 0 1] 0 o 0
0 0 0 0 0 0 0
4 0 0 0 0 0 0
0 0 0 0 0 1] 0
as7 488 232 141 9% 72 45
3,384 0,446 4,552 5131 4321 3,710 2,919
.7 23 716 2,513 6,245 9,627 10,464
0 0 0 0 220 1,950 5,075
3,753 7,166 5,499 7,785 10,885 15,360 18,502
6% %1% 23%) 42% 40% 41% 20%
1988 1989 19%0 1991 1992 1993 19%4
0 0 0 0 0 0 1]
0 0 0 0 0 0 1]
0 0 0 0 0 0 0
0 0 0 0 0 0 L]
0 4] 0 0 0 0 0
235 02 0 0 0 i 0
0 0 0 0 0 0 0
1172 163.8 116.5 778 523 380 223
200.5 473.7 697.1 970.0 9312 8245 7154
0 19 212 1192 4200 8650 1,200.0
0 0 0 0 20 30.0 145.0
3202 639.5 834.7 1,167.0 1,406.0 1,7575 2,082.7
(Catimoed)
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Table 3 (Continued)

Worldwide CMOS DRAM Forecast Revenue, Unit Shipments, ASP (1987-1994)

Average Selling Price

(Dollars/Unit)
1K
4K
16K (3 Power Supply)
16K (5-Volt Only)
32K (2-Chip Package)
64K
128K (2-Chip Package)
256K
1Mb
4Mb
16Mb

Overall ASP

NA=Not available
Source: Dataquest (June 1990)

SIS Memories
0006953

1987

Actual
1988

—
Eogaaooo

w

©1990 Dataquest Incorpora®d-TaeMATION RESQURIE CE NTER

1989

0
0
0
0
0
172
0

298
13.61
122.90

1121

19%0

e
O&QOQOO

1.99
6.53
3377
NA
6.59

Forecast

1991 1992 1993 19%4
0 0 ] 1]
0 0 0 0
0 0 0 0
0 0 0 0
0 (1] 1] 1]
148 1.49 152 1.55
0 0 0 0
181 1.87 1.90 2.00
529 4.64 450 4.08
21.08 14.87 1113 8.72
300.00 110.00 65.01 35.00
6.67 7.74 8.74 8.88
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Compared with the previous forecast, unit shipments for 1990, 1991, and 1992 decreased by
20.8 million units, 1.3 million units, and 36.8 million units, respectively.

The compound annual growth rate (CAGR) for revenue from 1986 to 1994 is expected to be
31.8 percent, compared with the previous forecast of 32.1 percent CAGR during the period from
1986 through 1992. DRAM revenue from 1990 to 1994 is expected to grow at a 29.5 percent
CAGR. Revenue for 1990 has been increased by 3.6 percent over the previous forecast, but will
drop by 32.0 percent from the previous year. This large decrease is due to sharp declines in ASPs
and reduced shipment volumes during the later part of 1989 and first part of 1990.

Major Factors Supporting this Forecast

Major factors supporting Dataquest’s current DRAM forecast include the following:
¢  Industry slowdown from mid-1988 through mid-1990

e  Continuing market dominance by the Japanese

* Increasing market share of non-Japanese vendors

» Movement of manufacturing to North America and Europe

e High cost and difficulty of submicron technology

e (Continued political influences in the market

¢  Unification of Europe in 1992

* No major influence on market by new applications

The Short-Term Outlook

The mid-1989 downtum, predicted by Dataquest in the August 1988 forecast, occurred as
expected. Prices dropped as the industry entered the slowdown, even though prices had been
sustained at unhistorically high levels since the implementation of the foreign market value (FMV)
system during 1987. Prices are expected to continue to decline through the first half of 1990, but
ASP declines are expected to slow down, returning to more historical patterns, during the latter
part of the year when user demand picks up. Momentary price increases could occur during the
second half of 1990 if manufacturers do not increase production volumes fast enough to support
increasing user demand.

