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January-March Index

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

Japanese Semiconductor Industry Update: Will Industry Conditions Remain
Strong? (1989-01)--Dataquest is forecasting that consumer and nonconsumer
electronic equipment production will grow at rates of 7.6 percent and
17.2 percent, respectively. Japanese suppliers enjoyed brisk business in 1988,
especially the companies that manufacture memory products. Dataquest
observes that in spite of the current DRAM shortage, overall there should be
strong future growth in the Japanese semiconductor industry.

High-Definition TV: Is America Finally Waking Up? (1989-02)—The United
States Department of Defense (DOD) announced its intention to finance the
development of an advanced, high-resolution video display screen. Dataquest
concludes that with the recent announcements by U.S. government agencies
regarding HDTV, the U.S. industry will move ahead, and potential suppliers of
both equipment and semiconductors will be more willing to make the necessary
investments in products for the HDTV application.

January Procurement Survey: Order Rates Remain Unchanged as Inventory
Levels Decline (1989-03)—Respondents to this month's survey noted that
inventory levels were reduced and that targeted levels also declined. This
bulletin discusses the current actual versus target semiconductor inventory -
levels for all OEMs and for computer OEMs. Dataquest concludes that the
overall electronics industry is relatively healthy, and the outlook is for a
realistically steady growth year in 15989,

Northern Telecom: Strategy, Technology, and Semiconductors (1989-04)—
Northern Telecom has become one of the world's largest suppliers of
telecommunications equipment. This newsletter focuses on the company's
$260 million consumptipon, $140 million procurement, and $120 million
production of semiconductors. Dataquest recommends that Northern Telecom
(and the other participants in the industry) continue to tighten the links
between design, manufacturing, and marketing in order to respond as qu1ck1y
as possible to changing customer needs.

Unisys: Successful Merger, Bright Future (1989-05)—Unisys, formed in 1986
by the merger of Sperry and Burroughs, is a fine example of the power of
synergy. This newsletter discusses the company's directions product line,
divisions and subsidiaries, and semiconductor procurement. Dataquest
concludes that compatibility, leverage, and cost control are perhaps the best
terms to describe the success of the Unisys merger.
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February Procurement Survey: Lead Times Fall while Order Rates Stabilize
(1989-06)—Lead times for semiconductors are improving and order rates are
steady, yet overall inventory levels have increased since last month's survey.
This bulletin discusses the current actual versus target semiconductors
inventory levels for all OEMs and for computer OEMs. Dataquest concludes
that the easing of lead times and coinciding increases of inventory levels may
be an aberation that will smooth out as companies strive to achieve their
targeted goals.

The Cost of Quality: Prevention versus Cure (1089-07)—The total cost of a
semiconductor component can be broken down into three main categories:
unit price, inventory cost per unit, and rework costs due to component or
system failure This bulletin discusses the break-even point where the
preventative cost of quality and the remedial cost of quality are equal.
Dataquest concludes that by analyzing quality cost, one can quantify where
improvements are needed and prove the adage that "Quality is free."

Chips & Technologies Enters the Mass Storage Controller Business
(1989-08)-—Chips & Technologies' newly formed Mass Storage Organization
announced its first drive coniroller chip set, the Micro Channel Fixed Disk
Adapter CHIPSet, on February 21. This bulletin analyzes the company's
strategy and estimates the hard drive controller market. Dataquest concludes
that the entry of a first-rate chip set vendor such as Chips & Technologies
into this market will have a catalytic effect, enhancing competition and
therefore innovation among all chip set manufacturers.

March Procurement Survey: Equipment Sales Up, Orders and Lead Times
Down (1989-09)--This month's respondents continued to see overall lead
times fall as systems sales climbed relative to February. This builetin
discusses the current actual versus target semiconductor inventory levels for
all OEMs and for computer OEMs. Dataquest concludes that as the current
business cycle rolls on, the specter of semiconductor supplies overshooting
aggregate demand is rearing its disruptive head.

The Analog IC Market: A Barometer for the Semiconductor Industry
(1989-10)~—A well-known fact is that the analog IC market neither grows as
fast nor suffers the same severe downturns as the digital market. This
newsletter provides a new look at analeg IC market growth and how it relates
to the total market. Dataquest concludes that the movement of the analog IC
market should be of interest to more than the suppliers and users of analog ICs.

© 1990 Dataquest Incorporated February SUIS Industry Trends
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Fourth Annual Procurement Survey: Old Issues Remain Hot; Accurate
Forecasting is the Key (1989-11)—The fourth annual Dataquest procurement
survey results were announced at the Semiconductor User and Applications
Conference that was held in San Francisco, California, in late February. This
newsletter discusses the survey structure and findings. Dataquest concluded
that the underlying thread that ran through this year's survey was that the
availability of key components pervaded all areas of procurement.

Strategic Implications of Living in a DRAM Technology-Dependent World
(1989-12)—At Dataquest's recent Semiconductor User and Applications Group
Conference, users and suppliers of cutting-edge semiconductors such as
DRAMSs and ASICs expressed deep concern about industry survival, given the
challenge of technology dependence. This newsletter focuses on the serious
strategic implications for systems manufacturers and chip suppliers in a
technology—dependent world. Dataquest concludes that suppliers should make
the necessary capital expenditure and strategic plans for their companies to
survive profitably over the long term by dependably meeting user demand for
cutting—edge semiconductors such as DRAMs and ASICs.

SUIS Industry Trends ' © 1990 Dataquest Incorporated February 3
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0003458

STRATEGIC IMPLICATIONS OF LIVING IN A
DRAM TECHNOLOGY-DEPENDENT WORLD

SUMMARY

At Dataquest's recent Semiconductor User and Applications Group Conference,
users and suppliers of cutting—edge semiconductors such as DRAMs and ASICs expressed
deep concern about industry survival, given the challenge of technology dependence. As
shown in Figure 1, long-term demand for DRAMs should remain competitive, with
perscnal computer manufacturers expected to use 56.5 percent of the worldwide DRAM
production during 1990. This newsletter focuses on the serious strategic implications for
systems manufacturers and chip suppliers in a technology-dependent world.

IMPLICATIONS OF TECHNOLOGY DEPENDENCE FOR SYSTEMS MANUFACTURERS

Technology dependence is defined here as a state of reliance on other suppliers for
leading-edge DRAMSs, ASICs, and other related product technologies. For semiconductor
users, the central issue surrounding technology dependence concerns the number and
dependability of suppliers of critical components. Users are concerned about whether
there is a single source or multiple sources, whether the source is located locally or
overseas, and if a single source, if that source operates multiple worldwide fabs that
provide the same advanced manufacturing process and quality standards for a required
component. For semiconductor suppliers, the issue of concern is the source of the
intellectual property (or technology process) needed to make the chip.

As shown recently, systems manufacturers' technology dependence periodically
translates into critical spot shortages of cutting-edge semiconductors as well as higher
average selling prices (ASPs) for these devices as compared with worldwide systems
competitors. Spot shortages and higher ASPs mean a loss of revenue and profits for
systems manufacturers. More precisely, spot shortages cut system unit sales
immediately and narrow or kill the window of opportunity for planned new systems.
Similarly, higher chip ASPs increase systems' cost of goods sold, reducing profit margins
and/or pricing competitiveness.
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Figure 1 .

Estimated PC DRAM Consumption as a Percentage
of Worldwide DRAM Production
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00034581 Source: Dataquest
March 1989
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THE LONG-TERM DRAM PROCUREMENT CHALLENGE .

During our conference, users verbally conveyed the message that the procurement
of DRAMs (especially specialty DRAMs) ranks as the number one procurement issue of
1989 and beyond.

DRAMs serve as prime examples of technology dependence for worldwide users of
semiconductors. North American, European, and Rest of World DRAM users are
dependent largely on Japanese suppliers for the DRAM product. During 1988, DRAM
technology dependence translated into price disadvantages for North American and
European buyers of DRAM vis-a—-vis Japanese users.

There is some good news for users of 1Mb DRAMSs this year, as shown in Figure 2.

Figure 2
Estimated North American IMb DRAM ASPs
(100,000 Units)

ASP in Dollars
50
40+
404 .
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10 \
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March 1983

This figure shows a consistent long~term decline in the price for IMb DRAMs. The ramp
in supply of 1Mb DRAMs should be balanced by demand by early third quarter. Even so,
the dynamics of DRAM supply-demand remain quite complicated. In terms of the
technology dependence issue, during 1989, North American, European, and Rest of World
DRAM users can expect to pay premiums of 18 to 21 percent over Japanese pricing.

In addition, users at the conference consistently expressed dismay that the current

ramp in 1Mb DRAM supply misses users' needs and will continue to do so for the
foreseeable future. -

SUIS Newsletter © 1989 Dataquest Incorporated March 3



Unsatisfied DRAM Demand

From these users' perspectives, there will be plenty of 1Mb DRAMs for users at a
declining price over the long term—but only regarding the 1Mbx1 device in plastic DIP
with an access time of 100ns or greater. For many users, a crying need exists for
supply-limited 1IMb DRAMs that operate at 80ns or less, and/or in the 256Kx4 con-
figuration, and/or in a surface-mount SOJ package, as well as specialty products like
video RAMs.

For current and prospective DRAM suppliers, production of these devices offers a
significant profit opportunity. Premiums for faster speed, surface~-mount packaging, and
more complex configurations typically run in the range of 10 to 20 percent over the
commodity-type counterpart, and as much as 40 to 60 percent during times of spot
shortages, as now occurs with the 256Kx4 devices.

The Impact of the DRAM Crunch on the Supply of Other Semiconductors

Life in a DRAM-hungry world also means spot shortages and erratic pricing for
other key semiconductor products. The DRAM-related impact on semiconductor supply
and pricing is as follows:

. Slow SRAMs—-direct and great
. High-speed MPUs—indirect but noticeable
. Fast SRAMs—Iit-tle and unnoticeable

Users of slow SRAMs (especially the 8Kx8 devices) have experienced a supply crunch
for the past year to year-and-a-half. The continuing shortage stems directly from
events in the DRAM arena and clearly illustrates the pitfalls of technology dependence
of North America and Europe on Japanese technology. From a strategic position,
memory suppliers view slow SRAMs as "fab-fillers." During business slowdown periods,
these suppliers increase output of slow SRAMs in order to keep their fabs moving, but
cut slow SRAM supply (and increase output of DRAMs) when the more lucrative DRAM
products are in strong demand. Dataquest expects some relief for users of 8Kx8 and
32Kx8 slow SRAMs by the third quarter of this year; however, the supply of slow SRAMs
will remain a long-term function of events in the DRAM world.

For users of high-speed microprocessor components (MPCs), the DRAM supply
constraint had an indirect but noticeable impact on their system production and profit
targets during 1988. MPCs and DRAMs do not compete for fab space, but shortages of
256K and 1Mb DRAMSs (as well as specialty devices now) resulted in system delivery
delays, lost unit sales, and higher system prices. The DRAM specter has not disappeared.

MPCs provide another illustration of the disadvantages associated with technology
dependence. In this case, Japanese users of high-speed 16— and 32-bit microprocessors
pay consistently higher ASPs than North American and European buyers. The
explanation is that Japan has traditionally been dependent on North America for
microprocessor technology. Even so, Japan is making a determined effort through The
Real-time Operating Nucleus {TRON) project to break free from North American
technology dependence.
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Fast SRAMs provide another example in which North American users (and to a lesser
extent, Europeans) enjoy a price advantage over Japanese users. Because the fast SRAM
business is a performance-driven marketplace, suppliers of fast SRAMs enjoy many
opportunities for product differentiation and thus higher ASPs and profit margins.
Because fast SRAMs can be more lucrative than DRAMs, fast SRAM supply is little
affected by the DRAM crunch.

In terms of technology dependence and fast SRAM supply/pricing, the many
profitable niches in the fast SRAM arena have drawn many suppliers, ranging from
start-ups to major North American, Japanese, and European houses, to the North
American region. By contrast, Japanese users are largely dependent on large
Japan-based suppliers. The competitive fast SRAM environment in North America
translates into a price advantage for North American users versus Japanese or European
huyers,

TECHNOLOGY DEPENDENCE IN THE FUTURE: ASICs VERSUS DRAMs

For semiconductor manufacturers, memory production has served and continues to
serve as the supplier's manufacturing process "technology driver.” During the
conference speech entitled "ASICs and the Graveyard of Overriding Considerations,"
Andrew M. Prophet discussed factors that indicate that there may be a parting of the
ways in terms of any given semiconductor supplier's process technology into two
separate streams--the familiar DRAM stream and the less familiar ASIC stream.

ASIC Technology Dependence

The key point for semiconductor users and suppliers is that a new form of
technology dependence—ASIC technology dependence—could emerge. ASIC technology
reliance will become an issue in applications that center on lower quantities, faster
turnaround, and rapid yield. By contrast, DRAM technology dependence should remain a
concern in applications that entall larger volumes, cyclical yield improvements, and cell
design optimization.

1989 ASIC Pricing Trends

The long-term scenario of ASIC technology dependence becomes an immediate issue
because right now ASIC suppliers, particularly suppliers of 1.5- to 2.0-micron CMOS
gate arrays, cell-based ICs (CBICs), and programmable logic devices (PLDs), are waging
a fierce pricing battle for ASIC design wins that go into system production during the
1990 to 1992 time frame.

During 1989, all ASIC solutions are declining in price, except for 3.0-micron gate
arrays which are being phased cut. Most important, gate arrays continue to hold a price
advantage over CBICs in terms of price per gate and nonrecurring engineering (NRE)
costs, but that edge is narrowing.

SUIS Newsletter © 1989 Dataquest Incorporated March 5



For users, total system cost-saving analysis requires users to closely weigh the
long-term benefits of using 1.5~ to 2.0-micron CMOS CBICs (in larger gate-count
applications) versus 1.5~ to 2.0-micron CMOS gate arrays. Similarly, CMOS PLDs should
be examined for use in systems to be produced in low-unit volumes (approximately
2,000 systems or less) because the avoidance of gate array NRE costs achieved through
the use of PLDs typically translates into lower total system cost.

DATAQUEST CONCLUSIONS AND RECOMMENDATIONS

After careful consideration of this technology-dependent world, we recommend the
following to users and suppliers.

For users to minimize the loss of revenue, profits, and overall systems
competitiveness associated with technology dependence, systems manufacturers must do
the following:

L Seek multiple sources of cutting-edge products like DRAMs, high-speed
microprocessors, and ASICs. Ideally, establish both local and overseas sources
for these devices.

. Regarding commodity-type products like standard logic, mature 8-bit MPCs,
and nonexotic anaiog ICs, continue to narrow the supplier base. If there is
only a sole source to supply your system's critical component, demand that the
sole source maintain multiple worldwide fabs for the cutting—edge device, with
eachd fab using an identical technology process, line geometries, and quality
standards.

L] Given the impending divergence in the semiconductor process technology
stream into a DRAM stream and an ASIC stream and in view of your system's
total semiconductor needs, search out suppliers on a local and worldwide basis
whose fabs can produce both DRAMs and ASICs, including CMOS gate arrays
and/or CBICs.

Suppliers should make the necessary capital expenditures and strategic plans so that
their firms can profitably survive over the long term by dependably meeting user demand
for the cutting-edge semiconductors like DRAMs and ASICs. Profitable opportunities
include serving the following:

* North American and European users with DRAMSs, especially noncommodity
type, and commodity—-grade slow SRAMs

. Japanese users with high-speed microprocessors, although the advance of
Japan's TRON project will close that window of opportunity to late entrants in
the Japanese market and also standard logic, ASICs, and analog ICs.

Ronald Bohn
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Research Newsletter

SUIS Code: Newsletters 1989: January-March
1989-11
0003437

FOURTH ANNUAL PROCUREMENT SURVEY:
OLD ISSUES REMAIN HOT; ACCURATE FORECASTING IS THE KEY

% SUMMARY
The fourth annual Dataquest procurement survey results were announced at the
# Semiconductor User and Applications Conference that was held in San Francisco,
= California, in late February. The top three issues of availability, pricing, and on-time
8 delivery remained unchanged from last year's survey because of 1988's severe memory

: B shortage. As a direct result of this memory shortage, U.S. semiconductor suppliers lost
¥ 20 percent of the business of respondent companies to the hands of Japanese suppliers.

Supplier of the Year

The procurement survey was used as a vehicle to allow users to vote for the
Semiconductor Supplier of the Year. Suppliers were rated on the following five criteria:

L Quality

o On-time delivery

° Price

L] Technical support

L Overall customer service

8 Based on input from 300 purchasing managers, Motorola Inc. was presented with the First
Annual Semiconductor Supplier of the Year Award at the conference dinner.
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Offshore Production

Offshore production by system companies has peaked since most of all planned
offshore production facilities have now been completed. Eighty-eight percent of those
that have offshore production do not plan on bringing their offshore production back
home. A regionally balanced production base now appears to be in place.

Purchasing Growth

Semiconductor users have been conservative regarding semiconductor purchasing
growth for the past two years. In our last survey, users projected growth for the year at
13.3 percent; the actual growth totaled 24.7 percent. This year, the users project
semiconductor purchasing growth to be 17.8 percent. Users are being fairly aggressive
with their projections; this is in part due to last year's memory shortage that left many
in the lurch combined with some pent-up system demand carryover. Dataquest forecasts
that North American semiconductor consumption will grow by 8.4 percent this year due
to an anticipated second-half slowdown in electronics semiconductor demand.

SURVEY STRUCTURE

As we have done for the past three years, Dataquest's Semiconductor User and
Applications Group gathers procurement information regarding major customers and
markets for semiconductor manufacturers and users. "Semiconductor users utilize this
information to check their status against the market, and semiconductor manufacturers
glean information about their customer base.

The respondents to this year's survey came from the Electronic Business 200
(EB 200). The overall response rate of 36 percent of the 841 purchasing sites (48 percent
response of the top 400 sites) indicates that buyers expect to increase their 1989
semiconductor purchases by close to 18 percent.

In order to ensure that the companies we questioned used semiconductors, we
selected from the original 200 companies system companies that were not component,
software, or component distribution firms. This resulted in a sample of 168 companies
(EB 168). We then surveyed by telephone each of the 841 procurement sites of these
168 companies. The interviews were conducted with buyers, purchasing managers, or
those involved with material or corporate contract management. The EB 200 represents
$299 billion in electronics revenue. Our sample, the EB 168, represents 63 percent of
North American semiconductor consumption. Figure 1 illustrates the geographic
locations of these major customers.
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Figure 1
Procurement Survey Respondents' Geographic Locations

Northeast

Total = 300 Respondents

00034371 Source: Dataunst
March 1588

The respondents to the survey closely match the overall industry distribution of the
EB 168, as seen in Figure 2. All but two industry segments were within 2 percent of the
overall EB 168 distribution (industrial, a negative 8.1 percent and military, 6.1 percent).
The higher-than-actual military response minimally affected the survey, with the
exception of inventories and ASIC nonuser responses, which were slightly higher as a
result.
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Figure 2
Survey Respondents by Major Line of Business
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SURVEY FINDINGS

Regional Sourcing Trends

This year's respondents purchased 20.0 percent fewer semiconductors from
U.S. suppliers (60.5 percent, down from 80.5 percent), while the Japanese doubled their
market share (34.5 percent, up from 17.1 percent). Regional sourcing was the telltale
response that clearly illustrated what last year's memory shortage did to the electronics
industry. (We defined the regional base of semiconductors as the semiconductor
company's country of origin.) This type of large loss of market share by one group of
suppliers (in this case, U.S. suppliers) points out the dangers of having a regionally
unbalanced supply of key components.

As an example of this imbalance, the data processing respondents who use a higher
percentage of memory now buy nearly equal amounts of their semiconductors from
U.S. and Japanese suppliers, as shown by Figure 3. This situation represents a drop for
U.S. suppliers from 63.0 percent of the market to 47.3 percent and a corresponding rise
for Japanese suppliers from 34.5 percent to 46.7 percent. Within the United States,
distributors gained market share last year (14.6 percent versus 12.2 percent) as a result
of the pervasive memory shortage that forced many buyers to source from distribution
once their OEM contracts were exhausted. An interesting point is that European
suppliers gained market share, rising from 1.1 percent to 4.6 percent, while Pacific Rim
vendors maintained a 1.4 percent share.

4 ® 1989 Dataquest Incorporated March SUIS Newsletter



Figure 3
Regional Supplier Base
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ASIC Usage Trends

ASICs continue to be used as a design solution, while component counts per system
and power consumption decline. More than one-half (56 percent) of the respondents now
use ASICs. Of the 44 percent not now using ASICs, 23 percent plan to use them this
year, 40 percent will not use ASICs, and 37 percent do not know their ASIC plans. The
types of ASICs that will be bought by those that use or plan to use ASICs in 1989 are
shown in Figure 4. The 37 percent of nonusers that are undecided about this technology
present both an opportunity and a potential stumbling block as ASICs vendors try to
remove the mystique that continues to surround this technology for some users.

The industry breakdown of the 44 percent of ASIC nonusers is shown in Table 1. The
higher~-than-average military segment and lower-than-average industrial responses have
affected this breakdown somewhat. Another reason that the military use of ASICs is low
is the long life cycles of typical military systems and the relatively short -life cycle of an
ASIC technology. With ASICs, the typical 10 to 20 year life cycle of a military system
could go through as many as three costly technology/redesign iterations.

The trend to shift production offshore has peaked (see Table 2). For 1939,
80.0 percent of the respondents say that they do not plan to move production offshore at
all. Of those that have offshore facilities, 87.7 percent do not plan to bring production
back to the United States. The reason given for not changing the status quo is that all
plans for offshore production are now completed. Because the major proportion of
production cost is no longer labor but material, it appears that the worldwide regional
production base is now becoming balanced.
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Figure 4
Type of ASICs Planned for in 1989
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Table 1

Profiles of ASIC Nonusers
Percent of Total

4986 1987 1988 -

Data Processing 18% 13% 13%
Communications 11 15 11
Industrial 49 55 35
Consumer 6 2- 2
Military 14 15 as
Transportation 2 _0 4
Total 100% 100% 100%

Source: Dataquest
March 1989
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Table 2
Anticipated Shift to Offshore Production

19886 1987 1988 1989
A Great Deal 8.4% 10.1% 3.3% 2.7%
Some 35.9% 33.2% 34.0% 17.3%
Hot at All 55.7% 56.7% 62.7% 80.0%

Source: Dataquest
March 1989

Offshore purchasing of semiconductors has also peaked with 14.9 percent of all
respondents’ buying coming from offshore sites compared with 14.2 percent from last
year's survey. This response correlates with the production plans of companies that have
now expanded operations offshore and are also increasing their purchases of foreign parts
onshore.

Inventory Trends

The ongoing trend to reduce inventories is growing as semiconductor users strive to
cut overhead costs and improve quality. The vendor reduction programs that have been
put in place over the past years are now bearing fruit as inventory levels continue to
decline. The average inventory level from the respondents for 1988 was 36.5 days. Only
37.0 percent of the respondents were at targeted inventory levels, 46.0 percent surveyed
were over the target levels by an average of 22.5 percent, and 17.0 percent were under
target by an average of 16.0 percent. The fact that 63.0 percent of the respondents
were missing their inventory goals points out the need for improved forecasting and
communications between buyers and sellers. Improvement in inventory control is being
planned by 45.0 percent of the respondents who plan on reducing their inventory levels.
This is the highest percentage recorded for those planning to lower inventories since we
started taking this survey. The improved buyer-supplier communications environment
was cited as the main reason buyers felt comfortable with lowering their inventory levels.

Major Issues

Every year we ask users what the most vexing problems are that they expect to face
in the coming year. Table 3 shows the historical and future issues that procurement
managers have faced and expect to face. Pricing, quality, on-time delivery, and
availability changed positions but remained the top four issues in 1986 and 1987, while
availability, pricing, and on-time delivery remain unchanged in the top three positions
for 1988 and 1989. The scramble to acquire DRAMs and SRAMs last year kept
availability, in large part, the key issue foreseen in 1989. Pricing and delivery remain
key issues even in the current seller's market.
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Table 3
Major Procurement Issues

B
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Pricing 1
Availability/Lead Times

Quality/Reliability 2
On-Time Delivery

FMVs/Trade Agresment -
Cost Control -
JIT/Inventory Control 5
Surface Mount -
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Offshore Manufacturing and Procurement
Reducing Vendor Base
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What has changed is the higher focus on quality as buyers are passing on to their
suppliers the market's demand for ever higher quality. The higher ranking of quality
reflects this emphasis to meet customer demand, and also indicates some dissatisfaction
with suppliers that fail to keep pace with quality improvement. Inventory control/JIT
also has risen as a concern as companies continue to work at squeezing out all excess
costs. Two new issues reemerging into the top ten are surface mount technology (SMT)
and second sourcing. The prevalence and increased technical support needed by SMT has
made this package technology again an issue. Second sourcing again is an issue again
primarily because of the memory shortages experienced last year that left many buyers
high and dry, searching for parts.

8 ® 1989 Dataquest Incorporated March SUIS Newsletter



DATAQUEST CONCLUSIONS

The underlying thread that ran through this year's survey was that the availability of
key components pervaded all areas of procurement. The following were all affected by
last year's shortages:

. Pricing

. Delivery

L Forecasting

L Second sourcing

Companies that coped best through last year's supply difficulties were those that had in
place good working relationships with their suppliers and informed the suppliers as soon
as possible of any foreseen change in component need. Although not the whole solution,
close communication between buyer and seller is much better than little or no
communication.

Many of today's leading-edge technology companies are continuing to integrate the
following: -

e

. Design
L Purchasing
° Manufacturing

Good internal communications are a prerequisite to good external communications. The
strong outlook in semiconductor purchases foreseen by this year's respondents may be an
instinctive reaction to prevent last year's memory scramble. The combination of
expected availability problems and high purchase rates points out the need for an
improvement in forecasting that can only come from improved communication.

The current three key issues of availability, price, and on~time delivery all focus on
how well a company copes with the uncertainties of the volatile electronics market.

Accurate forecasting of hoth increases and decreases is the key that top companies use
to remain competitive and maintain leadership in their fields.

Mark Giudici
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THE ANALOG IC MARKET:
A BAROMETER FOR THE SEMICONDUCTOR INDUSTRY

SUMMARY

It is well known that the analog IC market neither grows as fast nor suffers the
same severe downturns as the digital market. Less well known is that the difference in
growth rates between the total monolithic IC market and the analog market 1) is
periodic and tracks the IC industry ups and downs, and 2) has provided a leading indicator
for every downturn over the past 16 years.

QOver the past 16 years, most IC market forecasts have predicted the decline of the
analog segment of the semiconductor market. In reality, the analog IC market not only
has kept pace with the semiconductor market in general, but it has offered a stable
benchmark by which the state of the IC industry can be measured.

This newsletter provides a new look at analog IC market growth and how it relates
to the total market.

THE ANALOG BENCHMARK

The line graph in Figure 1 shows both total monolithic IC consumption and analog IC
consumption over the past 16 years. The curves are similar in shape, differing mainly in
magnitude, which suggests that the analog market tracks the total IC market. By using
the World Semiconductor Trade Statistics (WSTS) data shown in Figure 1, a bar chart can
be constructed (see Figure 2) that shows monolithic analog IC sales as a percentage of
the total monolithic IC sales. The important point shown by this bar chart is that analog
sales have consistently remained at about 20 percent of the total monolithic IC market.
This is a surprising result because, despite significant changes in both analog and digital
products, the analog proportion of 20 percent has remained virtually unchanged over the
16—year period. Using the fact that the analog portion of the market has remained at
approximately one~fifth of total sales suggests that the consumption curve of Figure 1
can be redrawn, multiplying analog sales five times for comparison. This has been dene

in Figure 3.

*
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Figure 1
Analog IC Sales versus Total Monolithic IC Sales
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Figure 2

Analog IC Sales As a Percentage of Total Monolithic ICs
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Figure 3
Total IC Sales versus Five Times Analog Sales
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Figure 3 shows how closely the analog market tracks the total IC market. The
analog curve is not only similar in shape, but it is a smoother curve that more closely
defines the long-term market trends. These curves diverge greatly at two important
periods--strong growth (boom) periods and weak market (bust) periods.

Please note that Figures 1, 2, and 3 use WSTS data to isolate monolithic ICs. This
WSTS data represents only the reported sales of SIA participants, so the year-to-year

_growth rates can be distorted. Japanese companies joined this trade association in 1984,

which is why the growth is so large in this year (although it was an exceptional year).
WSTS data are used to establish the relationship of analog to total ICs in monolithic form
only and not for absolute numbers or growth rates.

Taking sales data and plotting it as growth rates over 16 years, as illustrated in
Figure 4, shows these growth characteristics more graphically. While it is well
understood that the analog market shows smaller growth rates and declines than the
total market, the less obvious long-term result of this pattern is that the analog market
growth during the bust period compensates for the lower growth during the boom period.
This is why analog IC sales remain at a nearly constant 20 percent of total IC sales.
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Figure 4
Growth Rate Comparison
(Total ICs versus Analog ICs)
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GROWTH RATES COMPARED

The fact that analog IC growth lags the total growth in periods of strong growth and
leads in periods of slow (or negative) growth suggests a periodic nature to these
comparative growth rates. By plotting the total IC sales growth minus the analog growth
by year over the same 16 years, the periodic nature of their relative growth is
dramatically illustrated (Figure S5). This graph defines normal boom periods as being
above the zero axis and bust periods as being below. The slow markets of 1975, 1981,
and 1985 are clearly defined, as are the strong years of 1973, 1979, and 1984.

This graph may lead to the conclusion that an industry downturn can be predicted
when the total-to-analog growth rates get too far apart. An analog lag of more than
10 percent seems to signal an approaching downturn as it did in 1974, 1980, and 1984 (and
again in 1988).

Note that Figures 4 and 5 are derived from Dataquest information that includes
worldwide data but does not identify monolithic ICs separately from total ICs. These
curves are essentially the same as those derived from the WSTS data used in Figures 1
through 3 but are used to prevent concern about the growth rate distortions that ‘could
result from the WSTS data.
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Figure 5

Growth Rate Difference by Year
(Total IC Growth Minus Analog IC Growth)
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How can the different growth rates forecast a change? By showing when the total
IC market is growing faster than the analog market, the graph defines a period of an
imbalance in market demand (a boom period) and the following adjustment (a downturn),
Analog components do not exist in a vacuum. They provide interface, conversion, and
signal-processing functions found in all electronic equipment. Even products considered
to be digital can contain analog ICs in the power supply and output functions. Any
product handling electronic signals such as audio, radio, TV, and telephone equipment
must have analog ICs. In addition to this broad market application, analog ICs have
shorter lead times, less pricing volatility, many suppliers, and few high-demand glamour
circuits.

