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1987-1988 SUIS Newsletter Index

The 1987 SUIS Newsletter Index is a quick reference guide to the
SUIS newsletters. It is structured as follows:

¢ Titles are organized by both subject and company.
- Pages 2 through 3 are a company list, e.g., LSI Logic.
- Pages 4 through 7 are a subject list, e.g., Memory.
e The newsletter type, month, and year follow each title listing in

the index. Refer to the month tab to locate a specific
newsletter,

This index is updated quarterly.
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ADVANCED MICRO DEVICES
Preliminaxy 1986 Microcomponent Manufacturer Rankings

FAIRCHILD SEMICONDUCTOR
Mational Semiconductor Acquires Fairchild

FUJITSU LTD.
Preliminary 1986 Microcomponent Manufacturer Rankings

BITACHI LTD.
Preliminary 1986 Microcomponent Manufacturer Rankings

IBM
IBM’s Personal System/2: Doors are Still Open for DRAM Merchant
Vendors

INTEL CORP.
Intel Targets "Hidden™ MCU Applications
Preliminary 1986 Microcomponent Manufacturer Rankings

MATSUSHITA ELECTRONIC INDUSTRIES
Preliminary 1986 Microcomponent Manufacturer Rankings

MITSUBISHI ELECTRIC CORP.
Preliminary 1986 Microcomponent Manufacturer Rankings

MOTOROLA INC.
Preliminary 1986 Microcomponent Manufacturer Rankings
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NATIONAL SEMICONDUCTOR CORP.
National Semiconductor Acquires Fairchild SUIS Sept. 87
Preliminary 1986 Microcomponent Manufacturer Rankings SUIS Apr. 87

NEC CORPORATION
Preliminary 1586 Microcomponent Manufacturer Rankings SUIS Apr. 87

SGS-ATES SEMICONDUCTOR
Thomson-5GS Merger SUIS May 87

SILICON COMPILERS INC.
Silicon Compiler Companies Merge--Sign of Methodology Taking Off SUIS May 87

"I' STILICON DESIGN LABS, INC.
Silicon Compiler Companies Merge--Sign of Methodology Taking Off SUIS May 87

THOMSON CSF
Thomson-SGS Merger SUIS Hay 87

TOSHIBA ELECTRIC CO.
Toshiba’s Emerging ASIC Strategy: Going for the Top SUIS May 87
Preliminary 1986 Microcomponent Manufacturer Rankings SUIS Apr. 87
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HIGH-SPEED CMOS STANDARD LOGIC SURVEY:
USERS LEANING TOWARD FACT

SUMMARY

The ongoing demand for electronic systems with increased speed and reduced power
has opened a new market for a high-speed CMOS (HSCMOS) logic family to replace the
current higher-power TTL and slower CMOS logic devices. Two dominant suppliers of
HSCMOS, National/Fairchild and Texas Instruments, now offer unique HSCMOS product
families that differ in package configuration and perceived performance capabilities.
The two families are: Fast Advanced CMOS Technology (FACT) developed by Fairchild,
and Advanced CMOS Logic (ACL) developed by Texas Instruments. Much was written
earlier this year comparing each company's products.

To better understand the logic user’s perspective regarding these two alternatives,
Dataquest recently conducted a survey of high-performance computer manufacturers to
determine which, if any, had made decisions to use National/Fairchild's FACT or
TI's ACL line. As shown in Figure 1, the sample of high-performance computer
companies chosen represents a market that would likely push the limits of this
technology. The survey revealed that although the majority of respondents have not
decided on which type of HSCMOS to design into their systems, the FACT-compatible
product was being looked at favorably by all for the following reasons:

L It has compatible pin-outs with older designs.
®  There are more sources for FACT-compatible products.
° There are more FACT logic functions available.

° The product line provides necessary performance at an attractive price.
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Figure 1
Advanced CMOS Standard Logic Applications
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BACKGROUND

At the heart of the FACT/ACL controversy is a potentially fatal design problem
known as the ground bounce effect (GBE). Ground bounce causes an unstable logic state
that occurs in certain CMOS logic device applications. In its worst form, it causes false
logic states in a system. GBE is usually not a concern in low-performance systems less
than 20 MHz), but many believe that high-speed CMOS logic is particularly susceptible
to it. National/Fairchild and TI have addressed GBE in their HSCMOS offerings using
two entirely different methods.

The TI-ACL solution to the ground bounce effect has been to change the package
configuration by adding an extra ground pin and moving the power voltage pins to the
middle of the package. This reduces lead frame inductance and corresponding ground
bounce and increases speed for all applications.

The National/Fairchild-FACT solution has used the old, standard pin configuration,
enabling easy conversion of existing designs to the newer, higher-performance
technologies. National/Fairchild purports that GBE is not a threat the majority of
designs, and good design techniques could prevent it for the rest.

2 ® 1987 Dataquest Incorporated December SUIS Newsletter



SURVEY RESULTS

Using a sample of six representative high-performance computer companies,
Dataquest asked the following questions:

Are you currently using high-speed CMOS logic in your designs? Two said yes,
four are currently deciding.

What type of high-speed CMOS are you using? Two respondents (33 percent)
are using Fairchild's FACT family, four respondents (66 percent) favor the
FACT solution.

What determinants were used/are being used to decide on a HSCMOS soluticn
(in order of importance)? All six respondents rated pin-out/package
compatibility most important, multiple sourcing of product as second, and
perceived performance equivalence as third most important. Four respondents
considered the idea that FACT can be used as a TTL replacement to be
important, ranking after those listed above.

What is the decision flow used in deciding to go with HSCMOS? R&D decides
system requirements, component engineering determines product availability/
manufacturability, and procurement determines cost.

If you have decided on a HSCMOS vendor/solution, are you still studying
alternatives? Of the two who are using HSCMOS, both said yes.

DATAQUEST CONCLUSIONS

The FACT-compatible product line appears to be the emerging volume HSCMOS
family of choice by some high-end computer OEMs because of its adherence to design
consistency, its availability (both vendor and number of products), its perceived
performance equivalence, and its competitive pricing. Although all of the respondents to
our survey were leaning toward or using the standard pin-out solution, those that are
using FACT are also reviewing new designs where new sockets are needed. As additional
products and sources become available for ACL, we believe that this family will become
more attractive. In addition, another product line based on BICMOS technology (which
TI and others are currently developing) promises to far exceed HSCMOS in GBE
resistance, and offer superior performance as well.