As a result of recent declines in 1Mb prices during late 1989 and early 1990, the 4Mb price
crossover (4X unit price of 1Mb) is not expected to occur until the first quarter of 1991. This
delayed crossover will impede the growth of the 4Mb DRAM market during 1990.

The Long-Term Outlook

Dataquest forecasts a decline in DRAM unit growth of negative 5.2 percert during 1990,
moderate growth during 1991 and 1992, and strong growth during 1993. Unit shipment growth
will not be as rapid; quadrupling of chip densities will cause unit shipments to grow at a slower
rate. Bit growth during 1990 is forecast at 31.0 percent, but it will average 70.0 percent per year
from 1991 through 1994,

k ©1990 Data: In J SIS M i
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The major driver of bit growth will continue to be the increased pervasiveness of memory.
High-bit-usage applications, such as HDTV, are not expected to have a significant influence on the
DRAM market until after 1994. However, Dataquest believes that more specialty and intelligent
memories will emerge. Video RAMs, frame/field buffers, and wide-word memories are in
production today, and other specialty DRAMs such as cached DRAMs and high-speed nonmul-
tiplexed DRAMs have been introduced. The integration of complete systems on a single chip,
including large-size DRAM memory storage, is expected within the decade.

SIS Memories ©1990 Dataquest Incorporated June )
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..
SUMMARY

Dataquest projects dramatic changes in the prices and product life cycles of
dynamic RAMs. The major trends that will affect these changes are as follows:

L Healthy but slower bit growth

L The next "silicon cycle” downturn

. The high cost and difficulty of submicron technology
. Continuing political influences in the market

L The strong yen versus the dollar

Bit growth will be driven primarily by increased pervasiveness, which we forecast
to grow at a 67 percent compound annual growth rate (CAGR) from 1987 to 1992. With
the slow bit growth and increasing chip density, unit shipments are projected to grow
slowly at a 1987 to 1992 CAGR of 11 percent. However, revenue is expected to grow
rapidly because of the relatively higher price levels brought about by submicron products
and as a result of political intervention.

. FORECAST TABLES

The DRAM forecast for 1988 through 1992 and a three-year historical perspective
for 1985 through 1987 are presented in Tables 1 through 3. Revenue in dollars, unit
shipments, and the average selling price are forecast for each DRAM density.

L Table 1—Worldwide DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

] Table 2—Worldwide NMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

L Table 3—Worldwide CMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

SIS Memories © 1988 Dataquest Incorporated August b
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Value (M)

1K
4K
16K
16K
32K
64K
128K {2-Chip Package])
256K

1Mb

4Mb

16Mb

{3~Power Supply)
(5=-Volt Only)
(2=-Chip Package)

Total

Percent Change from

Previous Year

Units (M)

1K

4K

16K (3-Power Supply}
16K (5-Volt Only)
32R (2=Chip Package)
64K

128K (2-Chip Package)
256K

1Mb

4Mb

16Mb

Total

N/A = Not Available

DRAM-—-Forecast

Table 1
Worldwide DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992
Actual Forecast

1985 1986 1987 1988 1989 1390 1991 1992
0 0 0 0 0 0 o 0
0 0 0 0 0 0 0 0
24 16 3 2 o 0 0 0
23 13 3 3 3 0 0 0
0 0 o o o 0 0 0
530 397 165 210 120 34 25 18
141 52 12 0 0 0 0 0
868 1,432 1,808 2,673 1,764 1,150 720 456
5 134 637 2,763 4,352 3,893 3,910 3,501
0 0 0 5 148 1,338 3,517 6,485
_8/A __N/A _NA _NA _NA _N/A 3 __38
1,591 2,044 2,628 5,656 6,383 6,415 8,175 10,343
(55%) 29%  29% 1158 13% () 27 338