In an ideal IC market, one in which supply equals demand, prices remain relatively
constant, and end-product markets have little variability, both the total and analog
growth curves should track. However, distorted buying patterns caused by chip
shortages, long lead times, and "hot" electronic products can lead to the total-to-analog
growth rate difference shown in Figure 5. Past occurrences of this large growth rate
difference have led industry observers to conclude that the analog IC market was
declining. In fact, as we have seen, the large difference in growth rates was not
signaling the decline of analog as much as it was indicating a forthcoming market
downturn.
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FORECAST

Dataquest has forecast a slowdown in the second half of 1989, using other
forecasting techniques. The same conclusion may be drawn by interpreting the growth
rate difference curve of Figure 5 as a leading industry indicator. The fundamental
assumption for this interpretation is that analog will remain at a constant 20 percent of
IC sales (as it has over the past 16 years). This leads to the conclusion that the average
value of the difference curve of Figure 5 must remain constant (at zero) over time.
When a demand difference as large as we saw in 1988 occurs, a correction (total industry
slowdown) can be expected within the next one to two years to maintain this zero value.

DATAQUEST CONCLUSIONS

The movement of the analog IC market should be of interest to more than the
suppliers and users of analog ICs. Analeg IC products are important to all areas of
electronics. It is this broad functional utility that ties analog so significantly to the
whole IC market. But it is the analog market's unique pattern of stability that makes it
a suitable benchmark to measure the changes in the total IC market. While the periodic
pattern that shows up in Figure 5 may not always remain a viable forecasting method, it
does fit the past patterns of industry changes. The analysis of analog IC growth patterns
can provide a useful leading indicator of the general heaith of the IC market.

{(This document is reprinted with the permission of Dataquest's Semiconductor
Industry Service.) .

Mark Giudici
Gary Grandbois

6 ® 1989 Dataquest Incorporated March SUIS Newsletter

*-‘“



Dataquest
mmm

Research Bulletin

SUIS Code: Newsletters 1989: January-March
1989-9
0003286

MARCH PROCUREMENT SURVEY:
EQUIPMENT SALES UP, ORDERS AND LEAD TIMES DOWN

This month's respondents continued to see overall lead times fall as system sales
climbed relative to last month. Bookings of semiconductors remained constant with last
month's input, as reflected in the flat to slightly higher inventory levels seen. Total
OEM inventory targets remained flat at 27.4 days, while actual inventories rose to
36.1 days; this was higher than last month's figure of 33.9 days (see Figure 1). Although
order levels were lower than last month, actual inventories grew at a faster pace. It is
possible that next month's semiconductor order rate may also decline as buyers struggle
to meet inventory targets.

Figure 1
Current Actual versus Target Semiconductor Inventory Levels
(All OEMs)
Days
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March 1989
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The target inventory level of the computer OEM respondents declined by a day to
29.8 days, while the actual level remained at a flat 39.4 days (see Figure 2). The result
is an increase in the difference between actual and targeted inventories. This gap
continues to highlight how increased availability of 1IMb DRAMSs is affecting the juggling
act now going on in semiconductor procurement.

Figure 2
Current Actual versus Target Semiconductor Inventory Levels
(Computer OEMs)
Days
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Overall pricing continues to decline gradually in the wake of slower bookings and
simultaneous increases in supply. Although allocations still exist for video RAMs, some
slow SRAMs, 256K DRAMSs, and x4-type DRAMSs, the overall availability of product (i.e.,
standard logic, microprocessors in general, nonvolatile memory, and ASICs) is keeping
lead times and prices in line. As availability improves, on-time delivery is becoming an
issue; surface-mount packaging continues to be a problem for some users.

DATAQUEST ANALYSIS

As the current business cycle rolls on, the specter of semiconductor supplies
overshooting aggregate demand is rearing its disruptive head. Accurate forecasting by
system buyers combined with close communication between buyers and suppliers can
improve the balancing act now under way. Even though system sales continue to grow at
a fair clip, once the freight train of semiconductor supply picks up momentum (primarily
based on last year's sales rate), the only guide beneficial to both users and suppliers is
accuracy in forecasting.

Mark Giudici
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CHIPS AND TECHNOLOGIES ENTERS THE
MASS STORAGE CONTROLLER BUSINESS

S Chips and Technologies' newly formed Mass Storage Organization announced its first
Pl drive controller chip set, the Micre Channel Fixed Disk Adapter CHIPSet, on
RS February 21. Targeted toward OEM suppliers of PS/2-compatible computers, this chip
i set is capable of supporting ST506/412 (both MFM and RLL versions) and Enhanced Small
Device Interface (ESDI) type drives using a single controller.

> Consistent with Chips' general product strategy of combining high-level integration
B with an intelligent, systems-level architectural approach, the Disk Adapter CHIPSet will
allow for a significant reduction in chip count, while imposing minimal architectural
constraints upon system designers.

_ In entering this segment of the PC chip set market, Chips will not only be competing

against established rivals Cirrus Logic and Western Digital, but also against former ally
Adaptec. If successful, Chips is likely to become, by reputation as well as by market
I presence, a major player in setting future controller interface architectures as well.

Consisting of the 82C780 Micro Channel Hard Disk Controller and the 82C784 Data
Separator, this new chip set represents the first step toward a complete line of chip set
products aimed at integrating hard and floppy disk drives into AT-, PS/2-, and
B EISA-compatible personal computers that use AT and ST506/412 interfaces, the Small
B Computer Systems Interface, and the Enhanced Small Device Interface.

These chip sets will function as host adapters, controllers, and interfaces, not only
in systems, but also in the embedded control portion of "smart" disk drives. This
capability will expand Chips' current customer base of controller board houses, system
houses, and OEMs to include drive manufacturers as well.

B DATAQUEST ANALYSIS

E Dataquest views this announcement as a broadening of product and market scope for

B Chips, rather than a radical departure in corporate strategy. While the move will
broaden Chips' customer base within the PC and peripherals industries, the company's
| fate remains inextricably tied to the health of the PC industry.
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As it has in other markets, Chips can be expected to continue applying its strategy

of offering system design flexibility through intelligent product architecture while

" lowering chip count, and therefore total system cost, through high-level integration.

This may well serve as a wake-up call to those who still view peripheral control as a
board-level industry and expect subsystem-level pricing and revenue.

Dataquest forecasts that by 1992, the percentage of hard drives qualifying as
"smart" (i.e., containing embedded controllers and therefore not requiring controller
cards) will grow from the present 42 percent to 85 percent. At the same time, we
expect that the confusion surrounding the various versions of SCSI (a major roadblock in
the transition of controller cards to chip sets) will soon be ironed out, accelerating the
trend toward low-cost, standardized, chip set-implemented solutions. Figure 1 shows
Dataquest's estimate of the controller chip set market and the controller board market
through 1992.

Figure 1
Estimated Hard Drive Controller Markets
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As a pioneer in the chip set industry, Chips and Technologies has run up an
impressive track record by being first out of the gate. By offering unique, systems-level
solutions, Chips has enjoyed the luxury of sole-source pricing while offering a reduction
in system cost. In this respect, it faces a new set of challenges in playing catch-up with
both Cirrus Logic and Western Digital. Many of the advantages that Chips usually enjoys
could evaporate in this new market. We look for Chips to establish credibility early and
to attempt to establish premium pricing in order to protect the comfortable margins it
has enjoyed to date. :

While most observers view this card-to-chip-set transition as inevitable and the
process of PC consolidation as inexorable, Dataquest believes that the entry of a
first-rate chip set vendor like Chips and Technologies into this market will have a
catalytic effect, enhancing competition and therefore innovation among all of the chip
set players. We expect this heightened competitiveness to accelerate the trend toward
intelligent peripherals and subsystems of all kinds, opening the door a little wider for
tomorrow's more sophisticated machines and more powerful applications.

Kevin Landis
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THE COST OF QUALITY: PREVENTION VERSUS CURE

The total cost of a semiconductor component can be broken down into three main
categories: unit price, inventory cost per unit, and rework costs due to component or
system failure. There is a break-even point that determines where rework costs can be
offset by improvements in incoming quality (i.e., price + quality adder). To determine
the break—-even point, the following variables need to be identified:

Unit price

Inventory cost per unit

Units per board

Boards per month

Incoming inspection cost per unit
Component burn-in cost per unit
System burn-in cost

Average rework cost per board

e @ & o & o o o o

Average cost to repair a field failure

Once the above costs are known, it is relatively straightforward to determine the
break-even point where a quality price adder at the component level balances with
repair costs at the board rework or field repair level. Table 1 shows the cost structure
with and without the preventative cost of quality. However, without any of these
preventative costs, there are generally remedial costs that far outweigh the up-front
expenditures.

Looking at Table 2, the average rework cost per board is $350 and the average field
repair cost is $2,000. Assuming that 10 percent of the boards require rework due to a
lack of burn—in or incoming QA, and that an additional 5 percent of the boards require
field repair, quality costs at the component level become more justifiable. Comparing
the bottom lines of Tables 1 and 2 shows that the preventative cost of quality totals less
than the remedial cost ($1,092,500 compared with $1,085,000).
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Table 1

Preventative Cost of Quality B
Unit Price ) $20.00
Inventory Cost/Unit $£0.50
Burn-In Cost/Unit $0.75%
Incoming QA Cost/Unit $0.45
Units/Board 100
Boards/Month 500

Total Cost with Burn-In & QA:
(($20.00 + $0.50 + $0.75 + $0.45) x 100) x 500 = $1,085,000

Total Cost without Burn-In & QA:
(($20.00 + $0.50) x 100) x 500 = $1,025,000

Source: Dataquest
February 1989

Table 2
Remedial Cost of Quality

Unit Price $20.00
Inventory Cost/Unit $0.50
Units/Board 100
Boards/Month 500

10% Board Failure/Month 50 Boards
Rework Cost/Board $350.00

5% System Failures/Month 25 Systems
Field Repair Cost £2,000

Total Cost:
{($20.00 + $0.50) x 100) x 500 + ($350 x 50) +
(25 x 32;000) = $1;092;500

Source: Dataguest
February 1989

DATAQUEST CONCLUSIONS

The cost of quality must be looked at closely from both a preventative and a
remedial perspective. Customer satisfaction with end products demands that the
products work right from the start. The incremental up-front costs of quality more than
make up for the ill will and potential lost business earned by poor quality that surfaces
after a product is in the field. Fortunately, the preventative costs of quality have
declined for users, due mainly to the increased quality levels of semiconductor
components. Dataquest's annual procurement survey continues to show that quality is of
key importance both in controlling costs and in improving performance. By analyzing
quality costs, one can quantify where improvements are needed and prove the adage that
"Quality is free.”

Mark Giudici
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FEBRUARY PROCUREMENT SURVEY:
LEAD TIMES FALL WHILE ORDER RATES STABILIZE

Lead times for semiconductors are improving and order rates are steady, yet overall
inventory levels have increased since last month's survey. Total OEM inventories, both
targeted and actual, rose slightly as users continue to experience fast DRAM and slow,
low-density SRAM availability problems. As seen in Figure 1, the inventory target of
27.8 days was exceeded by the current level of 33.9 days. Although this is an
incremental increase, these levels still are below targeted and actual inventory levels of
a year ago (30.8 and 34.5 days, respectively).

Figure 1
Current Actual versus Target Semiconductor Inventory Levels
(All OEMs)
Days
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40 ® Target
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While the average target level hovered at 30.8 days, the actual inventory level of
39.2 days for the computer OEM respondents jumped almost 5 days over last month's
level (see Figure 2). This is primarily due to the increasing availability of commodity
DRAMs and a relative flattening of end-use demand compared with last year's record
growth. Some insurance ordering of DRAMs still is going on by some smaller companies.
It is well understood that, as volumes of 1Mb DRAMs increase, it is a matter of time
before associated memories will become more available.

Figure 2

Current Actual versus Target Semiconductor Inventory Levels
(Computer OEMs)
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Overall pricing continues to decline gradually, largely at the hands of improved
availability of IMb DRAM and some microprocessors. Allocations still exist for some
video and x4 configuration memory parts; this will continue, as reported earlier, until the
market for the predominant 1Mb part is saturated. Overall pricing, including memories,
is slightly lower than in our last survey. Surface-mount packaging continues to be a
problem for the minority of users, with problems arising in the ceramic packaged parts.

DATAQUEST ANALYSIS

The easing of lead times and coinciding increases of inventory levels may be an
aberration that will smooth out as companies strive to achieve their targeted goals. As
the overall availability of semiconductors improves, balancing of inventory needs and
system shipment rates will take precedence. As the market approaches supply—demand
equilibrium, it is paramount that open communication between users and suppliers
continues in order to maintain low inventory levels and constant shipment schedules.

Mark Giudici
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UNISYS: SUCCESSFUL MERGER, BRIGHT FUTURE

COMPANY OVERVIEW

Unisys, formed in 1986 by the merger of Sperry and Burroughs, is a fine example of
the power of synergy. Unisys' total revenue in 1988 was $9.9 billion, an increase of
3.0 percent from 1987; earnings were $218 million, roughly flat from year to year. The
company manufactures computers ranging from networked workstations through
mainframes and is a major supplier of defense electronics including embedded
computers, radar control, and navigation systems. The compatibility of product lines,
organizational skills, and an ongoing focus on cost control have helped this merger to be
uniquely successful as it enters its third year. Although the company is not without
challenges still from global and focused competition, it already has hurdled many of the
financial problems encountered by joined operations.

Cost savings accrued from the structural changes made since the merger are being
transformed into opportunities for long-term growth through research and development
(R&D), with a budget that increased by 20 percent in 1988. In fiscal year 1987, Unisys
ranked fifth among electronics vendors in R&D expenditures, having invested
$597 million in R&D.

One of the important reasons behind the company's success at managing its cost
structure is an emphasis on cost-effective sourcing of materials—-in particular,
semiconductors. Total semiconductor use at Unisys in 1988 is estimated at $360 million,
with $40 million in commercial grade produced captively (see Figure 1).
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Figure 1
Unisys Semiconductor Use
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COMPANY DIRECTIONS

Unisys expects to double its revenue to $20 billion by the early 1990s. Internal
expansion and acquisitions in selected high-growth areas are paving the way for Unisys'
growth. In 1988, Unisys acquired Timeplex and Convergent Inc. and entered into a joint
venture with Mitsui & Co. to form Nihon Unisys Ltd. (NUL). Timeplex now forms the
core of Unisys Networks, uniting all communications engineering and placing Unisys at
the forefront of industry-standard networks that provide whole business solutions.
Convergent will provide Unisys with strategically important engineering, development,
and marketing expertise and will be an anchor for a $2 billion distributed systems
business that includes Unisys' UNIX systems, BTOS workstations, and personal
computers. NUL will increase opportunities for Unisys in one of the fastest—growing
computer markets in the world; NUL is Japan's fifth~-largest computer company.

Unisys plans to be the leader in opening and unifying mixed-system environments,
and the company expects to revolutionize the practical use of information technology. A
new Unisys "solutions environment" will permit use of software across muitiple system
families. Drawing on its expertise in fourth-generation languages and artificial
intelligence, Unisys intends to streamline the entire process for creating applications
software.

After a decade of investment in the development of common module technology,
Unisys continues to play its key role of developing modularly designed avionic
information-processing systems for the future. Unisys has significantly expanded its role
in developing navigation, radar, and communications systems as well as electronic
warfare systems by securing significant contracts in 1987.
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The company is gearing its focus toward entering into larger network projects and
improving and upgrading its mainframe and workstation offerings including architectural
continuity, connectable open systems, embedded computing systems for military and
aerospace, intelligent workstations, and fourth-generation languages.

PRODUCT LINE
Unisys' product portfolio is divided into two main segments: Commercial
Information Systems (75 percent of total revenue) and Defense Systems (25 percent of
total revenue). Percentage of revenue by product line can be seen in Figure 2.
Figure 2
Unisys Revenue by Product Line
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Commercial Information Systems

The Commercial Information Systems group focuses on the following five business
areas:

® Industrial and Commercial

° Financial

® Public Sector

® Communications and Airlines

] Federal Information Systems
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In 1987, Unisys made a significant move toward providing the total business
solution. The company expanded its BTOS H family of networked workstations and
introduced Cluster Share, through which IBM—compatible PCs can be readily integrated
into a BTOS network. The company also introduced the Unisys PW2 Family, the first
Personal Workstation to run all three of the popular industry-standard operating
environments: MS-DOS, 05/2, and UNIX.

The company also entered into an important arrangement with AT&T in 1988. This
arrangement will allow Unisys to play a strategically valuable role in enhancing the
functionality of the UNIX operating system environment for the rapidly growing
commercial market.

Unisys reaffirmed its commitment to the mainframe base with a series of
significant introductions and announcements in 1988. The company introduced the
B38 workstation based on the INTEL 80386. It extended both the high and low ends of
the A Series, providing it with one of the widest performance spectrums in the industry.
Unisys also extended the 110 and 2200/200 systems and the V Series, and made the first
deliveries of the new System 80 Models 10 and 20.

Defense Systems

The Defense Systems group provides defense electronics through these five major
lines:

. Shipboard and Ground Systems

L Systems Development

. Communication Systems

™ System Support

. Computer Systems
The following paragraphs describe some of Unisys' key military and aerospace programs.

Government Agency Contracts

Unisys is instrumental in the FAA's air traffic control automation and
modernization program and supplies all of the FAA's terminal automation systems.
Culminating a 10-year cooperative effort by four government agencies, NEXRAD (Next
Generation Weather Radar) is now entering production under a $450 million, multivear
contract. By the mid-1990s, 175 NEXRAD systems will be installed for commercial use
and in military sites worldwide.

Navy Contracts

The navy accounts for a major percentage of Unisys' defense revenue. In 1988,
Unisys won the latest sole~source contract for the AN/AYK-14(V) navy airborne
computer. Under this contract, Unisys will provide 65 16~bit computers with options for

365 more units. Unisys is also an alternate supplier for the Aegis combat system. The
system will be used aboard more than 50 guided-missile cruisers and destroyers. In April
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of 1988, a Unisys/Westinghouse team won a $10 million qualification contract leading to
becoming second-source producers for the Aegis SPY-1D electronic radar. Unisys, a
leading supplier of shipborne computers, is replacing the navy's old, small,
general-purpose computers with embedded computer system families--the UYK43 and
UYK44. Unisys also has won a $280 million contract to supply microcomputers
throughout the U.S. Department of Defense.

Other major navy contracts awarded in 1988 include a $509 million contract in
March for the initial production of navigation systems for D-5 Trident II missile~firing
submarines and a $10]1 million award to provide MK 99 fire—control systems for which
Unisys is a second-source supplier. In 1988, installation of the first navigation system on
the Trident submarine, the USS Tennessee, was completed and integration tests started.

Air Force Contracts

Unisys is also a contractor on major air force programs. Selected to develop the
YF-23 advanced tactical fighter (ATF) avionics processor, Unisys is at the leading edge
of new technologies for the future generation of military aircraft. The company has
expanded its role in advanced modular avionics and very high speed integrated circuit
(VHSIC) centrai computers for U.S. combat aircraft during the last year. The Unisys
Common Module family that includes various standard modules currently consists of
16-bit 1750 MPU modules; 32-bit MPU modules planned; communication modules (1553B,
high-speed, duai-speed); and memory (EEPROM, CMOS) and power modules.

The air force also selected Unisys to be one of two major suppliers to the air force's
rapid-deployment, high-capacity voice communications project: the AN/TRC-170
Troposcatter Digital Microwave Communication System.

Unisys is developing a third-generation airborne battlefield command and control
center (ABCCC3) in a capsule for specially modified Air Force EC-130s to provide
contingency command control for forward areas of the battlefield. The center serves as
an airborne extension of several ground-based control agencies.

Foreign Government Contracts

Unisys is working on several contracts for foreign governments. At the end of 1987,
the Royal Thai Air Defense System (RTADS)} which Unisys is designing, integrating and
installing, was more than half complete. Unisys is also working on a nearly $1.1 billion
contract covering electronic combat systems for six Canadian frigates assigned to Unisys
Canadian subsidiary-Paramax Electronics Inc.; the initial contract was extended by
$1 billion to supply systems for six more frigates.

DIVISIONS/SUBSIDIARIES

Table 1 presents a summary of Unisys' commercial and defense divisions and
subsidiaries. This list represents a combination of Sperry and Burroughs units minus the
divisions sold to Honeywell.
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Table 1

Unisys Divisions and Subsidiaries

Location

Unisys Corporation
Detroit, MI
(Parsnt Company)

Commarcial Systems Group

Foundation Computer Systems
Cary. NC

GRAFTEEK, Inc.
Boulder, CO

Memorax
Santa Clara, CA

Pasadena Plant
Pasadena, CA

Sperry Corp.
Saint Paul, MN

Timeplex, Inc.
Woodcliff Lake, RJ

Unisys Knowledge Systems
Organization
Paoli, PFA

Communication Systems Group
Salt Lake City, UT

Computer Systems Division
Eagan, MN

Shipboard & Ground
Systams Group
Great Nack, NY

Systsm Developmsnt Group
Camarillo, CA

System Support Group
McLean, VA

Unisys Components Group
Ranche Bernardo, Ci
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Urility software
Peripherals, computer services, engineering/
technical software

Paripherals, accassories, components
Computers
Electronics services, computers, peripherals,

Al software

Utility software, data communications
squipment

Artificial intelligence

Defenss Systoms Group

Talecommunications, intelligence, data
communicationa, computars

Information processing systemsa, militarized
computer products and displays

Sonar equipment, EW communication systems,
sonar countermeasures eguipment, ground
defense radar systems, shipboard navigation
equipment, shipboard radar equipment

Command and control, custom services
microcomputers

Technical services, facilities management,
integrated systems

Semiconductor Facilities

ASICs

Source: Various Industrial Sources
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SEMICONDUCTOR PROCUREMENT

The impact of Unisys' new leverage after the merger was felt directly in
purchasing. Greater volume allowed Unisys to renegotiate supplier contracts,
significantly reducing procurement costs. It also created a critical mass to successfully
execute vendor quality-improvement programs. In 1987, Unisys cut 21 percent off its
purchasing bill. Suppliers' rosters were dramatically cut aiso; for instance, the number
of connector suppliers was reduced from 88 to 20.

The purchasing operation is done through central procurement units as well as
through the divisions themselves. The Materials Management Center (MMC) in Pueblo,
Colorado, is in charge of semiconductor procurement for the Computer Systems Division
units in Pueblo and in Saint Paul, Minnesota, as well as for the Shipboard and Ground
Systems Group in Clearwater, Florida. The Communication Systems Division in Salt
Lake City, Utah, and the Shipboard and Ground Systems Group in Great Neck, New York,
do their own purchasing. Central procurement for commercial semiconductors is done by
the Component Engineering and Procurement Organization (CEPO) in San Diego,
California. CEPO is responsible for supplier qualification, component engineering,
quality verification, contracts, and executing procurement.

Figure 3 shows a percentage breakout of semiconductor purchases. In-house
capabilities, recently consolidated into the Rancho Bernardo, California, facility, supply
an estimated 11 percent of commercial semiconductor use. This facility produces
primarily gate arrays and cell-based ICs. These products are manufactured both on
bipolar process technology as supplied by Motorola and on CMOS from Intel. Along with
internal CAD and packaging technology, the purpose of this captive capability is to
produce volume proprietary logic ICs as well as quick-turn engineering prototypes.
Standard products are almost entirely purchased directly from ocutside vendors.

Military semiconductor purchases accounted for approximately 19 percent or
$60 million of total external purchases. All of the military semiconductor sourcing is
done externally, both directly and with distributors.

After the merger, Unisys reorganized its purchasing operations, creating the
following seven procurement task forces:

L Electronics

. OEM

° Foreign

L Mechanical

. Semiconductor
o MRO

L] Government
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These task forces are responsible for determining corporate needs, setting price targets,
and conducting negotiations. Four of the task forces deal primarily with electronics.
The semiconductor group coordinates contracts for both defense and commercial
divisions; the OEM group coordinates personal computers and small systems; the
electronic group coordinates all passive devices, connectors, electromechanicals, and
printed circuit boards; and the international procurement group executes purchases with
offshore suppliers mostly in the Far East. Offshore suppliers, account for roughly
$350 million annually——mostly for systems, peripherals, and components. The role these
offshore suppliers play is increasing as they represent a growing portion of Unisys'
purchases.

Strategic programs that facilitate and improve operations efficiency are also being
set in place. Currently Unisys has certification, just-in—-time (JIT), and electronic data
interchange (EDI) programs with selected component vendors.

Figure 3

Unisys Semiconductor Purchases
1988

MOS Micro 10%
Bipolar ASIC 7%

Linear 5%

Bipolar Memory 5%

Bipolar / MOS Standard Logic 2%
Stand'flgg(‘ Logle

MOS Memory
40%

$360 Million

0003038-3 Source: Dataquest
February 1989

DATAQUEST CONCLUSIONS

Compatibility, leverage, and cost control are perhaps the best terms to describe the
success of the Unisys merger. Similar yet somewhat complementary product lines and
corporate organizations have helped Unisys in achieving leverage in both the markets it
serves and the purchases it makes. Although 1988 was a relatively flat year for revenue
and earnings growth, the company is faring much better than most mergers and probably
much better than either Burroughs or Sperry could have alone.
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Unisys has been able to maintain a high level of R&D investment principally because
of aggressive cost control and economies of scale achieved during the past two years. By
applying the principle of centralized leveraged contracting and working closely together
with its suppliers and internal engineering organizations, the component procurement
groups at Unisys have contributed greatly toward maintaining cost control.

Unisys' ability to increase R&D efforts because of reduced overall costs is a key
competitive advantage, putting the company in an enviable position of decoupling its new
product-~development funding from moderate swings in revenue. This could prove to be
an advantage in both the commercial computer market, where many economists are
predicting a downturn in 1990, and in the defense electronics market, where funding is
flat and efficiencies will be mandated.

Greg Sheppard
Najoo Wadia
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NORTHERN TELECOM: STRATEGY, TECHNOLOGY, AND SEMICONDUCTORS

SUMMARY

Northern Telecom has become one of the world's largest suppliers of
telecommunications equipment. The company also has an integrated strategy of
manufacturing 40 to 50 percent of the semiconductor components it needs, as illustrated
in Figure 1. This newsletter focuses on Northern's $260 million consumption,
$140 million procurement, and $120 million production of semiconductors.

Figure 1

Semiconductor Consumption and Production at Northern Telecom
@ Captive Sourcing
($120 Million)

Semiconductor Equipment
Manufacturing Manufacturing

Merchant Sourcing
{$140 Million)
Merchant

Semlconductor
Market

0002934-1 Source: Dataquest
February 1989
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COMPANY PROFILE

Northern Telecom had sales of $4.9 billion in 1987, as presented in Table 1. The
company's revenue grew at a compound annual growth rate (CAGR) of 12.9 percent
between 1984 and 1987, or 50 percent faster than the estimated CAGR of 8.2 percent of
the overall telecommunications market during the same period.

Table 1

Northern Telecom's Performance Results

CAGR

1984 1985 1986 1987 1984-1987
Revenue ($M) $3,374 $4,263 $4,384 54,854 12.9%
Income {($M} $ 256 $ 29¢ $ 313 $ 347 10.7%
Employees 47,000 47,000 46,000 49,000 1.4%

Source: HNorthern Telecom
Dataquest
February 1989

Northern's manufacturing facilities in North America are listed in Table 2. The
company's research and development activities are conducted by Bell-Northern
Research, a subsidiary of Northern (70 percent ownership). Northern Telecom spent
$588 million on research and development in 1987; this amount represents 12 percent of
the company's revenue.

Table 2

Northern Telecom's Manufacturing Facilities in North America

Location Productsg
Canada
Aylmer, Quebec Transmission equipment
Belleville, Ontario Business telephones
Brampton, Ontaric . Central office switches
Calgary, Alberta Key telephones
London, Ontario Residential telephones
Montreal, Quebec Wire and cable
Ottawa, Ontario Semiconductors
Saskatoon, Saskatchewan Optical fibers
Winnipeg, Manitoba Transmission equipment
{(Continued)
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. . Table 2 (Continued)

Northern Telecom's Manufacturing Facilities in North America

Location Products

i ates
San Diego, CA Semiconductors
Santa Clara, Ci Private branch exchanges
W. Palm Beach, FL Datacom equipment & phones
Atlanta, GA Transmission equipment
Morton Grove, IL Datacom equipment
Ann Arbor, MI Private branch exchanges
Minneapolis, MN Datacom equipment
Minnetonka, MH Business systems
Marlton, NJ Datacom equipment & phones
Moorestown, HJ Network monitoring eguipment

. Concord, NH Network monitoring equipment

Raleigh-Durham, NC Central office switches
NHashville, TN Telephones
Dallas, TX Private bhranch exchanges

Source: Northern Telecom
Datagquest
Fabruary 1989

In 1987, Northern earned 65 percent of its revenue from sales made in the
United States, 30 percent from sales made in Canada, and 5 percent from sales made
outside North America. In the United States, the company manufactures most of the
products that it markets there. Northern's stated goal is to expand its business in Europe
and Japan.
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NORTHERN TELECOM AND SEMICONDUCTORS .

Semiconductor Consumption

Dataquest's estimate of Northern Telecom's 1987 semiconductor consumption is

presented in Table 3. The company earned 63 percent of its revenue from the sale of
public network equipment; 29 percent from the sale of customer premises equipment;
and the remaining 8 percent from the sale of cable, outside plant, and R&D services. In
addition, Dataquest estimates that 39 percent of Northern's 1987 semiconductor
consumption of $260 million was for logic products, 34 percent was for memories and
microcomponents, 19 percent was for linear, and 8 percent was for discretes and
optoelectronics.

Table 3 .

Northern Telecom's Estimated 1987 Equipment Sales
and Semiconductor Content

(Millions of Dollars)
Market Semiconductor
Equipment Type Share Revenue Content .

U.5. Totals N/A $2,894 $169
Central Office Switches 34% 936 60
Private Branch Exchanges 19% 599 39
Carrier Systems 6% 65 4
Microwave Radio 9% 43 2
Automatic Call Distributors 29% 36 2
Multiplexers 4% 30 2
Network Diagnostics 33% 25 1
Packet Switches 9% 24 1

Integrated Voice/Data
Workstations 33% 22 1
Other N/A 1,114 87
Canadian Totals N/A $1,335 $ 79
International Totals H/A $ 222 $ 12
Cable, Outside Plant, R&D H/A § 403 N/A
Worldwide Totals N/A '$4,854 $260

H/A = Rot Applicable

Source: Dataguest

February 1939 .
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Semiconductor Procurement

Northern's component and manufacturing technologies are key to its overall
competitive strategy. Semiconductor procurement is a function of the corporate
operations staff and includes both tactical and strategic elements. Northern also has an
external business group to manage foundry and semiconductor technology agreernents
Vice presidents head these procurement and external business groups.

