251 River Qaks Parkway, San Jose, CA 95134-1913

A Gartney Group Company
{408) 468-8000  Fax (408) 954-1780

Tuly 18, 1996

Dear Client:

Enclosed please find a copy of “North American Semiconductor Price Outlook:
Third Quarter,” product code SPSG-WW-MS5-9603, which replaces a copy that
was previously mailed to you. Because of a production error, we may have sent
you a copy before it was three-hole drilled for you binder. There are no changes
to the content of the document. We apologize for any inconvenience this may

have caused.

A2

Gordon Riley
Production Manager
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DataqQuest

A Gartner Group Company 251 River Oaks Parkway, San Jose, CA 95134-1913
. {408} 468-8000  Fax (408) 954-1780

February 1996

Dear Dataquest Client,

By now, you should have received the 1996 Dataquest research program binders
for fiting the newsletters and reports that will be sent to you throughout the year.

To let you know what documents you can expect to receive as part of your
subscription, enclosed please find the 1996 datasheet for the research program to
which you subscribe. The back side of the datasheet lists the Dataquest
Perspectives, Market Trends reports, Market Statistics books, reports, and
electronic newsletters that are included in this year’s research portfolio.

. If you have any questions about the research schedule, please contact your
Dataquest research analyst or client services representative.

Sincerely,

Dy

Jeffrey A. Byrne
Vice President
Worldwide Marketing




SEMICONDUCTOR SUPPLY AND
PRICING WORLDWIDE

Dataquest’s Semiconductor Supply and Pricing Worldwide program responds to the
quick information needs of semiconductor users. Clients of this program receive
indispensable information needed to make solid, intelligent, and timely procurement

and design-in decisions.

Partnering to
Provide Solutions

As a client, you have direct
access to experienced
analysts who can provide
insights and advice on
market dynamics, industry
events, and competitive
issues.

Inquiry Support
Personalized inquiry
support is a primary
component of your
Dataquest annual
subscription program.

Through an interactive
approach, Dataquest
analysts work with you to
tailor the program to meet
the unique needs of your
organization.

Electronic Delivery

A variety of electronic
delivery options that have
the power to deliver
Dataquest insights directly
to your desk are available.

Information Resource
Centers

Clients have unlimited access
to Dataquest's extensive print
and online resource libraries
worldwide.

Optional Custom Research
Should your needs exceed the
scope of this program,
Dataquest also offers
extensive primary research
and consulting services.

Market Coverage

Wani more
information
about
Dataquest?

Place your request
by calling our
Fax-on-Demand
system at

1-800-328-2954

Quarterly Price Forecasts
Dataquest publishes short-
and long-term forecasts for
more than 200 products in
the following
semiconductor product
famnilies:

= DRAMs

= SRAMs

= EPROMs

= Flash memory ICs

= ROMs

= Microprocessors

= Gate arrays/CBICs

* Standard logic

DataqQuest

Quarterly Procurement
Pulse Survey Results

Based on surveys of
procurement managers,
this quarterly update
tracks critical issues and
market trends, including:

= Average semiconductor
order rates

= Average semiconductor
lead times

= Semiconductor
inventories of major
users

Monthly Price/Lead-Time
Updates

Dataquest publishes
monthly price and lead-
time updates on 25
products, three volume
levels, and six regions
worldwide.

Market Statistics

This program also provides a
top-level view of the products,
markets, and companies of the
worldwide semiconductor
industry. Statistics include:

= Semiconductor market
share estimates

= Worldwide consumption
forecasts by region

Annual Product/Market
Updates

Product life cycles, market
rankings, and supplier alliance
analysis are provided for:

= DRAMs

= SRAMs

* Nonvolatile memory

= MPUs

= ASICs

* Semiconductor cost models



WHAT YOU WILL RECEIVE AS A CLIENT

SEMICONDUCTOR SUPPLY AND PRICING WORLDWIDE

Perspective Dataquest Perspectives present analysis and commentary on key technologies, ..
companies, market opportunities, trends, and issues in the semiconductor market. A
minimumn of six Perspectives will be published on an vvent-driven basis throughout
the year, as well as two Dataquest Predicts. Schedule.’ Ferspectives for 1996 include:

Dataquest Predicts: In these hard-hitting reports, Dataquest takes a bold,
opinionated, often controversial look at key issues, products, and trends shaping the
industry today. The reports make predictions, backed with data and intelligent
analysis, about why, when, and how events will happen and what impact these events
will have on worldwide pricing.

Available in July and December 1996

Product/Market Analysis: Comprehensive newsletters presenting analysis on
products/ markets and procurement issues such as product life cycles, market
dynamics, alliances, and cost models/ package costs.

Six Issues per Year
Market Analysis - Procurement Pulse: Based on surveys of semiconductor
procurement managers, Dataquest publishes a quarterly update on critical issues and
market trends. Concise analysis and four easy-to-read graphs explain what inventory
and order rate corrections mean to both semiconductors users and manufacturers.