1985 1986 1987 1988 1989 1990 1991 1992

0 0 0 0 0 0 0 o

0 0 0 0 0 0 0 0
20,0 12.0 2.0 1.0 0 ¢ 0 o
15.0 8.0 1.5 1.0 0 ¢ 0 0
0 0 0 0 0 0 0 0
481.5  382.0 152.6  140.0 74.8 19.9 14.0 10.0
23.0 12.0 3.0 0 0 0 0 0
237.9  620.0 766.3  900.0  720.0  500.0  300.0  190.0
o 4.3  42.6  190.0  533.3  617.8  980.0  900.0
0 0 0 0 2.2 43.2  204.9  560.0
N/A N/A _ N/A N/A N/A N/A N/A 4.5
782.4 1,038.3 968.0 1,232.0 1,330.3 1,380.9 1,498.9 1,664.5
{Continued)
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Table 1 (Continued)

Worldwide DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992
1985 1986 1987 1988 1989 1990 1391 1992
Average Selling Price
{Dollars/Units)

1K 0 0 0 0 0 0 o 0
4K o 0 0 0 0 0 0 0
16K (3-Power Supply) 1.20 1.35 1.50 2.00 1] 0 0 0
16K (5-Volt Only) 1.50 1.65 2.00 2,50 0 0 0 0
32K (2-Chip Package) o o 0 0 ¢ 0 0 0
84K 1.10 1.04 1.08 1,50 1.60 1.70 1.75 1.75
128K {2-Chip Package) 5.05 4.30 3,90 0 0 0 0 0
256K 3.65 2.31 2,36 2,97 2.45 2,30 2.40 2.40
1Mb 162.50 31,11 14.95  14.54 8.16 4.76 3.99 3,89
4Mb 0 o 0 217.50 §7.09 30,98 17.26  11.58
16Mb N/A N/A __N/A N/A /A N/A 300,00  85.00

Overall ASP 2.03 1.97 2,71 4.59 4.80 4.65 5.45 630

Mote: Columns may not add to totals shown because of rounding.

N/A = Not Available

SIS Memories
0000952
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Table 2

Worldwide NMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price

1985 through 1992
Actual Forecast
1985 1586 1987 1988 1949 1990 1991 19932
Value (§M)
1E 1] 0 0 0 0 [v] 0 0
4K 0 0 0 0 0 0 0 0
16K (3-Power Supply} 24 16 3 2 0 0 a 0
16K (5=Volt Only) 23 13 3 3 0 0 0 0
32K (2-Chip Package) 1] 0 1 1] 0 1] 0 [+
64K 525 397 164 210 119 34 24 17
128K {2~Chip Package) 141 52 12 0 0 0 a 0
256K a3s 1,384 1,635 2,329 1,489 938 585 3N
1Mb 0 4 14 108 87 39 0 0
4aMb 0 0 ¢ 0 0 0 0 1]
16Mb _ 0 0 0 0 0 0 _0 _0
Total 1,548 1,864 1,831 2,651 1,695 1,010 609 88
Percent Change from
Previous Year (56%) 20% (2%) 45% (369) {40%) (40%) {3I6%)
1985 1986 1987 1988 1989 1990 1991 1992
Units (M)
1K Q 0 0 0 1] 0 1] 0
4K 0 0 0 0 0 0 0 0
16K (3-Power Supply) 20.0 12.0 2.0 1.0 1] 0 0 0
16K (5=Volt Only) 15.0 8.0 1.5 1.0 0 ¢ 0 ¢
32K (2-Chip Package) 0 0 0 0 0 0 ¢ 4]
64K 479.6 380.% 152.3 139.7  74.7 19.9 14.0 10.0
128K (2-Chip Package) 28.0 12.0 3.0 0 Q0 0 0 0
256K 232.9 602.6 7T1l.1 823.5 655.2 450.0 270.0 171.0
1Mb 0 0.1 0.9 7.4  10.7 8.2 0 0
4Mb 0 0 0 0 o 0 1] 0
16Mb "] 0 0 0 0 0 0 0
Total 775.5 1,015.6 870.9 972.6 740.5 478,0 284.0 181.0
(Continued)
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Worldwide NMOS DRAM Forecast

Table 2 (Continued)

Revenue, Unit Shipments, Average Selling Price
1985 through 1992

Average Selling Price
{boliars/Units)

ik

4K

16K (3-Power Supply)
16K (5-Volt Only)
32K (2=Chip Package)
64K

128K (2-Chip Package)
256K

1Mb

4Mb

16Mb

Ovarall ASP

1991 1992

Hote: Columns may not add to totals shown because of rounding.