The company's component purchasing organization is headed by a purchasing
operations director at the company's U.S. headquarters in Nashville, Tennessee.
Northern negotiates annual contracts with its key semiconductor suppliers from this
central location every fall. The actual purchases of semiconductors, however, are made
throughout the year by the purchasing managers at each manufacturing location.
Dataquest estimates that 55 percent of Northern's 1987 merchant semiconductor
purchases of $140 million was for memories and microcomponents, 22 percent for logic,
15 percent for discretes and optoelectromcs, and 8 percent for linear. The company has
standardized on Motorola's microprocesser architectures.

Northern Telecom establishes the strategic relationships it needs with suppliers for
ISDN and advanced semiconductor technology from hoth Nashville, Tennessee, in the
United States and Ottawa, Ontario, in Canada. The company has been reducing its
supplier base in recent years to just a few companies. (Dataquest believes that
Northern's major suppliers include Intel, LSI Logic, Mitsubishi, Motorola, National, and
Texas Instruments.) Northern works very closely with its partners to establish realistic
requirements regarding pricing, delivery, quality, reliability, and technology. For
example, the company is investigating a just—in-time delivery system for raw materials,
and this will require very close relationships with Northern's suppliers in order for it to
be practical. These long-term programs are headed by a strategic procurement
practices director.

Semiconductor Production

Northern Telecom has CMOS fab facilities located in Ottawa, Ontario and in San
Diego, California, to make custom digital and mixed analog/digital semiconductors for
its telecommunications equipment. Dataquest estimates that Northern's 1987
semiconductor production was $120 million. None of Northern's semiconductor
production is available on the merchant market.

Northern has just installed a $100 million submicron fab in its Ottawa plant, and one
of the company's greatest concerns is the capital investment required to keep its
production facilities current in the future. Based on historical trends, Dataquest
estimates that the cost of a new fab doubles every 4 years. (Thus, a fab that costs
$100 million in 1988 can be expected to cost $200 million in 1992 and $400 million in
1996.) The company is participating in the Captive Manufacturers Subgroup of the
Semiconductor Industry Association to share its concerns with other organizations in
similar situations.
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DATAQUEST CONCLUSIONS

Competition

Competition in the telecommunications equipment market is becoming global and is
increasing in intensity. One of Northern's competitors (i.e., AT&T) recently complained
that companies in Japan, South Korea, and Taiwan are selling some of their equipment in
the United States at unfair prices. Regardless of the final legal decision regarding
pricing, however, Dataquest believes that Northern (and AT&T and all other suppliers to
North America) will experience severe downward pricing pressures in this crowded
market.

Strategy

Northern Telecom originally established its captive component operations to obtain
the efficient use of silicon that comes from custom circuits. This strategy allowed the
company to sell equipment with higher performance and more features at prices that
were still competitive. A side benefit of this approach was the creation of entry barriers
because the relatively high cost of a custom circuit design discouraged competitors from
participating in the market. Today, however, application-specific IC (ASIC) technology
makes customized silicon available to all equipment manufacturers as a result of the
lower costs required to design a circuit., Dataquest believes that Northern must consider
new ways to differentiate its equipment in the marketplace now that clonemakers have
these tools at their disposal.

Leadership

Northern was one of the first companies to develop and market a digital central
office switch, and this innovation has become the practice of the industry today. As
competition in the telecommunications equipment industry increases and ASICs give all
suppliers a common capability in semiconductor technology, Dataquest believes that the
next strategic battleground in this market will be the accelerated time to market with
new generations of products. Dataquest recommends that Northern Telecom (and the
other participants in the industry) continue to tighten the links between design,
manufacturing, and marketing to be able to respond as quickly as possible to changing
customer needs.

Roger Steciak
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JANUARY PROCUREMENT SURVEY:
ORDER RATES REMAIN UNCHANGED AS INVENTORY LEVELS DECLINE

Respondents to this month's survey noted that overall inventory levels were reduced
and that the targeted levels also declined. Now that the holidays are past, order rates
are expected to remain firm in relation to last month's slight decline, adding another
stabilizing factor to the inventory situation. For the year, overall system sales ranged
from 2 to 40 percent higher than last year's levels. During this time, inventory levels
fluctuated by approximately 6.5 days around the 1988 mean of 29.5 actual inventory
days, as seen in Figure 1. The January targeted and actual inventory levels of 27.3 and
31.9 days, respectively, continue to reflect the close inventory controls that have
hallmarked the past two years.

Figure 1
Current Actual versus Target Semiconductor Inventory Levels
(All OEMs)
Days
N Current Actual
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anuary 1989
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Inventory levels for computer OEMs have remained remarkably constant since our
last survey, holding at 30.3 targeted days and 34.5 actual inventory days. Although the
gap between the actual and targeted inventories (see Figure 2) still remains at slightly
more than four (4.2) days, order rates for semiconductors have stayed at the same level
if not slightly higher. The continued improved availability of IMb DRAMs has kept
average actual inventory levels slightly higher as buyers continue to order memory to
meet past demand.

Figure 2

Current Actual versus Target Semiconductor Inventory Levels
(Computer OEMs)
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0002683-2 Source: Dataguest
January 1989

Overall, pricing of semiconductors has declined, largely in part due to the increased
availability of 1Mb DRAMSs and the softening of some logic and microprocessor prices.
SRAM and 256K DRAM pricing remains firm and is expected to continue so through the
next six months. Lead times have increased slightly up to 12 weeks as the mix of SRAM
and lower-density DRAM shipments keeps lead times relatively high. Surface-mount
package availability is becoming a critical problem for one-half of the respondents who
use these parts.

DATAQUEST ANALYSIS

Inventory levels continue to decline as key components become more available and
begin to catch up with order rates. As mentioned in earlier surveys, this inventory
correction is expected and should continue through the next few months. Pricing should
also continue its downward trend, with some exceptions in video RAMs and SRAMs. The
overall electronics industry is relatively healthy, and the outlook is for a realistically
steady growth year in 1989.

Mark Giudici

I~
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HIGH-DEFINITION TV: IS AMERICA FINALLY WAKING UP?

. The United States Department of Defense (DOD) has announced its intention to
2 finance the development of an advanced, high-resolution video display screen. The
immediate purpose is to make a compact, low-¢cost unit for military systems (such as
helicopters, tanks, planes, ships, and training simulators) that can display detailed images
of battlefield conditions. In the coming months, the Defense Advanced Research
Projects Agency (DARPA) is expected to provide further details of the specific projects
to be funded. Dataquest believes that this action is an attempt by the United States to
M reclaim the high ground lost to foreign competition as the international economic
B landscape has shifted over the past two decades.

| NATIONAL SECURITY

We believe that the broader purpose of this project is to restore vitality to the U.S.
] consumer electronics industry, while at the same time, bolster the country's national
security, This twofold intent is an example of the interrelationship of today's end-use
i markets; for example, the focusing system of the 35mm camera has become the focusing
N system of the VCR, and the automatic electronic system of the VCR has become the
& automatic electronic system of the 35mm camera. Thus, the technology for one product
can improve the performance or convenience of other products. A high-resolution
display screen is an example of a strategic technology with potential applications in
television sets, video games, military systems, automobile dashboards, computer
monitors, medical scanners, and any systems where the display of detailed images would
make the systems easier to use. We believe that a nation that ignores these types of
end-use market interrelationships and the corresponding leverageability of these
strategic technologies can put itself in danger on both economic and military fronts.

The mass production of equipment for the home creates demand for semiconductor
components and helps to reduce the cost of the technology used by achieving scale
economies. Without domestic production of consumer electronics equipment, technology
costs will remain high for other domestic equipment industries. Although the United
States pioneered almost all of the consumer electronics equipment in use today,
Dataquest estimates that imported products have taken about half of the U.S. consumer
electronics equipment market in the last 10 years. In addition, Dataquest estimates that
products exported from the United States have only about a 10 percent share of the
worldwide consumer electronics equipment market. VCRs, for example, are estimated
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to use almost 5 percent of the world semiconductor output, yet more than 98 percent of
the world market is served by non-U.S. producers. As another example, there is now
only one remaining U.S. TV set producer. By not participating in such key industries, we
foresee that the United States is in danger in the long run of losing its leadership position
in technology.

LAUNCHING HDTV IN THE UNITED STATES

Dataquest notes that estimates of the U.S. market potential of HDTV vary because
this is an emerging industry with hundreds of variables between the initial idea and
ultimate commercial success. We do believe, however, that an annual potential of’
5 million HDTV sets at an average price of $750 in the year 2000 is a good estimate.
With the installed base of conventional TV sets in the U.S. currently at about 160 million
units, the potential for sales of HDTV sets over the next two to three decades is very
large indeed as consumers eventually upgrade to the newer models.

However, HDTV is too expensive for any one company to develop alone. Dataquest
sees as positive moves for the domestic HDTV industry the Defense Department's
announcement to sponsor development of a high-definition display and an announcement
earlier last year by the United States Federal Communications Commission requiring any
HDTYV standard to be backwards-compatible with conventional TV sets. It will require
many years for HDTV sets to penetrate the market even under the best conditions
because Dataquest believes that most consumers will not obsolete their conventional TV
sets for HDTV until there is an ample supply of HDTV programs to watch. But Dataquest
notes that investors might be more willing to fund HDTV programming ventures during
the start-up years of the HDTV industry when they know that these programs can also be
received on conventional TV sets.

DATAQUEST CONCLUSIONS

The world of the 1990s will be different from the past; as we approach the new
decade, the United States no longer has a monopoly on high technology, and the
competition is now both global and brutal. To survive, we believe that the United States
must make changes in the way it does business in the world economy. Dataquest sees
these HDTV announcements as the beginnings of a U.S. version of the industry-
government consortiums that are common in both Europe and Japan to coordinate
economic activity. It remains to be seen whether the result will be a wall of
protectionism leading to another worldwide Great Depression or an environment where
the U.S. economy can flourish as part of the larger world economy.

The standards for HDTV must still be defined before any HDTV products can be
developed. Dataquest believes that with the recent announcements by U.S. government
agencies regarding HDTV, the U.S. industry will move ahead, and potential suppliers of
both equipment and semiconductors will be more willing to make the necessary invest-
ments in products for the HDTV application. End-use markets today are interrelated,
and with the United States already losing ground to imports in the consumer electronics
segment, there is the possibility that it could also begin to lose ground in other segments
(such as military electronics). Dataquest concludes that the United States must become
involved with the development and manufacturing of HDTV products to preserve its
economic and military health.

Roger Steciak
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JAPANESE SEMICONDUCTOR INDUSTRY UPDATE:
WILL INDUSTRY CONDITIONS REMAIN STRONG?

B SUMMARY

(NOTE: Unless otherwise specified, all numbers referenced in the text of this
¢ newsletter refer to yen-based growth.)

Our updated forecast for the Japanese semiconductor industry shows Japanese
B8 semiconductor consumption up 23.7 percent in 1988 over 1987. This growth rate is up
¥ from our previous forecast for the following reasons:

° End-equipment production in 1988 was still strong.
] Memory shortages are expected to continue into 1989.

The growth rates for 1989, 1990, and 1991 are 12.3 percent, 0.7 percent, and
8 17.3 percent, respectively.

S Tables 1 through 4 show our quarterly forecast in both yen and dollars. Tables S
@ and 6 show the major regional market size with the percentage change in U.S. dollars.

® ELECTRONIC EQUIPMENT PRODUCTION

Dataquest has increased its 1988 forecast growth rate for Japanese end-equipment
BN production. Previously, we predicted a 10.2 percent growth rate over 1987; however, we
% have increased this to 13.7 percent. Dataquest is forecasting that consumer and
nonconsumer electronic equipment production will grow at rates of 7.6 percent and
17.2 percent, respectively. The high yen appreciation and the resulting loss of
competition in exports has not hurt the Japanese semiconductor industry because
domestic demand has remained high.
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INDUSTRY

Japanese suppliers enjoyed brisk business in 1988, especially the companies that
manufacture memory products. The demand remains strong from both domestic and
international customers. Dataquest believes that the shortage of DRAMs and other
high~density memories will continue into the first half of 1989 for the following reasons:

Inventory levels remain low compared with 1987. Total semiconductor
inventory is down 6.9 percent. Memory devices were down 34.9 percent in
June compared with June of 1987.

Although several suppliers were facing cancellations of memory device orders
from personal computer manufacturers in the fourth quarter of 1988, this will
have little effect on the suppliers due to existing large backlogs.

It is our observation that prices will have declined in the fourth quarter of
1988; however, we believe that the demand will continue to grow and supplies
will remain low. There is little possibility of more than a 15 percent price
erosion in 1988.

DATAQUEST CONCLUSIONS

Dataquest observes that the following factors could adversely affect the Japanese
semiconductor market:

If the memory shortages continue past the first half of 1989, the situation may
stir action among memory customers and non-Japanese memory manufac-
turers, especially in Korea. For example, the big users may decide to
manufacture memory devices internally. The non-Japanese memory manu-
facturers could seize the opportunity to increase their world market shares.

The memory industry could become highly competitive, as it did in 1985 and
1986, causing a decline in demand. However, if the semiconductor
manufacturers maintain reasonable levels of capital spending and continue to
develop advanced products, such as 4Mb DRAMs and 1Mb SRAMs, they could
remain strong in the face of increased competition.

If the memory manufacturers continue to have delivery problems because of
high demand, they could damage their credibility as good suppliers. This would
be particularly damaging if competition increases.
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In spite of the current DRAM shortage, Dataquest concludes that overall, there will
be strong future growth in the Japanese semiconductor industry for the following reasons:

. Japanese suppliers will continue to dominate the memory market with
advances into 1Mb SRAMs and 4Mb DRAMs.

. Japanese end markets are developing products that generate new
semiconductor demands in the world market. These products include digital/
audio disk players, facsimiles, camcorders, and laser printers, all of which
consume tremendous numbers of chips. In addition, these products are forcing
development of next-generation semiconductors such as high-end micros,
DSPs, and high-resolution sensors.

Japanese manufacturing and consumption both enjoyed steady growth in 1988;
however, the uncertain ramifications of a possible long-term memory shortage make us
cautious in our extended forecast.

(Portions of this document were originally published by Dataquest's Japanese
Semiconductor Industry Service and are reprinted with its permission.)

Mark Giudici
Bridget O'Brian
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Table 1

Estimated Semiconductor Shipments to Japan
(Percent Change in Yen)

Total Semiconductor
Total IC

Bipolar Digital
Memory
Logic

MOS Digital
Memory
Micro
Logic

Linear

Discrete

Optoelectronic

Total Semiconductor
Total IC

Bipolar Digital
Memory
Logic

M0S Digital
Memory
Micro
Logic

Linear

Discrete

Optoelectronic

1987 Q1/88 02/88

3.6%
6.3%
(3.7%)
{7.4%)
{3.2%)
13.2%

13.1%
8.2%
17.4%
(0.9%)
(4.1%)

(5.3%)

1988

23.7%

22.5%

21.9%
33.5%
20.3%

32.2%
45.3%
28.2%
21.8%

3.7%
14.1%

63.3%

0.9%
(1.4%)
(1.9%)
19.1%
(4.7%)

2.3%

9,0%

5.0%
(6.2%)
(8.3%)
(2.2%)

38.5%

01/89

1.4%

9.0%

10.2%

14.8%
22.5%
11.9%
8.6%
1.2%
4.5%

608%

03/88 04/38
11.2% 1.8%
11.3% 2.1%
14.4% 3.7%
9.5% 2.2%
15.2% 3.9%
12.8% 1.7%
10.5% 3.0%

11.4% 0.8%
16.7% 0.9%

9.9% 0.4%

12.6% 2,1%

Q2/89 Q3/89 04789

2.4%

4 ® 1989 Dataquest Incorporated January

0.9% (1.6%)
0.6% (1.7%)
{2.4%) {4.0%)}
(5.7%) {3.6%)
(2.0%) {(4.1%)
1.1% {1.4%)
1.2% {1.3%)
1.7% {(1.7%)
0.6% {1.4%)
1.1% {1.1%)
2.0% {0.8%)

1.1% (1.9%)

23.7%

22.5%

21.9%
33.5%
20.3%

32.2%
45.3%
28.2%

21.8%

14.1%

63.3%

12.3%
12.1%
10.9%
(1.7%)
12.8%
13.4%
15.3%
11.8%
12.4%
9.6%
10.3%

17.8%

Source: Dataquest
January 1989
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Table 2

Estimated Semiconductor Shipments to Japan

(Billions of Yen)

1987  Q1/88 02/88 Q3/88

Total Semiconductor : 2,055.4

Total IC 1,578.8

Bipolar Digital 213.9

Memory 26.3

Logic 187.6

MOS Digital 907.8

Memory 332.0

Micro 248.5

Logic 327.3

Linear 457.1

Discrete 347.6

Optoelectronic 129.0

Exchange Rate Yen/§% 144.0
1988

Total Semiconductor 2,542,0

Total IC - 1,934.7

Bipolar Digital 260.8

Memory 35.1

Logic 225.7

MOS Digital 1,199.7

Memory 482.4

Micro - 318.5

Logic 398.8

Linear 474,.2

Discrete 396.7

Optcelectronic 210.6

Exchange Rate Yen/$§ 130.0

SUIS Newsletter

560.5

422.4

134.0

610.8
465.4
61.2
B.4
52.8
289.4
118.8
77.1
93.5
114.8
95.4
50.0

125,0

Q2rs89
717.4
545.4

73.9

65.1
341.0
139.5

9.1
112.4
130.5
109.3

62.7

134.0

04/88 1988
679.2 691.5 2,542.0
518.1 528.8 1,934.7
70.0 72.6 260.8
9.2 %.4 35.1
60.8 63.2 225.7
326.3 332.0 1,199.7
131.3 135.3 482.4
85.9 86.6 318.5
109.1 110.1 398.8
1z21.8 124.2 474.2
104.8 105.2 396.7
56.3 57.5 210.6
134.0 134.,0 130.0

03/89 Q4/89 1989
723.8 712.5 2,854.6
548.9 539.7 2,1638.8
72.1 69.2 289.1
8.3 8.0 34.5
63.8 61.2 254.6
344.9 340.0 1,360.2
141.2 139.4 556.1
90.6 89.1 356.0
113.1 111.5 448.1
131.9 130.5 519.5
111.5 110.6 437.7
63.4 62.2 248.1
134.0 134.0 134.0

Source: Datagquest

® 1989 Dataquest Incorporated January

January 1989

5



Table 3

Estimated Semiconductor Shipments to Japan

Total Semiconductor
Total IC

Bipolar Digital
Memory
Logic

MOS Digital
Memory
Micro
Logic

Linear

Discrete

Optoelectronic

Total Semiconductor
Total IC

Bipolar Digital
Memory
Logic

MOS Digital
Memory
Micro
Logic

Linear

Discrete

Optoelectronic

1987 01s88 02/88

20.9%
24.0%
12.3%

7.6%
13.0%
31.9%
31.7%
26.3%
36.6%
15.8%
12.0%

11.1%

1988

36.0%
34.8%
34.1%
47.0%
32.3%
45.4%
60.0%
41.0%
33.8%
14.2%
25.5%

79.6%

6.5%

3.5%
26.0%
0.5%
T.9%
15.0%
10.7%
(1.0%)
(3.3%)
3.0%

46.4%

1.7%
1.9%
0.7%
0.5%
0.8%
0.9%

1.9%

11.6%
12.8%

9.9%
6.3%
10.5%

17.6%
25.3%
14.7%
11.1%

3.6%
7.0%

9.3%

0.2%
{5.7%)
1.0%

2.0%
2.6%
2.2%
1.2%

& ® 1989 Dataquest Incorporated January

(Percent Change in U.S. Dollars)

0388 4/8 1988
3.8% 1.8% 36.0%
3.9%  2.1%  34.8%
700% 306% 34.1%
3.0% 1.4% 47.0%
7.6% 4.0% 32.3%
5.2% 1.8% 45.4%
3.2% 3.1% "60.0%
3.9% 0.8% 41.0%
B.8% 1.0% 33.8%

(1.0%) 2.0% 14,2%
2.5% 0.4% 25.5%
5.0% 2.1% 79.6%

03,89 04/89 1989
0.6% (1.7%) 9.1%
(2.5%) {3.9%) 8.0%
(6.1%) (3.2%) (4.1%)
(2.1%) (4.0%) 9.8%
1.1% (1.4%) 10.4%
1.2% (1.3%) 12.2%
1.7% (1.6%) 8.8%
0.6% (1.4%) 9.4%
1.0% (1.0%) 6.5%
2.0% (0.8%) 7.3%
1.1% (1.9%) 158.5%

Source: Dataguest

January 1989
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. Table 4

Estimated Semiconductor Shipments to Japan

(Millions of U.S. Dollars)

1087  01/88  02/88

Total Semiconductor 14,329 4,379 4,885
Total IC 11,006 3,300 3,722
Bipolar Digital 1,491 445 489
Memory 183 63 67

Logic 1,308 382 422

MOS8 Digital 6,327 1,969 2,315
Memory 2,311 758 950

Miero 1,732 538 617

Logic 2,284 673 748

Linear 3,188 886 918
Discrete 2,424 713 763
Opteelectronic i 899 366 400
. Exchange Rate Yeun/$ ' 144 128 125

1988 Q17890  0Q2/89

Total Semiconductor 19,494 5,230 5,385
Total IC 14,836 3,991 4,071
Bipolar Digital 1,999 551 552
Memory 269 © 70 66

Logic 1,730 481 486

MOS Digital 9,197 2,495 2,545
Memory 3,698 1,018 1,041

Micro 2,442 651 665

Logic 3,087 829 839

Linear 3,640 945 974
Discrete 3,043 793 816
Optoelectronic 1,615 446 468
Exchange Rate Yen/§ 130 134 134

SUIS Newsletter © 1989 Dataquest Incorporated January

03/88 04/88 1988
5,069 5,161 19,494
3,867 3,947 14,836
823 542 1,999
69 70 269
454 472 1,730
2,435 2,478 9,197
980 1,010 3,698
641 646 2,442
8l4 g22 3,087
909 927 3,640
782 785 3,043
420 429 1,615
134 134 130
3/8 Q4/89 1989
5,401 5,317 21,303
4,096 4,028 16,186
538 517 2,158
62 60 258
476 457 1,900
2,574 2,537 10,151
1,054 1,040 4,150
676 665 2,657
844 832 3,344
984 974 3,877
832 825 3,266
473 464 1,851
134 134 134
Source: Dataquest

January 1989



Table S

Estimated Worldwide Semiconductor Market
(Billions of U.S. Dollars)

; CAGR

1988 1989 1990 1901 1992 1993 19088-1993
North America 15.7 17.2 17.5 20.4 24.8 26.7 11.2%
Japan 19.5 21.3 21.5 25.2 30.5 33.3 11.3%
Europe 8.2 8.8 8.8 9.8 11.3 * 12.5 8.8%
Rest of World 6.1 7.3 7.9 9.9 12.7 14.3 18.4%
Total World 49.5 54.6 55,7 65.3 79.3 B6.8 11.9%
Source: Dataquest

January 1989

Table 6

Estimated Worldwide Semiconductor Market
(Percent Change, U.S. Dollars)

1988 1989 1990 1991 1992 1993

Nerth America 32% 10% 1% 17% 22% B%
Japan 36% % 1% 17% 21% 9%
Europe 29% 7% 0 12% 15% 11%
Rest of World 57% 19% 9% 25% 28% 13%
Total World 36% 10% 2% 17% 22% 10%

Source: Dataquest
January 1989
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The following is a list of ne\'usletters in this section:

A Sampling of Sub-1.5-Micron Devices: July through December 1938
(1989-13)—The intent of this newsletter is to provide our clients with a
barometer of the changes occurring in fabrication technology along with an
idea of the types of leading-edge products entering production. This
newsletter lists new microprocessor, microcontroller, and peripheral products
that were introduced between July and December 1988. Dataquest believes
that the listing represents a fair cross section of sub-1.5-micron products
during the six-month period.

Semiconductor Price Survey: Spotlight on 1Mb DRAM Price Declines
(1989-14)—-The year 1989 marks an overall downward trend in North America
semiconductor pricing, with prices continuing to decline in commodity areas
such as standard logic and nonvolatile memory. This newsletter highlights the
key points of Dataquest's latest North America-based price survey and
forecast. Dataquest recommends that, during 1989, semiconductor users
should structure their supply-based activities by wearing a commodity
products hat as well as a higher-performance products hat.

1989 Semiconductor User and Applications Conference: Business Remains
Steady; Motorola Wins Supplier of the Year Award (1989-15)--The annual
Semiconductor User and Applications Conference once again provided both
users and suppliers of semiconductors with a forum to discuss industry issues in
both a formal and an informal setting. This newsletter summarizes the
information presented at the conference, discusses how current issues are
being addressed, and elaborates on the first annual Dataquest Semiconductor
Supplier of the Year Award. Qverall, the strategies and tactics presented at
this year's conference, if carefully implemented, should help smooth the ruts
in the anticipated bumpy road that lies ahead for the electronics industry.

April Procurement Survey: Order Rates Steady, Overall Availability Drought
Over! (1989-16)--The Semiconductor availability bubble has burst, according
to this month's procurement survey respondents. This bulletin discusses the
current actual versus target semiconductor inventory levels for all OEMs and
for computer OEMs. Dataquest recommends that users should write into their
contracts (if they have not done so already) clauses that allow for quarterly
price reviews.

Distributors: Will They Adapt or Will They Die? (1989-17)--The semiconductor
industry is changing, and semiconductor distributors must change with it. This
newsletter examines the needs of component buyers and semiconductor
suppliers in relationship to innovative distributors. Dataquest believes that
those distributors who adapt to and meet these needs will both survive and
thrive in the 1990s.

SUIS Industry Trends ® 1990 Dataquest Incorporated February 1
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The ASIC Package Proliferation (1989-18)--Surface-mount technology now is
mainstream. This newsletter discusses the packages currently being used or
under development for ASICs, and it also reviews the issues and choices
pertaining to standards involved in ASIC packaging. Dataquest believes that
package proliferation will continue as the ASIC market develops.

North American Market Watch, April 1989: Signs of a Weakening Market Ahead
(1989-19)—The North American Market Watch is a monthly bulletin, released
after the SIA book-to-bill flash report, that is designed to give a deeper insight
into the monthly trends in North America semiconductor consumption. It
indicates that prices have not declined significantly in the first quarter and
semiconductor bookings remain considerably strong. However, Dataquest
believes that the signs indicate a second half of 1989 that is not as rosy as the
first.

National Semiconductor Restructures (1989-20)-—National Semiconductor has
undergone a tremendous amount of change in its struggle to identify a structure
that will result in profitable operations. This newsletter brings our
Semiconductor User c¢lients up to date on National's restructuring efforts.
Dataquest believes that National's method of positioning its broad line of
components products will bear watching as the company stakes its future on
being a pure-play semiconductor company.

Semiconductor Users Eye the Risky "CISC-Y" World of 32-Bit Microprocessors
(1989-21)--Systems manufactures are confronting urgent decisions that could
carry companies to prosperity or doom during the 1990s. They must decide
which 32-bit CISC, RISC, or MPC to use and from which manufacturer. This
newsletter highlights key issues of how Intel and Motorola are demonstrating to
semiconductor users the continuing viability of CISC-based systems in the areas
of performance, software, pricing, time to market, and worldwide
manufacturing capability.

May Procurement Pulse: Inventory Levels Improve, DRAM Market Amiss
(1989-~22)-~The Procurement Pulse is a monthly update of critical issues and
market trends based on Dataquest's monthly survey of major OEM
semiconductor procurement managers. This bulletin presents the results of the
survey and analyzes what this information means to both semiconductor users
and manufacturers. Dataquest concludes that accurate forecasting and
inventory control by both users and vendors will be critical in preventing any
slowdown from becoming a recession.

The Super Section 301: 1986 Trade Arrangement Déja Vu? (1989-23)-—The May
30 Super Section 301 announcement raised many of the same questions that
were asked in the summer of 1986 regarding semiconductors and their
procurement. This newsletter briefly reviews the chronology of and the most
common questions asked about this portion of the 1988 Ombudsman Trade Bill,
analyzes what is in store for users of semiconductors in the wake of the
announcement, and makes recommendations.

© 1990 Dataquest Incorporated February SUIS Industry Trends
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Japanese Wafer Fab Update: New Fabs, Advanced DRAMs, and 8-inch Wafers
(1989-24)—-In 1988, a three-month joint research project between Dataquest’s
San Jose and Tokyo offices was launched in order to provide in-depth
information on Japan's semiconductor manufacturing activities. Thirteen
production and pilot-based silicon fabs went into production during 1988. Japan
has been very consistent about the addition of new fabs when compared with
the United States. Dataquest concludes that if the Japanese rapidly adopt the
single-generation DRAM fab strategy, a large bubble of advanced and low-cost
capacity would begin to move into ASIC, MCU, and MPU production. By 1992,
Japanese companies should be enjoying the fruits of their current ASIC and
MPU efforts, which include many technology exchange agreements and joint
development projects being conducted on- and offshore.

ISDN: Plans, Potentials, and Pitfalls (1989-25)—Integrated Services Digital
Network (ISDN) is an opportunity with high rewards and high risks for the
semiconductor industry. This newsletter discusses the purpose behind ISDN,
circuits and applications, and suppliers and demand. Dataquest concludes that
ISDN represents an opportunity disguised as a challenge,

May Market Watch: System Shipment Rates Decline, Semiconductors
Temporarily Steady (1989-26)—-This month's Market Watch focuses on the
slowdown in booking growth, system shipment and order growth rates, low OEM
semiconductor inventories, and the gradual decline reflected in Dataquest's
price indicator. Despite the projected slowdown in the second half of 1989,
Dataquest believes that the systems and semiconductor markets will remain
healthy.

June Procurement Pulse: Order Rates Improving; Inventory  Mix Changing
(1989-28)*—This month's Procurement Pulse survey results focus on the
increased market confidence as June orders rise, lead times remain flat, and
overall inventory levels drop. Dataquest does not expect the surge in June
orders to be- the beginning of a trend but rather a result of inventory
adjustments, especially in memories.

* The number 27 (e.g., 1989-27) has been omitted.
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JUNE PROCUREMENT PULSE:
ORDER RATES IMPROVING; INVENTORY MIX CHANGING

The Procurement Pulse is a monthly update of critical issues and market trends
based on Dataquest's monthly survey of major OEM semiconductor procurement
managers. This bulletin will present the results of the monthly survey and analyze what
this information means to both semiconductor users and manufacturers.