Mark A. Giudici
Gregory L. Sheppard
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Q4 1987 PRICING TRENDS: BALANCE AT LAST

SUMMARY

This newsletter examines the results of the third-quarter price survey for four key
areas; memory, standard logic, microprocessors, and ASICs. Overall pricing trends for
1988 show a gradual flattening for commodity semiconductor products, as supply comes
into balance with demand. High-speed and high-density devices, as well as
surface-mount packaged parts, will continue to have high prices due to the high demand
for these parts. The impact of the relaxation of Japanese production controls has not
yet been felt in the market but will become more pronounced by mid-1988, as the
increased availability of affected memories will keep prices on a gradual decline. This
may be tempered by further weakening of the dollar against the yen. For this reason, a
close watch must be kept on the dollar/yen exchange rate, as any decline below ¥130 to
the dollar will impact all Japanese semiconductor products. Any effect of stock market
instability on semiconductor procurement patterns has yet to be felt and is being closely
watched by our analysts.

PRICING TRENDS IN KEY SEMICONDUCTOR PRODUCTS

Memory

DRAM prices are flattening for the 256K density, while the 1Mb parts will gradually
decline as demand increases and more vendors shift their capacity to meet the increased
order rates. This trend is shown in Figure 1. Prices for faster or surface-mount
products will take a 15 to 20 percent premium, due to the current high demand for these
parts.
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Figure 1
DRAM Price Trends
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DRAM lead times are currently ranging from 14 to 16 weeks and are expected to
continue at this pace until mid-1988, when it is expected that they will decline as IMb
production ramps up, meeting pent-up demand. EPROM pricing trends remain relatively
stable, as the additional capacity put in place earlier this year begins to meet demand.
As a result, lead times have come down to as low as 4 to 8 weeks for 256K EPROMs and
have increased to as high as 16 to 26 weeks for 64K, 128K, and i1Mb densities. Slow
SRAMs continue to show flat pricing in an indirect response to the close monitoring by
the DOC and MITL. Fast SRAMs, on the other hand, show much more aggressive pricing
trends, due to the number of vendors and products vying for market share. Low-density
SRAM lead times range from 4 to 8 weeks, while iead times for high—density parts range
from 8 to 10 weeks.

Standard Logic

Standard logic pricing trends can be differentiated into two areas: the mature
families (748, 74F, 74HC, and 74LS) and the new families (ACS and FACT/ACT). The
mature standard logic pricing trends are expected to rise slightly in 1988, relative to the
historically low prices seen throughout most of 1987. The new logic family prices will
gradually decline throughout 1988, as capacity grows to meet demand and as these parts
become more pervasive in the marketplace. The shift to ASIC solutions for logic
consolidation continues to affect the standard logic arena, especially in the CMOS
families and, now, also in the ECL area, as ECL gate arrays become more popular. The
primary effect of the shift in demand to the ASIC solution has incrementally increased
supply, thus moderating affected standard logic prices.
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Microprocessors

Overall microprocessor prices are expected to decline gradually throughout 1988 and
1989. The rates of decline within the different bit families varies, however. The 8-bit
arena will show the slowest declines in price (approximately negative S5 to
negative 10 percent), while the prices of 16-bit devices will come down about 10 to
15 percent in 1988. The 32-bit market will see the steepest relative decline in price
(from negative 15 to negative 20 percent), as increased availability of the Intel 80386 is
expected by the second quarter of next year. The increased supply of 80386s due in early
1988 will be a delayed response to pent-up demand that has kept overall 1987 32-bit
MPU price ranges relatively higher than was anticipated.

ASICs

ASIC prices have generally remained unchanged since our last survey, with one
exception: a price trend differentiation between gate array technologies of more than
2 microns and less than 1.5 microns. The 1988 pricing trends for gate arrays of
2 microns in geometry show relatively flat pricing trends, with prices per gate ranging
from $0.0018 to $0.0020. Depending on the density, per-gate prices of 1.5 micron
devices will range from $0.0018 to $0.0024 in 1988. The current survey confirmed the
trend of the trade—off between higher prices per gate and lower NRE charges, compared
with lower gate costs and respectively higher NRE charges for a given density among
different gate array vendors.

Figure 2 shows how gate arrays continue to hold a price edge over standard cell
designs across all density ranges. This continuing preference for cost-efficient gate

arrays over cell-based designs has relegated standard cells to applications in which size
and speed requirements mandate this solution for proprietary designs.

Figure 2
1988 ASIC Pricing Trends
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DATAQUEST CONCLUSIONS

As supply comes into balance with demand and market intervention effects are
reduced, prices for commodity semiconductors are expected to flatten and then
gradually decline, beginning in the second quarter of 1988. State—of-the-art,
high-speed, high-density, or surface-mount packaged products will continue to take
price premiums of 20 percent or higher, with lead-time adders of four to .six weeks.
Current Japanese pricing is at parity with U.S.-based dollar pricing. The dollar-to-yen
exchange rate will adversely affect Japanese semiconductor prices if the yen falls below
¥130 to the dollar. Contracts for Japanese products should have a clause basing prices
on the exchange rate at the time of the contract, in order to protect against fluctuations
in the financial arena. Close communication between buyers and vendors remains a key
differentiator for priority service.

Mark Giudici
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GOMAC-87: "CHALLENGES FACING GOVERNMENT ELECTRONICS IN THE 1990s"

The 1987 Government Microcircuits Applications (GOMAC) conference was held in
Orlando, Florida, on October 27 through 29, 1987. Approximately 1,000 attendees
participated in 21 sessions on subjects ranging from IC design concepts to discontinued
parts. Due to time constraints, parallel sessions were held, up to four at a time, making
it necessary for those involved in defense programs to split up their delegations in order
to attend as many sessions as possible. Exhibits of products, services, and capabilities of
more than 30 companies were on display in an area adjoining the lecture halls. This
newsletter discusses some highlights of this important conference.

VHSIC INSERTION

Progress in VHSIC insertion was reported by most of the participating companies.
Many of the exhibits featured examples of VHSIC chips and their application to defense
electronics systems. The presentations indicate that VHSIC technology has been applied
to a wide range of hardware including ruggedized computers, imaging systems, digital
signal processing (DSP) functions, and radar electronics.

SIGNAL PROCESSING

Applications of silicon or Si/GaAs IC technology to signal processing problems have
been accomplished by numerous defense electronics suppliers. For example, TRW
described its superchip family and presented data on its high-performance 6-bit
analog-to-digital converter (ADC). The TRW ADC uses a GaAs front end to drive a
silicon bipolar flash quantizer.