SIS Memories
0000952

1965 1986 1987 1988 1989 1990
0 o 0 0 1] 0 0 0
[+ 0 ] 0 0 0 1 0
1.20 1.35° 1.50 2.00 Q 0 0 0
1.50 1.65 2.00 2.50 0 0 0 0
0 0 1] 0 0 0 1] 0
1.10 1.04 l1.08 1.50 1.60 1.70 1.75 1.75
5.05 4.30 3.90 0 0 0 0 0
3.58 2.30 2.30 2.83 2,27 2.08 2,17 2.17
162.50 37.9% 14.95 14.54 B.1l6 4.76 ) 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 )
2.00 1.84 2.10 2.73 2.29 2.11 2.15 2.14

Souxce: Dataguast

Bugust 1988
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Table 3

Worldwide CMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price

1985 through 1992
Actual Forecast
1985 1986 1987 1988 1989 1950 1991 1992
Value ($M)
1K 0 0 0 0 0 1} 0 0
4K 0 0 0 0 1] 0 0 Q
16K (3-Power Supply) 0 0 0 0 0 0 1] 0
16K (5-Volt Only)} 0 0 0 1] 0 0 L] 0
32K (2=Chip Package} 0 0 1] 0 0 1] 0 0
64K 4 2 ] 0 0 0 0 1]
128K (2=Chip Package) 0 0 0 1] ] 0 0 /]
256K 34 48 174 344 275 213 13s 86
1Mb 5 130 623 2,655 4,265 3,854 3,910 3,501
4Mb 0 0 0 3 148 1,338 3,517 6,485
16Hb N/A N/A N/A N/A N/A N/A 3 383 .
Total 43 180 797 3,005 4,688 5,405 7,565 10,455
Percent Change from
Previous Year 120%  320%  343% 277% 56% 15% 40% Jes
-~ 1985 1986 1987 1988 ].98_9 1990 1991 1992
Units (M) -
1K 0 0 0 G 0 0 Q 0
4K ¢ 0 0 0 ¢ 0 0 0
16K (3~Power Supply) 1] a ] [} 1] 0 0 ¢
16K (5~Volt Only) 0 0 0 Q 0 0 0 0
32K (2-Chip Package) 0 0 0 0 1] 1] 1] 0
64K 1.9 1.1 0.3 0.3 0.1 [ 0 0
128K (2-Chip Package) 0 0 1] 0 1] [} 0 ¢
256K 5.0 17.4 55.2 76.5 64.8 50.0 30,0 19.0
iMb 0 4.2 41.7 182.6 522.6 809%.6 980.0 9090.0
4Mb . 0 Q 1] 0 2.2 43.2 204.9 560.0
16Mb 0 0 '] '] 1] 1] 0 4.5
Total 7.0 22.7 97.1 259.4 589.8 902.9 1,214.9 1,483.5
N/A = Mot Available
(Continued}
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Table 3 (Continued)

Worldwide CMOS DRAM Forecast

Revenue, Unit Shipments, Average Selling Price

Average Selling Price
{Dollars/Units)

1K

4K

16K (3-Power Supply)
16K (5=Volt Only}
32K (2-Chip Package)
64K

128K (2-Chip Package)

256K
1Mb
4Mb
16Mb

Overall ASP

Note: Columns may not add to totals shown because of rounding.

N/A = Not Available

SIS Memories
0000952

© 1988 Dataquest Incorporated August

1985 through 1992
1985 1986 1987 1988 1989 1390 1991 1992
0 0 1] 0 0 0 0 0
0 1] 0 0 1] 0 0 0
0 0 0 0 0 1] 0 0
i} 0 1] 0 0 0 0 Q0
0 0 0 0 0 ¢ 1] 0
2.25 2.05 1.25 1.75 2.00 2.00 2.00 2,00
0 1] 1] ¢ H Q 0 0
6.75 2.75 3.15 4,50 4.25 4,25 4.50 4.50
162.50 30.95 14.95 14.54 g.16 4,76 3.99 3.89
0 1] 0 217.50 67.09 30.98 17.16 11.58
N/A N/A N/A N/A N/h N/A  300.00 85,00
6.16 7.93 8.20 11.58 7.95% 5.99 6.22 6.81
Source: Dataguest
August 1988
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Comparison with Earlier Forecasts

Dataquest's last published forecast for the DRAM market was dated April 1987.
The changes from the last forecast are the following: :

The 1986 actual revenue, unit shipments, and average selling prices have been
adjusted to reflect the final numbers completed by the middle of 1987.