Figure 1 Figure 2
Averaged Monthly Semiconductor Orders Averaged Semiconductor Lead Times
Order Index, 12/88 = 100 Weeks
320 A
280+
240+ 12
200 1
160
120+
80-
40 " 2
1/89 2/89 3/89 1/89 2/89 3/89 4/89 5/89 6/89
Figure 3 Figure 4
Actual vs. Target Inventery Levels Actual vs. Target Inventory Levels
{All GEMSs) {(Computer OEMs)
Days Days
W Current Actual ® Current Actual
40+ @ Target 454 @ Target
4
3 3
o Over
25 3
2 ﬁ
1 2 |
1/89 2/89 3/89 4/89 5/89 6/89 1/89 2/89 3/89 4/89 5/89 6/89
0004241-1

Source: Dataquest
June 1899
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INCREASED MARKET CONFIDENCE AS JUNE ORDERS RISE

rch he 8 ct incr ir J
dig_s_s_amly_m_é_p_mgm as shown in Flgure 1, paving the way for a posmble rise in
the June book-to-bill ratio. Two-thirds of these purchasers expect to have higher
system shipments (of between 2 and 20 percent) in the second half of 1989, and the rest
of the respondents expect flat sales. Although demand remains strong, Dataquest
believes that the June order surge is not the beginning of a trend but rather a function of
adjusting the poor mix of an already low inventory.

LEAD TIMES REMAIN FLAT

DRAMs and associated products continue to keep the average lead time high at
10.6 weeks, as shown in Figure 2. Slower speed {100 and 120ns) 1IMb DRAMs have
become more available; some manufacturers are rumored to have full shelves and to be
accepting lower prices. However, 80ns 1IMb DRAMs and 32Kx8 SRAMs are still in short
supply, and allocations still exist. Other semiconductor lead times are at comfortable
levels for both users and manufacturers.

OVERALL INVENTORY LEVELS DROP, BUT NON-DRAM LEVELS RISE SHARPLY

With easing of the DRAM shortage, many OEMs are reverting to traditional
cost—cutting practices such as just-in-time shipments by cancelling delinquent orders
and dramatically reducing targeted inventory levels, as illustrated in Figures 3 and 4.
Actual inventories for all OEMs have dropped slightly from 35 to 33 days; those for
computer OEMs rose slightly from 36 to 38 days.

However, non-DRAM inventory levels have risen dramatically. For all OEMs, actual
inventory levels, less DRAM and work-in-process (WIP) inventory, have increased from
25.4 days in May to 33.7 days in June. For computer OEMS, actual inventory, less DRAM
and WIP stock, jumped from 22 to 37 days. Target inventory levels of all OEMs
increased from 21.6 days in May to 23.7 days in June, and those of computer OEMs also
rose from 20.7 to 26.4 days.

DATAQUEST ANALYSIS

Dataquest does not expect the surge in June orders to be the beginning of a trend
but rather a result of inventory adjustments, especially in memories. Any bookings surge
should be interpreted with caution, as inventory levels for non-DRAM products have
risen significantly in June. Manufacturers of these products should be concerned that
the pipeline for their devices is filling up. Purchasers should be aware of the potential
inventory-mix problem that could lead to higher inventory levels overall.

Mark Giudici
Victor de Dios

2 ® 1989 Dataquest Incorporated June SUIS Newsletter



Dataquest
BB 7o eradstreet Corporation

Research Bulletin

SUIS Code: Newsletters 1989: April-June
1989-26
0004012

MAY MARKET WATCH
SYSTEM SHIPMENT RATES DECLINE, SEMICONDUCTORS TEMPORARILY STEADY

Market Watch is a monthly bulletin that is released after the SIA book-to-bill flash
report and designed to give a deeper insight into the monthly trends in the semiconductor
market (see Figures 1 through 4).

Figure 1 - Figure 2
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SLOWDOWN IN BOOKINGS GROWTH

The SIA book-to-bill report (see Figure 1) shows slower bookings growth both for
April and on a moving three-month average basis. Dataquest's May procurement survey
agrees with this, showing major OEM order rates slowing down to Q3 1988 levels after
phenomenal first quarter performance. MOS memory continues to heavily drive the high
levels of bookings and billings. Semiconductor sales are still expected to remain strong
through the second quarter and into part of the third. Bookings are no longer spurred by
product shortages, but more closely reflect true system demand, as lead times, shown in
our May Procurement Pulse report, decline gradually.

SYSTEM SHIPMENT AND ORDER GROWTH RATES SLOW

The March 1989 computer shipment rate remains strong at about 9 percent above
that of the previous year, but shipment growth is declining compared with last year (see
Figure 2). Computer bookings show the same trend but are growing less than billings.
Inventories are also decelerating. Although systems demand remains strong compared
with last year, its growth is starting to slow. Declining growth in both inventory and
computer orders shows a well-managed systems market, unlike that of 1985. This
combination greatly reduces the possibility of severe order cuts, price declines, and a
deep industry recession.

LOW OEM SEMICONDUCTOR INVENTORIES

There is also a decline in general OEM semiconductor inventories. The variance of
actual to targeted inventories shown in Figure 3 dropped in May, primarily due to major
buyers increasing their target inventory levels after having dropped them too much in
April. Current actual semiconductor inventory levels of 35 days should keep order rates
steady for the next two to three months.

DATAQUEST PRICE INDICATOR SHOWS CONTINUED GRADUAL DECLINE

The well-managed systems market ¢combined with low inventory levels and improved
semiconductor lead times are reflected in the continuing slow price decline in
Dataquest’s basket of products (Figure 4). Again it is unlikely that we will see severe
price declines in 1989. Most of the price erosion comes from standard speed (120ns)
IMb DRAMSs and microprocessors. Prices of faster DRAMs remain very flat and high and
wgill continue to make MOS memories the driving factor in overall semiconductor growth
this year.

DATAQUEST ANALYSIS

A slowdown in the second half of 1989 is likely to be demand driven and will not
necessarily be a devastating development. The computer market has displayed a good
balance of orders and inventory, reducing the possibility of a repeat of 1985's deep
recession. Despite the projected slowdown in the second half of 1989, Dataquest
believes that the systems and semiconductor markets will remain healthy and profitable
with sales in those months to be at or above those seen in 1988.

Victor de Dios
Mark Giudici
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ISDN: PLANS, POTENTIALS, AND PITFALLS

{ SUMMARY

Integrated Services Digital Network (ISDN) is an opportunity with high rewards and
high risks for the semiconductor industry. As a result, technology alliances are being
formed by semiconductor suppliers to reduce the costs of developing microelectronic
components for ISDN (see Table 1).

ISDN semiconductors are highly integrated application-specific circuit functions
R that are used only in voice and data communications equipment. Sales of these chips
{ depend on the rate at which a telephone network is converted over to ISDN.

Table 1
ISDN Technology Alliances

Announcement Date Partners
June 1988 AMD, Siemens
July 1988 Level One, Mitel
October 1988 National, SGS-Thomson
February 1989 AT&T, Intel
March 1989 IMP, Mitel

Source: Dataquest
June 1989
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WHY ISDN?

ISDN is an open system. Interfaces between terminal equipment and the network
are standard and invariant. However, technologies and services will change dramatically
over the next several decades because of advances in science and new demands from
users.

ISDN is intended to be a timeless architecture that would allow any new terminai or
service to be connected to the network without reengineering the entire system each
time.

Technology Evolution

Each new generation of semiconductor has more functions, while the price remains
the same. For example, the industry average price of an integrated circuit (IC) has
stayed between $0.90 and $1.10 since the early 1970s. However, the five dollars that
would buy a single transistor in 1960 would buy an IC with the equivalent of 500,000
transistors in 1985.

These advancements are expected to continue. For example, discoveries that are
still in the laboratory stage (e.g., bipolar quantum resonant tunneling) promise that
semiconductors will be 100 times smaller and 1,000 times faster by the year 2000. ISDN
is de;ilgned to allow the telephone network to adapt to this ever-increasing electronics
capability.

Services Evolution

Telephone companies have always taken advantage of new technology to offer new
communications services to users. Examples of past service innovations include direct
dialing, touch-tone dialing, speed dialing, call blocking, call forwarding, and call
waiting. These services were made possible by the declining cost of electronic
components.

As electronic components continue to decline in cost, new services become more
practical., Two examples include caller identification and central office voice mail.
ISDN is designed to support the easy implementation of these and many other new
services that users may demand in the future.

CIRCUITS AND APPLICATIONS

The sales potential for electronic ¢ircuits used with telephone lines is large (i.e., an
estimated 19 million lines were shipped in the United States last year). Semiconductor
suppliers can profitably build chips that are customized for this telecom application.

Some telecom ICs designed for pre-ISDN equipment are also needed for ISDN

equipment, while other telecom ICs will be new. Table 2 compares the function content
of pre-ISDN and ISDN equipment.
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Table 2

Function Content of Telecom Equipment

Equipment Pre-ISDN Content ISDN Content
Central office switch Codec, combo, or SLAC N/A (in telephone)
line card SLIC U-interface and basic

rate access control

PBX line card Codec, combo, or SLAC N/A (in telephone)

SLIC and SCC or UART S-interface and bhasic

rate access control

Personal computer Modem and SCC or UART S-interface and bhasic

serial port rate access control
Telephone ) Dialer (tone, pulse) S-interface and basic

rate access contrel

N/A (in switch) Codec, combo, or SLAC

N/A = Not Applicable

Source: Dataguest
June 1989

Voice Equipment

Codecs, combos, and SLACs are ICs that convert analog speech into a digital
waveform. These circuits, used on pre-ISDN line cards of central office switches and
PBXs, will be located in ISDN telephones. .

Dialers are ICs that generate either the pulses (rotary dial) or the tones (touch—~tone
dialing) needed to set up a telephone call. With ISDN, dialing (and other) information
needed for a call will be placed directly on the basic access "D" channel at the telephone.

Data Equipment

SCCs and UARTSs are ICs used for data communication within a system. These chips
often are used in PBXs to send control signals between telephones and line cards. With
ISDN, this communications function will be performed by the basic access "D" channel.

SCCs and UARTSs also are in PCs to control the flow of data between memory and

the serial port used by a modem. The S-interface will replace the modem, and it is
capable of handling data rates up to 64 Kbps.
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Circuit Implementations

The equipment-level standards for ISDN are coordinated by the Consultative
Committee on International Telephony and Telegraphy (CCITT) and finally are solidifying
after many years of discussion. The ISDN standards at the chip level are defined by the
industry, however, and the debate is just beginning. The proposed interchip connection
standards are as follows:

Concentration Highway (K2)

General Component Interface (GCI, IOM-2, V*)
Interchip Digital Link (IDL)

Serial MPU Bus

ST Bus (ST)

Subscriber Line Datalink (SLD)

Another important item at the component level is software. An ISDN interface
circuit requires both hardware and software to implement the CCITT standards. Most
original equipment manufacturers (OEMs) require that ISDN software be certified before
ISDN semiconductors can be used in their equipment.

SUPPLIERS AND DEMAND

Several companies either are or will be supplying semiconductors for ISDN
equipment (see Table 3). Many of these companies have been shipping telecom ICs for
pre-ISDN equipment. For these suppliers, ISDN ICs represent extensions of their
existing product lines. For example, the design of the circuit functions needed in both
pre-ISDN and ISDN equipment are determined by the requirements of the telecom
application. In addition, the customer base is the same because the same OEMs are
building both pre-ISDN and ISDN equipment.

Tabie 3
ISDN Semiconductor Suppliers

AMD Gold Star Motorola SGS-Thomson
ATET Gould National Siemens
Cal Micro Hitachi NEC Sierra
Cirrus Harris OKI Siliconix
Crystal IMP Philips/Signetics Silicon Systems
Dallas Intel Plessey TI
Ericcson Level QOne PMI Western Digital
Exar Mitel Rockwell Zilog
Fuijitsu Mitsubishi Samsung

Source: Dataguest
June 1939
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¥
Demand Forecast
@

Dataquest estimates that ISDN semiconductor sales in the United States will be
approximately $70 million in 1989 and approximately $700 million in 1995 (see Table 4).
Table 4
U.S. ISDN Semiconducter Forecast

(Thousands of Units, Millions of Dollars of Sales)

CAGR
Function Item 1989 1992 199% 1989-19495

Basic Access Uaits T725.0 3,400.0 19,000.0 T72.4%
Control PFunction ASP $15.0 $ 8.0 $ 6.0 {14.2%)
Salas $10.9 $ 27.2 $114.0 48.9%
S-interface Units 710.0 3,050.0 17,000.0 T0.0%
ASP $18.0 $ 10.0 $ 7.0 {14.6%)
Sales $12.8 $ 30.5 $119.0 45.0%
U-interface Units 540.0 2,400.0 15,000.0 T4.0%
ASP $95.0 $ 45.0 $ 30.0 {17.5%)
Sales £51.3 -$108.0 —.$450,0 43.6%
. Total Sales $75.0 $165.7 $683.0 44.5%

Source: Dataquest
June 1989

DATAQUEST CONCLUSIONS

ISDN represents an opportunity disguised as a challenge. Semiconductor companies
have traditionally relied on learning curves for success (i.e., lower the price, increase
unit production, reduce unit cost, and make a profit).

This scale-economies strategy worked for the consumer electronics revolution in the
1970s and the PC revolution in the 1980s. Growth of the telephone business, however, is

related to growth of the population and is more inelastic in price than other
semiconductor markets.

Semiconductors Are Now Subsystems

The semiconductor industry also may have become a victim of its own success.

Integration has meant that more circuit functions have moved onto the chip, so that a
chip now has become a subsystem.
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An equipment manufacturer has to be able to specify the functions inside these VLSI
chips, because the equipment in which the chips are to be used has to be differentiated
from competing brands. Since each equipment model is slightly different, the
semiconductor manufacturer has to make it easy for each chip to be slightly different.

OEMs also want integrated components for the design of the electronic circuits
inside the equipment. This sometimes means having both analog and digital functions on
the same chip.

Timeliness and Added Value Command A Price

The new element of success for semiconductor suppliers may well be aiming for and
hitting market windows of opportunity. Having a chip with the right functions when new
equipment is being designed is becoming more important than creating a chip with a
minimum size well after the design of the equipment is completed.

Dataquest recommends that semiconductor users do the following:

L Know about the different types of ISDN offered and choose a vendor with

alternate sources to account for the long life cycle of communications
products.

. Make arrangements with a supplier for early joint planning of the ISDN designs
needed in the equipment.

. Link the end systems with the life cycle of the ISDN component technology to
ensure adequate supplies and proprietary features.

° Realize that the systems nature of ISDN components makes them similar to
.the sourcing of semicustom components and that pricing will be a secondary
issue.
(The majority of this document was originally published by Dataquest's
Semiconductor Application Markets service and is reprinted with its permission.)

Roger Steciak
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JAPANESE WAFER FAB UPDATE:
NEW FABS, ADVANCED DRAMS, AND 8-INCH WAFERS

INTRODUCTION

In 1988, a three-month joint research project between Dataquest's San Jose and
Tokyo offices was launched in order to provide in-depth information on Japan's
semiconductor manufacturing activities. The results are discussed in this newsletter,
and include information on manufacturing trends and fabs that went into production
during 1988, as well as information on the announced, initiated, and forecast fab lines
that will go into production through the early 1990s.

MANUFACTURING TRENDS

. Thirteen production and pilot-based silicon fabs went into production during 1988.
8 In 1989, 14 will go into production, and 12 more are expected to come on-line in 1990.
Eight other gallium arsenide and R&D lines also should come on-line during 1988 through
1990. Dataquest also knows of 13 more fab lines that are planned to go into production
after 1990.

Details of all known fabs started up since 1988 are listed in Table 1. Table 2 lists
the status definitions used in Table 1.

Nine of the 13 production and pilot-based silicon fabs that began operations during
1988 produce advanced DRAMs and SRAMs. Ten of the 14 fabs begun during 1989 and 9
of the 12 during 1990 also will produce advanced DRAMs and SRAMs. Approximately
75 percent of these new fabs will produce advanced 1Mb or 4Mb DRAMs and, with few
exceptions, all will process linewidths at 1 micron or less, on 6~inch or 8-inch wafers.
The average wafer-start capacity for future production-based DRAM lines is 21,133
wafers per four-week period, while the average wafer-start capacity for future DRAM
pilot lines is 8,500 wafers per four-week period. Capacity figures stated here reflect
capacity of the fab when it is completely filled with equipment.
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Japanese Fab Activity Planned or Initiated

Table 1

to Begin Producing During 1988 and Beyond

Plant Fab
bame hame
AIZU P Vis1 3
B/A R/A
H/A N/A
H/A N/A
BOKKAI §/C CHITOSE P

HARA WORKS B/A

BAKA WORES N/A

KOFU WORKS RO. Ré-2

5/C RSRCH CTR W/A

ARAL F FAB D
vozu F FAb C-1
BAIJC C H/A

EOCHI FACTORY MN/A

SAGAMIHARM
EYUSHU

FAB 7
YAMAGUCHI LTD
YAMAGUCHI LID
N/h FAB 2
MIYAZAKI ORI Ml

FUJIHI PLANT

HIGASHINE DIV. BLDG 2 MOS

S0NY KOKUBU H/h

ATSUGI PLANT N/A
MIHO PLANT

SERDAI FACTORY N/A

KITAKYUSHU P KUBIC 2
ULSI LAB N/A
TOSHIBA OITA  STEP 3 §7
KAGOSHIMA

PLANT N/A

TOYOOKA WORKS EE DEV CTR
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PHASE 1
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Clean

Date HWafsr Room

Prod. Bize
Begins (In.) Feet

Etatus

FRODUCTION BEGAN 1988

EDUIPMENT UPGRADE

HEW SHELL/CLEAN ROOM
NEW SHELL/CLEAN ROOM
HEW SHELL/CLEAN ROOM

EQUIPHMENT EXPANSION 12/01/88
EQUIPHENT UPGRADE

NEW CLEAN ROOM
NEW CLEAN ROOM
HEW SHELL/CLEAN ROGM 05/01/88
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NEW SHELL/CLEAN ROGM 07/01/88

o1/01/88
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UPGRADE 04/01/88
EQUIPHENT EXPANSION 12/01/88

NEW CLEAN ROOM
EQUIPMENT EXPANSION

EQUIPHENT EXPANSION

EQUIPMENT EXPANSION 12/01/88

NEW SHELL/CLEAN ROOM 08/01/88

HEW CLEAN ROOM 10/01/88
NEW CLERN ROOM

HEW CLERN ROOM 06/01/88
EQUIPMENT UPGRADE 09/01/88

NEW SHELL/CLEAN ROOM 12/01/88
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Start
Products Capacity
to be Per Fab
Procyced  Month Type
1Mb DRAM SRAM ROM 40,000 F
16Mb DRAM 8,000 R
HEMT PHET oOR
3D ICs JOSEPHSON
JURCTION 15,000 P
64K 256K SRAM 15,000 F
1Mb DRAM SAMPLE
dMb 5. 000 ¥
1Mb DRAM 1Mb SRAM 9,000 F
1Mo DRAM 20,000 F
1Mb 4Mb DRAM op
LOG LIN ccp 40,000 F
1Mb DRAM SAMPLE
4Mb 20,000 P
256K 1Mb DRAM
SAMPLE 4Mb 30,000 FAT
8-bit 16-bit WCD
1Mb DRAM 10,000 FAT
4Mb DRAM ASIC 13,500 P
ASIC 32-bit MPD
1Mb DRAM 35,000 ¥
4Mb DRAM lMb
BRAM MPU 20,000 FAT
256K 1Hb DRAM
SRAM MPD 20,000 P
1Hb DRAM SRAM
BAMPLE 4Mb 10,000 NFAT
256F DRAM SRAM
ARRAYS MPU 50,000 FAT
ARRAYS CBIC
256K SRAM 20,000 RF
CUSTOM 25,000 F
SRAM MPU CCD
LIN A/D D/A 30,000 FAT
FET LASER CCD 0 PAT
SHAM 1Mb DRAM
SAMPLE 4Mb 24,000 F
1Mb DRAM 256K
SRAM MPU 20,000 FAT
ASIC OPTO LOG 20,000 WF
3D ICs lémb DRAM 4,000 R
1ub DRAM 30,000 F
ROM CBIC ASSP 35,000 PAT
CBIC LOG 6,000 F
(Continued)
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HATIOHAL

SEMICONDUCTOR H/A
REC HIROSHIMA
HEC KARAGANA
WIPPON DENSO  AICHI
L]

EEM1CONDUCTOR CHIBM

Table 1 (Continued)

Japanese Fab Activity Planned or Initiated
to Begin Producing During 1988 and Beyond

Tatget Clasn Srart
Date Walzr Rooe Drawn Prodvaks Capacity
FLant Fab Frod. Eiaw Square Line PrOCENS o ba Par  PFab
city pess Hast fuasye Baging iIn.| Feet BiSth Techmolegy — Produped keoth Type
PROGUCTION BRGINS 1989
MAGAEAMA-SNT  MAGANAMA WOREE B/M MER SEELL/CLEAR BOOM Q3/81/78% 3 0 0.00 Gads ANORPEOUS INAGE
SERSIMS or
AIRV
WAKAMATEU=-G8T MAKAMATSO F WO, ) WEW SHELL/CLEAM ROOM [ 0 0.00 OMDE LMo CRAM ARIC or
KUMANA=GUN MIE F MO, 3 HEW SHELL/CLEAN BOOM 06/01/0% # & 0.00 CW0s dHb DRAM 7,000 P
EHTBATA=GU  BITAGI 72 Y NEW BEELL/CLEAN ROOM [ ¢ l.20 G065 ASIC [
KAWI~GUH KOCHI BACTOMY MN/h WEW SHELL/CLEAN BOOM 1001709 & 0 1.00 OWs 1Mb DRAH SAWFLE
1m0 SRMM 12,000 F
TEUKUBA-GOM  TSUKUBA RED H/A HEW SHELL/CLEAN ROON 84/01/8% O 0 0.40 GaAs CWOS OPTD 30 &4
CTR DRAM EOR an
HASU-GUN H/A LI/Y N/A ' 6 21,530 0.00 008 LoG LIk 7,000 ¢
KUROKAWM=GIH  WIYAGL OKI W/A EEW SRELL/CLEAN BOOM 05/01/83 & 01.00 oK ARBAY kb Ol
SHHPEE b 20,000 par
KYOTO-FUY LI RESEARCH  M/A e SHELL/CLEAN ROGH 05/01/8% & 27,000 1.30 OW0S ISEE SRAM 15,000 F
OJIYA-581 MIIGATA EANYO BLDG 2 CWOS MEW CLEMW ROCH 0600/ & 0 1.00 BICWOS CMOS ASIC PLD Lo DRAMM 16,000 F
FOLUEANA=GH]  FONUYAMA PLANT BLOG 2 HEW GHELL/CLEAN ROGM 07/0L/8% & 0 0.00 CNWO5 1Mo DRAM 1EMD
MOH SO 20,000 FaT
ISABAYA=-SHL BONY MAGASAKT /A READY POR EQUIPHENT 03700789 & 25,000 1.00 O IMb BPRAM CCm 5,000 P
TEURVBA=GUN /A 779 NEM BHELL/CLEAN ROOM 0570170% @ o 0. 40 WA 80R LITEO
RESENRTH bR
TSI ~GUW BIJI PLAMT /A MEW SHELL/CLEAN ROCH 06701789 & 26,912 0.80 OS5 e GRAN L ¥
KITAEAMI-SET  INATE TOSBIMA PHASE ) HEW SBELL/CLEAN BOOM 10/00L/0% & 0 0.00 ONS ASIC 35,000 P
OITh~58T TOSHIBA OITA STEP 3 #8  NEW CLEAN ROOM /01788 & 0 0.80 CMOS 4Mo DRAM 30,000 FAT
TOYOTh-SH1 CEMTRAL LAB /A NEW SHELL/CLRAN ROOM ¢3/00/89 § 0 0.00 CHOG MCD PWR ICa
CUSTOM or
PRODUCTION REGIRS 1998
TZARA-GUN IWATE P NG, 4 REW SHELL/CLEAR BDOW 15/0L/%0 @ 0 0.00 CMOS NOS
POLYY iMo DRAM SRAM 25,000 P
HAMAMATSU-SHI  HANMAKITA RED  N/A HEW SHELL/CLEAN ROOM 03/01/50 9 0 0.00 WA ] oR
KODAIRA=SH MOSASHI WORKS W/A MEN SHELL/CLEAM ROOM D1/0L/90 @ 0 0.80 CwOs b DRAN 0P
RARAFOMA=GUN  KGFU WORKS IMASIMA F REW EHBLL/CLERN ROOM 02/01/90 & 0 0.80 W05 At DRAA i [N 4
YASO=GUN WA HAA NEW SHELL/CLENN ROOM 04/0L/90 8 o 0.80 B/ 1o 4w DRAM LAG or
VO3U-S8Y wzy P FAR C=2 HEW CLEAN ROOH 3 ¢ 0.80 OHOS o DiAw L 4
N/A B/A N/ NEW SHELL/CLEAN RDOM [} o 000 B/L H/A oR
HIGASHY- CHUGOKY PHASE 1 HEW SHELL/CLEAN KOOH 08/01/%0 & 38,754 0.80 O(MOS AMb DRAM SRAR
HIROSHINA 12=blt MPD 30,000 PAT
SAGAMTMARA=SUY EAGAMTHATN l6Mp PROTO NKEW SHELL/CLEAN ROOW 02/01/90 8 20,000 0.35 O Lémm ORAR 5,000 P
KARIYh-SH1 KODK WORKE BLODG, 2 HEW SBELL/CLEAN ROOW 12/01/90 0O ¢ 0.00 WS woy oF
TATEYAMA=SHT  H/A Fab 3 MEW EHELL/CLEAN ROOH 06/01/90 & 0 0.90 CMOS b DAL 10,000 P
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Table 1 (Continued)

Japanese Fab Activity Planned or Initiated
to Begin Producing During 1988 and Beyond

Targat Claan

Dace MWafer BRocm Drawn
Flant Fab Prod. Eize Gguare Lins Process
Nume Mane Seatug Beging {In.} Pest Width Technology

PRODUCTTON BEGING L9890 (Contimued)

s LTS MEW SHELL/CLERN MOOH 1] 0 1.00 MO

HIGASRINE DIV, BLDG 3 MNEW SHELL/CLEAN ROOM [ ¢ 0,00 OX5 NOS

TOSHIRA OITA ATEP 3 99  HEW CLEAN ROOM L3 0 0.80 OwOS
PADOUCTION BEGINS 1991

LEL R/A HEW SAELL/CLEAN ROGH . @ 0.00 N/M

AKITA FACTORY W/A HEW SHELL/CLEAN ROOM o ¢ 000 H/R

BALYO D L7 NEW EBELL/CLEAN BOOM 01/01/91 & o 080 OWS

BERDAI FLANT WOE 10 HEN SHELL/CLEAN ROOM 3 0 0.00 CnoB

CHOGORD BHASE 2 HEw SHELL/CLEAN ROGW G4/01/%1 & 0 0.0 CMos

BIYALAKT OKI W2 WEd CLEAN BOOH o/01/91 & 01.00 Om0s

PUJIME PLANT BLDG E HEW SAELL/CLEAN ROOH 6 0 D.O0 CNOS

ATSUGL PLANT H/A LYY ) 0 0.00 Gaks CWOB

N/A L) MER SHELL/CLEMN pOON §1/0)/9) 0000 NA
PRODUCTION BEGINS 1992

N/ WA WEW SHELL/CLEAN NOOM [ 0 0.00 CHO3

SOHY EOXTRD NSk L) 11 0 0.00 BIP ONO6

nos

PRODUCTION BEGING 199)

CBUGOKD PHASE 3 HEW SMELL/CLEAN MOOM a 0 0.60 MO
PRODUCTION BEGINE 1994

CHUGORU PHASE 4 HEN BHELL/CLEXN ROOM 2 0 0.60 CNOS

Brart
Products Capacity
o e Par  Fab
Brofuced Mootk Type
ARBAYS or
CUSTON or
4D DRAM or
ASIC LN A
D/ hsSSE or
-3 1] 0 TAT
4Rb DREN or
4Mb DRAM MPD er
b Dl EFEGM or
4o DRAM ar
MRRAYS CBIC
e GRhH or
HEM LIN OFTO D18 or
G4l BRAN
CONSIMZR I(s oR
ASIC or
LOG MEM MFU LIK
D15 QFIO O FAT
léMb DRAM MPU
EPROM ar
16Mp DRAM MPY
EPRIM -
Source: Dacaguest
Hay L1989
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Table 2

Nomenclature and Definitions
Status Field

¥ ] Definiti

New Shell/Clean Room Brand new from the ground up (green
field)

New Clean Room The building is complete and ready

for c¢lean room installation

Ready for Equipment The clean room is complete and ready
for equipment installation

Clean Room Expansion Increase of total square footage for
an existing clean room

Equipment Expansion The installation of additional
equipment to an existing clean room

Expansion An increase in total clean room
square footage and installed
equipment

Clean Room Upgrade Improved cleanliness, design, DI

water, and/or vibration isolation

Equipment Upgrade Conversion to larger wafer size
and/or finer linewidths; equipment
replacement, retrofit, and/or

refurbishment

Upgrade Clean room upgrade and equipment
upgrade

Reramp from Shutdown Brought back into production from a
shutdown

Source: Dataquest
May 1989

Along with the 13 new fabs turned on during 1988, 13 additional fabs received major
upgrades and/or capacity expansions. From 1984 through 1990, Japan has, and will,
consistently add approximately 12 new fabs per year. When looking at upgrades and
capacity expansions, Japan jumped to 13 upgrades and capacity expansions during 1988,
up from approximately 3 per year for the years 1984 through 1987.
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To summarize, Japan has brought up new fab lines at a fairly consistent rate of 12
per year since 1984. However, upgrade and capacity expansion activity during 1988
increased four times over previous years. Japan has been very consistent about the
addition of new fabs when compared with the United States. While Japan will continue
to add approximately 12 new production and pilot-based silicon fabs per year from 1984
through 1990, the United States fluctuates between 8 and 21 per year during the same
time period. Dataquest believes that most new fabs that have or will come on-line in
Japan during industry downturns begin production with a small fraction of the equipment
that they will ultimately contain. The companies that own these fabs are therefore well
positioned for the next upturn by quickly adding equipment to their partially utilized
floor space. There also are new fabs coming on-line during the upturn years that fill
their own fab floor with equipment very quickly.

NEXT-GENERATION FABS
During 1988 and 1989, we will see the first dedicated 4Mb DRAM fabs begin
operation in Japan. These fabs will most likely supply a good part of the more than
10 million 4Mb DRAMs expected to be shipped per month during 1990 (see Table 3).
Table 3

Fab Generations by DRAM Density

» 10 Peak Linewidth, Lithography
Fab Line DRAM Sample Million Prod. Sample to Tools Used in
Gepneratjon Dengity Year Units/Mo Year Pull Shrigk Japan
First 16K 1976 1978 1982 5=-3um Contact/proximity aligner
First 64K 1979 1981 19684  3-2um Proximity/projection
aligner

Second 256K 19483 1984 1988 2-1.2um G-line stepper

Second IMb 1985 1987 1991 1.2-0.8um High N.A. G-line stepper
Third 4Mb 1988 1950 1494 0.8-0,.6um High R.A, G-line/I-line
stepper

Fourth? 16Mb 1991 1993 1997 0.6-0.4um I-line/excimer laser
stepper

Fifth? 64Mb 1994 1996 2000 0.4-0,3um Excimer laser/SOR X-ray

Sixth? 256Mb 1997 1999 2002 0.3-0.2um SOR X-ray

Sources: Dataquest
May 1939
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Historically, an advanced fab in Japan has produced two generations of DRAMs. It
has been logical to try to produce as many generations of a DRAM as possible from the
same fab because DRAMs have represented the clear majority of Japanese production.
Traditionally, these fabs have upgraded or replaced some of the installed equipment in
order to produce the second DRAM generation through its die shrink.