Bipolar Integrated Technology, Inc. (Beaverton, Oregon), presented a family ' of
integer and floating-point DSP circuits based on its 2.0u silicon bipolar process. The
company claims that the process offers the higher speeds of ECL at the VLSI functional
density of CMOS.
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VTC (Bloomington, Minnesota) has developed a bipolar cell library of analog/digital
cells for signal processing applications. The bipolar structures use complementary
transistors with fT of 6 GHz (NPNs) and 1 GHz (PNPs). The cell library is augmented
with components for use in customization.

MIL-STD-1750A

Performance Semiconductor presented and displayed information on its 40-MHz
VHSIC—class PACE 1750A system. The system is a CMOS three-chip set consisting of a
central processor unit, a processor interface chip, and a memory management
unit/combination support chip. The set provides system performance greater than
2 mips. Performance Semiconductor supports its PACE 1750A with a product line
consisting of the world's fastest CMOS SRAMs, with chip densities ranging through
256Kx1.

Other companies presenting information on 1750A architectures and products
included Allied Signal, General Electric, IBM, Loral, Texas Instruments, TRW, and UTMC.

GaAs SEMICONDUCTORS

GaAs has been applied to high-performance military electronics for several
reasons, among which are frequency response and speed superior to silicon, and inherent
radiation hardness. General Electric described innovations in using GaAs to implement
radar transmit/receive modules.

Several companies, including AT&T, GAIN Electronics, Raytheon, TriQuint, and
TRW, made presentations or displayed information about their progress in developing and
producing GaAs ICs. AT&T is offering a 1-GHz divide-by-128/129 prescaler, the
DG1096AX. The circuit is fabricated using GaAs E/D MESFET process and comes in
8-lead flatpack or DIP. The chip consumes less than 40mW and has
TTL/MOS~compatible 1/0s.

GAIN Electronics Corporation is marketing a family of gate arrays including its
GFL6000. This product is a 5,776-gate array with 204 [/O buffers, 3W maximum power
dissipation, and unloaded gate delays of 100ps. 1/Os may be CMOS-~, TTL-, or
ECL-compatible. Package options include chip carriers and pin-grid arrays. The
company is processing production orders for its gate arrays.

Raytheon offers GaAs IMPATT diodes for selected applications. The devices are
specified to 60-GHz frequency and 10W output power, and to 44-GHz and 25W output.
The devices are produced at the research division in Lexington, Massachusetts.

TriQuint is producing a 3,000-gate ASIC array called the TQ3000, which has
1,020 core cells and 64 I/Os. NRE charges are $80,000 including design manual and
workstation software. The ASIC is supported by Daisy, Mentor, and Tek/CAE
workstations.

TRW is developing microwave and millimeter wave ICs for communications and

other defense applications. TRW, Honeywell, and General Dynamics compose one of the
DOD teams developing this technology; TRW is the prime contractor for this team.
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RELIABILITY AND FAULT TOLERANCE

The United States Air Force has launched a program called R&M 2000. In
implementing this program, the Air Force Systems Command is challenging the
electronics industry with specific goals, such as “double-R, half-M" (double the
reliability and half the maintenance) and 2,000-hour MTBF for line-replaceable units
{LRUs), to be met by defense contractors.

TRW summarized the historical development of fault diagnosis and presented
fault—tolerant methodologies that lend themselves to present—day design activities. The
discussion emphasized the need for increased focus on fault—-tolerance in future designs.

Fault-tolerant software was the subject of a joint paper by Westinghouse, SRI
International, and NASA. The authors described a distributed general-purpose,
fault-tolerant operating system for use on VHSIC 1750A processors.

Intel reported close work between its Military Operation (Chandler, Arizona) and
one of its major accounts to significantly reduce incoming VLSI reject rates. The
company said it plans to extend the approach to other customers.

Lockheed described a design methodology for extending traditional fault-tolerant
design techniques to analog functions. Included are techniques for self-test,
self-diagnosis, and self—correction, previously used only in digital circuit design.

TESTABILITY

Honeywell made two presentations on VHSIC testability and maintainability. The
first described a control function block to be included on-chip. The second described a
standard design methodology for producing inherently testable systems on a consistent
basis.

Teradyne has developed a tester calibration architecture for VHSIC modules. The
company says the system calibration allows maintaining a maximum of +1.5ns skew at
40-MHz frequency across more than 400 pins.

Silicon Compiler Systems described the growing importance of integrating test
development into the design process. The company's exhibit included a demonstration of
its automatic test generation (ATG) system.

A joint presentation was made by VTC, Inc.,, and Control Data Corporation

describing a rad-hard standard cell testability structure. Other companies presenting
information on testability included Mitre, Unisys, and UTMC.

RADIATION HARDNESS

Two of the GOMAC sessions and more than a dozen papers were devoted to
radiation hardness. LockHeed, M/A-COM, Motorola, VTC, and others made
presentations on this subject.
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The UTMC exhibit included information on its UTB-R and UTD-R rad-hard gate
array families and other rad-hard products. The UTMC products are designed to
withstand these levels of radiation:

[ Data sheet specification operation to 2x103 rads (Si) total dose
®  Functional to 106 rads (Si) total dose

* No upset of less than 109 rads (Si)/s dose rate

¢  Dose rate latch-up >1010 rads (Si)/s

* Neutron fluency 1014 N/em

DISCONTINUED PARTS

The life cycles of many commercial IC devices and families are shorter than those
of most military electronics equipment. As the rate of technological change increases,
discontinued parts generate a growing set of problems to defense contractors. Four
organizations made presentations of methods useful in resolving some of these problems.

Honeywell, for example, has developed a replacement for many of the (DTL)
functions that are no longer procurable. The replacement device is a 16~pin bipolar
generic array. Another company, SAIC, has worked with DESC on an R&D program to
develop TTL, LSTTL, ECL, linear, and other emulation devices for fabrication on a
bipolar baseline process at a silicon foundry.

PACKAGING AND INTERCONNECTION

Kyocera Corporation, Kyoto, Japan, displayed state-of-the-art packages at its
exhibit. The company claims world leadership in technical ceramics. One of the more
exotic of Kyocera's products was a 1,700-pin grid array (PGA) of approximately
15-square inches.

Kyocera has steadily increased its account penetration in the United States and is a
leading supplier to VHSIC chip houses. This raises an interesting issue regarding DOD's
dependence on foreign suppliers.