Available Quarterly

Market Statistics  North American Semiconductor Price Outlook: Quarterly and five-year price
a forecasts for more than 200 semiconductor products in the following product families:

DRAMSs, SRAMs, EPROMs, flash memory ICs, ROMs, microprocessors, gate arrays,
cell-based ICs, CMOS PLDs, and standard logic ICs.

Available Quarterly
Worldwide Semiconductor Consumption and Shipment Forecast: Five-year
revenue forecasts for the global semiconductor market by region.
Available in the Second and Fourth Quarters 1996
Worldwide Semiconductor Market Share: Market share by company for total .
semiconductors; total ICs; bipolar digital, memories, and logic; MOS digital, memories,
microcomponents, and logic; analog ICs; discrete semiconductors; and optoelectronic
semiconductors.
Available in April 1996

' @ Reports Focus Studies: These reports examine an issue of importance to equipment OEMs.

Each report delivers a forward-locking assessment of procurement issues and their
potential irpact on short-term and long-term pricing before they affect your business.
Clients receive three focused reports published throughout the year:

+ Capital Spending February 1996
 Contract Manufacturing Update April 1996
+ [C Assembly December 1996

Electronic News Dataquest Alerts: News and analysis, delivered by fax, for fast-breaking events.
Dataquest Alert bulletins are published throughout the year on an event-driven basis.
Event-Driven

The DQ Monday Report; Weekly news and commentary on semiconductor industry
events and issues with a monthly snapshot of regional semiconductor pricing for 25
key semiconductors in six regions (United States, Japan, Europe, Taiwan, Korea, and

Singapore).
Weeldy via Electronic Mail

A Gariner Group Company
Corporae Headquaners Boston Area United Kingdom AsiafPacific Japan
251 River Oaks Parkway Mirve: Techneiogy Drive: Halmers Fam Way 7/F China Underiters Centre Shinkawa Sanko Burding
San Jose, CA 951341913 PO, Box 5062 High Whycembe 88 Gloucester Road Sth Floor
United Stabes Westborough, MA. 0N5315093  Buckinghamshine VWan Chai 1317, Shinkawa
Phone:  1.408-465-8000 United States. HPM245H Hong Kang Chuc-ky, Tokyo 104
Fax  1-408-954-1780 Phone:  $-508-871-5555 United Kingdorn Phone: 85228246168 Japan
Fax-Bacic 1-800-325-2954 and press 4 Fax 15085716262 Prone: +44 1404422722 Fax 85228246138 Phone; B1-3-5586-0411

Fax  +44 1454 422742 Fax  513-5566-0425
21996 Dataguest Dataquest is a registered rademark of the A& Niglsen Company

Program Code: SPSG-WW MKTG 196 (JCG)



December 1995

Dear Dataquest Client:

In 1996, Dataquest will celebrate its 25th year as the leading global supplier of market intelligence to
the IT vendor and financial communities. I would like to thank you, on behalf of all Dataquest
associates worldwide, for your support. We are proud to be your information partner by providing
the IT market insight and analysis you need to make crucial business and planning decisions.

The enclosed binder is for filing and storing the printed market research newsletters and reports that
you will receive on an ongoing basis throughout 1996 as part of your subscription to Dataquest. You
may notice that we’ve streamlined the binder tab and document filing structure this year. We hope
that this 5-tab scheme increases your efficiency in filing and locating documents.

You probably know that in addition to paper-based delivery, Dataquest is also committed to
delivering our market statistics and analysis electronically. We expect that our electronic products,
known collectively as Dataquest on the Desktop, will play an increasing role in our ability to deliver
information to you in a timely, efficient way. For your information, our electronic tools include:

e Dataquest on Demand —Our monthly CD-ROM containing a rolling 13 months of Dataquest’s
printed documents

® MarketView — A data analysis tool containing many of Dataquest’s market statistics databases

e Electronic NewsTakes and Dataquest Alerts —Weekly / event-driven summary and analysis of
top IT news, published via e-mail or fax by most Dataquest research groups

e Dataquest Interactive — Our Internet-based electronic delivery system that you are invited to
preview at this URL: http://www.dataquest.com

One last note: an optional binder called Electronic News is available on request for clients who wish
to file their electronic newsletters and Dataquest Alerts. To order your copy, please fill out the
FaxBack form found in the binder pocket and fax it back to us.

We look forward to working with you in our continuing process to improve the content, quality, and
timeliness of our products and services. I encourage you to share with us your comments about our
publications and electronic delivery tools.

Sincerely,
Jeffrey A. Byrne
Vice President, Worldwide Marketing


http://www.dataquest.com

1996 RESEARCH PROGRAMS

From semiconductors to systems, software to services, telecommunications to document
management, Dataquest’s scope of expertise provides clients with a clear view of the relationships
among information technology segments — relationships that can have a profound impact on

making strategic business decisions.