Now, however, Japanese DRAM production is decreasing relative to total Japanese
IC production. This is due to Japanese gains in ASICs, MCUs, MPUs, and other ICs for
consumer, computer, and automotive applications. As Japanese companies gain more
market share in the non-DRAM categories, shifting production down the “product food
chain,” as opposed to retooling the fab for next-generation DRAMs, will be easier to do.
Examples of the product food chain that a fab could produce during its useful life, from
beginning to end, include: DRAMs/SRAMSs, gate arrays, CBICs, MCUs/MPUs, opto
devices, standard logic, analog, power ICs, and discretes. Dataquest believes that more
of these new and future DRAM fabs will produce one, or perhaps one-and-a-half, DRAM
generations instead of two generations due to these gains in non~DRAM IC products and
the ability to take production down the product food chain. Other factors that could
" influence semiconductor manufacturers to move toward this single-DRAM generation
fab concept include the following:

. The implementation of common “core” manufacturing processes for all product
divisions (Under ideal conditions, this concept only requires that the mask set
be changed for manufacturing a different product while using the same "core”
process recipe)

L The rapidly increasing cost of semiconductor processing equipment
® Conversion to 8-inch wafers for volume production of next generation DRAMs

] Required purity improvements in deionized (DI} water and gas-handling
systems for next generation DRAM manufacturing

L The reduction of process capability overlap for semiconductor processing
equipment when moving from one DRAM generation to the next

Dataquest has observed the beginning of this movement toward single-generation
DRAM fabs, with some companies bringing up dedicated 1Mb fab lines that are not
expected to be upgraded to 4Mb DRAM production. Rather than upgrading, these fabs.
most likely will shift production down the product food chain toward gate array and
MCU/MPU products after IMb production peaks in 1991. Although 4Mb DRAMSs have
been sampled out of these 1Mb fabs, Dataquest has noted that, so far, all Japanese
?atﬁuf:)cturers have plans to do volume production in new, dedicated 4Mb lines (see

able 4).

Two of the factors that could contribute to the decline of two-~generation DRAM
fabs are the high costs and physical restrictions associated with the conversion to 8-inch
wafers and major improvements in DI water and gas-handling systems. Most conversions
from starting up new é-inch lines to new 8-inch lines will occur during the ramp-up of
the 4Mb generation and the following 16Mb generation of DRAMs.
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company

HEC
HEC
REC
HEC
HEC

tijcachi
Hitachl
Hicachi
dicachi

Toshiba
Toshiba
Toshita
Puiicsu
Fujicsn
Pulitsu
Fujitsu

Micsubishi
Mitsubiahi

Hatsushita
Hacsushics

TI
T
TI
I1BM
RMB
Oki

notorola

Rote:

Table 4

Progression of 4Mb/16Mb/64Mb DRAM Activity in Japan

Bilot/Prototype Line

RiD/Trial Production

Lecakion

Tazagawhk HOIks

Toukuba RED Cte.

Ceantral Lab

ULS] Lab

Atsugi Lab
Kawasaki

Central Rasdarch

Kyoto Lab
5/C Rasearch Ctr.

Taukuba

DRAM

Anb lékb

GdMb

e, .

16Mb

16Mb
16Hb

laMb

4
1éM 64D

G4ND

1389

1966

1908

1907
1969

1986

1985
1986

1991

Wafer
Sirze

S~-ineh

S-inch

5~inch

6-inch

6-inch
6=inch

S=inch

b6=inch
6=inch

N/A

Watfet
logation DRAM Year Size Logatlon
Yamaguohi Ltd. 4Mb 1988 6-inch Chugoku Led.
Saganihaca 4Mc 1988 f8-ineh Chugoky Lkd.
Sagamihace l6db 1930 B-inch Chugoku Ltd.
Chugoku Ltd.
Hobacs Works ah 1987 &-inch Kotu Wocke
Naks Worka* dnb 1988 6-inch
Wusashi Worhs bk 1950 o-inch
Tenagawas Plant 4b 1987 &-inch Oics Plant
Olta Plant
Miw Plank® 4Mb 1987 é-inch Iwatu Wocke
Mle Flant 4Mb 1968% #-inch
Saijor dMb  19BB é-inch galje
Uozu Factory 4b 1948 é&=-inoh Uozu Fackery
Miho* 4Mb 1984 §=inoh
Hijl Plant D 1989 8=inch
Yasu Plant 4Mb 1988 B8-inch Yasu Plant
Cchiba 4D 190% $=inch Chiba
Miyagi mb L9 é-inch Miyazaki
Sendal

DRAM
L]
{Hb

1 6Mb
16Mb

L1

4h

4Mb
4Mb
4Hb

4Mb

Year

1990

1981
15%3
1994

1990

1589

1530

1990

1851

1890

19%0
1990
1981

1991

Thi§ table does pot include eximting fab lines that may be upgraded to more advanced DRAM production in the futuce.

shenotes fab line that went Into production before the year listed on this table snd was upgraded for sample production, mot

newly built.

Sourge;

Preducsion Line
Water

S5ize
§-inch
B-inch
B=inch
d-inch

&-inch

#-inch

6~inch

8—1inch

=lneh

&=insh

8~-inch
6-inch
&~inch

6=inch

Dataguest

May 1983



Dataquest also believes that major improvements in the purity of DI water and gases
have become necessary for the production of 4Mb DRAMs. We note that many new
dedicated 4Mb lines are being built. Dr. Ohme, a professor at the School of Engineering,
Tohoku University, Sendai, Japan, is the founder of the ultra clean room and is widely
recognized as the originator of the total concept approach to clean room and advanced
semiconductor process technologies. His concepts for ultra-clean DI water and
gas-handling systems now are gaining acceptance for installation into the future
production environment. Recently, an Ultra Clean Technology (UCT) group with nearly
40 Japanese companies as founding members was organized by Dr. Ohme. This group will
develop a UCT-~based system for supplying materials, parts, and production equipment
necessary for manufacturing submicron devices.

Dataquest also notes NEC's announcement that it will build a small, 5,000 wafer per
month, dedicated 16Mb DRAM pilot line in Sagamihara at a cost of $160 million,
including process equipment. Part of the high cost for NEC's 16Mb line will come from
the 8—inch equipment that we expect that it will use. However, Dataquest also believes
that major improvements in DI water and gas-handling systems can also help explain the
high cost of this pilot line.

Lithography Limits and Options

Companies that construct new 4Mb lines using high numerical aperture (N.A.) g-line
steppers are expected to achieve a minimum linewidth of 0.65 micron at 0.55 N.A.
Unless unexpected advancements in high N.A. g-line lens technology occur, the final die
shrink for 4Mb production at 0.6 micron and initial 16Mb production starting at
0.6 micron will not be likely (see Table 3). This 0.65-micron limit would force the users
of g-line to install new lithography tools for the final die shrink of the 4Mb DRAM and to
begin production of the 16Mb DRAM.

Companies that construct new 4Mb lines using i-line lithography are expected to
achieve the full die shrink of the 4Mb DRAM and get into initial 16Mb production at
0.6 micron. However, they are not anticipated to be capable of achieving any die
shrinks, and excimer laser lithography would be required to finish the 16Mb die shrink at
0.4 micron. New 4Mb fabs brought up on high N.A. g-line steppers could, at best, make
the final die shrink of the 4Mb DRAM. This shift will mark the end of a long series of
incremental improvements in g-line lithography that will have lasted more than
15 years. For new 4Mb fabs brought up on i-line steppers, this shift will mark the
beginning of a rather short transitory phase in Japan, most likely beginning and ending
with the 4Mb DRAM.

in Japan, little effort appears to be going into i-line lithography when compared
with excimer laser lithography. While the future of excimer laser lithography is not
clear, most people expect excimer technology to achieve 0.35 micron linewidths. This
scenario would take the excimer laser stepper halfway through the 64Mb die shrink, and
would provide the most longevity if it becomes production worthy while the 4Mb fabs are
still being installed.
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The lithography requirements for 4Mb, 16Mb, and 64Mb DRAM production, although
not perfectly clear, appear to be more defined and to show less process capability
overlap than in the past for the 16K through 1Mb generations. This reduction of
equipment overlap from one DRAM generation to the next, and the escalating cost of
these systems, are two factors that could influence semiconductor manufacturers toward
the single DRAM generation fab concept.

Synchrotron orbital radiation (SOR)} X-ray lithography appears to be the next choice
in Japan for 64Mb DRAM production, instead of the point-source X-ray stepper. The
Japanese have spent large amounts of money on SOR research at 10 major SOR facilities
currently installed in Japan. At least 10 more facilities are in the planning stages. The
known SOR facilities that are developing 64Mb+ devices include the following:

. The Ministry of Education's High-Energy Physics laboratory in the Tsukuba
Science City, a joint development with Fujitsu, Hitachi, NEC, and NTT

. The NTT LSI Laboratory in Atsugi, a joint development with Hitachi and
Toshiba

L SORTEC in Tsukuba, formed by the Japan Key Technology Center and
13 Japanese companies; Canon, Fujitsu, Hitachi, Matsushita, Mitsubishi, NEC,
Nikon, Oki Electric, Sanyo, Sharp, Sony, Sumitomo, and Toshiba.

NEC also will open a 64Mb DRAM R&D laboratory in Tsukuba that will conduct SOR
research this year. The Japanese seem to believe that there are too many difficulties in
both mask and photoresist technology for point-source X-ray stepper lithography when
compared with SOR X-ray lithography.

8-Inch Production

The first pilot and production-based manufacturing activity on 8-inch wafers began
with NEC in Japan during 1988 (see Table 4). IBM also started 8-inch operations in
Japan in 1988 with its third 8-inch location; IBM's other two locations are in the United
States and Germany. Fujitsu and TI will begin 8-inch pilot production this year. TI's
first 8-inch operation in Japan will be at Hiji; however, TI's locations at Miho and Dallas
also will process 8-inch wafers shortly after Hiji comes on-line. IBM's second 8-inch
line in Japan and Hitachi's first are expected to begin production during 1990.

All of these 8-inch fabs will be producing 4Mb DRAMs with the exception of IBM,
which is currently producing 1Mb DRAMs on 8-inch wafers and 4Mb DRAMs on 5-inch
wafers. The peak production year for the 4Mh DRAM is forecast to be 1994, At that
time, at least one-third of the 4Mb fabs are expected to be processing 8-inch wafers,
with the remainder processing 6~inch wafers. By 1997, the peak production year for the
16Mb DRAM, Dataquest anticipates that more than two—thirds of the 16Mb fabs will be
processing 8-inch wafers, with the remainder processing 6—inch wafers.

Manufacturing on 8-inch wafers is not without its risks. Future DRAM prices are a

consideration for companies that have not yet committed to 8-inch manufacturing.
Prices are being looked at because of the high initiai cost of setting up an 8-inch fab and
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because 8-inch manufacturing during the early stages of the learning curve will not be as
cost—effective as a more mature, 6-inch production line. Eight-inch manufacturing in
its early stages is not as cost—-effective as 6~inch due to the following factors:

. Manufacturing equipment using 6-inch wafers is much more refined than
8-inch equipment.

® Processes using 6-inch wafers are less complex and more mature than
processes using 8-inch wafers.

. The cost per square inch for a raw, 6=inch wafer is currently less than for an
8-inch wafer.

. The cost for 6~inch equipment is in many cases less than that for comparable
8-inch equipment.

These risks can be very costly to companies that are just entering 8-inch production
if DRAM price competition reappears at the same time. Most companies will prefer to
enter price competition on the newest generation of DRAMs with 6-inch lines unless
they feel they will be far enough along the 8-inch learning curve to compete when the
price competition begins.

All of the companies that have committed to going 8-inch so far will pay a high
initial price to drive the 8-inch technology. These companies have the deep pockets that
are required for the commitment, and see the long-term rewards that will be realized
during future manufacturing battles.

DATAQUEST CONCLUSIONS

Japan is consistently adding fabs, and approximately 75 percent of its new fabs are
for the production of advanced DRAMs. New fabs going into production during upturns
are quickly filled with equipment, whereas, during downturns, they have a small fraction
of the floor space equipped. Fabs turned on during the downturn are poised to respond to
the next upturn. Almost all of Japan's new fabs will run submicron processes.

Dataquest believes that more of these new and future DRAM fabs will move toward
single~-generation DRAM production, because DRAM production is decreasing relative to
total IC production. This decrease is due to gains in production and market share being
made in ASICs, MCUs, MPUs, and other ICs for consumer, computer, and automotive
applications. As Japanese companies gain more market share in the non-DRAM
categories, shifting production down the product food chain—as opposed to retooling the
fab for next-generation DRAMs—will become more practical. Other factors that could
influence semiconductor manufacturers to move toward this single DRAM generation fab
concept include:

® The implementation of common "core” manufacturing processes for all product
divisions. This concept, under ideal conditions, only requires that the mask set
be changed for manufacturing a different product while using the same "core"
process recipe. Those companies that implement this concept will be able to
switch production over to another product with the least complications while
at full capacity. .
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] The rapidly increasing cost of semiconductor processing equipment. The most
cost-effective use of semiconductor equipment is to keep it in the same fab
and keep it highly utilized for at least six years.

o Conversion to 8-inch wafers for volume production of next generation
DRAMs. Most of the companies that do not adopt 8-inch production during
the 4Mb generation will do so at the 16Mb level. The food chain concept will
provide alternative products for the 6-inch 4Mb lines.

) Required purity improvements in DI water and gas-handling systems for next
generation DRAM manufacturing. The move to 4Mb production appears to
require new fabs and support facilities as opposed to upgrading existing fabs.
There is a chance that 16Mb production will be better addressed with new fabs
and support facilities instead of upgraded 4Mb lines.

] The reduction of process capability overlap for semiconductor processing
equipment when moving from one DRAM generation to the next. This issue
goes back to the high cost of equipment, as mentioned above.

If the Japanese rapidly adopt the single-generation DRAM fab strategy, a large bubble of
advanced and low-cost capacity would begin to move into ASIC, MCU, and MPU
production. The first capacity bubble wouid begin to come in after the 1Mb production
peak during 1992, and the second capacity bubble would begin to come in after the 4Mb
production peak during 1995. By 1992, Japanese companies should be enjoying the fruits
of their current ASIC and MPU efforts that include many technology exchange
agreements and joint development projects being conducted on and offshore. At the
same time, the Japanese will have some very low-cost and advanced DRAM capacity
become available that will contain equipment close to being written off the books, and
that should already have provided a minimum of three good years of DRAM profits. The
end result could be large gains of market share for Japan in the ASIC and MPU arenas,
due to severe price competition as the result of low—cost manufacturing.

Mark Giudici
Mark T. Reagan
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THE SUPER SECTION 301: 1986 TRADE ARRANGEMENT DEJA VU?

SUMMARY

The upcoming Super Section 301 announcement, due May 30, is raising many of the
same questions that were asked in the summer of 1986 regarding semiconductors and
their procurement. This newsletter will briefly review the chronology of and the most
common questions asked about this portion of the 1988 Ombudsman Trade Bill, analyze
what is in store for users of semiconductors in the wake of the announcement, and make
recommendations.

KEY DATES OF THE SUPER SECTION 301
The Super Section 301 specifies certain actions by certain dates, as follows:

P 4/30/89—The United States Trade Representative (USTR) published the
National Trade Estimates (NTE). This document identifies significant trade
barriers and distortions, estimating the total impact on U.S. commerce.

° 5/30/89--The USTR must identify "priority practices" and "priority countries”
from the NTE report that have caused U.S. commerce to suffer loss of export
revenue. This loss is to be identified in dollars by practice and country.

° 6/20/89—The USTR must initiate Section 302 investigations—-of all priority
practices in each priority country——aimed at rectifying the alleged practices
via negotiations or compensation within three years after the investigation
was initiated (by 6/19/92).

® 4/30/90 and beyond--The USTR will publish an annual report with revised

estimates for each priority country. A priority country may be removed, if,
for two consecutive years, its priority practices have been eliminated.
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COMMON QUESTIONS ABOUT THE PROCEDURE

Q: What is the difference between a regular Section 301 action and a Super
Section 301 action?

A:  In the Super Section 301 procedure, the U.S. government, via the USTR, is the
instigator of an investigation, rather than a company or trade organization
that has traditionally utilized the Section 301 of the Trade Act of 1974.

Q: If a country is named as a "priority country," and semiconductor trade access
is named as a “priority practice,” what will happen?

A:  The USTR can choose three of the following responsive actions:
. Suspend or withdraw trade agreement concessions
L Impose import duties or restrictions on goods

L Enter into a settlement agreement to eliminate the practice, or accept
compensation that benefits the affected economic sector of the
domestic industry

Q:  What can my company or trade organization do within the law?

A: A request for a public hearing in a Section 302 investigation may be filed with
the USTR by any "interested person”; the hearing will be held within 30 days of
a Section 302 investigation initiation (after 5/30/89). The USTR also must
seek advice from private sector advisory committees in preparation for
consultations with the foreign government involved.

DATAQUEST ANALYSIS

This latest round of trade saber rattling unfortunately may end up causing more
semiconductor procurement problems than it tries to solve. In the worst-case scenario,
if a country has been found to have committed "priority practices” in restricting U.S.
exports, import duties would be imposed on like products that would increase the cost of
the imported U.S. product. If there is no alternative source of product (i.e., DRAM), this
situation would result in increased offshore procurement of the semiconductor products
that were tariffed for larger companies with offshore facilities. For the companies
faced with domestic procurement, the higher prices either would be passed on to the
customer or would be realized in lower profit margins.

The above scenario is exactly what the 1986 U.S.-Japan Semiconductor Trade
Arrangement attempted to prevent. For example, if Super Section 301 sanctions are
applied to Japanese semiconductors, the Electrical Industry Association of Japan (EIAJ)
has threatened to terminate the 1986 pact. If the arrangement is nullified, price
monitoring will cease and Japanese market access understandings will not endure the
trade retaliation. Affected U.S. semiconductor prices (primarily DRAM and SRAM)
naturally will go up, and the gray market would again flourish, primarily benefiting
Japanese semiconductor manufacturers.
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. As seen in Table 1, the major U.S. semiconductor manufacturers doing business in
Japan had robust sales growth in 1988.

Table 1

Top Five U.S. Semiconductor Cotnpanies in Japan

Sales Growth

Company Sales in Japan in Yen (%) Iear Ended
Texas Instruments $591 million 32% 12/88
Motorola $£290 million 54% 12/88
Intel $285 million 65% 12788
Nationa) Semiconductor $135 million 11% 12/88
AMD $134 million 39% 12/88

Note: Japanese semiconductor growth in 1988 = 20.7% {(yen)

Source: Dataquest

. ] May 1989

The USTR also may determine whether a Super Section 301 action would be
effective in addressing trade issues. Use of sanctions against imported goods that do not
have a substantial domestic alternative source would not be effective in altering trade
practices other than raising prices for the offending countries. In light of the
competitive growth experienced in Japan by U.S. semiconductor companies, sanctions
against foreign semiconductor suppliers that sell memories in the United States to
further increase U.S. export sales would be counterproductive.

DATAQUEST RECOMMENDATIONS

Now that the Pandora's box of trade legislation has been opened, there are three
things a semiconductor user company or organization can do:

° Educate the government (USTR) about what is at stake in the upcoming
decisions, which have been forced on the USTR by the government.

. Plan on stepping up offshore procurement and assembly activities for affected
. semiconductor companies in affected countries.

] Plan on paying higher U.S. prices for affected semiconductors.
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It is not fair to assume that the government is fully aware of all the arguments
regarding each priority country and practice. Protectionist actions against any country
in any industry have not proven to improve domestic competitiveness. Avoidance of
tariffs is possible if the penalized commodity is "materially transformed" prior to
shipment into the United States. Assembly of chips onto boards fulfills this
transformation requirement.

It is ironic that a potential result of this trade law will be to weaken U.S, electronic
manufacturing when the intent is to strengthen U.S. competitiveness. The improved
position of U.S. goods in both quality and currency exchange should increase foreign
market share without resorting to legislative actions that often have unforeseen
repercussions.

Mark Giudici
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MAY PROCUREMENT PULSE:
INVENTORY LEVELS IMPROVE, DRAM MARKET AMISS

The Procurement Pulse is a monthly update of critical issues and market trends
based on Dataquest's monthly survey of major OEM semiconductor procurement
managers. This bulletin will present the results of the monthly survey and analyze what
this information means to both semiconductor users and manufacturers.

Figure 1 Figure 2
Averaged Monthly Semiconductor Orders Averaged Semiconductor Lead Times
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SEMICONDUCTOR ORDER RATE STABILIZES; DITTO SYSTEM SALES OUTLOOK

The large increase in semiconductor orders in Januvary and February is now hitting
semiconductor suppliers’ books as billings (Figure 1). The rosy situvation that led to
strong Q1 book-to-bill ratios will not last. Threatening to dampen the Q1 rally of
suppliers, semiconductor order rates for the past three months dipped to just above
Q4 1988 levels. Now that overall semiconductor availability is just a concern, not a
crisis, procurement managers are trying to balance order rates with overall system sales,
which are expected to grow 4 percent to 15 percent during the next six months.

OVERALL SEMICONDUCTOR LEAD TIMES ARE MANAGEABLE

Except for DRAM-process-related semiconductors, the overall availability of
devices continues to improve compared with earlier this year (10.1 weeks in May versus
13.3 weeks in January). The rebound in lead times this month (Figure 2) is due to SRAM
and DRAM products refusing to become more available despite increased capacity
levels. Korean memory products are the exception, being lower than average in price
and lead time. Users of DRAMs and SRAMs should expect slower price declines this year
relative to past supply/demand cycles, resulting from a seemingly concerted supplier
strategy.

INVENTORY LEVELS DECLINE; TARGET LEVELS AGAIN IN SIGHT

Overall target inventory levels rose this month to 27.1 days over last month's low
level of 23.1 days (Figure 3). With memories relatively more available now, inventory
target levels have risen; this reflects increased confidence that order rates can be
balanced with system sales. The relative stability of actual inventory levels (35.0 over
34.4 days) also correlates with the flattened order rate, which the industry hopes will
keep pace with system shipments. Without work in process (WIP) or DRAM constraints,
overall actual levels were less than 4 days over target levels (25.4 and 21.6 days,
respectively). While computer sales rolled on, eating inventory, specific semiconductor
order reductions had their intended effect (Figure 4). Current target and actual levels of
29.0 and 36.3 days are a large improvement over the respective levels of 26.2 and
40.8 days seen last month. Without WIP and DRAM inventory noise, computer
semiconductor inventories were less than 2 days over target (22.0 days actual, 20.7 days
target)! Inventory controls in this volatile segment improve as memory supplies
increase, lessening the need for insurance stock.

DATAQUEST ANALYSIS
Improved availability of components for users is indicated by the following:

Reduced semiconductor order levels

Lead-time and price reductions (except for DRAMs/SRAMs)
Historically low inventory levels

A steady electronics market

Dataquest recommends that users closely match long-term contract levels to
system sales rates. Semiconductor suppliers should not expect monthly billing levels to
be the same in Q3 as in the first half of 1989. Suppliers should anticipate Q2 1989
booking levels comparable with those of Q3 1988. Accurate forecasting and inventory
control by both users and vendors will be critical in preventing any slowdown from
becoming a recession.

Mark Giudici
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SEMICONDUCTOR USERS EYE THE RISKY "CISC-Y" WORLD OF
32-BIT MICROPROCESSORS

SUMMARY

Systems manufacturers are confronting urgent decisions that could carry companies
to prosperity or doom during the 1990s. They need to decide which 32-bit
complex-instruction-set computing (CISC) or reduced-instruction-set computing (RISC)
microprocessor component (MPC) to use, and from which manufacturer. Table 1
summarizes Dataquest's assessment of five critical user issues: IC features, software
compatibility, time to market, price, and global manufacturing capability. Dataquest
recommends that current CISC IC users not switch from CISC technology midstream in
system life cycles. Furthermore, Dataquest recommends that users evaluate both CISC
and RISC products for use in next-generation systems.

. Table1
32-Bit Microprocessor Component Choices
CIsC —RISC
Intel Motorola IDT (MIPS)
80486 68040 J9R3000%
Features
Speed High High Very high
Memory Management On-board On-board Off-chip
Floating Point On-board On-board Off-chip
Software Compatibility
Backward High High Low
UNIX Compatible Yes Yes Yes
Time to Market Second First Now
(First Volume Shipments) half 1989 half 1990
Price Less com- Highly com- Competitive
petitive petitive
Manufacturability High Very High High

*Representative RISC product.

Note: The RISC supplier base includes a host of world-class manufacturers
such as AMD (proprietary device), Fujitsu (Sun's SPARC architecture),
and LSI (MIPS design).

Source: Dataquest

May 1989
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OVERVIEW

The information in Table 1 is derived from information presented in the other three
tables in this newsletter. For prospective users of 32-bit devices, Table 2 on CISC/RISC
IC performance tracks select features of 25-MHz versions of 80486 and 68040 devices
and a representative RISC product, IDT's 79R3000. This table serves as a guide for
systems manufacturers on benchmarks like speed, transistors per IC, memory
management, floating point, and packaging. Table 3 provides Dataquest's forecast of
expected availability and price of the Intel 80486 and Motorola 68040 devices. This table
tracks timing and price of samples, first volume shipments, full-volume production, and
each supplier's expected cost curve. Finally, Table 4 weighs the global manufacturing
strengths of Intel, Motoroia, and iDT. This table compares each supplier's manufacturing
process technology and worldwide fab strength.

PROCESSOR FEATURES

Table 2 gauges the performance features of 25-MHz versions of the 80486, 68040,
and 79R3000 products. As shown, Intel and Motorola pack 1.2 million transistors into the
68040 and 80486 MPCs, a blunt statement of the complexity of the new CISC devices.
Speed

In terms of speed as expressed in VAX mips, RISC ICs hold an edge over 25-MHz
CISC devices. The speed advantage of RISC over CISC should narrow over time.
On~-Chip Functionality

The CISC processors from Intel and Motorola offer impressive levels of chip
integration in terms of on-board memory management and floating-point functionality.

Memory Management

The on-board memory management feature of the 80486 and 68040 products permits

efficient and quick handling of input/output interrupts, thus off-loading critical
high~speed DRAMs for critical system needs.

. Floating point

For systems manufacturers, the Intel and Motorola 32-bit CISC MPCs extend system
families into new financial and graphics applications. For example, bank spreadsheet
analysis demands floating-point accuracy to prevent the loss of thousands of dollars
during rounding. Users can base PC-like systems suitable for major bank applications on
CISC architectures.
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¥umber of Transistors

Table 2

32-Bit MPC Product Performance Specs: CISC versus RISC

CIsc

RISC

Motorola
58040

1.2 million

Intel
20486

1.2 million

IDT (MIPS)
79R30Q0Q

0.1 million

Speed/mips 25 MHz2 25 MHz 25 MHzZ
15.0 mips 15.0 mips 16.7 mips

Drystones/Second Not specified 37,000 41,000

On-Board Memory Management

Data Cache 4K 8K Cff-chip

Instruction Cache 4K Totally user Off-chip

reconfigurable
Bus Sncoping Capability Yes Yes N/A

Related Features Bus controller, 80385-type cache 64-entry

paged memory memory controller translation

managemsent look-aside
buffer
Floating Point
On-chip:s On-chip: Off-chip:
68882-type, 80387-type R3010
IEEE Standard math coprocesssor
754 conformity
mflops 4-5 Not specified 4-7
Packaging 168-pin ceramic 168-pin 172-pin
pin grid array CPGA ' ceramic
(CPGA) flat pack

H/A: Not Applicable

Source: Dataquest
May 1889

PRICING AND AVAILABILITY: 80486 versus 68040

Table 3 forecasts expected availability and price of the Intel 80486 and Motorola
68040 products. For North American and European users, the information in Table 3 can
be used in planning system design/production schedules.
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Table 3
Estimated Price and Availability of 68040 and 80486 ICs

Intel Motorola
80486 68040
Speed at 25 MHz 15 mips 15 mips
Samples 03 1989 Q4 1989
Timing $950 $625
ASP
First Volume
Shipments
Timing Q4 1989 Q1 1990
ASP $750-8900 $495
Ramp Stage
Timing Q2 1990 Q2/3 1990
ASP $475 $250-8$300

Supplier Cost
Experience

5% quarterly
declines

5-10% guarterly
declines

(Ramp Stage)

Source: Dataquest
May 1989

Price

Motorola is anticipated as a price leader in the 32-bit CISC processor marketplace
during the short and long terms, as Table 3 shows. Motorola will offer attractive price
to secure design-ins for the 68040 in the face of user delay in obtaining silicon products.

Time to Users

As Table 3 reveals, Intel leads over Motorola in terms of market availability of the
68040 and 80486 products. North American and European users can expect to obtain
samples as well as first volume shipments from Intel one quarter in advance of
Motorola. Motorola shouid narrow the gap as output ramps during the first half of 1990.

WORLDWIDE MANUFACTURING
Table 4 weighs the global manufacturing strengths of Intel, Motorola, and

representative RISC IC supplier IDT in terms of manufacturing process technology and
worldwide fab strength.
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Table 4
32-Bit MPC Worldwide Manufacturing Process Technology and Fab Capability:
CISC versus RISC
CcIsSC RISC
Intel Motorocla IDT (MIPS)
20486 63040 79R3000
Process and CcMOS CMOS CMOS
Linewidth 1.0 micron 1.0 micron 1.2 micron
Number of Fabs by
World Region®
North America 2 2 3
Europe ] 1 0
Japan 0 18w 0
Rest of World 14 0 0
Total Square Feet
of Clean Room
by World Region
North America 47,000 51,000 28,000
Europe 0 34,000 0
Japan - 0 26,000%% 0
Rest of World N/A 0 0

*Only includes Intel and Motorola fabs dedicated to these CISC ICs.
**Joint Motorola-Toshiba facility )

#Israel
N/A = Not Available

Source: Dataquest
May 1989

Manufacturing By World Region -

Intel, Motorola, and IDT are well-positioned to serve long-term North American
demand, as Table 4 shows.

Intel plans to supply European users from its Israel fab. Motorola's U.K. fab puts
the supplier in a good position to supply European users as 1992 approaches. In the RISC
camp, Fujitsu recently revealed massive fab expenditures targeted at Europe for the
early 1990s.