Actual 1987 bit shipments fell 14 percent below that forecast in April 1987
because of the unanticipated production cuts MITI imposed on Japanese DRAM
manufacturers in the first half of 1987 and the poor yields and slow capacity
buildup of the IMb DRAM.

With the poor production results of the 1IMb DRAM, the 1987 product mix was
more concentrated on the 256K DRAM rather than the 1Mb DRAM or the 64K
DRAM.

With the intervention of several political institutions such as the foreign
market value (FMV) system and the MITI demand monitoring scheme, we no
longer expect prices to drop as readily as we did in April 1987. The FMV
system essentially sets a safety net for rapidly falling prices while MITI
measures the level of excess capacity on a quarterly basis. The effect is
relatively higher prices through 1992 that will more closely follow cost and
FMV patterns.

FORECAST HIGHLIGHTS

The highlights of this forecast are as follows:

Bit growth will be slower in the next five years than in the past. Bits are
expected to grow at a 67 percent CAGR from 1987 through 1992. Slower
electronic equipment growth and the lack of new, high-bit-usage applications
will cause the slowing DRAM bit growth. The major driver of bit growth will
be increased pervasiveness or more memory bits per system. For example, the
new personal computers have memory capacities of 1 to 2 megabytes that can
be upgraded to 4 to 6 megabytes with the growing popularity of new operating
systems such as the 05/2 and the Macintosh 1II.

Unit shipment growth will not be as rapid. The slower bit growth combined
with quadrupling chip densities will cause unit shipments to grow at a
projected 11 percent CAGR.

© 1988 Dataquest Incorporated August SIS Memories
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. The average selling prices are forecast to be at higher levels. Historically,
DRAM prices have followed market conditions with little regard to
manufacturing cost. This forecast predicts that prices will begin to follow
costs more closely and will begin to fluctuate with market demand. Several
factors will contribute to this, including the following:

- Political influences will control the rapid decline of DRAM prices by
monitoring costs and excess capacity.

- Submicron products will require significantly greater capital investment
and will cost more to manufacturer. A concern for profit margins will be
necessary to recoup the high investment and to accumulate funds to
move into the next-generation technology.

- With the Japanese companies dominating the DRAM market, the strong
yen will constrain their pricing flexibility.

] The historical decline in price per bit is expected to be broken for the first
time. It is expected to rise in 1988. Beyond that, the price per bit will
continue to decline despite the higher price levels of submicron DRAMs. This
means that, on a cost-per-bit basis, next-generation DRAMs will continue to
be more cost effective than preceding ones, despite the fact that their prices
do not drop to extremely low levels.

] Revenue is expected to grow at a 32 percent CAGR from 1987 through 1992,
fueled primarily by the higher prices.

. CMOS technology will begin to dominate over NMOS technology as submicron
products come into their own. At the 256K DRAM level, more CMOS DRAMs
are becoming available with speeds that surpass those of NMOS DRAMs,

SHORT-TERM OQUTLOOK

Dataquest believes that the DRAM shortage will last at least through the end of
1988. However, DRAM availability will continue to increase through the year. Prices
will stay relatively high: 256K DRAM prices will rise from $2.36 in 1987 to $2.97 in 1988
and 1Mb DRAM prices will remain firm in 1988. However, there are signs of relief.
Dataquest believes that there will be adequate physical capacity of IMb DRAMSs by the
second half of 1988 and enough in 1989. Should demand slow, supply could exceed
demand in the first half of 1989.