Computer Computer Systems Personal Computing
Systems and Client/Server Computing Worldwide Personal Computers Worldwide
Peripherals Computer and Client/Server Systems Europe Personal Computers Strategic Service Europe
Servers Europe Personal Computers Asia/Pacific
UNIX and Open Systems Europe Mobile Computing Worldwide
Workstations PC Distribution Channels Worldwide
Advanced Desktop and Workstation PC Distribution Channels Europe
Computing Worldwide Desktop PC Technology Directions Worldwide
Workstations Europe Mobile PC Technology Directions Worldwide
Computer Storage Personal Computers Central and Eastern Europe
Removable Storage Worldwide Quarterly Statistics
Optical Disk Drives Worldwide Advanced Desktop and Workstation Quarterly Statistics
Optical Disk Drives Europe Worldwide
Rigid Disk Drives Worldwide Workstation Quarterly Statistics Europe
Rigid Disk Drives Europe Server Quarterly Statistics Europe
Tape Drives Worldwide PC Quarterly Statistics United States
Tape Drives Europe PC Quarterly Statistics Europe
Graphics % g’-‘u:ter})' gtat‘:stics f:P‘;;P ;
) . . terly Statistics Asia/Pacific
e e PC Quarterly Statistics Worldwide by Region
Online, Emerging Technologies Personal Computing Software Worldwide
Multimedia, Multimedia Worldwide Personal Computing Software Europe (Module)
and Software Multimedia Europe (Module) Technical Applications
Online Strategies Worldwide AEC and GIS Applications Worldwide
Online Strategies Europe (Module) Electronic Design Automation (EDA) Worldwide
Productivity/Development Toois Mechanical CAD/CAM/ CAE Worldwide
Client/Server Software Worldwide CAD/CAM/CAE/GIS Europe (Module)
Workgroup Computing Worldwide CAD/CAM/CAE Asia/Pacific (Module)
Workgroup Computing Europe (Module)
Services Customer Services e Consulting and Education

Customer ServiceTrends North America

Customer Services and Management Trends
Europe

Professional Services

Professional Service Trends North America

e Systems Integration and Applications
Development

* Consulting and Education

¢ Systems Management

Vertical Market Opportunities North America

Professional Services Europe

¢ Systems Integration

Dataquest

e Systems Management

Professional Services Vertical Market Opportunities
Europe

Professional Service Trends Asia/Pacific

Sector Programs

System Services North America

¢ Desktop Services

* Notebook Services

* Server Services

User Computing Services Europe

Network Integration and Support Services North America
Network Integration and Support Services Europe
Software Services North America

Strategic Service Partnering North America



1996 RESEARCH PROGRAMS

e
Document Copiers Printers Europe
Management Copiers North America Colour Products Exurope (Module)
Copiers Europe Printer Quarterly Statistics Enrope
Facsimile Printer Distribution Channels Exrope
Facsimile North America Printers Asia/Pacific
Printers Printer Quarterly Statistics Asiag/Pacific
Printers North America
Semiconductors Regionatl Markets Application Markets
Semiconductors Worldwide Semiconductor Application Markets Worldwide
Semiconductors Europe Semiconductor Application Markets Europe
Semiconductors fapan Semiconductor Application Markets Asia/Pacific
Semiconductors Asia/Pacific Commurnications Semiconductors & Applications WV
» China/Hong Kong Consumer Multimedia Semiconductors & Applications
» Taiwan Worlduwide
o Korea Semiconductor Directions in PCs & PC Multimedia WA
+ Singapore PC Teardown Analysis
Devices PC Watch Europe
ASIC Applications Europe Electronic Applicatton Markets Europe — Automotive
Memoties Worldwide Electronic Application Markets Europe —Commurndcations
Memory Applications Exrope Electronic Application Markets Exrope —Consumer

Memory IC Quarterly Statistics Worldwide
Embedded Microcomponents Worldwide
Microcomponent Applications Europe
DRAM Quarterly Supply/Demand Report

Electronic Application Markets Europe —EDP
Manufacturing
Semiconductor Equipment, Manufacturing, & Materials
Worldwide
LCD Industry Worldwide