Dow Corning Corporation has developed materials for implementing a novel
hermetic package concept for improved chip reliability. The approach is called surface
protected electronic circuits (SPEC) and involves applying multiple layers of polymeric
materials directly to the circuits.

Honeywell discussed. a package design that may in many instances solve the
problem of having to tool separate packages to accommodate various chip designs and
multiple chip suppliers. A joint paper by Interamics and Texas Instruments described a
package development to support multiple VHSIC chips in a single ceramic module.
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DATAQUEST CONCLUSIONS

. Although much progress has been made in semiconductors for military applications,
major challenges remain. The R&M 2000 initiative, requlnng doubling of MTBFs and
halving maintenance, is but one example.

Although great strides are being taken in domestic chip technology, it appears that
the U.S. defense industry still relies heavily on a sole foreign source for large-volume
production of IC packages. This is not new; the situation has existed for several years.
Two questions remain:

L Is reliance on non-United States-based sources of electronic parts really a
high-priority matter?

. If so, who in the industry or in Washington is responsible for working on the
packaging issue, and what is the timetabie for resolution?

Gene Miles
Greg Sheppard
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INTEL TARGETS "HIDDEN" MCU APPLICATIONS

B SUMMARY

Intel has launched an aggressive strategy to capture demand from users of systems
incorporating embedded controllers——the "hidden intelligence" in everyday products like
B automobiles and VCRs. Embedded control is defined as nonreprogrammable applications
¢ that remain unchanged during a system's product life cycle. Figure 1 depicts the three
component markets served by Intel. Key points in Intel's program are as follows:

® Strategy: to combine architectural leadership and low-cost manufacturing to
win design-ins of systems with long life cycles

° Implementation: to cash in on Intel core architecture by growing a family of
standard and application-specific products

° For users: a critical decision of whether to go with Intel for the long haul or
to choose an alternative supplier

Figure 1
Markets Served by Intel in 1987

EPROMs
287

Microprocesscrs
84

Microcontrollers

Millions of Units

Source: Dataquest
October 1987
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THE TARGETED MARKETS

As shown in the figure, the microcontroller business offers the largest market
opportunity: more than half a billion units will be shipped on a worldwide basis in 1987.
Designers of systems using 8-bit parts can expect a strong commitment from Intel now
and in the future, and the company will certainly participate in the ramping up of 16-bit
production that should occur later in this decade.

THE CORPORATE STRATEGY

Intel's strategy for serving demand for microcontrollers and microprocessors that
are used in nonreprogrammable applications (i.e., "hidden intelligence" applications)
derives from its three-pronged corporate strategy. The Intel corporate attack calls for
the following:

. Technological leadership
L World-class manufacturing capability

® "Vendor of choice” status among the customer base

INTEL'S SEMICONDUCTOR APPLICATION MARKETS (SAMs)

Figure 2 depicts Intel's SAMs for embedded controllers as of 1985. Although these
end markets are shifting, the figure gives a good picture of Intel’'s current demand mix,
provides a basis for discussing future trends, and holds one surprise, given Intel's high
visibility in the office automation business. The surprise is that computers and office
systems constitute less than half (i.e., 46 percent) of the end demand for Intel micro-
controllers. The other semiconductor application markets represent significant business
opportunities that the firm fully intends to cultivate over the long term.

Other Significant SAMs

As Figure 2 shows, Intel's other SAMs include the following: industrial (26 percent);
automotive (11 percent and growing), telecommunications (11 percent), consumer
(4 percent), and military (2 percent). The exploding automotive electronics market—
place represents a major growth opportunity for the company. Intel takes great pleasure
in pointing to the fact—unbeknownst to most users of the product-—that the Ford Taurus
uses Intel's embedded controllers, which are crucial to its award-winning performance.
In fact, Ford Motors is Intel's second largest customer (IBM is first).

The relatively small consumer and military segments have also caught the eye of
Intel corporate strategists. The military segment may be small in terms of overall
revenue, but it is a strong contributor to profits and product positioning/development
(e.g., the 80386 chip).

Similarly, Intel sees an opportunity for application-specific 8- and 16-bit designs

geared for the consumer market. Service to users with application—specific objectives
like this marks a keystone of Intel's future product direction.
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Figure 2
Intel Embedded Controllers by Segment
(Intel Shipments—1985)
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Source: [Intel
Dataquest
October 1987

IMPLEMENTATION OF INTEL'S STRATEGY IN THE 8-, 16—, and 32-BIT MARKETS

Architectm:al Leadership

The first prong of Intel's embedded microcontroller market strategy entails the
preservation and extension of its leadership position in microcontroller/microprocessor
architecture. The strategy is quite straightforward: to build upon successful 8-hit parts
(e.g., 8086/8, 8048, 80CS1) as the road to achievement in 16-bit (80186/80C18s,
8096/80C196) and 32-bit segments, as well as application-specific standard products (for
high-volume applications) and ASICs. In the 32-bit arena, Intel plans to introduce the
80376 device during the second quarter of 1988,

Designer's Vendor of Choice
To win new design-ins, Intel offers design engineers three "flexible” product delivery
vehicles derived from given Intel microcontroller core architectures. The three product

vehicles are standard products, application-specific standard products (as noted, for
high-volume applications), and ASICs.
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Intel will use its large microcontroller sales and field-application forces to
aggressively implement the corporate strategy. Another key to establishing the firm as
the vendor of choice for systems designers is expansion of the global network of training
and support centers, and the development of new CAD/CAE and hardware tools.

World-Class "Low—Cost" Manufacturing Capability

To establish itself as the vendor of choice among purchasing managers, Intel has
strengthened its capacity toward the goal of high-volume/low-cost production that
competes in terms of both cost and quantity against Asian manufacturers. Intel tripled
its capacity between 1985 and 1987.

AGGRESSIVE PRODUCT DEVELOPMENT STRATEGY

Intel plans a very aggressive product development strategy in the embedded
controller marketplace for two reasons. First, these devices are consumed in a wide
diversity of applications. Second, the life cycles of both the microcontrollers and the
systems using them can be quite long: 10 to 15 vears for the embedded controllers and up
to 50 years for some systems (e.g., power distribution systems). These twin realities—
the tremendous diversity of applications and long product life cycles——create both
opportunity and challenge for Intel in terms of customer support.