Based on economic forecasts and studies of the "silicon cycle," Dataquest expects a
mild downturn in the latter half of 1989, spilling over into 1990. Although unit shipments
will still be robust, prices will be lower. The foreign market values recently assigned to
companies will allow the forecast price drops in 1989.

SIS Memories @ 1938 Dataquest Incorporated August 9
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LONG-TERM OUTLOOKX

During the forecast period, new applications are not likely to contribute heavily to
DRAM bits, except for graphic memory. These new applications—silicon disks, digital
television, and speech recording--will emerge beyond 1992. Dataquest believes that
these new markets will cause a huge increase in DRAM bit growth in the next decade.
These applications will need specialized features such as video RAMs, frame memory,
line memory, and field memory incorporated into DRAM memory. Each application will
be attractive for specialized products because of the anticipated consumption volume.

10 © 1988 Dataquest Incorporated August SIS Memories
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SUMMARY

Dataquest projects dramatic changes in the prices and product life cycles of
dynamic RAMs. The major trends that will affect these changes are as follows:

. Healthy but slower bit growth

. The next "silicon cycle” downturn

. The high cost and difficulty of submicron technology
® Continuing political influences in the market

o The strong yen versus the dollar

Bit growth will be driven primarily by increased pervasiveness, which we forecast
to grow at a 67 percent compound annual growth rate (CAGR) from 1987 to 1992. With
the slow bit growth and increasing chip density, unit shipments are projected to grow
slowly at a 1987 to 1992 CAGR of 11 percent. However, revenue is expected to grow
rapidly because of the relatively higher price levels brought about by submicron products
and as a result of political intervention.

. FORECAST TABLES

The DRAM forecast for 1988 through 1992 and a three-year historical perspective
for 1985 through 1987 are presented in Tables 1 through 3. Revenue in dollars, unit
shipments, and the average selling price are forecast for each DRAM density.

° Table 1—Worldwide DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

. Table 2—Worldwide NMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

. Table 3—Worldwide CMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

SIS Memories ® 1988 Dataquest Incorporated May 1
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Table 1

Worldwide DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
1985 through 1992

Actual Porecast
1985 1986 1987 1988 1989 1990 1991 1992
Value ($M) .
1K o 0 0 0 [ (1] o Q
4K 0 o 0 0 0 o 0 0
16K (3-Power Supply) 24 1s 3 2 0 0 1] 0
16K (5=-Volt Only) 23 13 3 3 3 4] 0 1]
32K (2-Chip Package)} 0 1} 0 0 0 0 0 0
64K 530 97 165 210 120 34 25 18
128K (2-Chip Package)} 141 . 52 12 0 0 0 o 1]
256K 868 1,432 1,808 2,673 1,764 1,150 720 456
1Mb 5 134 637 2,763 4,352 3,893 3,910 3,501
4Mb ¢ 0 0 5 148 1,338 3,517 6,485
16Mb N/A N/A N/A N/A N/A N/A 3 383
Total 1,591 2,044 2,628 5,656 6,383 6,415 8,172 10,459
Percent Change from
Previous Year (55%) 29% 29% 115% 133 1) 272 28%
1985 1986 1987 1988 1989 1990 1991 ‘ 1992
Units (M)
1K 0 [ 0 (1] (1) 0 0 0
4K 0 1] 0 0 0 0 1] 0
16K (3-Power Supply) 20.0 12.0 2.0 1.0 0 0 1] 80.0
16K (S-Volt Only) 15.0 8.0 1.5 1.0 o ] 0 40,0
32K {2=-Chip Package) 0 0 1 1] Q 0 1] 1]
64K 48l.5 382.0 152.6 140.0 74.8 19%.9 14.0 10.0
128K (2=Chip Package) 28.0 12.0 .0 (1] 1] 0 0 0
256K 237.9 620,0 766.3 500.0 720.0 500.0 300.0 190.0
1mb 1] 4.3 42,6 1%0.0 533.3 B1l7.8 980.0 900.0
4Mb 0 1] 0 0 2.2 43.2 204.9 $60.0
16Mb N/A N/& N/A N/A N/A N/A N/A 4.5
Total 782.4 1,038.3 968,0 1,232.0 1,330.3 1,380.9 1,498.9 1,660.0
N/A = Not Available
(Continued}
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Table 1 (Continued)
Worldwide DRAM Forecast
Revenue, Unit Shipments, Average Selling Price
- 1985 through 1992
1984 1985 1986 1987 1988 1989 1930 1991
Average Selling Price
{Dollars/Units)
1K 0 0 o 0 0 0 0 0
4K 0 ¢ 0 0 0 0 0 0
16K (3-Power Supply) 1.20 1.35  1.50 2.00 0 0 0 0
16K (5-Volt Only} 1.50 1.65 2,00 2.50 0 0 0 0
32K (2-Chip Package) 0 0 0 0 0 0 0 0
64K 1.10 1.04 1.08 1.50 1.60 1.70 1.75 1.75
128K {2-Chip Package) 5.05 4,30 3.90 0 0 0 0 0
256K 3.865 2.31  2.36 2.97 2.45 2.30 2.40 2.40
1Mb = 162,50 31.11 14.95 14.54 8.16 4.76 3.99 3.89
4Mb ¢ 0 0 217.50 67.09 30,99 17.16 11.58
16Mb N/A N/A __N/A N/A N/A N/A 300,00 85,00
Overall ASP 2.03 1.97  2.71 4.59 4.80 4.65 5.45 €.30
Note: Coluwmns may not add to totals shown because of rounding.
N/A = Not Available
Source: Datagquest
May 1988
SIS Memories ® 1988 Dataquest Incorporated May 3
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Table 2