User Issues . . .
Semiconductor Supply and Pricing Worldwide Semiconductor Contract Manufacturing Worldwide
Telecom- Networking ) + Premise Switching Systems North America
munications Networking North America Voice Communications Eurcpe
» Local Area Networks North America » Voice Processing Europe
+ Wide Area Networks North America » Call Centres Europe
* Modems North America » Telephones Europe
Networking Europe + PBX/KTS Systems Enrope
» Asynchronous Transfer Mode Europe Public
¢ ISDN Europe Public Network Equipment & Services North America
* Modems Europe » Public Network Equipment North America
* Local Area Networks Europe + Public Network Services North America
* WANs Europe . Public Network Equipment & Services Europe
Quarterly Market Watch Nerth America « Public Network Equipment Europe
* Intelligent Hubs & Swilches ¢ Public Network Services Europe
+ Network Interface Cards Personal
Network Distribution Charnels Europe Cellular Telephony Worldwide
Voice Personal Communications North America
Voice Communications North America Personal Communications Exrope
* Voice Processing North America » Infrastructure and Services Europe
s Computer-integrated Telephony & » Terminals Europe
Automatic Call Distributors North America Personal Communications Distribution Europe
e —
Cross- Technology Insights for: IT Business Development for Financial Organizations
Technology Financial Services 1S and Purchasing Organizations
Proagram Government Agencies [T Supporting Industries
grams Publishing, Media, and Consulting Firms
e —
Emerging IT Centrat and Eastern Europe AsiafPacific
Markets Personal Computers IT Market Insight Asia/Pacific
Telecornmunications Personal Computers Asia/Pacific & Quarterly Statistics
Latin America Printers Asia/Pacific & Quarterly Statistics
Personal Computers Professional Service Trends Asig/Pacific
Printers + Country-level reports on Asia/Pacific IT markets
mta@est Corporate Headguarters Boston Areg United Kingdom Tokyo
251 River Daks Parkway Nirw Technology Drive Holmars Fam Way Shinkswa Sanko Bulkding
AGartner Group Company S Jose, GA 951341913 P.0. Box 5053 High , Buckinghamshire 6th Ficor
Uriited States Westarough, MA (15815006 HP12 A0 1-397, Shirkawa
Phone: 1-408-468-5000 United States Uniiad Ghuo-u, Tokyo 104
Fax  1-408-954-1780 Prone: 1508-871-£555 Phone: +44 1494422 722 Japan
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DATAQUEST 1996 CONFERENCES

Dataquest sponsors an on-going series of conferences and invitational events focusing on
trends and issues in information technology and IT services. These conferences are the
preeminent source of insight and analysis of global IT market dynamics.

North America January 24 Capitalizing on the Wireless Phenomenon  San Jose, California
January 30 Dataquest Predicts Boston, Massachusetts
February 20 Dataquest Predicts San Jose, California
March 7 Channel Trends Conference San Jose, California
April 1-2 ServiceTrends Conference Orlando, Florida
April 1* Mining the Internet Boston, Massachusetts
May 6-7 Personal Computer Conference San Jose, California
May 13-14 Copier Conference Boston, Massachusetts
June 26-27 Storage Track Conference Monterey, California
July1+* SEMICON/West San Francisco, California
September 25-26 * Multimedia San Jose, California
October 24-25 Semiconductors ‘96 Palm Desert, California
December 1 * Mining the Internet San Jose, California
Europe January 24 Computer Storage Munich, Germany
May 22-23 Semiconductors ‘96 Frankfurt, Germany
September 10 Computer Storage London, England
Japan May 13-14 Semiconductors ‘96 Tokyo, Japan
September 10-12  Computers and Peripherals Tokyo, Japan
December 6 Telecommunications Tokyo, Japan
Dataquest December 1 * Asia/Pacific Series Tokyo, Japan
Invitational December 1 * Asia/Pacific Series Seoul, Korea
ggf':‘fz::z:es December 1 * Asia/Pacific Series Beijing, PRC
December 1 * Asia/Pacific Series Shanghai, PRC
December 1 * Asia/Pacific Series Xi‘an, PRC
December 1 * Asia/Pacific Series Guangzhou, PRC
March 5 Dataquest Storage Solutions Series - USA  San Jose, California
April 10 Dataquest Storage Solutions Series - USA  Irvine, California
April 24 Dataquest Storage Solutions Series - USA ~ Nashua, New Hampshire
September 24 Dataquest Storage Solutions Series - USA ~ Newton, Massachusetts
April 1 Mediterranean Series Dubai, UAE
May 21 Mediterranean Series Athens, Greece
October 30 Mediterranean Series Tel Aviv, Israel
November 6 Mediterranean Series Istanbul, Turkey