To illustrate, a design-win leader like the 80186 part can secure as many as
2,000 applications. Embedded usage contributes to both the broader utilization and
longer life cycle of the 80386 device. The long-term results can be summarized by the
8048 chip: its wide diversity of applications and consequently long life cycle has resulted
in the greatest number of these embedded controllers being shipped in its tenth year of
production (i.e., 1987).

" Embedded Microcontroller Applications

A representative (although nonexhaustive) listing of the applications for embedded
controllers is as follows: alarm clocks, thermostats, TV channel decoders, VCRs, lighting
systems, electronic scales, watering systems, hot water systems, CD players, coffee
makers, microwaves, automobiles (four per auto), pool control systems, traffic light
systems, automotive radar, gas pumps, cash registers, facsimile equipment, copiers,
personal computers {keyboards, disk drives/controllers, interface, and printers), PBXes,
typewriters, and telephones.

A Challenge for Intel: Expanding 8-Bit Functionality
Although Intel promises users of 8-bit through 32-bit embedded controllers that it
will dependably and "flexibly" meet demand over long product life cycles, some concern

exists among users of 8-bit devices regarding the pressing need for increased on-board
functionality.
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For designers and builders of systems employing 8-bit embedded controllers,
systems innovation could be stifled and costly upgrades mandated because of the lack of
timely availability of desired features.

8- and 16--Bit Cash Cores/Prolific Calves

Nevertheless, users of 8- and 16-bit microcontrollers and microprocessors should
find themselves in a supportive environment. Intel's strategy calls for a set of "cash
cow" (or "cash core™) devices like the 8051 and 80186 families to serve as the basis for a
prolific set of application-specific cash calves. For example, the 8051 device leads
simultaneously to a growing set of standard parts (80C51, 8052), application-specific
standard parts (80C452, 80CS51FA, 80C152) and ASICs (UCS1). Users should receive a
dependable supply of low—cost, high-volume standard products and application-specific
standard parts, and an option for proprietary ASICs. In turn, Intel earns revenue and
profits on its technological expertise at every turn without killing the original cash core.

IMPACT ON USERS

Intel's embedded controller strategy is part and parcel of the well-defined
megatrend in the semiconductor industry toward closer, long—term vendor/customer
relationships. Intel plans to win the hearts and minds of systems designers through
technological leadership and customer support, and to win purchasing managers through
dependable, lower—cost supply over long product life cycles.

Users of Intel's embedded controllers consistently report several system advantages
through vuse of these devices, and just as consistently demand more of the same in terms
of Intel product improvement. Users report enhanced system-design flexibility and
associated ease of software configuration. Embedded control reduces system size and
component count, and thus cost. Superior system maintenance capability also contri-
butes to cost savings. By “converting" system hardware into firmware, embedded control
loads many mundane system processes from the main control complex and pushes system
functionality downward from the main complex to the portboard. The overall result is
smaller, more reliable, and less costly systems that offer higher levels of performance
and functionality.

For future systems, users demand higher performance (e.g., high-speed direct

memory access), increased on-board functionality (such as 14-bit A/D conversion), and
lower cost. Intel will be pressed to meet these kinds of user needs quickly.

DATAQUEST CONCLUSIONS

For Users in General

The Intel embedded controller strategy signals the supplier's effort to reassert
itself in the microcontroller arena. This is a large market and still growing. The
prospect of Intel core architecture in high veolume and at competitive cost marks a
genuine opportunity that should be explored by systems designers and purchasing
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managers. For users, embedded control can mean smaller, less costly systems offering
higher performance. Intel faces a dual challenge, however, in carrying through as a
dependable low~cost supplier and in meeting on a timely basis users' incessant demands
for increased on-board chip functionality.

Regarding Intel-Committed Customers

For users already committed to Intel as the vendor of choice for embedded
controllers, the strategy should simplify long-term procurement. Intel's strategy calls
for a host of 8-, 16~, and 32-bit devices and three vehicles for delivering these
products. Strong vendor support from Intel for users can be expected into the 1990s.
Intel is committed to supplying users over the long life cycle of the users' systems, but
as noted, a tension will exist between user demand for increased on-board chip
functionality and Intel's ability and willingness to serve that need in a timely fashion.

For Uncommitted Users

For users who have not made a long-term commitment to a vendor, careful
assessment must be given to the major points contained herein. Uncommitted designers
and buyers should also give careful scrutiny to alternative suppliers like AMD, Motorola,

National Semiconductor, NEC, Signetics, and Zilog, which are also aggressively pursuing
this growing market.

Ronald Bohn
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HIGHER DRAM PRICES FORECAST: THE POLITICS OF PRICING

DRAM prices are followed religiously by manufacturers, buyers, and
industry watchers because of their dollar significance. Lately, the trend in
DRAM prices has confounded observers because of political influences that are
shaping the prices, availabilities, and vendor shares of both 256K and
1Mb DRAMs. Dataquest expects political forces to influence DRAM prices
through the end of 1988. As a result, we predict a continuing rise in
256K DRAM prices coupled with a slow decline in 1Mb DRAM prices in the
United States through the end of 1988, as shown by Table 1. The effect will
be the postponement of a 5X price-per-bit crossover from the first gquarter to
the third quarter of 1988 and the postponement of a 4X crossover to the end
of next year. The crossover is expected to be driven more by the 256K DRAM
price increase than by the drop im 1IMb DRAM prices, contrary to historical
patterns.

Table 1

U.S. DRAM PRICE TRENDS*

1987 1988
Q1 Q2 o3 04 01 Q2 03 04
256K DRAM
(150ns) $ 2.15 $ 2.37 §$ 2.50 §$ 2.65 $2.75 $ 2.85 $ 2.95 § 3.00
1Mb DRAM $20.00 $18.00 $15.50 $17.00 $16.00 $15.00 $13.00 $11.00

*Volume: 100,000/year
Source: Dataquest
September 1987

FORECAST ASSUMPTIONS
The major reasons and assumptions behind this forecast are as follows:
* Contract prices in Japan have recently increased to $2.30 for
256K DRAMs and $14.70 for 1Mb DRAMs, from approximately $1.80 and
$12.50, respectively. This increase will tend to raise Japan-made

DRAM prices in the United States to avoid dumping and cover the
extra costs and profit margins of selling in the United States. It
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is also an indication that Japanese manufacturers are not likely to
significantly increase their 256K DRAM production. levels and that
they expect their 1Mb DRAM supply to be short with respect to demand.