The joint Motorola-Toshiba facility augurs well for Japanese users of this product as
long as the alliance runs smoothly.
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DATAQUEST CONCLUSIONS

Two giants of the global semiconductor industry--Intel and Motorola—--are bluntly
demonstrating to semiconductor users the continuing viability of CISC-based systems
into the performance-driven world of the 1990s. The companies show uncanny ability to
adapt to user-driven global forces. For system manufacturers, the new 32-bit CISC
products deliver competitive performance backed by the worldwide manufacturing
capabilities of Intel and Motorola.

This newsletter specifically highlighted these key issues:

Performance

- RISC chips and RISC-based systems hold a continuing edge over CISC
devices.

- Memory management systems in the Intel 80486 and the Motorola 63040
MPCs enhance the competitiveness of CISC systems versus some RISC
machines by minimizing processing delay associated with input/output
interruption.

- On-chip floating point brings CISC-based PCs and workstations into new
business and graphics applications.

Software

- CISC-based systems now hold a major edge now over RISC machines as
measured by software installed base, an edge that will not quickly erode.

- The 80486 offers a migration path that takes users to future
compatibility with the now emerging UNIX operating system.

Price

- Motorola will use global manufacturing expertise and strength to exert
market price discipline and competitiveness in the high-performance
segment of the 32-bit marketplace.

Time to market

- RISC IC suppliers and Intel will wage a pressurized battle to win system
designs as Motorola brings the 32-bit MPC to market more slowly.

Worldwide manufacturing capability

- CISC and RISC component suppliers are well-positioned in North
America.

- Looking to 1992 in the CISC arena, Motorola has established a better
worldwide position as of 1989 in the eyes of European and Japanese users.

- Fujitsu is targeting Europe for new RISC component fabs.

-
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DATAQUEST RECOMMENDATIONS
Dataquest makes the following recommendations:

L] North American and European system designers should stay with CISC in
current systems, but should also carefully evaluate both CISC and RISC
product technologies for use in future PCs, workstations, and other advanced
systems. This strategy protects the installed software base, while allowing
future migration to UNIX,

L] Supply base managers should carefully balance immediate concerns, such as a
time to market, and long-range issues, such as total system cost of production,
when deciding which CISC or RISC device to use in system designs/redesigns.

L Systems manufacturers should compare their worldwide system-production
targets and the giobal manufacturing c¢apabilities of prospective suppliers to
ensure an uninterrupted, long-term supply of 32-bit devices.

Ronald A. Bohn
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NATIONAL SEMICONDUCTOR RESTRUCTURES

National Semiconductor has undergone a tremendous amount of change in its
struggle to identify a structure that will result in profitable operations.
Organizationally, the most significant outcome of these efforts so far has been the
shedding of its nonsemiconductor-related lines of business, allowing the company to
focus entirely on the successful positioning of its components products. Figure 1
illustrates the revised organizational structure of National Semiconductor in the wake of
announcements made during the past two months. Because of the number and nature of
these announcements, Dataquest offers this Research Newsletter to our Semiconductor
User clients in order to bring them up to date on National's restructuring efforts.

Figure 1
National Semiconductor Organizational Structure

(As of March 1989)

Charlle Sporck

President/CEQ

]
| |
Office of President
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Systems (NAS)
Semiconductor Group David Martin
|
1 | I
R. Farnham T. Odell R. Johnson R. Howell
VP VP VP D. Turner
VLSI Analog Devices ASIC
K. Pond J. H\?‘I;klng R. Parker
VP Memory VP
Digital Logic Programmable Logic Military/Areospace
00037241 Source: National Semiconductor

In December 1988, National Semiconductor announced the sale of its retail systems
unit, Datachecker Systems, to a U.K.-based company, ICL. This move was followed in
mid-January 1989 by an agreement with Memorex Telex to form a joint venture in which
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each company would own a 50 percent interest in National Advanced Systems (NAS)
Memorex Telex, a Dutch company, is a $2 billion supplier of plug-compatible computer
equipment and accessories. The deal with Memorex Telex called for National to receive
a cash payment of $250 million and 4 million shares of Memorex Telex common stock. In
addition to its 50 percent share of NAS, the agreement gave Memorex Telex an option to
purchase the remaining stock in the organization, which would be operated as a separate
entity headquartered in Santa Clara, California. At the end of February 1989, National
broke off its tentative agreement with Memorex Telex, which had apparently
encountered difficulties in financing the buyocut of NAS. Instead, National has accepted
a $398 million cash offer from Hitachi Ltd. of Japan and Electronic Data Systems (EDS),
a subsidiary of General Motors Corporation. Under the agreement, NAS will be sold to a
joint venture created by Hitachi and EDS. NAS acts as a distributor of IBM-compatible,
large and medium-size computers and peripherals made by Hitachi.

Shortly after the initial disclosure of its deal with Memorex Telex, National
announced that it would lay off 2,000 employees. The work force reduction affects all
levels of staff in Asia, Europe, and the United States, and took place through
March 1989. The number represents about 5 percent of the corporation's reported head
count as of the close of fiscal year 1988. National, which reported a loss of
approximately $56 million for the first half of its fiscal year 1989, has said that the
reductions are necessary to bring the company's staffing levels and cost structure into
alignment with its current business environment.

As evidence of its renewed emphasis on its core semiconductor businesses, National
recently announced the formation of a new VLSI division, which comprises the company's
microprocessor, microcontroller, advanced peripherals, and interface groups. This new
division will report to vice president Ray Farnham. The memory and programmable logic
groups will be combined under John Hekking. The military and aerospace group will
report to Randy Parker. National intends to strengthen its position in the military
market, in which it became a more powerful contender through its acquisition of
Fairchild. All of these groups will report to James Smaha, executive vice president of
the semiconductor group. Clark Davis will be in charge of the newly formed function of
worldwide strategic planning. The strategic market development group will be headed by
Walt Curtis. These last two individuals will report to Joe Van Poppelen, vice president
of semiconductor marketing.

National’s information systems group, of which NAS is the major part, accounted for
approximately 43 percent of National's fiscal 1988 revenue of $2.5 billion. Its 1988
fiscal year ended May 29. The divestiture of NAS signals a major change in National's
strategy, and a significant impact will be felt on the company's revenue. Nevertheless,
National should see an improvement in profitability as a result of the sale of NAS.
.Partly due to the yen appreciation during the past few years, which has affected the cost
of its equipment purchases from Hitachi, NAS has experienced increased pressure on its
profit margins. By increasing its reliance on its semiconductor products, however,
National becomes more vulnerable to the boom/bust cycles that have up to now typified
the semiconductor industry. Just how National goes about positioning its broad line of
components products will bear watching as the company stakes its future on being a
pure-play semiconductor company.

(This document is reprinted with the permission of Dataquest's Semiconductor
Industry Service.)

Mark Guidici
Michael J. Boss
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NORTH AMERICAN MARKET WATCH, APRIL 1989:
SIGNS OF A WEAKENING MARKET AHEAD

"The North American Market Watch is a monthly bulletin, released after the SIA
book~to-bill flash report, and is designed to give a deeper insight into the monthly trends
in North American semiconductor consumption (see Figures 1 through 4).

Figure 1 Figure 2
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STRONG BOOQK-TO-BILL, BUT MEMORY ACCOUNTS FOR MOST OF GROWTH

As shown in Figure 1, the April SIA flash report carries encouraging news as the
semiconductor industry accomplishes a rebound in the first quarter of 1989 after the
dismal final months of 1988. However, caution must be exercised in the interpretation
of the strength of this upturn. Much of the growth is attributable to MOS memory. The
latest WSTS blue book report shows an overall billings decline from December to
January of 9.9 percent. MOS memory actually declined by only 0.1 percent, while
non-MOS memory products dropped by 14.6 percent. Shipments of 1Mb DRAMs
increased in the first quarter by about 30 percent, but prices dropped by only about
10 percent for the more available devices.

SYSTEM ORDERS SHOW SIGNS OF WEAKENING

As presented in Figure 2, computer inventories, relative to last year, have declined,
but computer shipments have remained at a steady growth, which verifies the strong
first quarter for semiconductor shipments. However, the rate of computer bookings has
been declining for three consecutive months, suggesting a possible slowdown in computer
production rates by the end of the second quarter or the beginning of the third quarter.
In fact, Dataquest’s monthly survey of major OEM buyers indicates weaker 1989 system
revenue growth projections in March compared with projections made in February.

OEM INVENTORIES APPEAR TO BE GROWING .

Dataquest's monthly survey of major OEM buyers, presented in Figure 3, shows
actual inventories continuing to increase beyond target inventories. Actual inventories
are now more than 11 days of sales above target compared with an excess of less than
5 days in January. OEMs also appear to be reducing target inventories in anticipation of
slower revenue growth, but actual inventories still need to adjust to the drop in target
inventories. However, actual inventory levels are still at 34 days of sales, which should
not affect semiconductor order rates in the near term.

DATAQUEST'S PRICE INDEX SHOWS STEADY PRICING

Dataquest compiles a monthly price index from a basket of 25 semiconductor
products, as shown in Figure 4. The price index has dropped by only 3 percent since
January. Generally, prices have been holding well since November, but the slight decline
may be the signal for more price drops if computer demand indeed weakens and OEM
inventories continue to increase.

DATAQUEST ANALYSIS

The benefits of semiconductor shipment growth do not appear to be equally
distributed. MOS memory manufacturers appear to be reaping most of the benefits.
Despite the resurgence, signs of a weakening market prevail: OEM inventories are up;
target inventories are down; system revenue growth forecasts are lower; and computer
orders have been slowly declining. Until then, the semiconductor industry seems poised
for a mildly healthy second quarter, since prices have not declined significantly in the
first quarter and semiconductor bookings remain considerably strong. But the signs
indicate that the second half of 1989 may not be as rosy.

Victor de Dios
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THE ASIC PACKAGE PROLIFERATION

SUMMARY

Surface-mount technology is now mainstream. Dataquest believes that
surface-mount devices (SMDs) will continue to grow at a pace that exceeds traditional
packaging and assembly techniques. As ASICs continue to grow in usage, many new
surface-mount package families will be developed. This will cause multiple package
choices for the same IC, resulting in difficulties for design engineers, assembly
engineers, and purchasing agents (i.e., nonstandard packages for second-sourcing). It
could make it more costly for semiconductor manufacturers to compete.

This newsletter will discuss the packages currently being used or under development
for ASICs. It will also review the issues and choices pertaining to standards involved in
ASIC packaging.

INDUSTRY ANALYSIS

Dataquest expects the worldwide integrated circuit package market to grow at a
10 percent compound annual growth rate (CAGR) from 1987 to 1992. We expect
surface-mount devices to continue to show the greatest gain. They are expected to grow
from the current level of 20 percent (year-end 1988) to almost one-~half of all IC
packages (48.4 percent) by 1992. These statistics are shown in Tables 1a and 1b.

The forecast shows the fastest growth area to be the quad flat package

(76.3 percent CAGR). This is directly related to the worldwide increase in ASIC
production.
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Table 1a .

Estimated Worldwide Shipments by Package Type

(Millions of Units)
CAGER

Package 1987 192848 1989 1990 1991 1992 1987-1992
Plastic DIP 23,194 26,282 25,292 21,741 21,103 20,625 {2.4%)
CERDIP 3,346 3,738 3,274 2,718 2,783 2,727 (4.2%)
Ceramic DIP 270 277 250 231 225 203 (5.9%)
Quad/Ceramic and

Plastic 284 805 1,357 1,640 2,785 4,833 76.3%
Ceramic Chip Carrier 207 315 374 383 430 562 22.1%
Plastic¢ Chip Carrier 508 1,024 1,412 1,513 1,987 2,792 40, 6%
50 3,092 4,954 6,202 7,167 9,396 12,881 33.0%
PGA/Ceramic and

Plastic 234 614 983 1,118 1,583 2,339 58.5%
Other (TAB/COB/

FCHIP) 470 860 1,224 1,480 2,249 3,817 52.0%
Others 479 687 684 596 62 608 4.9%

Total 32,084 39,526 41,051 38,647 43,153 51,386 9.9%
Total of SMT 4,561 7,958 10,569 12,183 16,847 24,885 40.4%
Percent of SMT 14.2% 20.1% 25.7% 31.5% 19.0% 48.4% .
Table 1b
Estimated Worldwide Shipments by Package Type
(Percent)

Rackage 1987 1988 1989 1990 1991 1992
Plastic DIP 72.3% 66.5% 61.6% 56.3% 48.9% 40.1%
CERDIP 10.4 9.5 8.0 7.2 6.5 5.3
Ceramic DIP 0.8 0.7 0.6 0.6 0.5 0.4
Quad/Ceramic and

Plastic 0.8 2.0 3.3 4.2 6.5 9.4
Ceramic Chip Carrier 0.7 0.8 0.9 1.0 1.0 1.1
Plastic Chip Carrier 1.6 2.6 3.4 3.9 4.6 5.4
g0 9.6 12.5 15.1 18.6 21.8 25.1
PGA/Ceramic and

Plastic 0.7 1.6 2.4 2.9 3.7 4.6
Other (TAB/COB/

FCHIP) 1.4 2.2 3.0 3.8 5.2 7.4
Others 1.4 1.6 1.7 1.5 1.4 1.2

Total 100.0% 100,0% 100,0% 100.0% 100.0% 100.0%
Note: Percentages may not add to 100,0% because of rounding. .

Source: Datagquest
May 1989
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PACKAGE TYPES

Quad Flat Packs—Old and New

The true, original flat package is not new. Based on 50-mil lead spacing and
ceramic technology, it has been and still is used primarily in military applications. The
quads are mostly flat, retangular packages with bodies constructed of alumina or
beryllia, with glass-to-metal seals. The long leads are splayed out away from the
package body on all sides, in a gull-wing-style lead form. Lead counts generally range
from 12 to 28 leads. Figure 1(a) shows a photograph of a ceramic quad flat package.

As commercial development of surface mount became prevalent in the early 1980s,
the Electronic Industries Association of Japan (EIAJ) began to develop its own plastic
versions of the quad flat package. These packages were based on the premise of keeping
package body sizes the same and varying the lead pitch, thus increasing lead count
density. Pitches of 1.0mm (39.4 mils), 0.8mm (31.5 mils), and 0.65mm (25.6 mils) form
standards that define packages from 20 to 240 leads, depending upon body size. This
package is also called the quad flat pack (QFP), as seen in Figure 1(b).

Expanding on this, the U.S. manufacturers agreed that placing leads on all four sides
of a package was beneficial. But bending the leads underneath the package would
increase density even further, and it also could be compatible with the ceramic leadless
chip carrier board footprint. Thus the J-bend plastic leaded chip carrier (PLCC) was
developed, with lead counts ranging from 18 to 100 leads on 50-mil center lead spacing
(see Figure 1(c)).

Figure 1
Ceramic Quad Flat Package

1(c}

@niversai.

1(b)
=1 Source: Dataquest
0003757 May 1989

SUIS Newsletter © 1989 Dataquest Incorporated May 3



However, the PLCC on 50-mil spacing did not address the increasing demand of
ASIC products for higher lead counts (more than 100 pins). So, the United States through
the Joint Electronics Device Engineering Council (JEDEC) developed the plastic quad
flat package (PQFP) for this requirement. It uses the same plastic body sizes as the
PLCC, but has leads on 25-mil centers and a molded "bumper" protruding from each
corner for lead protection during handling. Lead counts for this package family range
from 44 to 244 leads, and the gull wing is the preferred lead form (see Figure 2).

Figure 2
Plastic Quad Flat Package
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= Source: Dataquest
0003757-2 May 1989

Finer Pitch Packages

With the consumer market driving for smaller, less costly electronic gadgets and the
ASIC market needing higher lead count packages, the Japanese have developed yet
another package family: The shrink quad flat package (sometimes called the very small
quad flat package (VQFP)). In some ways, this family is an extension of the EIAJ quad
flat package (QFP). It also uses standard body sizes, but the package is one-half the
thickness, and the lead pitches are reduced to 0.5mm (19.7 mils), 0.4mm (15.7 mils), and
0.3mm (11.8 mils). Lead counts range from 32 to 520 leads.

Besides those mentioned, two more surface-mount package families have recently
been introduced into the market for ASIC packaging. One is TapePak developed by
National Semiconductor; the other is the TQFP, a TAB quad flat pack developed by LSI
Logic.
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TapePak uses TAB (tape automated bonding) tape as the lead frame that is attached
directly to the die. No wire bonding is used. This die-on-tape combination is then
molded in plastic so that an outside ring is formed apart from the inside encapsulated
die. This outside ring provides for lead protection and test capabilities. The package
body is excised from the carrier ring by the pick-and-place machine and is subsequently
attached to the printed circuit board. Like the Japanese quad flat pack, the TapePak
family uses standard body sizes with lead counts from 40 to more than 460 leads on 20-,
15-, and 10-mil pitch. This package is shown in Figure 3.

Figure 3

TapePak

0003757-3 Source: Dataquest
May 1989

The TQFP is similar to TapePak, except for the following:

° It uses wire bonding for lead counts up to 300 and TAB from 300 to 524 leads.

® The die is encapsulated, using a liquid epoxy "blob."

] A two-piece plastic disposable slide carrier is used for lead protection and test.
(] Pin counts range from 164 to 524 leads.

A picture of the TQFP is shown in Figure 4.
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Figure 4

TAB Quad Flat Pack

L ala est
May 1989

Higher Lead Counts and the No-Package Package

Another packaging solution to ASICs is the pin grid array. Although not assembled
to the board using surface-mount technology, it does provide high—density capability to
1,000 leads and beyond. Rows of pins on 100-mil spacing (and more recently 50 mil) are
arranged in a grid format to form the PGA (see Figure 5). It is available in both ceramic
and plastic and is capable of dissipating more heat than most surface-mount packages.

There is one more approach to ASIC packaging that does not really use a package in
the traditional sense. Chip-on-board (COB) technology enables the bare die to be
attached directly to the printed circuit board. The die is attached to the board via an
adhesive (usually epoxy) and wire-bonded directly to the pads or traces on the PCB.
After bonding, the die is usually coated with a blob of plastic material to provide for
mechanical and environmental protection.

Variations of the COB approach include TAB-on-board (TOB). Component leads are
etched on single-layer or multilayer copper/copper-polyimide tape. The tape is etched
to form patterns that correspond to the die pad layout. These patterned leads then make
the connection between the die and the printed circuit board. Whereas wire-bonded COB
is done on a chip-by-chip basis, TOB can be done via an automated, reel-to-reel
process. The die-on-tape can then be attached to the board and encapsulated, as in the
COB process. An example of TOB is Siemens' Micropak. A basic flow of the TOB
process is shown in Figure 6.
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Figure 5

Rows of Pins Forming the PGA

0003757-5 Source: Dataquest
May 1989
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Figure 6

TOB Process (Basic Flow)

00037576 Source: MESA Technology

Finally, flip chip is one other assembly process that can be used in ASIC packaging.
This process was developed by IBM in the late 1960s and is known as C-4, for
controlled—collapse chip connection. It is basically a process in which the chip is
designed for facedown reflow soldering. The bond pads are bumped with solder while in
wafer form. Passivation (silicon nitride) is added, and the wafer is tested via the solder
bumps. After testing, the dice are placed facedown, or flipped, on the ceramic
substrate, and the assembly is heated in a furnace to reflow the solder. The surface
tension of the solder aligns the dice properly to the substrate. This is the maximum use
of interconnect density, as no lead frame, wires, or tape are used.
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. A DESIGNER'S NIGHTMARE

What package should an ASIC design engineer choose? Assuming that it is an ASIC
requiring 68 leads, the following choices can be made if a plastic package is desired:

68-lead PLCC (JEDEC)
68-lead PQFP (JEDEC)

68-lead QFP (EIAJ)
68-lead VQFP (EIAJ)

68-lead TapePak (JEDEC)

68-lead PPGA (JEDEC)
68-lead COB (No standard)
68-lead TOB (EIA/IPC/ASTM)
68-lead Micropak (Europe/DIN)

The following section discusses the above listing in more detail. Table 2 lists some

common specifications for each package.

PLCC
PQFP

QFP

VQFP

TapePak
PPGA
COB

TOB

Micropak

Table 2
68-1.ead Package Options*

Lead Lead Package Package

Bitch Width Size Height

0.050" 0.028" 0.950" sq. 0.180"

0.025" 0.012" 0.550" sq. 0.102"

0.0256" 0.0118" 0.394" x 0.100"
0.551"

¢.or18"  0.004" 0.197" x 0.050"
0.276"

0.020" 0.010" 0.505" sq. 0.072"

o.100" 0.018" 1.14" sq. ¢.180"

0.008" 0.0014" 0.378" sq. 0.,032"

0.020" 0.010" 0.378" sq. 0.032"%

0.0197"  0.009" 0.386" sq. 0.025"

*See Appendix A attached to this newsletter.

SUIS Newsletter
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One can readily see that little, if any, compatibility exists among the various
packaging styles, except possibly COB versus TOB. This means that designing with an
ASIC from supplier A in PQFP (JEDEC) may not be compatible with the ASIC from
supplier B in QFP (EIAJ), even if the silicon function is the same. The possible result is a
sole-source supplier based primarily on package offering, not silicon.

STANDARDS ACTIVITY

There has been criticism of industry organizations for their lack of leadership in
setting surface-mount standards. Some is justified, as it is difficult to get everyone to
agree on one of anything, whether it be process, part, or package. There are major
differences between the U.S. and Japanese styles of packages. Work needs to continue
to bring commonality to this area.

Package standardization is proceeding within the United States at a faster rate as
surface mount becomes a proven technology. To address industry awareness and the
need for areas of standardization in surface-mount technology, representatives from
EIA, IPC, JEDEC, and ASTM have joined together to form the Surface Mount Council. In
January 1989, they issued a document entitled "Survey Report: Surface-Mount
Standards, Requirements, and Issues.”

This report surveyed responses regarding the awareness and usage of 14 typical
standards currently available to the industry. In the case of integrated circuit
components, the survey found that only 61 percent of the respondents used all or part of
the EIA JEP-95 specification (JEDEC Registered and Standard Outlines for
Semiconductor Devices). Eighteen percent were aware of this standard but did not
choose to use it, and 16 percent were not aware of the standard. Highlights from this
report related to component standards are shown in Table 3.

Table 3
Surface~-Mount Component Standards

Use Use Do HNot Unaware
Standard Part of Standard Use  of Stapndard

EIA RS 481A--Taping of
SM Components for 30.6% 18.8% 17.6% 20.0%
Automatic Placement

EIA PDP 100--Mechanical
Cutline for Registered and 14.1% 29.4% 16.5% 27.1%
Standard Electronic Parts

EIA JEP 95-JEDEC--Registered
and Standard Outlines for 24.7% 36.5% 17.6% 16.5%
Semiconductor Devices

EIA JESD 11--Chip Carrier
Pinouts for CMOS 4000HC 9.4% 17.6% 16.5% 44.7%
and HCT Circuits
Source: EIA/IPC Surface Mount Council
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. In addition, many‘ drganizations worldwide have established committees to discuss
issues related to surface—-mount technology. A list of these is shown as follows:

ACPI (Automated Component Placement and Insertion Group)--c/o0 AMP,
1000 AMP Drive, Harrisburg, PA 17112

ANSI (American National Standards Institute)-—1430 Broadway, New York,
NY 10018

ASTM (American Society of Testing and Materials)—1916 Race Street,
Philadelphia, PA 19103

BSI (British Standards Institute)—2 Park Street, London, W1A 12BS, United
Kingdom

CSA (Canadian Standards Association)-—178 Rexsdale Boulevard, Rexsdale,
Ontario, Canada

DOD (U.S. Department of Defense, Naval Publications Center)--5801 Tabor
Road, Philadelphia, PA 19120

EIA (Electronic Industries Association)-—2001 Eye Street N.W., Washington,

" D.C. 20006

EIAJ (Electronic Industries Association of Japan)—250 West 34th Street,
New York, NY 10119

EMPF (Electronics Manufacturing Productivity Facility)—1417 North Norma
Street, Ridgecrest, CA 93555

IEC (International Electrotechnical Commission)—3 Rue de Varembe,
1211 Geneva 20, Switzerland

IEPS (International Electronic Packaging Society)--114 North Hale Street,
Wheaton, IL 60187

IPC (The Institute for Interconnecting and Packaging Electronic
Circuits)}~-7380 N. Lincoln Ave. Lincolnwood, IL 60646

ISHM-1I/SMT (International Society of Hybrid, and Microelectronics, Inter-
connect and SMT Division)--Box 2698, Reston, VA 22090

SEMI (Semiconductor Equipment and Materials—International)—805 E.
Middlefield Road, Mountain View, CA 94043

SMART (Surface-Mount and Related Technologies Group)—3 Lattimore Rd.,
Wheathampstead, Herts AL4 8QF, United Kingdom

SMC (Surface-Mount Club)—-British Overseas Trade Board, 1 Victoria St.,
London SW1H OET
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] SMC (Surface~Mount Council—Joint ASTM/IPC/EIA/JEDEC Committee)-—c/o
IPC, 7380 Lincolnwood Ave., Lincolnwood, IL 60646

e SMEMA (Surface-Mount Equipment Manufacturers Association)—-71 West St.,
Medfield, MA 02052

X SMTA (Surface-Mount Technology Association}—5200 Wilson Road, Suite 107,
Edina, MN 55424

L STACK (Standard Computer Komoponenten GmbH)—5775 Wayzata Blvd #700,
Minneapolis, MN 55416

& VRCI (Variable Resistive Component Institute)——c/o Bourns, Inc., 1200 Colum-
bia Avenue, Riverside, CA 92507

DATAQUEST CONCLUSIONS

We believe that package proliferation will continue as the ASIC market develops.
Many new packaging schemes will arise to meet the speed, thermal, and density
requirements needed. Custom and semicustom packaging, including multichip modules
using COB and TOB, will become more prevalent. Procurement of semiconductor
integrated circuits will depend upon package needs and functions in addition to the basic
electrical parameters of the chip. As a result, purchasers will need to specify even more
details when ordering.

Mark Giudici
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PLCC
PQFP
QFP
VQFF
TapePak
TQFP
PGA
COB

TOB

Micropak

Appendix A
Package Standards

JEDEC Publication 95, MO-047AA-AH

JEDEC Publication 95, MS-069

EIAJ Specification IC-74-4, 1986

EIAJ Specification IC-74-4-I, 1988

JEDEC Publication 95, MO-071

JEDEC Publication 95, under consideration

JEDEC Publication 95, MO-082

Standards not available. Use TOB guidelines.

JEDEC U0-017 and Surface Mount Council--IPC/EIA/ASTM
Publication SMC-TR-001, Guideline Introduction

to Tape Automated Bonding Fine Pitch Technology

Based on DIN 15851



Dataquest

Conference Schedule

1989

Semiconductor User/

Semiconductor Application Markets

Japanese Components
Computer Storage
Document Processing

Copiers

Printers

Electronic Publishing
Imaging Supplies
Color

SEMICON/West Seminar
Telecommunications
Eurcpean Components
Asian Semiconductor and
Electronics Technology Seminar
Financial Services
Technical Computing and
Applications
European Copying
and Duplicating
Western European Printer
Taiwan Conference
Distributed Processing
SIA/Dataquest
Joint Conference
Information Systems
Semiconductor
Asian Semiconductor and
Electronics Technology

European Telecommunications

European Personal Computer

February 27-28
April 20-21
April 26-28
May 16-18

May 16-17

May 16-17

May 18

May 18

May 18

May 24

June 5-7

June 7-9

June 28

August 22-23
September 11-13
September 18-19
September 20-22
September 25-26
September 26-28
September 27
October 2-6
October 16-18
November 2-3

November 8-10

December 6-8

Le Meridien Hotel
San Francisco, California

Tokyo Bay Hilton International
Tokyo, Japan

The Doubletree Hotel

Santa Clara, California

Monterey Sheraton Hotel
Monterey, California

The Dunfey Hotel
San Mateo, California

Silverado Country Club
Napa, California

Park Hilton

Munich, West Germany

Radisson Hotel
San Jose, California

The Doubletree Hotel
Samta Clara, California
The Doubletree Hotel
Santa Clara, California

Majestic Hotel
Cannes, France

Majestic Hotel
Cannes. France

Grand Hotel

Taipei, Taiwan

The Doubletree Hotel
Santa Clara, California
Santa Clara Marriott
Santa Clara, California
Tokyo American Club
Tokyo, Japan

Monterey Sheraton Hotel
Monterey, California
Kunlun Hotel

Beijing, China

Grand Hotel

Paris, France

Athens, Greece
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DISTRIBUTORS: WILL THEY ADAPT OR WILL THEY DIE?

The semiconductor industry is changing, and semiconductor distributors must change
with it. Integration, consolidation, and interdependence are placing new demands on the
distributor’s traditional role of stocking parts and providing credit to the smaller
purchasers of electronic components. Currently, distributors supply 22 percent of the
semiconductors sold in North America. Dataquest believes that the distribution channel
canoand will adapt to the changes it faces in order to maintain its market share in the
1990s.

THE NEEDS OF COMPONENT BUYERS
Supply base managers at equipment companies have two very basic concerns today:
° Reducing the cost of raw materials

. Assuring their availability for as long as the equipment using them is in
production

Dataquest believes that close partnerships between distributors and customers are
necessary because the issues they face are interrelated (see Table 1). For example, cost
control (item #7) means fewer units in stock to reduce working capital needs; this, in
turn, leads to a JIT system (#6), high component quality (#4), and consistent on-time
delivery (#3). The innovative distributor will grow its business by saving its customers
money.

Table 1
Major Issues for Buyers in 1989*

Rank The Major Issues Rank he Major sue
1 Availability 6 JIT/inventory control
2 Pricing 7 Cost control
3 On-time delivery 8 New products/obsolescence
4 Quality/reliability 9 Surface-mount technology
5 Memories 10 Second-sourcing

*pccording to Dataquest's Annual Procurement Survey.
Source: Dataquest
April 1989
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The size of electronics has been shrinking, while its complexity has expanded. For
example, circuits that required several cards just a few years ago now fit on a single
chip. The user of chips, however, must deal with whole subsystems at once rather than
the simpler building blocks of a decade ago. The innovative distributor will grow its
business by helping its customers understand these more complex parts.

THE NEEDS OF SEMICONDUCTOR SUPPLIERS

More than 150 semiconductor companies were formed between 1977 and 1987 to
develop new niche markets and technologies, and they need sales channels. Access to
the U.S. market may not be easy for the 15 Asian semiconductor companies formed
during this 10-year period. For example, Asian-made DRAMs were sold for only two
weeks in 1988 by a major U.S. distributor before pressure from several major U.S.
semiconductor manufacturers forced these items off the shelf. The distributor willing to
risk or tolerate ostracism from U.S. semiconductor manufacturers can also increase
business by providing foreign manufacturers with access to the U.S. semiconductor
market.