DataqQuest

* Date tentative/may change



DATAQUEST

1996 CONFERENCES

—
Dataquest January 17 Dataquest Storage Solutions Series-Europe  Paris, France
g‘::rt:;t’:al January 23 Dataquest Storage Solutions Series-Europe ~ Munich, Germany
r
Confgrences January 30 Dataquest Storage Solutions Series-Europe  Milan, Italy
{continued) February 1 Dataquest Storage Solutions Series-Europe Rome, Italy
June 10 Dataquest Storage Solutions Series-Europe  Budapest, Hungary
June 12 Dataquest Storage Solutions Series-Europe  Prague, Czech Republic
June 21 Dataquest Storage Sclutions Series-Europe St Petersburg, Russia
June 25 Pataquest Storage Solutions Series-Europe Moscow, Russia
Taly 1 Dataquest Storage Solutions Series-Europe Warsaw, Poland
September 1 Dataquest Storage Solutions Series-Europe Amsterdam, Helland
September 5  Dataquest Storage Selutions Series-Europe  Stockholm, Sweden
September 11  Dataquest Storage Solutions Series-Europe  London, England
September 19 Dataquest Storage Solutions Series-Europe  Frankfurt, Germany
Want more October1*  Latin America Series Caracas, Venezuela
::;ﬁ;”“ho" October1*  Latin America Series Mexico City, Mexico
Datagquest? October1*  Latin America Series Sado Paulo, Brazil
Place your request October 1 : Latm Amerfca Senes Buer}os Aires., Argentina
by calling our October 1 Latin America Series Santiago, Chile
Fax-on-Demand  QOctober1*  Latin America Series Bogota, Columbia
system at . . . . . P,
1-800-328-2954 October 1 Latin America Series Lima, Peru
February 19  Scuth Africa Series Capetown, South Africa
February 22  Scuth Africa Series Johannesburg, South Africa
April 11 LINK Series - North America Crlando, Florida
April 30 LINK Series - North America Austin, Texas
May 1 LINK Series - North America Philadelphia, Pennsylvania
May 9 LINK Series - North America Charlotte, North Carolina
May 14 LINK Series - North America Denver, Colorado
May 21 LINK &eries - North America Portland, Oregon
November 1* LINK Series - North America Montréal, Québec
November 1 * LINK Series - North America Ottawa, Ontario
November 1 * LINK Series - North America Calgary, Alberta
November 1* LINK Series - North America Vancouver, BC
November1* LINK Series - North America Toronto, Ontario
*Date tentative/may change
w tinited Kingdom France Asig/Pacific Israst
Hokmers Farm Way immeuble Déferse Bergéres 7F China Underwriers Phone: +97 29926 111
A Gartner Group Company B i msmaau gg:.maerﬁoad P e memT
HP1Z4XH TSA 40002 Wan Chax Haly
Urited 0862 - Narteme CTC Cedex 9 Hong Kong Phone: +392 24 40 539
Phone: +44 1494420722 France Pharw: 852 2024 6168 Faw 43222824400
Fax  +44149442742 Phone: +331 41351300 Fax 85228246138
Faw  +33141351313
Corporste Headaquarters Boston Area Germany Japan South Africa
251 River Qaks Partoeaty Nine Tachnalogy Orive Krenstacker Strasse 9 Shinkawa SarkoBuldng  Phone: +27 11 488 108417
San Jase, CA 951341913 PO Box 5033 1677 Minchen 6ih Flaor Fac 27 114681241
Urited States Westiorough, MA 015815098 Deutsehiand 1-3-17, Stinkawa
Phone; 1-408-468-5000 Uriod Staltes Phene: 449899309090 Chuo-kas, Tokyo 104 Spain
Fax  1.408-9541780 Phone: 1-508-671-5556 Fax 49899303277 Japan Phone: +34 157 13 804
Facon-Demand. Dial 18003262954  Fax 15054716262 Phone; B1-3-5666-0411 Fax 43415714266

arvd press 4 (Limited 0 North Amenica)

1906 Dataquest incorporated

Fac  B1-3-5556-0425

Dataquest is a registered trademark of the A.C. Niclsen Company
Program Code: DQGE-WW

MKTG 1/96 (P58)



Dataquest Fax Back—408-954-1780

Leticia Martinez
To:

Co.:

Dataquest Incorporated

San Jose, California

City:

Country:

US.A, Total Pages 1 of 1

Here's How to Order Your Electronic News Binder

Dataquest provides a separate binder called
Electronic News to help you organize your
printouts of the electronic newsletters and
Dataquest Alerts that will be sent to you by your
Dataquest North America research programs
throughout the year.

Although not all clients will print out electronic
news bulletins or file faxes, the Electronic News
binder is available by request for those who do.

To order your Electronic News binder, just fill
out the form below and fax it back to us. We
will mail your binder to you immediately.

Note: If you subscribe to more than one
Dataquest North America research program,
then indicate how many binders you need in the
space provided below (plan on one binder per
research program), and we'll send them to

you in one shipment.

Thank you for helping us serve you better.

Customer Name

Title

Company

Street Address

City

State /Province

Country

Postal/Zip Code

Telephone

Fax

Total number of Electronic News binders needed:

DataqQuest

251 River Oaks Parkway, San Jose, CA 95134-1913
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251 River Oaks Parkway * San Jose * CA » 95134-1913 » Phone 408-468-8000 * Fax 408-954-1780

Fourth Quarter 1996 Procurement Pulse:
Order Rates Rising, Lead Times Low and Stable, and

Inventories Well Managed

The Procurement Pulse is a quarterly update (with interval updates, if events warrant) of critical
issues and market trends based on surveys of semiconductor procurement managers in the
North American region. Besides order rate, lead time, and inventory information, this survey
also notes price status by semiconductor product family and package type, as well as key

problems facing semiconductor users.