. U.5. 1Mb DRAM merchant wvendors are lagging sorely behind their
Japanese counterparts. If 1Mb DRAM prices are allowed to follow
their present course, U.S. manufacturers may be unable to sell at
prices that allow recovery o¢f development costs, causing damage in
the long run to the U.S.-based DRAM industry. To prevent another
trade conflict, it is likely that the Japanese government will not
allow this, instead slowing 1Mb DRAM prices until ¥.S8, vendors hit
Acceptable production volumes--expected about the middle of 1988.

. Most 256K DRAM manufacturers are at full capacity and have shown few
signs of significantly increasing capacities. The buildup of
1Mb DRAM capacity has heen slow, hindered by wide gaps in foreigm
market values (FMVs) as determined by the U.S. Department of
Commerce and with most new production wvolumes expected in third
quarter 1988. This reluctance to add capacity partially stems from
the red ink that flowed during the overcapacity months of 1986.

L Dataguest expécts a healthy 20 percent growth in semiconducter
consumption in 1988, DRAM manufacturers' attitude is still one of
caution in raising production capacity; this supply/demand disparity
will help buoy prices. We further expect MITI to continue its
export controls and strong advisories on DRAM production levels.
Although MITI attempts to fine-~tune productiocn to demand, Dataguest
believes that the resources dedicated to this activity are few and
that there is a greater tendency toward being conservative in
production increases,

DATAQUEST ANALYSIS

Increased demand in 1988, near-capacity DRAM production, reluctance to
increase capacity., and continuation of MITI production controls are factors
supporting the forecast increase in DRAM prices through 1988. We believe
that FMVs will be academic and the gray market will continue to flgounder.
The driving force behind this is the will of the Japanese govermment to
comply with the semiconductor trade arrangement, in the hope of lifting the
trade sanctions., The recently beleaguered DRAM manufacturers stand to gain,
having shown more of a concern for profits than for costly market share.
However, this will not sit well with DRAM buyers.

Are the motivations behind these events justified? It is true that
DRAM manufacturers cannot continue building leading-edge DRAMs at a loss or
with meager profit margins, and that the existence of U.S. DRAM manufacturers
is strategically important to the long-term competitiveness Jf the
U.S5. electronic equipment industry. The cost to many DRAM buyers, however,
may be too high. Many of them may ask: Has this semiconductor trade
arrangement really helped?

Mark Giudici
Victor de Dios
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NATIONAL SEMICONDUCTOR ACQUIRES FAIRCHILD

National Semiconductor Corporation's acquisition of the worldwide
semiconductor business of Fairchild Semiconductor Corporation, announced
Monday, August 31, sent ripples of surprise through the industry, despite
earlier rumors that National had tended an offer for Fairchild. The surprise
was not only that Fairchild's parent company, Schlumberger of France, had
decided against the management buy-out proposed by Fairchild president
Don Brooks, but that Fairchild was sold for the bargain basement price of
$122 million in National Semiconductor common stock and warrants.

Once the U.S. Justice Department approves the merger, which National
expects it to do by the end of September, all of Fairchild's assets will be
transferred to National, with the exception of Fairchild's wafer fabrication
facilities in Nagasaki, Japan, and Wasserburg, West Germany. For the time
being, Fairchild will operate as a wholly owned subsidiary of National, with
all its current products and programs remaining intact. Over time, however,
the 8Silicon Valley company that spawned Advanced Micro Devices, Intel,
National Semiconductor itself, and Signetics and will exist only as a memory
of high technology's halcyon days.

Through the acquisition of Fairchild, National emerges as a more
formidable world power in the semiconductor business. Based on its 1986
semiconductor revenue of $990 million, combined with Fairchild's revenue of
$495 million, National now ranks as the sixth largest chip maker in the
world. Without including Fairchild's revenue, National would rank in 11th
place in 1986 (see Table 1).

The sheer size of a combined National Semiconductor/Fairchild is of less
significance than the impact of this monumental merger on specific
semiconductor markets. In the integrated circuit (IC) segment of the
semiconductor market, National now vies with Motorola as the second largest
supplier among U.S. manufacturers. Table 2 provides National/Fairchild's
market share rankings in a number of key IC product areas.

Of particular potency in the ASIC market is the combination of National's
strength in bipolar programmable logic devices and Fairchild's leadership in
emitter-coupled logic (ECL) gate arrays. Together with the merged clout in
the overall bipolar digital domain, one can appreciate National President
Charlie Sporck's statement that a combined National/Fairchild becomes "a
major factor in supplying the data processing industry."”
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Table 1

REVISED 1986 WORLD SEMICONDUCTOR MARKET SHARE RANKING
AFTER MATIONAL/FAIRCHILD MERGER
(Millions of Dollars)

Percent
1985 1986 Company 1985 1986 Change
1 1 NHEC $1,984 $2,638 33.0
4 2 Hitachi $1,671 $2,305 37.9
5 3 Toshiba $1,468 $2,261 54.0
2 4 Motorcla $1,830 $2,025 10.7
3 5 Texas Instruments $1,742 $1,782 2.3
9 6 Rational $ 925 $1,485 60.5
6 7 Philips $1,068 $1,361 27.4
7 8 Fujitsu $1,020 $1,300 28.3
10 9 Matsushita $ 906 $1,204 32.9
11 10 Mitsubishi $ 642 $1.140 17.6

Table 2

NATIONAL SEMICONDUCTOR/FAIRCHILD 1986 MAREET SHARE RANKINGS
IN SELECTED IC PRODUCT SEGMENTS
{Millions of Dollars)

1985 1986 1985 1986 Percent

IC Segment Bank  Rank = Revenue = Revenue = Change
Linear 2 1 $370.0 $481.0 30
Bipolar Digital 8 2 $194.0 $547.0 282
Standard Logic 5 2 $211.0 $500.5 237
ASIC * 7 $ 31.9 $118.1 370

*Hot in top ten
Hote: Standard logic and ASIC revenue includes MOS and bipolar products.

Source: Dataguest
September 1987

While it is ,not clear what the near future holds for Fairchild's
management, DataqéLst salutes the efforts that Don Brocks and his team have
expended in turning around a Silicon Valley pioneer and pointing it in a bold
new direction. Dataquest believes that by the fourth quarter of this year,
the combined operations of National Semiconductor and Fairchild will be
running at a revenue rate of $2 billion. Managing the destiny of the sixth
largest semiconductor company in the world will require the best management
skills the new monolith can apply from both of its combined members.