Worldwide NMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price

1985 through 1992
Actual Forecast
1985 1986 15987 1988 1989 1990 1991 1992

Value {$M)
1K 0 0 0 0 0 0 0 0
4K 0 ¢ 0 0 1] 0 0 0
16K (3-Power Supply) 24 16 3 2 0 0 0 0
16K {5-Volt Only} 23 13 3 3 0 ¢ ¢ 0
32K {2=Chip Package) 0 0 0 0 0 0 0 0
64K 525 397 164 210 119 34 24 17
128K (2~Chip Package) 141 52 12 0 0 0 0 0
256K 835 1,384 1,635 2,329 1.489% 938 585 3N
1Mb Q 4 14 108 87 39 0 0
Mt 0 0 )] 0 Q 0 0 0
16Mb 0 0 )] 0 0 [1] 0 0
Total ’ 1,548 1,864 1,83 2,651 1,695 1,010 609 3as

Percent Change from
Previous Year {56%) 20% (2%8) 45% (36%) (40%) (40%) (36%)
1985 1986 1987 1988 1589 1990 1991 1992

Units (M)
1K 0 0 0 0 1] 1) 0 ]
4K 0 0 0 0 0 0 0 ]
16K (3-Power Supply) - 20.0 12.0 2.0 1.0 0 0 0 0
16K (S5-Volt Only) 15.0 8.0 1.5 1.0 0 0 0 0
32K (2-~Chip Package) 0 0 0 0 0 0 0 0
64K 479.6 380.9 152.3 139.7 74.7 19.9 14,0 10.0
128K {(2-Chip Package) 28.0 12.0 3.0 0 1} a [ 0
256K 232.9 602.6 711.1 823.5 655.2 450.0 270.0 171.0
iMb 0 0.1 0.9 7.4 10.7 8.2 0 0
4Mb 1] 0 0 1] 0 0 1] 1]
16Mb 0 0 0 0 1] 0 0 4.5
Total 775.5 1,015.6 B870.9 972.6 740.5 478.0 284,.0 181.0
{Continued)
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Table 2 (Continued)

Worldwide NMOS DRAM Forecast
Revenue, Unit Shipments, Average Selling Price

1985 through 1992
1984 1985 1986 1987 1988 1989 1990 1991
Average Selling Price
(Dollars/Units)

1K 0 0 0 0 0 0 0 0

4K 0 0 0 0 0 0 0 0

16K {3=Power Supply) 1.20 1.35 1.50 2.00 0 0 0 0

16K (5-Volt Only) 1.50 1