Figure 1
Averaged Monthly Semiconductor Orders
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Figure 3
Actual vs. Target inventory Levels
(All OEMSs)
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Averaged Semiconductor Lead Times
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Figure 4
Actual ve. Target Inventory Levels
(Computer OEMs)
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Dataquest Alert Semiconductor Supply and Pricing Worldwide

Semiconductor Order Rate Expected to Rise for the Third Straight
Month

As shown in Figure 1, the outlook for semiconductor order activity will rise gradually after two
previous incrementally higher forecasts. Although 17 percent higher than September's forecast
index, the October outlook is historically upbeat as it wraps up the year-end holiday push.
With prices at historical lows for many ICs, this rising booking outlook is another encouraging
sign that the overall market is relatively healthy. The continued buoyancy of the electronics
market continues to benefit from overall price declines, with steady unit volumes being
ordered at lower dollar outlays. The overall sample has seen price cuts in all areas tracked in
this survey - DRAM, MPUs, logic, flash memory, and SRAM (although at more moderate rates
of under 2 percent per month). In contrast to the declining contract DRAM prices, spot market
pricing for most discrete DRAM parts and SIMMs has risen over the past few weeks as
demand for high-density SIMMs and their corresponding parts has risen, and spot suppliers
scramble to caich up. The computer subset of the respondents saw a similar DRAM price cut of
2 percent in September after a 5 percent average drop noted in August. Although overall prices
continue to decline, pricing for different semiconductor packaging (except for three
respondents using TSOP) has reached parity. Improvement in availability is providing cost
relief in all areas, and the outlook through the next six to nine months is for more of the same.

Lead Times for Semiconductors Now Slip Below Eight Weeks

Figure 2 highlights the drop in the average lead time for respondents in September to 7.3
weeks, the lowest on record (since 1989)! The continual decline of average lead times correlates
directly to increased availability of components relative to demand. Now beginning a fourth
quarter of a buyer's market, many procurement managers continue to balance price cuts with
supply base relations. Improved service levels combined with ever-lower prices are fraying
some long-term supplier relations. Out of the entire sample, only two respondents noted
problems with products, those being ASICs and memory parts. For the majority of the
respondents and the overall market, problem products are a thing of the past, with sights now
set on predictable pricing. Like last quarter, over half of this month's respondents noted price

. fluctuations as the key issue facing them. The spot market will continue to vacillate around the
declining contract price curve, causing uncertainty for some buyers. The overall trend,
however, is for continued good availability, consistently declining contract prices and low (8- to
10-week) lead tirnes for the next six months.

Semiconductor Inventories under Gontrol

Figures 3 and 4 highlight how the inventory bubble has now passed through the industry as
target and actual levels are back to or below the levels of third quarter 1995. Even with
semiconductor order rates forecast to pick up again, the increase in fourth quarter business has
not increased reported levels of semiconductor inventory. The overall targeted and actual
semiconductor inventory levels for September were 14.8 days and 15.1 days, respectively, e
compared with August's 12.6-day and 14.6-day inventory levels. The computer subset has
fluctuated recently, now being more in line with the overall sample. The current target and
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actual inventory levels of 16.4 days and 15{ days compare to August levels of 11.3 and 20.7
days on hand for the computer subset. Although it took a bit longer for the inventory
correction to occur, inventory levels now are in line with historical levels once again. We expect
to see stabilized inventory levels in the future, more in line with system sales levels.

Dataquest Perspective |

Availability of semiconductors remains very good to excellent as it is continues to be the
buyer's turn to take advantage of the supply-demand situation. Prices and lead times remain
on a downward slope despite the efforts of some memory suppliers to curtail output. Rumors

" of increased inventories of semiconductors held by suppliers, if true, could have the effect of

extending the price decline trend well into 1997 unless demand dramatically increases.
Although Dataquest forecast lower growth rates for PCs and other electronics relative to 1995,
the overall trend follows an upward growth slope. With user semiconductor inventory levels
now in line with user demand, we expect to see more balance in these indexes in the next few
months —especially as end-of-year financials gain attention. Allocations are, for the time being,
last year's problem (despite spot market rumormongering) as suppliers resign themselves to
beat competitive bids via price to maintain solid order levels. Dataquest expects to see
continued improvement in semiconductor availability through the end of the year. Any DRAM
and MPU price elasticity has not (as yet) propped up prices. The spot market remains as
volatile as ever, with many price points now above contract levels — at least for this week. We'll
see how long this situation lasts relative to contract pricing as long-term supply relative to
steady demand equates to long-term lower prices overall.

By Mark A. Giudici
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July Procurement Pulse: Order Rates Moderate, Lead
Times Fall Further And Inventories Stabilize

The Procurement Pulse is a quarterly update (with interval updates, if events warrant) of critical
issues and market trends based on surveys of semiconductor procurement managers in the
North American region. Besides order rate, lead time, and inventory information, this survey
also notes price status by semiconductor product family and package type, as well as key
problems facing semiconductor users.