Penny Sur
Michael J. Boss
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REGIONAL SHIFTS IN SEMICONDUCTOR MARKET SHARE

SUMMARY

U.S. companies' share of the worldwide semiconductor market (measured in
U.S. dollars) declined to 40 percent in 1986, down from 45 percent in 1985,
Correspondingly, Japanese companies' share increased to 47 percent in 1986,
up from 42 percent in 1985. Rest of World companies also gained share,
supplying 2 percent of the worldwide semiconductor market in 1986. The
apparent gain in share by Japanese companies was largely due to the effect on
the valuation of the worldwide market due to the rise in the exchange rate
of the Japanese yen against the U.S. dollar. The U.S. dollar declined
42.5 percent against the yen in 1986.

U.S. companies' share of the North American semiconductor market declined
only slightly, from 78 percent in 1985 to 77 percent in 1986. Japanese
companies' share of the Japanese semiconductor market was a steady 91 percent
in both 1985 and 1986. Japanese companies' share of the North American
market rose slightly from 14 percent in 1985 to 15 percent in 1986. North
American companies lost some share of the Japanese market, dropping f£from
9 percent in 1985 to 8 percent in 1986.

WORLDWIDE SEMICO CTO EET

U.S. companies captured 40 percent of the worldwide semiconductor market
in 1986, down from 45 percent in 1985 and 48 percent in 1984 (see Figure 1).
Japanese companies' share increased to 47 percent in 1986, up from 42 percent
in 1985 and 40 percent in 1984. European companies held 11 percent in 1986,
12 percent in 1985, and 11 percent in 1984. Rest of World companies' share
grew from 1 percent in 1984 and 1985 to 2 percent in 1986.
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The Japanese market has become the largest regional segment of the
worldwide semiconductor market. Based on our annual census of worldwide
semiconductor manufacturers, 39 percent of 1986 shipments were to Japan, up
from 33 percent in 1985 and 30 percent in 1984. North America received
33 percent of worldwide semiconductor shipments in 1986, down from 39 percent
in 1985 and 45 percent in 1984 (see Figure 2)., Semiconductor shipments to
the Rest of World region reached 9 percent of worldwide shipments in 1986,

Japanese companies held the dominant position among the top ten worldwide
semiconductor manufacturers in 1986 (see Table 1), confirming the rankings
Dataquest reported in January 1986. Nine companies each earned more than
$1 billion in semiconductor revenue in 1986, six of which were Japanese. All
six Japanese companies gained market share in 1986 over 1985, while all three
U.S. companies in the top ten lost share. This occurred in the wake of a
steep 42,5 percent fall of the U,S. dollar against the Japanese yen in 1986.

NEC, Hitachi, and Toshiba captured the top three positions, with Motorola
dropping to the fourth position. Motorola barely participated in the largest
regional segment, i.e., the Japanese semiconductor market, deriving only
5 percent of its 1986 semiconductor revenue from that market. Intel dropped
to the last position in the top ten, displaced by Fujitsu, Matsushita, and
Mitsubishi. 1Intel lost share in all regions in its bread-and-butter MOS
microdevice category.

The worldwide industry concentration in 1986 remained roughly the same as

in 1985, with the top five companies holding 36 percent and the top ten
companies holding 56 percent of the worldwide semiconductor market.
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Fiqgure 1

WORLDWIDE SEMICONDUCTOR MARKET SHARE
BY REGIONAL COMPANIES
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Figure 2

WORLDWIDE SEMICONDUCTOR MARKET
SIZE BY REGIONS
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Table 1

WORLDWIDE SEMICORDUCTOR MARKET

1986 1985 1986 1985
Rank Rank Company Share Share

1 1 NEC 8.7% 8.2%

2 4 Hitachi T.6% 6.9%

3 5 Toshiba 7.5% 6.0%

4 2 Motorola 6.7% 7.5%

5 3 Texas Instruments E.9% 7.2%

6 6 Philips-Signetics 4.5% 4.4%

7 8 Fujitsu 4.3% 4.2%

B 10 Matsushita 4.0% 3.7%

9 11 Mitsubishi 3.8% 2.7%

10 7 Intel 3.3% 4.2%

Source: Dataguest
September 1987

R c S c UCTOR

U.S. companies dominated the North American market in 1986, capturing a
77 percent share, compared with 78 percent in 1985 and 74 percent in 1984.
Japanese companies' share was 15 percent, compared with 14 percent in 1985
and 17 percent in 1984. European companies lost share from 9 percent in 1984
to 8 percent in 1985 and 7 percent in 1986. Rest of World companies supplied
only 1 percent of the North American market in 1986.

The top ten companies in the North American semiconductor market are
listed in Table 2. The top five places were held by U.S. companies, but four
of these companies lost market share in 1986. The market leader, Motorola,
maintained share by growing faster than the market in bipolar logic and MOS
microdevice categories, offsetting lost share in the MOS memory market.

Though there were ne shifts in the rankings among the top five, the
industry concentration dropped from 41 percent held by the top five in 1985
to 37.5 share held by the top five in 1986. Toshiba and NEC were the only
companies in the top ten that gained market share and edged wp in rankings.
The industry concentration of the top ten dropped from 57 percent market
share in 1985 to 53.5 share in 1986. For the most part, this fall in
concentration is due to the emergence of smaller companies that opened up
growth areas such as ASICs.
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Table 2

NORTH AMERICAN SEMICONDUCTOR MARKET

1986 1985 1986 1985
Rank Rank Company Share Share
1 1 Motorola 13.0% 13.0%
2 2 Texas Instruments 8.4% 9.8%
3 3 Intel 6.2% T.4%
4 4 National Semiconductor 6.0% 6.4%
5 s Advanced Micro Devices 3.9% 4.3%
6 7 Hitachi 3.9% 3.9%
7 6 Philips-Signetics 3.4% 4.0%
8 8 Fairchila 3.2% 3.5%
9 10 Toshiba 2.59% 2.3%
10 13 NEC 2,6% 2.1%

Source: Dataguest
September 1987

ANE SEMICOND R MARK

Japanese companies maintained an overwhelming 91 percent of the Japanese
semiconductor market in both 1985 and 1986, up from 89 percent in 1984, The
U.S. companies' share of this market declined from 11 percent in 1984 to
9 percent in 1985 and to 8 percent in 1986.