Computer-based tools are making it possible for more semiconductors to be
designed in shorter periods of time and at lower costs. For example, there were
approximately 200 semiconductor designs done worldwide in 1975 and about 10,000
semiconductor designs done in 1985. Dataquest predicts that there will be more than
100,000 semiconductor designs done in 1995. ASICs such as PLDs and
field-programmable gate arrays allow the users of semiconductors to configure
components for optimum design of a system. The innovative distributor will grow its
business by helping its customers understand ASICs.

NEW TECHNOLOGY IS HELPING DISTRIBUTORS

Computers and communications equipment are revolutionizing the way wholesalers
do business. For example, telemarketing programs can reduce the cost and increase the
speed of getting orders, an electronic data interchange (EDI) link can reduce the cost and
increase the speed of placing orders, and warehouse automation can reduce the cost and
increase the speed of filling orders. Semiconductor manufacturers and purchasers are
installing these systems, and we believe that all commercial transactions will be handled
this way in the future. The innovative distributor will grow its business at the expense of
its less innovative competitors.

DATAQUEST CONCLUSIONS

In the United States, entrepreneurs succeed by finding unmet needs and filling
them. Semiconductor manufacturers need better technical support in their sales
channels, and component users need better service from their suppliers. Dataquest
believes that those distributors who do adapt to and meet these needs will both survive
and thrive in the 1990s.

Roger Steciak

"
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APRIL PROCUREMENT SURVEY:
ORDER RATES STEADY, OVERALL AVAILABILITY DROUGHT OVER!

The semiconductor availability bubble has burst, according to this month's
procurement survey respondents. Lead times have declined below eight (7.95) weeks for
the first time since we began this poll. Although semiconductor booking rates remain
relatively the same compared with last month's survey, half of our sample noted no
difficulty in obtaining semiconductors (another survey first). Static RAM products still
present somewhat of an availability problem for the other half of the survey population,
however. Inventory levels for all OEMs (both target and actual) fell to 23.1 and
34.4 days, respectively, as shown in Figure 1.

Figure 1
Current Actual versus Target Semiconductor Inventory Levels
(All OEMs)
Days
45
B Current Actual
40 ® Target

20~ T I T | T T T | T
June 1987 Oct. 1987 Feb. 1988 June 1988 Oct, 1988 Feb. 1989
Aug. 1987 Dec. 1987 April 1988 Aug. 1988 Dec, 1988 April 1989
0003615-1 Source: Dataguest
April 1989
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Conversely, as Figure 2 shows, the actual inventory situation-in the computer
segment has not improved. Targeted levels have declined, causing the current delta
between target (26.2 days) and actual (40.8 days) to increase to 14.6 days versus the
9.6-day difference noted last month. The combined effect of increased key component
availability and continued honoring of contracts made when parts were scarce keeps
computer manufacturers grappling with inventory control. With system sales expected
to range between flat and +10 percent during the upcoming 12 months, declines in
semiconductor order rates are expected to control inventory levels.

Figure 2
Current Actual versus Target Semiconductor Inventory Levels
(Computer OEMs)
Days
45

W Current Actual
@ Target

2 I I I T T 1
June 1987 Oct. 1987 Feb. 1988 June 1988 Oct. 1988 Feb. 1989
Aug. 1987 Dec. 1987 April 1988 Aug. 1988 Dec. 1988 April 1989
0003615-2 Source: Dataquest

April 1989
In line with the improved availability, overall pricing is gradually declining down a
competitive-cost-induced curve. As mentioned above, the only areas that remain an
availability problem are the devices dependent on 1Mb DRAM capacity (slow SRAMs,
video RAMs, x4 DRAMs, and fast DRAMs). Quality requirements have become more
stringent as availability becomes less a factor. Overall targeted functional reject rates
in ppm declined by 10 percent from last month's figures.

DATAQUEST ANALYSIS

The market, with some exceptions, continues to show signs of balance between
aggregate supply and demand. The direct implication for users is that overall prices and
lead times will continue to decline at an accelerating rate as yields and run rates of
1Mb DRAM products improve and directly affect the rest of the semiconductor industry.

Users should write into their contracts (if they have not done so already) clauses
that allow for quarterly price reviews. Opportunities for attractive margins will
continue for semiconductor manufacturers who supply specialty memory, high-end 32-bit
microprocessors, and CMOS PLD markets. With flat-to-moderate equipment sales
expected, the requirement of accurate component forecasting still remains the number
one tool to keep costs, inventories, and supply lines under control.

Mark Giudici
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1989 SEMICONDUCTOR USER AND APPLICATIONS CONFERENCE:
BUSINESS REMAINS STEADY; MOTOROLA WINS SUPPLIER OF THE YEAR AWARD

e SUMMARY

This year's Semiconductor User and Applications Conference, held in San Francisco

l on February 27 and 28, was the most successful and widely attended to date. As it did
B last year, the conference agenda provided both users and suppliers of semiconductors
8 with a forum to discuss industry issues in both a formal and an informal setting. This
year's conference theme, "Buying and Selling Semiconductors in 1989," addressed the
following four main areas:

® The 1989 industry outlook
® Purchasing issues
° A product and technology update
® Purchasing strategies
This newsletter will summarize the information presented at the conference, discuss
B8 how current issues are being addressed, and elaborate on the first annual Dataquest
Semiconductor Supplier of the Year Award.

Dataquest's Fourth Annual Procurement Survey was used as the vehicle to allow
semiconductor users to elect their Semiconductor Supplier of the Year. The five criteria
used in determining the winner were quality, on-time delivery, overall price, technical

support, and customer service. The overall winner of Dataquest's first annual
Semiconductor Supplier of the Year Award was Motorola Inc.
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Accepting the award from
Gene Norrett, corporate vice
president of the Technology
Division at Dataquest, was
Chuck Thompson, senior
vice president and director
of world marketing for
Motorola’s  Semiconductor
Products Sector.

HIGHLIGHTS OF THE CONFERENCE

Economic Outlook for 1989

The consensus of opinion presented by the speakers on the first morning was that in
comparison with 1988, 1989 will be a slowdown year regarding GNP, electronics,
semiconductors, and semiconductor capital equipment.

Richard O'Brien, Hewlett-Packard's corporate economist, presented the economic
framework that the electronics industry will be facing in the current and upcoming
years. An overall slowing of the worldwide economy is expected to dampen capital
equipment expansion primarily because of the large growth in industrial production seen
during the past three years. GNP growth will be lower than last year's surge, in part
resulting from the increase of inflation caused by continued high levels of debt-induced
spending. The Federal Reserve is expected to continue to fight this inflationary trend
with increased interest rates; these, in turn, will slow capital expenditure growth.
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The Dataquest electronic equipment forecast was presented by Terrance Birkholz,
research analyst in Dataquest's Semiconductor User Industry Service. Buttressing
Mr. Birkholz's forecast was the worldwide competitive environment, which he presented
as a six-front war involving the following:

] Performance L Quality
L Standards ] Pervasiveness
L Size o Cost

These areas are coming under fire as the worldwide economy slows. The only
increases in regional growth came in the North American transportation and consumer
applications and in the European industrial and communications arenas.

Hal Feeney, group vice president and director of the Dataquest Components
Division, next presented the 1989 semiconductor industry outlook. Citing the cyclicity
of semiconductor growth relative to the end markets, Mr. Feeney pointed out that a
combination of softening order rates, declining DRAM pricing, diminishing product
constraints, selected personnel adjustments, and the concentration of supplier strength
all show a trend toward slower growth in the next few years.

The former director of Dataquest’s Semiconductor Equipment and Materials Service,
Robert McGeary, spoke on this year's semiconductor capital equipment outlook.
Capacity utilization is expected to decline this year because of the aforementioned
slowing of overall semiconductor consumption. Although capital spending will remain
flat relative to 1988, it is in line with lowered semiconductor revenue estimates.

Mark Giudici, product manager of the Semiconductor User and Applications Group,
presented the results of Dataquest's Fourth Annual Procurement Survey. The 1988
DRAM shortage was in large part responsible for this year's top three issues (availability,
price, and on-time delivery), which were also last year's top issues. Another direct
result of the DRAM shortage was that Japanese semiconductor suppliers made large
inroads in supplying their U.S. customers by doubling their overall market share (from
17.0 percent to 34.5 percent), while U.S. suppliers lost 20 percent of the market (from
80.0 percent to 60.5 percent) during 1988. The respondents noted that in the
memory-dependent data processing market, Japanese and U.S. semiconductor suppliers
now have nearly equal market share (46.7 percent and 47.3 percent, respectively).
Another key outcome of the survey was that offshore production appears to have peaked
with 80 percent of the respondents planning no offshore production movement. Inventory
levels are targeted to decline this year with the highest percentage ever recorded
(45 percent) of the respondents stating that inventories will be reduced in 1989.

As mentioned above, Motorola was chosen as the best Semiconductor Supplier in
1988. Motorola received the most votes in all five categories, but excelled in customer
service (see Table 1). This resuit correlates with the overall need of semiconductor users
for a vendor that supplies quality product, that is on time and reasonably priced, and that
is both supported technically and displaying a "go the extra mile" attitude.
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Table 1

Top Five Semiconductor Suppliers

Area of Excellence

Company {Highest Votes)
Motorela Customer service
Texas Instruments On-time delivery
National Price
Intel Technical support
Hamilton-Avnet Price

Source: Dataguest
April 1989

Purchasing Issues in 1989

The main issues that face users of semiconductors (availability, price, and on-time
delivery) were addressed in a variety of ways by the following seven speakers.

Service

Bill Davidow, general partner with Mohr, Davidow Ventures, opened the afternoon
with a call to arms as far as servicing the customer is concerned. Mr. Davidow stated
that too few companies know how to produce the service level needed by their
customers. Once a product becomes a commodity, the only differentiating factor
companies have is how well they satisfy their customers' needs. The six elements of
service, strategy, leadership, personnel management, design, infrastructure, and
measurement, all have to be in place for a company to provide good service. The
speaker noted that, because of the intangible nature of service, unfortunately, many
companies get around to service once all the tangible factors of running a business are
complete.

Procurement

The president of Nahabit & Associates, Robert Nahabit, discussed how the
procurement function of an organization should be viewed as an investment, not a cost
center. The speaker's message to CEOs is, "You might as well get the very best
purchasing talent available, no matter what the cost, because you are going to pay for it
anyway, one way or another." Outmoded is the idea that purchasing's function is solely
to get the best price; rather, purchasing should be judged as a return on investment, with
cost savings minus operating costs representing the return on investment.

Offshore Business
Fujitsu's director of ASIC operations, Larry Roffelsen, explained what is required of
a foreign-owned company doing business offshore. The question of whether the offshore

entity has local autonomy revolves around how well the local market is understood and
how its needs can be met. Mr. Roffelsen emphasized that a foreign company cannot
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expect to fare well in the global marketplace unless it understands and incorporates the
needs of the local market and is able to respond without always having to get offshore
corporate approval.

Technology

Howard Bogert, a Dataquest vice president, spoke on how the importance of
technology, rather than individual products, is often overlooked in the competitive global
marketplace. By comparing Japanese and U.S. approaches used to address market needs,
Mr. Bogert noted some of the strategic advantages Japanese companies have over their
competitors. What the speaker suggested was that technology should be looked at as a
highly valued bargaining chip that should not be squandered but should be used wisely to
gain access to markets, to develop product knowledge, and to contribute to the health of
the local economy.

Quality

Texas Instruments' vice president of total quality control, James Watson, discussed
the fact that semiconductor quality improvement is an ongoing process. In the 1970s,
the definition of quality was meeting the acceptable quality level (AQL); in the 1980s,
the definition focused on meeting customer specifications. Mr., Watson contends that, in
addition to these two measures, the yardstick of the 1990s will be customer satisfaction
measured by process capability. The speaker noted that procurement's challenge is to be
more knowledgeable about statistical process control (SPC), to know what is happening
on the factory floor, to understand the supplier's capabilities, to work closely with the
supplier, and to demand input on new product definition.

Electronic Data Interchange

Edwin Bjore, a senior systems analyst with Tektronix, spoke about how electronic
data interchange (EDI) can benefit both buyers and suppliers of materiel. The speaker
elaborated on what is needed and what can be gained by using EDI. In order to install
EDI, the following prerequisites must be met:

. Vendor partnerships

® Reliable forecasts

L] Reliable deliveries

. Trust in accuracy
The reasons to invest in EDI are varied. The following are but a few:

. Purchasing~~-supplier, lead time, and paperwork reduction

* Manufacturing—just-in-time (JIT) and computer-integrated manufacturing
(CIM) programs

Mr. Bjore noted that, with the proper foundations laid, EDI has provided benefits that far
outweigh the initial costs.
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U.S.~Japanese Competition

Clyde Prestowitz, senior associate at the Carnegie Endowment for International
Peace and author of Trading Places: How We Allowed Japan to Take the Lead, gave an
inspirational dinner presentation on the cultural, business, and social differences that
exist between the United States and Japan and why they exist. Citing that it is
impossible (and probably a bad idea anyway) for the two countries to try to change each
other, Mr. Prestowitz went on to say that, although different, the United States and
Japan could compete with each other fairly if the United States had a centralized goal
similar to the Apollo Project that landed a man on the moon. In order to define and act
upon that goal, the federal government could, without gross expenditure, allow the
productive force in this country to at least sing from the same sheet of music. Without
going into detail about such things as taxation schemes, the speaker prompted the
audience to think about how each of their companies might be if that sheet of music
were widely distributed.

Products and Technology in 1989

Ron Bohn, industry analyst in the Semiconductor User and Applications Group,
presented Dataquest's semiconductor price and lead time outlook for the year. Noting
that the DRAM has been and will continue to be a major pricing problem, Mr. Bohn
focused on how the availability of DRAMs will impact all other semiconductor products
in the upcoming year. Due to the insatiable demand of memory in a "DRAM hungry
world,” supplies are expected to continue to lag demand in a steadily growing market.
The impact of this situation on microprocessors, ASICs, and nonvolatile memory will be
to lengthen life cycles as gradual price declines of generic (x1) and specialty (x4, video)
DRAMSs keep demand for these ancillary devices in check. Mr. Bohn concluded that,
although mature products will experience flat to falling prices, newer products will
follow traditional cost-curve price declines and technology dependence will continue to
increase the likelihood of key component spot shortages.

The director of DSP products for Austek Microsystems, David Taylor, explained how
digital signal processing (DSP)} is being used in various applications and what it means to
users and suppliers alike. Mr. Taylor noted that there are four different types of DSP
products: ASIC DSP, algorithm-specific DSP, microprogrammable DSP, and DSP
microprocessors. DSP microprocessors can be seen as "jacks of all trade" DSP
components, while algorithm-specific DSP parts are "masters of one trade." The mature
microprogrammable DSP components still hold a majority of the DSP market but are
receiving stiff competition from the two newer technologies. The understanding of DSP
and its applications will pose challenges to both users and buyers, Mr. Taylor noted, but
the advantages are well worth looking into.

The ASIC world was reviewed by Andy Prophet, the senior industry analyst covering
ASICs for Dataquest's Semiconductor Industry Service. In his speech, "ASICs and the
Graveyard of Overriding Considerations," Mr. Prophet stated that the ASIC segment of
the industry is due for a shakeout as small companies without the financial and technical
wherewithal to provide cutting—edge technologies either will be absorbed by larger
companies or will cease to exist. The speaker foresees ASIC technology as another
technology driver equal to the DRAM for the customized segment of the marketplace.
This new function of ASICs necessarily requires large outlays of research funding that
only the most successful of ASIC vendors will have available. In order of stability,
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companies selling cell-based product will fare well, yet the number of companies now in
the gate array segment are expected to be fewer within this year. The highest growth
area in ASICs is in the MOS programmable logic device (PLD) segment. Many new
companies with state-of-the-art technology are providing customers with ASIC solutions
at very competitive pricing.

Stephen Diamond, Sun Microsystems' director of component marketing, spoke about
the reduced~instruction set computing (RISC) versus complex-instruction-set computing
(CISC) application decision. Mr. Diamond noted that although each type of processor has
merits, the intended application of the individual system will ultimately determine what
type of processor best suits the market. Machines that require high-volume calculation
capability with or without enhanced graphics often are designed for RISC processors,
while machines that are used as multipurpose tools either in business or technical
applications often are designed with CISC processors. The message here was that RISC
is not a fad but a very viable option in designing state-of-the-art systems.

The chairman and CEQO of Micron Technology, Joseph Parkinson, presented the
DRAM suppliers' perspective of the past year's DRAM shortage. Citing the increasingly
high costs of producing advanced memory products, Mr. Parkinson spoke of how strategic
alliances between user and supplier can be a solution to the ongoing shortages of key
components. He  said that quality, on-time delivery, pricing flexibility, open
communications between user and supplier, and fulflllmg commitments are the keys to a
good working relatlonshlp '

Purchasing Strategies for 1989

The strategies emphaszzed this year concerned the planned use of strategm
partnering, coordinated sourcing, and product definition as cornpames mature in the
worldwide marketplace.

Bill Krist, vice president of international trade affairs for the AEA, presented the
user's views on last year's DRAM débacle. Mr. Krist briefly explained why the
U.S.~Japan Semiconductor Trade Arrangement was instituted and discussed measures
proposed to prevent a repetition of recent events in the electronics industry.
Systematically tracking the demand of the PC/workstation markets and proposing
changes to the existing trade arrangement are on the current agenda for the AEA with
Dataquest in order to mollify the dramatic swings of the semiconductor supply situation.
The speaker emphasized that long-term purchase agreements and formalized alliances
and/or consortia between users and suppliers of semiconductors will continue to provide
the most stable supply of components for users and revenue for suppliers.

Carl Salanitro, the Corporate Materiel Manager of Hughes Aircraft Company, spoke
about procurement's role in keeping a company competitive. Citing the need for a
balance in supply sourcing and another call for buyer/supplier partnering, the speaker
discussed how procurement involvement can greaily ease the implementation of
corporate alliances by ensuring the correct choice of suppliers and the products they
supply. Mr. Salanitro stressed that increased competition and alliances can ensure top
quality, lower costs, and reliable supplies both now and in the future.
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NCR Corporation's director of contract negotiation and management, Derrell
Hauser, presented the five key points necessary for a successful supply line management
program. The five criteria that purchasing needs to review critically are the following:

L Technology . Delivery
® Reliability . Price
e Quality

To become a key supplier, a company must excel at these elements. Mr. Hauser
contends that, in order for a supply line management program to work effectively, a
sense of ownership must exist to provide the incentive to perform best. In turn, each
stakeholder in the equation gains, be it a supplier with increased sales, a design group
with the latest technology, or the traffic department with the highest on-time delivery
schedule. The bottom line for the user is that once the rules of supply line management
are understood by all, every company involved comes out ahead.

John Patterson, senior vice president of Tandy Computers-Tandy Electronics, next
discussed his company's perspective on worldwide sourcing, Dr. Patterson focused on
how the combination of internally manufacturing proprietary components and externally
sourcing commeodity products on a region-by-region basls can lower supply line risk in
the personal computer industry. Buyers need to become more technically proficient in
order to know the rudiments of the products they are buying. For external suppliers,
ciose working relationships are mandatory and will continue to be so in today's
competitive market.

Apple Computer's vice president of product marketing, Randy Battat, spoke about
Apple's combining design, manufacturing, and marketing to shorten the product cycle
from inception to production. To best utilize a company's resources, the funnel approach
is used on an idea. The idea is first previewed by all departments directly involved
{design, manufacturing/procurement, and marketing). This approach is used in order to
best understand any of the pitfalls in manufacturing, procurement, or design constraints
long before the drawings are released for production. By combining the efforts of
normally diverse departments, ownership of the new product (if approved) is already in
place as a result of the in-depth preapproval process.

OVERALL CONFERENCE REVIEW

The latest Semiconductor User and Applications Conference again provided the
forum for semiconductor manufacturers and users to formally and informally discuss
strategic and tactical issues of importance today and in the coming year. Although the
urgency of DRAM availability has ebbed since last year's conference, the continued
uneasiness of key component supplies will continue on through 1989. The anticipated
overall slower economy will affect all areas of the electronics industry. How buyers and
sellers of semiconductors react to this environment remains to be seen. Nevertheless,
the strategies and tactics presented at this year's conference, if carefully implemented,
will help smooth the ruts in the anticipated bumpy road that lies ahead for the
electronics industry.

Mark Giudici
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SEMICONDUCTOR PRICE SURVEY: SPOTLIGHT ON 1Mb DRAM PRICE DECLINES

SUMMARY

The year 1989 marks an overall downward trend in North American semiconductor
pricing, with prices continuing to decline in commodity areas such as standard logic and
nonvolatile memory. The big news, however, centers on declining average selling prices
(ASPs) for critical devices such as IMb DRAMSs, ASICs, and 32-bit microprocessors. An
increasing supply of IMb DRAMs translates into a year-long decline in price for this key
component, with supply and demand moving into balance by early in the third quarter.
This newsletter highlights the key points of Dataquest's latest North America-based
price survey and forecast.

STANDARD LOGIC TRENDS

Supply of standard logic products should exceed demand during the first half of
1989. General lead times narrowed during the first quarter of 1989 to a range of seven
to nine weeks versus the longer lead times of 1988. Figure 1 illustrates the consequent
downward pressure on standard logic pricing.

As shown in this figure, the mature bipolar and HCMOS families should gradually
decline in price as suppliers ponder their future in these older markets. Pricing for
newer families (AS, ALS, Advanced ECL) will drop more aggressively to keep in line with
cost—-curve experience as suppliers battle to keep design-ins.
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JFigure 1
Standard Logic Price Trends
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MICROPROCESSOR TRENDS

With demand from PC manufacturers slowing from the torrid 1988 pace, the
microprocessor component (MPC) marketplace stands at supply-demand equilibrium
except for unmet demand for high-speed 16~ and 32-bit MPCs. Lead times range from 8
to 16 weeks with most deliveries running 10 to 12 weeks.

Pricing for the mature mainstream 8=bit and 16-bit MPUs should be stable. A major
exception to this trend is a price battle that has erupted among suppliers of high-speed
80286 devices (> 12 MHz) and suppliers of 16~-MHz 32-bit products. Manufacturers such
as Intel and Motorola are cutting prices now in order to move users from high-speed,
16-bit MPCs to the low end of the 32-bit camp. ASPs for 32-bit MPCs continue to
decline as expected, at a rate of 5 percent per quarter.

MEMORY TRENDS

Events in the DRAM segment set the stage for memory price/lead time trends with
several exceptions. As shown in Figure 2, North American users of the critical
IMb DRAM can expect a year-long decline in price that drops to $10.09 by the fourth
quarter. The supply of 1Mb DRAMSs is ramping up so that overall supply and demand
should balance by the third quarter. There will be little price/availability relief for users
of 256K DRAMs until after the 1Mb market achieves an equilibrium. Obtaining more
specialized DRAMs such as the x4 parts (64Kx4, 256Kx4) or higher-speed devices
{sub-100ns} will continue as a procurement challenge. S5amples of 4Mb DRAMs are
available at an ASP of $200 to $300 from an ever growing supplier base. Seven suppliers
have 4Mb samples of DRAMs now, and 10 more firms will do so by the end of 1990.
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Figure 2

DRAM Price Trends
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The supply and pricing of slow SRAMs remain a DRAM-driven function.
Specifically, suppliers of slow SRAMs have little incentive to produce slow SRAMs (given
the more lucrative choice of producing DRAMs); therefore, slow SRAM lead times are
expected to remain long and pricing firm during the second quarter of 1989. By the third
quarter, however, users can expect an increase in the supply of slow 8Kx8 and 32ZKx8
SRAMs.

Fast SRAM trends remain largely independent of the DRAM world. Demand for fast
SRAMs is driven by performance, which for suppliers allows for a high degree of product
differentiation and higher ASPs. During 1989, 16K and 64K fast SRAM prices will
decline as suppliers compete for customers' sockets.

The nonvolatile memory business (EPROMs, EEPROMs) should avoid major impact
from the DRAM crunch this year. Pricing will be flat or it will decline moderately, with
lead times holding at 6 to 16 weeks, due to the relatively small size of this marketplace.

ASICs
So far during 1989, all ASIC implementations are declining in price. The sole

exception is 3-micron gate arrays, which continue to move down the phase-out stage of
the product life cycle. Figure 3 reveals pricing pressure in the ASIC world.
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Figure 3
1988 ASIC Price Trends
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Gate arrays are declining in terms of both price per gate and nonrecurring
engineering (NRE) costs, with the trend most apparent in the 1.5-micron segments.
Nevertheless, suppliers of other ASICs (cell-based ICs, or CBICs; PLDs) are throwing
gasoline onto the flames of gate array price competition. Price competition in the
CMOS PLD segment makes those devices increasingly attractive as a design alternative
to gate arrays in select applications. On a long-term strategic basis, the downward
trend in CBIC pricing requires users to give CBICs a close look in terms of total system
cost savings for systems being designed today for production in the 1991 to 1992 period.

DATAQUEST CONCLUSIONS AND RECOMMENDATIONS

During 1989, Dataquest recommends that users of semiconductors should structure
their supply-base activities by wearing the following two different procurement hats:

L Commodity products hat

° Higher-performance products hat
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Commodity Products

Commodity-type semiconductors will be available from a wide supplier base in
ample quantities at declining prices and narrowing lead times. These commodity devices
include 1Mbx1 DRAM (100ns or greater), IMb EPROM, standard logic, 1.5~ to 2.0-micron
CMOS gate arrays (10K gates or less), and lower-speed 8- and 16~bit microprocessors
(< 12 MHz). Downward pricing trends aiso show up in noncommodity areas such as 32-bit
microprocessors and CMOS PLDs. For supply-base managers, the commodity product
scenario translates into a steadier supply at lower prices during 1989.

Higher-Performance Products

Dataquest recommends that supply-base managers devote extra procurement effort
and also be prepared to pay stiffer premium prices this year in order to procure
specialized chips required for high-performance systems. In the DRAM arena, the
x4 configuration (64Kxd4, 256Kx4) will be in heavy demand but not amply supplied. The
supply—-demand imbalance and erratic price swings that characterize the 256K DRAM
business will piague users of 256Kx4 DRAMs (as well as 64Kx4 devices). Users of
5ub—100ns DRAMs must also compete against heavy demand and should expect to pay
15 to 20 percent premiums for 80ns devices. Similarly, supply-base managers must
aggressively source devices such as video RAM, slow SRAM (8Kx8, 32Kx8, 1Mb}, and
4Mb DRAM on a worldwide basis because of their limited availability.

Ronald Bohn
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A SAMPLING OF SUB-1.5-MICRON DEVICES
JULY THROUGH DECEMBER 1988

INTRODUCTION

This newsletter lists the new commercial products with line geometries of
1.5 microns or below that were announced from July through December 1988. For the
most part, the products are either being sampled or in production. (Although the list is
not the result of a thorough literature search, Dataquest believes that it represents a
fair cross section of sub-1.5~micron products introduced during the six-month period.)
The intent of this newsletter is to provide our clients with a barometer of the changes
occurring in fabrication technology, along with an idea of the types of leading-edge
products entering production.

Table 1 summarizes the number of new product introductions by linewidth. (A
product family, such as an ASIC family, is considered a single product.) Of the 99 new
products listed in this newsletter, 37 percent are (or will be) fabricated with 1.5-micron
linewidths, while 63 percent are fabricated with 1.3 microns or less. Thirty-eight
percent of the new products are fabricated with l-micron or lower linewidths, and
16 percent are fabricated with submicron geometries. Figure 1 illustrates the breakdown
by linewidth and category of the 99 new products.

Figure 2 shows how the number of new products for July through December 1988
compares with the number for March through June 1988. (See SUIS Newsletter 1988~18,
entitled "A Sampling of Sub-1.5-Micron Devices, March Through June 1988.") Note that
for both periods, 37 percent of the products introduced are fabricated with 1.5-micron
linewidths; however, there is a definite shift toward smaller geometries in the later
period. In the previous period, 29 percent of the products were introduced at 1.1-micron
geometries or below, while in the latest period, the figure has grown to 38 percent.

Table 2 lists the 38 new products that have linewidths of 1 micron or lower and the
companies that will manufacture the products.
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Broduct Category

Microprocessor Products

Memory Products

ASIC and Logic Products

Total

Percent of Total

Note:

Table 1
Number of New Products by Linewidth
(Microns)
1.5 1.3-1.2 1.0 micron
31 13 11 2
1 4 7 12
5 -1 4 _2
37 24 22 16
37% 24% 22% 16%

Columns may not add to totals shown because of rounding.

Total
57
24
18
99

100%

Source: Dataquest
April 1989
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Figure 2
Number of New Products

by Linewidth and Time Period
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Table 2
1-Micron and Submicron Devices
Linewidth
Company {Microns) Device Type
Microprocessors

Fujitsu . 32-bit TRON MPU
Hitachi . 32-bit TRON MPU
LSI Logic - . RISC MPU
Mitsubishi . 32-bit TRON MPU

Communications coprocessor

Texas Instruments

1.0

1.0

1.0

1.0

1.0
Texas Instruments 1.0 RISC DSP
Texas Instruments 1.0 32-bit interface controller
Texas Instruments 1.0 Palette-DAC
Toshiba 1.0 32-bit TRON MPU
TRW 1.0 Integer divider
Weitek 10 64-bit FPUs
ATAET 0.75 16-bit DSP
ATS&T 0.75 DSP

(Continued)
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Table 2 (Continued)

1-Micron and Submicron Devices

Linewidth
Company (Microns) Revice Type
Memory
Intel . 256K EPROMs
Mitsubishi . Fast 256K SRAMs
NEC . 4-Mhit EPROM
Siemens . l1-Mbit DRAM
§-MOS . Fast 256K SRAMs
Toshiba . Fast 64K SRAMs
Toshiba . Fast 8K x 9 SRAM

Fast 64K SRAMs
Fast 4K SRAM
Fast 128K SRAM

Cypress Semiconductor
Cypress Semiconductor
Cypress Semiconductor

-

Hitachi . 4-Mbit DRAM
NEC . 16-Mbit ROM
Waferscale Integration . 1-Mbit EPROM
Waferscale Integration . 512K EPROM
Waferscale Integration . 256K EPROM

Fast 4K SRAMs
Fast 16K SRAMs
Fast 64K SRAMs

Performance Semiconductor
Performance Semiconductor
Performance Semiconductor

LI

.