Figure 1 Figure 2
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Semiconductor Order Rate Expected to Slip in July after Two
Months of Higher Forecasts

As shown in Figure 1, the outlook for semiconductor order activity is expected to drop slightly
after the increase in forecast expectations over the past two months. Although it is 37 percent
lower than June's forecast index, July's index has historically been lower because of seasonality.
Another influence is the lower overall prices of semiconductors, which affects this dollarized
index. The buoyancy of the electronics market continues to benefit from overall price declines
where steady unit volumes are being ordered at lower dollar outlays. The overall sample has
seen price cuts in all areas tracked in this survey--DRAM, MPUs, logic, flash memory, and
SRAM (although at more moderate rates than in the first and second quarters). DRAM pricing
for the overall sample fell on average 5 percent in June after a 6 percent average drop in May.
The computer subset of the respondents saw a more aggressive DRAM price cut of 9 percent in
June after a 8 percent average drop in May. Although overall prices continue to decline, pricing
for different semiconductor packaging (except for two respondents using TSOP) has reached
parity. Improvement in availability is providing cost relief now in all areas, and the outlook for
the next six to nine months is for more of the same.

Lead Times for Semiconductors Now Slip Below Nine Weeks

Figure 2 shows that the average lead time for respondents in March fell to 8.6 weeks, the
lowest noted since May 1991! The rapid fall of average lead times correlates directly to
increased availability of components relative to demand. Now well into the third quarter of a
buyer's market, many procurement managers are balancing price cuts with supply base
relations. Improved service levels combined with ever-lower prices are fraying some long-term
supplier relations. Of the entire sample, four respondents noted problems with products, those
being ASICs, linear, and discrete parts. For the majority of the respondents and the overall
market, problem products are a thing of the past, and sights are now set on predictable pricing,
As they did last quarter, over half of this month's respondents noted price fluctuations as the
key issue now facing them. The spot market will continue to vacillate around the declining
contract price curve, causing uncertainty for some buyers. The overall trend, however, is for
continued good availability, consistently declining prices, and low lead times (eight weeks to
10 weeks) for the next six months.

Semiconductor Inventories Back to Historical Levels

Figures 3 and 4 show that the inventory bubble has now passed through the industry, as target
and actual levels are now back to the levels seen before the third quarter of 1995. Even though
semiconductor order rates are forecast to siow as noted above, the moderated trend in overall
and computer sales reflects the seasonally slow period of electronics sales before the fourth
quarter holiday push. The overall targeted and actual semiconductor inventory levels for June
were 15.2 days and 19.3 days, respectively, compared with May's 14.2-day and 19.5-day
inventory levels. The computer subset again is more aggressive than the overall average. The
current target and actual inventory levels of 10.0 days and 17.0 days compare well with the
May levels of 14.3 and 16.7 days on hand for the computer subset. Although it took a bit longer
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for the inventory correction to occur, inventory levels now are in line with historic levels once
again. We expect to see stabilized inventory levels in the future, more in line with system sales
levels.

Dataquest Perspective

Availability of semiconductors remains very good to excellent as it is now the buyer's turn to
take advantage of the supply/demand situation. Prices and lead times continue to decline
despite efforts by some memory suppliers to curtail output. Rumors of increased inventories of
semiconductors being held by suppliers, if true, could have the effect of extending the price
decline trend well into 1997 unless demand dramatically increases. Although Dataquest
forecast lower growth rates for PCs and other electronics relative to 1995, the overall trend
follows an upward growth slope. With user semiconductor inventory levels now in line with
user demand, we expect to see more balance in these indexes in the next few months—
especially as end-of-year financials gain attention. Allocations are, for the time being, last year's
problem as suppliers resign themselves to beating competitive bids via price to maintain solid
order levels. Dataquest expects to see continued improvement in semiconductor availability
through the end of the year. Any DRAM and MPU price elasticity has not (as yet) propped up
prices. The spot market continues to lead pricing lower, and the summer slow period will most
likely bring more of the same. Declining prices will be with us for the remainder of this year.

By Mark A. Giudici
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March Book-to-Bill Ratio Dives to 0.80: Is There Life After
Price Erosion?

The March 1996 (seasonally adjusted, three-month moving average) semiconductor book-to-bill
ratio fell to 0.80 after February's downward adjusted 0.89 ratio. March 1996 average bookings
were 12.5 percent lower than February and 14.5 percent less than March 1995 average
bookings. Average billings in March 96 were 3.1 percent down from February levels but were
up 22.7 percent from March 1995.

Before Jumping Overboard, Ask "Is This Trip Necessary?"

The March book-to-bill ratic (using January, February, and March data) takes the full brunt of
the dramatic price declines that began in earnest late in December 1995. A dollarized ratio is
designed to identify revenue changes-~or price shifts. The continued January through March

. price erosion of 5 to 15 percent per month for select DRAM and SRAM products at both the
spot and contract levels obviously will affect the "three-month moving average" book-to-bill.
Add to this a system inventory overhang from 1995 that needed burning off, plus large
quantities of aftermarket semiconductors available, and the result is reduced orders for OEM
chips. Billings and shipments of semiconductors through this period were a mix of bookings
made earlier for higher-priced products, which, combined with lower volumes and price,
equates to a low book-to-bill ratio.