The top five companies in the Japanese semiconductor market are shown in
Table 3. WEC remained the market leader in 1986, despite losing some share
to Toshiba and Mitsubishi, both of which gained significant share., Nine
of the top ten are Japanése companies, the exception being ninth-ranked
Texas Instruments (TI). The Japanese semiconductor industry is the most
highly concentrated in the world, with the top five companies in the Japanese
semiconductor market maintaining a 61 percent share and the top ten holding a
whopping 82 percent share in both 1985 and 1986,
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Table 3

JAPANESE SEMICONDUCTOR MARKET

1986 1985 . 1986 1985

Rank Rank Company Share Share
1 1 REC 17.0% 18.4%
2 3 Toshiba 13.4% 12.0%
3 2 Hitachi 12.9% 12.6%
4 4 Matsushita 9.1% 9.8%
5 6 Mitsubishi 8.2% 6.8%

Source: Datagquest
September 1987

PE IC R

U.S. companies saw their share of the European semiconductor market erode
from 53 percent in 1984 to 51 percent in 1985 and 46 percent im 1986. This
drop occurred in the wake of a 26.5 percent decline in the U.S, dollar
against the weighted-average European currencies (ECU} in 1986. European
companies gained share from 36 percent in 1984 to 38 percent in 1985 and
41 percent in 1986. Japanese companies increased their share to 13 percent
in 1986 from 11 percent in both 1984 and 198S5.

The top five companies in the European semiconductor market are shown in
Table 4. Though the rankings remained stable from 1985 to 1986, Texas
Instruments and Motorola lost share to the European companies. TI grew much
slower than the market in its bread-and-butter bipolar logic category, and it
lost share in the MOS8 memory and linear markets. Motorola outpaced the
market in MOS microdevices but lost significant share in MOS memory, MOS
logic, and bipolar logic. Philips-Signetics gained share as a result of the
consolidation of Signetics into Philips. If we were to consolidate 8GS into
Thomson, it would place the combined entity at the second rank in 1986,
displacing TI.

The concentration of the European semiconductor industry rose slightly
with the top five companies improving their share from 41 percent in 1985 to
42 percent in 1986. The top ten companies' share of the market was about
62 percent in 1985 and 1986. .
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Table 4

EURQOPEAN SEMICONDUCTOR MARKET

1986 1985 1986 1985

Eank Rank Company Share Share
1 1 Philips-Signetics 14.4% 12.4%
2 2 Texas Instruments 8.3% 9.8%
3 3 Motorola 7.5% 8.1%
4 4 Siemens 6.5% 5.6%
5 5 Thomson 5.3% 5.0%

Source: Dataquest
September 1987

EST R

Japanese companies maintained the dominant share of the Rest of World
(ROW) semiconductor market, with 46 percent in 1984, 47 percent in 1985, and
48 percent in 1986. U.S. companies lost share from 33 percent in 1984 to
28 percent in 1985 and 26 percent in 1986, European companies and ROW
companies each maintained a 13 percent share in 1985 and 1986.

The top five companies in the ROW semiconductor market are shown in Table 5.
Motorola lost share to the Japanese companies in the ROW market, growing
slower than the market in all categories other than MOS microdevices. Again,
Philips-Signetics gained share as a result of the consolidation of Signetics
into Philips,

Table 5

ROW SEMICONDUCTOR MARKET

1986 1985 1986 1985

Rank Rank " Company Share ghare
1 p Toshiba 10.9% 10.1%
2 3 HEC 6.7% 5.6%
3 2 Motorola 6.6% Te2%
4 4 Hitachi 6.6% 5.4%
5 10 Philips-Signetics 6.0% 3.3%

Source: Dataguest
September 1987

k4
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The concentration in the ROW semiconductor industry rose with the top
five companies improving their share from 33 percent in 1985 to 37 percent in

1986. The top ten companies increased from 52 percent of the market in 1985
to 57 percent in 1986.

IND I

Regional semiconductor industries in North America and Japan continue to
derive the bulk of their revenue from native markets (see Figure 3). The
dependence on local markets increased for all industries from 1984 to 1986.
Local revenue in 1986 made -up 77 percent of the ROW semiconductor industry
revenue, 75 percent of the Japanese industry revenue, 67 percent of the
European industry revenue, and 65 percent of the U.S. industry revenue. This
analysis is based on regional industries defined by regional ownership rather
than location of production.

Figure 3

NATIVE COMPANIES' SHARES OF NATIVE MARKETS
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The dependence on foreign market revenue in 1986 was most pronounced for
the U.S. semiconductor industry (22 percent of revenue from the European
market), followed by the European industry (21 percent of revenue from the
North American market), the ROW industry (17 percent of revenue from the
North American market)}, and the Japanese industry (15 percent of revenue from
the North American market), North America was the largest foreign market for
the world companies.

The Japanese semiconductor industry had the largest share of a foreign
market in 1986 (48 percent of ROW market), followed by the U.S. industry
(46 percent of European market). The U.S. industry's share of the Japanese
market in 1986 was 8 percent, down from 9 percent in 1985 and 11 percent in
1284. Conversely, the Japanese industry’'s share of the North American market
in 1986 was 15 percent, compared with 14 percent in 1985 and 17 percent in
1984.

Detailed semiconductor market share information is available from
Dataquest through various specific services, The Semiconductor Industry
Service (S18) provides worldwide semiconductor market share information. The
Japanese Semiconductor Industry Service (JSIS) provides market share infor-
mation for the Japanese market. The European Semiconductor Industry Service
(ESIS) provides market share information for the European market. The Asian
Semiconductor and Electronic Technology Service (ASETS) provides market share
information for the Asia-Pacific market.

Joseph Borgia
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Research Newsletter

SUIS Code: 1986-1987 Newsletters
1987-26

FOURTH QUARTER 1986 MICROPROCESSOR AND
MICROCONTROLLER UNIT SHIPMENT UPDATE

During the fourth quarter of 1986, worldwide microprocessor and micro-
controller unit shipments increased by approximately 2.7 million units, or
2 percent, from second gquarter 1986. Estimated shipments of all micro-
controller devices totaled approximately 113.7 million units. Estimated
shipments of all microprocessor devices totaled approximately 18.3 million
units. Shipments of all MPU categories increased in the fourth quarter over
the prior quarter's shipments, particularly shipments of 16-bit MPUs,
displayed significant growth. Figure 1 shows MCU and MPU unit shipments from
the fourth quarter of 1985 through the fourth quarter of 1986.

Figure 1

MICROCONTROLLER AND MICROPROCESSOR UNIT SHIPMENTS
FOURTH QUARTER 1985 THROUGH FOURTH QUARTER 1986
(Millions of Units)
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