CO0OOOOOCAOCOOHEF MMM M
-
N~ - wdmdeDOoOOOODODOODO

NEC .55 l6-Mbit DRAM
ASIC/Logic

Altera 1.0 EPLD

LSI Logic 1.0 Gate arrays

VLSI Technology 1.0 Gate arrays

VLSI Technology 1.0 Standard cells

Altera 0.8 EPLD

Vitesse 0.8 GaAs gate array

Source: Datagquest
April 1989
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NEW PRODUCTS ~

Microprocessor, Microcontroller, and Peripheral Products

The following microprocessor, microcontroller, and peripheral products were
introduced between July and December 1988:

Japan's 32-bit Gmicro TRON microprocessors are beginning to hit the
market. Hitachi is sampling its Gmicro 200 (700,000 transistors); Fujitsu will
began sampling its 900,000-transistor chip, the Gmicro 300 in the spring of
1989; and Mitsubishi is scheduled to begin sampling its 300,000-transistor
Gmicro 100 chip, also in the spring of 1989. In addition, Teshiba is working on
a 400,000-transistor chip called the TX1. All four devices are fabricated with
a3 l=-micron CMQS process. (12/26/88)

AT&T has available the DSP32C intended for wuse in graphics,
telecommunications, and speech recognition systems. The device has more
than 400,000 transistors and is fabricated with a 0.75-micron, double-metal
CMOS process. (12/12/88)

Hitachi is sampling the H8 532 8-bit microcontroller, which has 32K of
EPROM and a 200ns instruction execution time. The device, the first in
Hitachi's H8 family, is fabricated with a 1.3-micron CMOS process and is
scheduled to be in full production by April 1989. (12/11/88)

TRW has introduced an integer divider for use in radar systems, workstations,
and imaging systems. The TMC3211 performs at 20 million operations per
second; it is fabricated with TRW's l-micron CMOS Omnicron process.
(12/12/88)

Data Translation has entered the chip business with its MicroChannel interface
chip designed for use in its line of add-in boards for IBM's PS/2 computers.
The device, manufactured by LSI Logic, is fabricated with a 1.5~micron CMOS
process. (12/12/238)

SGS-Thomson Microelectronics has introduced two families of 8-bit
microcontrollors, the ST62XX and ST63XX. The devices are fabricated with a
1.5-micron CMQS process. (12/5/88)

NSI Logic has introduced an advanced video controller, the EVC-415A, and a
companion video palette DAC, the PS00004, for implementing
VGA-compatible subsystems. Both devices are fabricated with a 1.5-micron
CMOS process. (12/5/88)

Advanced Micro Devices has introduced a single-chip 32-bit floating-point
processor. The Am29C325 device is fabricated with a l.2-micron CMOS
process. (12/5/88)
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Texas Instruments (TI) has introduced its single=-chip communications
coprocessor for implementing a 16-Mbps token-ring local area network
(LAN). The TMS380C16 chip is fabricated with TI's l-micron CMOS EPIC
process. The chip is sampling now, with full production expected in mid-1989.
(12/5/88)

Austek Microsystems is sampling the A41102 frequency domain processor,
capable of real-time fast Fourier transforms for spectral analysis of speech,
radar, and sonar signals. The device is fabricated with a 1.5-micron CMOS
process. (11/28/88)

LSI Logic has begun shipping its new RISC chip set, which consists of the
LR3000 32-bit microprocessor, LR3010 floating-point accelerator, and
LR3020 write buffer. Available in 16.7 MHz and 25 MHz, the LR3000 CPU is
fabricated with a 1-micron CMOS process. (11/21/88)

Fujitsu has introduced a 25-MHz memory management unit (MMU) for its
S-25 Sparc RISC microprocessor. The MB86920 MMU is fabricated with a
1.2-micron CMOS technology. The device is available in sample quantities
with production volumes expected in January 1989. (11/21/88)

Weitek has introduced faster versions of its WTL3164 and WTL3364 64-bit
floating-point processors that were originally introduced earlier this year.
The devices, previously fabricated with a 1.25-micron process that allowed
100ns speeds, will now be fabricated with a I-micron process to obtain speeds
as fast as 50ns. (11/14/88)

G-2 Inc. has introduced a 803865X~compatible chip set, the GCK1018X, which
allows designers to build a 803865X system with nine chips. The GCKI1018X, a
three—chip set fabricated with a 1.5-micron HCMOS process, is being sampled
currently; production is scheduled for the first quarter of 1989, (11/7/88)

NCR has introduced its $0C98 Arcnet LAN chip, which combines the functions
that were previously contained on the 90C26 and 90C32 chips. The device is
fabricated with a 1.S-micron CMOS process. Samples will be available in
December, with production scheduled for February 1989, (11/7/88)

Fujitsu is beginning production volume on its second-generation version of the
SPARC RISC microprocessor. The $~25 is a standard cell implementation of
the SPARC architecture and is fabricated with a2 1.2-micron CMOS process.
(10/10/88)

Oki Semiconductor is offering the MSM699210 DSP, a 1.5-micron upgraded
version of the 2-micron MSM6992 DSP. The M5M699210 will eventually shrink
to a l.2-micron process and then to a l-micron process by the end of 1989.
(10/17/88)

AT&T is sampling the WE DSP16A 16-bit DSP device that AT&T claims is the
fastest 16=bit DSP on the market, with an instruction execution time of 33ns
and a 30-mips performance. The chip is fabricated with a 0.75-micron,
double-metal CMOS process. (10/10/88)
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L Edsun Laboratories will sample early in 1989 an improved color palette DAC
that will make a standard PC monitor look like a high~resolution graphics
screen. Production is scheduled for the second quarter of 1989, and the chip
will be fabricated with a 1.5-micron, double-metal CMOS process. (10/3/88)

. Chips and Technologies has introduced a six—device chip set intended for the
80286- and 803865X-based laptop computers. This chip set is offered in two
versions for the different microprocessors, and all devices are fabricared with
a 1.5-micron CMOS process. (9/26/88)

- Texas Instruments is now sampling the TMS320C30 digital signal processor.
Employing RISC architecture, it is capable of 33 Mflops and can execute
instructions in 60ns. The chip integrates 700,000 transistors and is fabricated
with TI's 1.0-micron EPIC CMOS process. (9/19/88)

. Vadem will sample in November the VG-501 and VG-502 chip set that was
developed in conjunction with Intel. The two chips consolidate peripheral
functions for the 80C186-based PC XT and PS/2 Model 30 compatible
systems. VLSI Technology will manufacture the chip set using a 1.5-micron,
double—-metal CMOS process. (9/19/88)

° NEC will begin sample shipments of a 122ns DSP in October. The uPD77220
will be fabricated with a l.2-micron CMOS process; volume shipments will
begin in the spring of 1989. (9/13/88)

L] Advanced Hardware Architectures has developed a codec chip that can
operate at 15 Mbytes per second. The company was spun off last March from
the University of Idaho's Microelectronic Research Center, which conducted
research on the chip. The AHA4510 chip is fabricated with a 1.2-micron
CMOS process, and shipments will begin in October. (9/12/88)

® Matsushita has developed the MN8605, a modem c¢hip for 9,600-bps facsimile
transmission. The chip will be fabricated with a 1.5-micron, double-poly,
double-metal CMOS process. Volume production will start in the fall of 1988.
(5/1/88)

. Texas Instruments is sampling a standard NuBus interface chip set designed to
be used in add-in boards for Apple's Macintosh II system and other 32-bit
computers using NuBus. The chip set includes the SN74ACT2440 32-bit
interface controller and the SN74BCT2420 16-bit address/data transceiver.
The 2440 device is fabricated with TI's l-micron CMOS EPIC process; the
2420 is fabricated with a BICMOS process. Volume production is scheduled for
October. {8/29/38)

L 2 Toshiba will sample a 32-bit MPU in December. The TX1 microprocessor,
based on the Tron architecture, is its first development in the Tron project.
The TX] is fabricated with a 1-micron process and has 450,000 transistors on a
10.89mm x 10.27mm chip. Average operating speed is 5 mips; at maximum
speed, it ¢an perform 12.5 mips at a clock speed of 25 MHz. (8/29/88)

; Samsung has introduced two CMOS DRAM controllers, the KS84C21 and
KS84C22. Each controls both 256K and 1-Mbit DRAMSs; in addition, the
KS84C22 can control 4-Mbit DRAMs. The chips will be fabricated with a
1.2-micron process at Samsung's San Jose, California, facility. (8/15/88)
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. Advanced Micro Devices has introduced its first family of CMOS graphics
peripheral circuits, The AmB1C458 color palette chip (or P=DAC) is
fabricated with a 1.2-micron process, which is the same process that AMD
uses on its Am2%9000 family. The chip can support displays up to 1,280 x
1,024 pixels and run at pixel rates up to 125 MHz. The device is being sampled
now with volume production scheduled for September. (8/15/88)

. Yamaha has introduced the YM7109 modem chip, which is designed for use
with 9,600-baud fax systems. The device is fabricated with a 1.2-micron
CMOS process, and sampling will begin in September. (8/15/88)

. Texas Instruments is designing a P-DAC, that will run from 37.5 MHz to
125 MHz. The chip will be fabricated with a2 1-micron CMOS process. (8/8/88)

L Intel is sampling the 87C75PF Port Expander device, which is used with
16-MHz 8-bit microcontrollers such as the 8051 and 80C51 series. The Port
Expander is for use with embedded contrellers that have tight constraints on
board space; consequently, it combines on one chip several functions such as
two microcontroller [/O ports, interface and logic circuitry, and 32-Kbits of
EPROM memory. The device is fabricated with a 1.2-micron CHMOS process
and will be in volume production in October. (8/8/88)

¢ Cypress is shipping the first two members of a family of 16-bit
microprocessors, the CYC9116-45JC and CYC9116-45DC, that have been
optimized for peripheral controller applications such as disk controllers,
graphics controllers, communications controilers, and modems. The devices
are fabricated with a 1.2-micron CMOS process. {7/25/88)

. LSI Logic's affiliate, G-2, has entered into an agreement with Groupe Bull of
France to manufacture an IBM PS/2 compatible chip set. The chip set includes
the GC181 CPU bus controller, the GC182 memory controller, the GC183
DMA controller, the GC184 address—data buffer, and the GC186 peripheral
controiler. The 20-MHz chip set, which will be sampied in the third quarter of
1988, will be fabricated with a l.S-micron (l.2-micron effective) CMOS
process. (7/25/88)

. NEC is offering five ISDN devices fabricated with a 1.5-micron CMOS
process. The uPD72305, uPD72107, and uPD98001 devices are now in

production; samples of the uPD72307 and uPD98201 are available with full
production scheduled for the third quarter of 1988. (7/11/88)

Memory Products
Memory products introduced between July and December 1988 include the following:
L] NEC has a prototype 16-Mbit DRAM with an access time of 55ns and

measurement of 8.2mm x 15.9mm. The chip is fabricated with a 0.55-micron
CMOS process. (12/26/88)
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- NMB Semiconductor has introduced fast 1-Mbit DRAM with access times as
low as 60ns. The devices, offered in 1Mx1 and 256Kx4 configurations, will be
fabricated with 2 1.2-micron process. Volume production is scheduled for the
second quarter of 1989. (12/19/88)

. Logic Devices has entered the static RAM market with a family of seven fast
64K SRAMs with access speeds down to 20ns. The parts are fabricated with a
1.5-micron CMOS process and will be produced at the company's foundries in
the United States and Japan. (12/19/88)

- Hitachi has begun sampling its 4-Mbit DRAM to a select group of worldwide
customers. The chip is fabricated with a 0.8-micron CMOS process using
stacked capacitor cells. Large volume availability is expected by 199Q.
(12/12/88)

L | Intel is offering two new 256K EPROMs, the 27C202 and 27C203 devices,
which provide zero wait state performance for 32-bit microprocessors. The
27C202 has a 70ns access time, while the 27C203 has a 45ns address setup
time. The devices are fabricated with Intel's 1-micron CHMQS III-E process.
Samples are available now, with volume production set for the first quarter
of 1989, (12/12/88)

. Performance Semiconductor has available a series of fast 4K, 16K, and
64K CMOS SRAMs fabricated with its 0.7-micron gate length, double-metal
PACE Il process. Performance claims that, at 10ns for the 4K and 64K
(64Kx1} parts and 15ns for the 16K and 64K (8Kx8, 16Kx4) parts, they are the
world's fastest SRAMs. (12/5/88)

) Xicor is sampling a 1-Mbit EEPROM device, which Xicor claims is the
industry's first monolithic 1-Mbit EEPROM., The X28C010 is fabricated with a
1.2-micron CMOS process and measures 359 mm<. Volume production is
scheduled for mid-1989. (11/28/88)

L Toshiba has introduced three fast 64K SRAMs (TCS5588, TCS55416, and
TCS55417) and an 8Kx9 memory chip with parity (TC5589). All four chips have
access times as low as 15ns. The devices are fabricated with a l-micron
CMOS process with different aluminum masks added to the base die to create
the final memories. (11/28/88)

L Siemens has upgraded its 1-Mbit DRAM technology from a 1.2-micron N-well
process to a 1.0-micron double~well process, allowing a 15 percent reduction
in chip size. Chip size has been reduced from 55 mm? to 47 mm2. The
devices are manufactured in Siemens' Mega facility at Regensburg, West
Germany. Siemens also has begun sampling 4-Mbit DRAM devices based on a
1.0-micron process as well. The 4-Mbit devices will be manufactured at
Perlach, West Germany. (11/21/88)

L Cypress Semiconductor will have available in mid-1989 samples of the
CY7C184 128K cache RAM that it is designing in conjunction with Compaq
Computer. The CY7C184 will have speeds of 25ns and will be fabricated with
a 0.8-micron CMOS process. (10/31/88)
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Cypress Semiconductor is offering a 12ns 4K SRAM intended for cache tag
applications. The CY7C150 is fabricated with a 0.8-micron CMOS process.
(10/17/88)

S-MOS is offering the SRM21256 and SRM22256 256K SRAMs that range in
speed from 35ns to 70ns. The devices are fabricated with a I-micron CMOS
process. (10/17/88)

Mitsubishi has introduced three fast 256K SRAMS that have access times of
25ns, which Mitsubishi claims is the fastest in the industry. The MS5SMS257A,
MSMS5258A, and the MSM5260A are designed with CMOS peripheral logic
technology and an NMOS memory array. The devices are fabricated with a
l-micron process that will be shrunk to 0.8 micron to gain even faster access
times. (10/3/88)

NEC has introduced the uPD23C16000CZ 16-Mbit ROM chip that has an
access time of 200ns. The chip, which is fabricated with a 0.8-micron CMOS
process, measures 8.49mm x 17.09mm. Preduction is scheduled for the fourth
quarter of 1988. (9/14/88)

Cypress has introduced a lineup of 20ns 64K SRAMs fabricated with a
0.8-micron CMOS process. The lineup includes the CY7161, CY7162, CY7164,
CY7166, CYT185, CY7186, and CY7187 64K SRAMs. (8/22/88)

NEC will begin sampling a 150ns 4~Mbit EPROM this month. The device,
which is the first 4-Mbit EPROM 1o be sampled, is configured 512Kx8 and wiil
be produced with a 1.0-micron CMOS process. Volume production is scheduled
for January 1989. (8/1/88)

Waferscale Integration is sampling a new family of EPROMSs that includes the
WS27C010L 1-Mbit device with an access time of 100ns, the WS27C512L 512K
device, and the WS27C256L 256K device; the latter two devices both have
access speeds of 90ns. The devices are fabricated with a 0.8-micron,
split-gate CMOS process that uses a single transistor cell. (7/25/88)

Integrated Device Technologies has introduced a new family of dedicated FIFO
memories. The IDT72131 and IDT72141 FIFOs are for bidirectional serial data
communications applications and read in parallel data and read out serial
data. The IDT72142 and IDT72132 FIFOs are for serial-to-parallel
applications and are intended for tape-drive controllers, hard-disk controllers,
and CD-ROM drive controllers. All devices have a shift rate of 50 MHz and
an access time of 35ns. They will be fabricated with a 1.2-micron CMOS
process. Depending on the part number, sampling will begin either in August
or September. (7/25/88) .

Atmel is offering a 70ns 256K EEPROM fabricated with a 1.25-micron
(previously reported in SUIS Newsletter 1988-18 as a l-micron process),
double-metal CMOS process. The device, called the AT28HC256, is produced
at a Japanese facility. (7/11/88)
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ASIC and Logic Products

ASIC and logic products introduced between July and December 1988 include the

following:

Altera is sampling the EPI810, a new version of its EP1800 erasable
programmable logic device (EPLD) that operates 50 percent faster than the
EP1800. The chip is manufactured with a l-micron CMOS process. Volume
production is scheduled for the first quarter of 1989, (12/26/88)

United Technologies Microelectronics Center has a new series of gate arrays
with gate counts of up to 11,000 usable gates and typical gate delays of 630ps.
The devices are fabricated with a 1.5-micron (1.2-micron effective channel
length) CMOS process. (12/26/88)

Plessey Semiconductors is offering a 50,000-gate MEGACELL, which is
fabricated with a 1.5~-micron CMOS process. (12/12/88)

Altera is sampling the EPM5032 EPLD logic device, which is the first of many
devices that will be based on Altera’'s MAX (multiple array matrix)
architecture. Altera says that the EPM5032 packs more logic than any other
programmable logic device (PLD), as it achieves nearly six times the density
of popular PLDs. The chip is fabricated with a 0.8-micron CMOS EPROM
technology. (11/21/88)

Vitesse has introduced the VSCI0000 gallium arsenide pgate array that is
intended to compete with ECL gate arrays. The VSC10000 operates at speeds
up to 1.2 GHz at one-half to one-third the power of ECL devices; typlcal gate
delays are 100ps. The device is manufactured with an l1-mask process that
features 0.8-micron gate length with four layers of metal. Device size is
335 mils x 280 mils; ECL gate arrays are about 20 to 30 percent larger. Power
consumption of the VSC10000 is 5 to 12 watts compared with 10 to 30 watss
for ECL devices. (11/21/88)

LSI Logic has introduced a new cell-based ASIC CMOS technology, the
LCBO007, that is capable of integrating 200,000 equivalent gates on a single
chip, The LCBO007 will be fabricated with a i~micron gate length (0.7-micron
effective channel length). LCB007 wafers will be manufactured at LSI Logic's
facilities in California, Japan, and England. The design library will be made
available by the end of 1988, and first customer samples will be shipped by
mid-1989. The LCBO007 technology will allow the incorporation of up to
144 Kbits of fast SRAM and 1 Mbit of ROM on the chip. (11/14/88)

VLSI Technology is now accepting orders for its new VGT300 gate array family
and VSC300 standard cell family. The VGT300 series has gate counts ranging
from 28,090 to 243,360 available gates, with estimated gate utilization of
between 30 and 40 percent, and the VSC300 series has usable gate counts of up
to 150,000. Both fFamilies are fabricated with a2 l-micron (effective channel
length of 0.85 micron), double-metal CMQOS process. The l-micron process is
presently being used at VLSI's San Jose, California, facility and will be
transferred to the San Antonio, Texas, facility by mid-1983. VLSI is

developing the next family of ASIC products, which will be 0.8-micron,

triple-meztal devices. (10/31/88)
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Oki Semiconductor is offering a new channeled gate array family with
densities up to 30,000 usable gates and a new standard cell family with
densities up to 60,000 gates and speeds of 600ps. Both families are fabricated
with a2 1.2-micron CMOS process. (10/24/88)

Sony has introduced a fast ECL 200-gate-array chip that rivals similar gallium
arsenide chips in speed and power. The E3G200 has toggle frequencies on the
order of 2.5 GHz, a typical gate delay of 150ps, and a power dissipation of less
than 1 watt. The chip is fabricated with a 1.2-micron, double-metal bipolar
process. Sony plans to release 1,000-gate and 2,000-gate versions in
July 1989. (9/19/88)

Motorola is designing gate-array-based interface chips for use in laser
printers. The chips will contain a core of the 68000 microprocessor and the
dedicated laser printer functions. The LPC-1 will have 5,000 gates and will be
fabricated with a 2-micron CMOS technology, while the ALPC-1 will have
16,000 gates and will be the first commercial application of Motorela's HDC
series of l-micron CMOS channelless architecture gate arrays. The LPC-1 is
currently available in sample quantities; samples of the ALPC-1 will be
available in December, with volume production scheduled for February 1989.
(9/5/88)

Toshiba is offering the TC23SC series standard cell library available from 700
to 50,000 gates and with typical gate delays of 1.0ns. The family is fabricated
with a 1.5~-micron, double~metal HC2MOS process. (8/29/88)

General Electric Solid State has added the CGA10 and CG100 series of
continuous-gate arrays to its ASIC offerings. The CGA10 series, ranging from
1,550 gates to 10,648 gates, is fabricated with a 2-micron CMOS process; the
CGI100 series, ranging from 12,149 gates to 66,350 gates, is fabricated with a
1.5-micron CMOS process. The two families are alternate sources for VLSI
Technology's VGT10 and VGT100 families. (8/8/38)

General Electric's Microelectronics Center is offering a 1.25-micron CMOS
gate array family fabricated with a VHSIC [ process. The AGC40000 family
consists of arrays of 1,750 gates, 6,246 gates, and 13,600 gates. The family,
which will also be available in rad-hard CMQS, has a typical gate delay of
0.685ns for a two-input NAND gate. (8/1/88)

Atmel has introduced the AT2500, 2 2500-gate EPROM-based PLD that can
run at 40 MHz. The device, fabricated with a 1.2-micron CMOS process, is
being sampled now; full production is scheduled for August. (7/25/88)

Advanced Micro Devices and SEEQ are shipping a jointly developed
electrically erasable PAL device. The PALC20RAI10Z is built with a
double-poly, single-metal 1.2-micron CMOS process. Initially, it will be
fabricated only by Seeq, with assembly and test being done by AMD. This is
also the first E2 CMOS product that AMD will be shipping. (7/25/88)
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. NEC is taking designs on the uPD65000 series of gate arrays, which range from
858 gates 10 5,632 gates. Gate utilization is about 95 percent, and propagation
delays average 10ns. The family is fabricated with NEC's 1.5-micron CMOS
4L process. (7/11/88)

L] Samsung has begun shipping four parts of its CPL20 PLD family, which has a
propagation delay of 25ns. The CPL24 family, which has a delay of 35ns, will
begin shipping in August. Both families are manufactured with a 1.2-micron
CMOS process at Samsung's Santa Clara, California, facility. (7/4/88)

(This document is reprinted with the permission of Dataquest's Semiconductor
Equipment and Materials Service.)

Mark A. Giudici
Joseph Grenier
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The following is a list of the newsletters in this index:

July — September Index

Cost Trends—High Lead-Count Packaging (1989-29)—Input and output (1/0)
requirements increase as dice become more complex. To minimize silicon
costs and improve processing speed, feature sizes are being shrunk continually
so that traditional package assembly using wire bonding is no longer cost
effective. This newsletter analyzes high 1/0 package assembly costs and how
design component engineers need to work with procurement to decrease
system assembly costs. Dataquest concludes that theemphasis on reducing the
cost of systems now must focus on the packaging area as well as the silicon.

Semiconductor Price Survey: Suppliers Aim to Manage 1Mb DRAM Price
Decline (1989-30)—Trends for the first half of 1989 continued to mark 1989 as
a period of declining semiconductor prices and shorter lead times. This
newsletter highlights the key points of Dataquest's latest North
America-based price survey and forecast. The year 1989 continues as a period
of declining semiconductor prices and shorter lead times. Dataquest again
recommends that users give CBICs a close look, together with gate arrays, for
systems being designed today for production in the post-1990 period.

June Market Watch: Clearer Slowdown Signals as System Demand Weakens
(1989-31)—This month's Market Watch focuses on the dropping of book-to-bill
ratios, continuing system demand slowdowns with manageable inventory levels,
and steady prices. Dataquest believes that despite the inevitability of a
slowdown, we should be thankful that capacity and inventory are low and
prices and profits probably will not plunge severely.

DRAM-Supply Wild Card: Samsung to the Rescue? (1989-32)—First-tier
Japanese DRAM suppliers have reaped high profits with their strategy of
managing supply to control prices. These companies have a plausible
profit-maximizing strategy, but it hinges on the assumption that other
manufacturers' production plans will slip. In following their strategy,
Japanese suppliers will have te trade market share for profits, which means
that they must ramp-up the 4Mb DRAM successfully in order to keep overall
worldwide DRAM market dominance. Dataquest believes that Korean and U.S.
suppliers eventually may prove that Japanese manufacturers do not have as
tight a control over the DRAM market as they think,

U.S. Memories Inc.—A Strategic Response to DRAM Technology Dependence
(1989-33)—Events in 1988 demonstrated how DRAM technology dependence
can cut system manufacturers’ revenue and profits. A group consisting of U.S.
DRAM users (Digital Equipment and Hewlett-Packard) and semiconductor
suppliers (AMD, Intel, LSI Logic, and National Semiconductor), in alliance with
IBM, have proposed the formation of a company to be known as U.S. Memories
Inc. Dataquest recommends that North American DRAM users immediately
investigate the possibility of participation in U.S. Memories Inc.
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July — September Index

Systems-Demand Slowdown Sparks Sharp Drop in Worldwide IMb DRAM Prices
(1989-34)—An expanding IMb DRAM supply from a growing number of
suppliers hit a midyear demand slowdown that to DRAM suppliers looks like a
second-half recession. Until worldwide system production/DRAM demand
patterns change, Dataquest recommends that systems manufacturers on a
worldwide basis aggressively negotiate for lower 1Mb DRAM prices.

July Procurement Pulse: Inventories/Orders Down, Memories on a Seesaw
(1989-35)—This month's Procurement Pulse explains what inventory order rate
corrections mean to both semiconductor users and manufacturers. Dataquest
expects low inventory levels (especially for non~-DRAMs) to continue and to
cause more spot orders, or at least more orders that require deliveries within
three months. It is now a buyer's market.

July Market Watch: MOS Memory Joins Slowdown, Turns Business Increases
(1989-36)——This month's Market Watch examines increases in June's
book-to-bill despite 0.99 ratio, decreasing system demand and inventory, and

plunging indicator prices. Dataquest believes that the industry will see
fluctuating, rather than continuously declining, order patterns from month to

;nonth dass buyers adjust their inventory mix or respond to sudden production
emands.

Semiconductor Price Survey: MPUs and 1IMb DRAMs Lead Way in Sharp Price
Break (1989-37)—Suppliers of 16-and 32-bit microprocessors (MPUs)} and
1Mbx1 DRAMs have cut pricing aggressively in response to a recent slowdown
in U.S. systems shipments. This newsletter highlights the key points of
Dataquest's latest North America-based price survey and forecast. Dataquest
reinforces its previous recommendation that systems manufacturers negotiate
for better lead times. Dataquest again recommends that users give CDICs a
close look vis-a-vis gate arrays for these products along with local
customizing capability. ’

The Shape of Post 1992 Distribution in Europe (1989-38)—Today, distribution
represents 28.2 percent of the European semiconductor market; by 1993,
Dataquest expects this to increase to 33.1 percent. This newsletter examines
the current restructuring of the European distribution network and assesses
the future shape of distribution in Europe after 1992. Dataquest believes that
more global distributors will emerge in 1992, with a few U.S. distributors in
the European market. The most dramatic change will occur when Japan-based
trading houses forge links with some of their global distributors.
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July — September Index

August Procurement Pulse: The Orders-Down, Inventories-Up Seesaw
Continues (1989-40)*—This month's Procurement Pulse survey focuses on
lower semiconductor orders along with slow system sales and the uncertainty
of how long lead times will remain stable. Dataquest believes that the seesaw
composed of inventory levels and order rates will continue to balance and that
this trend should last through the end of the year.

August Market Watch: As the Market Slows, Advantage Goes to the
Levelheaded (1989-41)—-This month's Market Watch reviews dropping
book-to=bill ratios, further slowdown of computer inventory growth, up~down
seesawing OEM semiconductor inventories, and declining prices. Dataquest
believes that semiconductor manufacturers should go back to business
basics——stay efficient, stay lean, and provide better service.

September Procurement Pulse: Orders Continue to Slide While Inventories Rise
(1989-42)--This month’s Procurement Pulse survey continues to indicate slow
semiconductor orders, lead times remain the same, and because of a business
slump, inventories will continue to rise. Dataquest recommends that buyers
need to communicate accurately their 6~ to 12-month requirements while
suppliers need to ensure timely delivery of parts as order levels decline.

Solutions to Systems Manufacturers' High-Speed ROM Supply Base Challenge
(1989-43)—Purchasing high-speed MOS mask ROM (sub-200ns) devices for use
in leading—edge systems presents a special set of challenges and risks for
supply-based managers in North America and Europe. This newsletter
identifies the market factor behind this challenging reality and recommends
specific courses of supply-based action for adapting to market realities.

GaAs PLDs Attack the Silicon TTL PLD Market (1989-44)—GaAs
programmable logic devices (PLDs) that operate 65 percent faster than
equivalent silicon parts now are available as a superset of more than 30 of the
most popular silicon PLDs. These and other GaAs PLDs are expected to have
a major impact on the silicon PLD marketplace as the 1990s unfold. This
newsletter discusses the availability and production worthiness of GaAs, the
benefits of GaAs over silicon, and programming issues. Dataquest concludes
that the availability of GaAs PLDs with TTL interface is accelerating the
insertion of GaAs technology into digital systems.

September Market Watch: Buyers Put on the Brakes as Market Continues to
Slide (1989-45)—This month's Market Watch remains unchanged compared
with last month's forecast. Book-to-bill continues to slip, computer bookings
are down, inventories are up, and semiconductor prices are falling to new
lows. Dataquest believes that the September indicators all point to the
current slowdown as being more than a seasonal blip for both semiconductor
suppliers and users.

* The number 39 (e.g., 1989-39) has been omitted.
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SEPTEMBER MARKET WATCH:

BUYERS PUT ON THE BRAKES AS MARKET CONTINUES TO SLIDE

Market Watch is a monthly bulletin that is
released after the SIA book-to-bill Flash Report
and is designed to give a deeper insight into the
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monthly trends in the semiconductor market (see
Figures 1 through 4).

Figure 2
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2 SEPTEMBER MARKET WATCH: BUYERS PUT ON THE BRAKES AS MARKET CONTINUES TO SLIDE

BOOK-TO-BILL SLIPS FURTHER TO 0.94

The summer slump in semiconductor book-
ings and billings continues, but this seasonal slow-
down is compounded by users experiencing
comparably declining system sales growth. Data-
quest believes that the current softness in the semi-
conductor market will continue for the next six
months as a result of the fundamental decrease in
clectronic system demand.

COMPUTER BOOKINGS DOWN,
SYSTEM INVENTORIES UP

System inventory levels have begun to rise
again in the face of booking and shipment declines.
The slowing system shipments, the rapidly falling
booking rates, and an increase in system invento-
ries all indicate that the computer industry will
continue to cut costs. Az the current rate, the
largest user of semiconductors in the United
States—the computer industry—will barely show
positive growth for 1989. What this fact means for
semiconductor suppliers is that there is no near-
term relief from the current semiconductor booking
decline.

OEM SEMICONDUCTOR INVENTORIES
CONTINUE TO SPROUT UP

Semiconductor inventories dramatically rose
above targeted levels this month, primarily because
of DRAM stockpiles. This inventory bu