Dataquest expects that overall pricing will continue to decline for the remainder of this year as
supplies continue to come to market in the face of lower than 1995 growth rates. (It will be
difficult to repeat a back- to-back 40 percent growth forecast for 1996.) In fact, our October 1995
forecast for 1996 of 22 percent for the worldwide semiconductor market has been lowered to
the low teens primarily because of price erosion in many key memory areas. We will release
the finalized forecast within 2 to 3 weeks. Does this mean a repeat of 1985 is in the offing? We
think not.

Once price declines become smaller and more predictable (around May and June), Dataquest
anticipates that the market and the book-to-bill ratio will settle down and again reflect a cost-
based price/revenue growth pattern. This will equate to revenue growth tied to yield
improvements and unit growth based on end-system growth, not primarily undersupplied
semiconductor unit shipments. In other words, the book-to-bill ratio most likely will remain
below 1.0 for the next 2 to 3 months as price declines at the booking level assimilate into
billings. Unit shipment volumes should pick up within this period as the semiconductor

April 16, 1996 ©1986 Dataquest SPSG-WW-DA-9605 9



-

Dataquest Alert Semiconductor Supply and Pricing Worldwide

aftermarket inventory bubble deflates and price elasticity spurs some increased unit demand.
Some prudent suppliers have reallocated capacity to more lucrative devices, which will also
shore up the price decline rate.

So What?!

Low book-to-bill ratios always get news ink, but the dynamic behind the ratio is the important
thing to watch. Dramatic price swings (both up and down) have always skewed this index. In
this instance, the downward slide of the book-to-bill ratio correlates with known lower first
quarter 1996 prices and somewhat lower unit booking levels because of inventory issues, and
therefore it should not be a surprise. Price declines are a double-edged sword. While fabs keep
running at lower profit per unit, customers get a better deal, which may result in additional
unit sales. Stay tuned for future changes.

By Mark A. Giudici
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April Procurement Pulse: Order Rates and Lead Times
Fall Further While Iinventories Rise

The Procurement Pulse is a quarterly update (with interval updates, if events warrant) of critical
issues and market trends based on surveys of semiconductor procurement managers in the
North American region. Besides order rate, lead time, and inventory information, this survey

Figure 1
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also notes price status by semiconductor product family and package type, as well as key
problems facing semiconductor users.

Semiconductor Order Rate Forecast Is Lowest Recorded Since
December 1992

As seen in Figure 1, the outlook for semiconductor order activity is expected to drop further
relative to the past few months. This new low dollarized index is 49 percent lower than last
month's index, reflecting lower than needed semiconductor purchases in dollars. It now
appears that the buoyancy of the current electronics market is benefiting from overall price
declines where steady unit volumes are being ordered at lower dollar outlays. The overali
sample has seen price cuts in all areas tracked in this survey — DRAM, microprocessors, logic,
flash memory, and SRAM. DRAM pricing for the overall sample fell 12 percent, on average, in
March after a 19 percent average drop noted in February. The computer subset of the
respondents also saw an 11 percent drop in DRAM pricing in March after a free fall averaging
33 percent in February. Although overall prices continue to decline, pricing for different
semiconductor packaging (except for one respondent using TSOP) has reached parity.
Improvement in availability is providing cost relief in many areas, and the outlook through the
next six to nine months is for more of the same.

Lead Times for Semiconductors Also Slip Below 10 Weeks

Figure 2 shows that the average lead time for respondents in March fell to 9.8 weeks, the
lowest seen since September 1992! The rapid fall of average lead times correlates directly to
increased availability of components relative to demand. The transition from a seller's to a
buyer's market is nearing completion as procurement managers work aggressively to lower
costs and improve supplier support levels, rather than focusing on product availability. Of the
entire sample, only two respondents noted problems with products, those being ASICs and
microprocessors. For the majority of the respondents and the overall market, problem products
are a thing of the past, and sights are now set on predictable pricing. Over half of this month's
respondents cited price fluctuations as the key issue now facing them. The spot market will
continue to be volatile, vacillating around the declining contract price curve and causing
uncertainty for some buyers. The overall trend, however, is for continued good availability,
consistently declining prices, and short lead times (under 10 weeks) for the next six months.

Semiconductor Inventories Jump Up

Figures 3 and 4 show that, despite steady system demand, semiconductor inventory levels
continue to rise, especially for the computer subset of Dataquest's sample. Even though order
rates are forecast to decline as noted above, the upward trend in overall and computer
semiconductor stocks generally precedes a slow downturn in overall system sales. The overali
targeted and actual semiconductor inventory levels for March were 21.1 days and 26.1 days,
respectively, compared with February's 18.7-day and 23.0-day inventory levels. The computer
subset now exceeds the overall average, with target and actual inventory levels of 20.0 days
and 27.3 days, compared with February levels of 15.0 and 19.3 days on hand. By historic
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standards, these semiconductor inventory levels are reaching the outer bounds of acceptability
by financial departments. We expect to see some lowering of inventory levels in the near future
to keep overall costs more controlled.

Dataquest Perspective

Availability of semiconductors has improved markediy since Dataquest's last report in January.
Prices and lead times have declined, in part because of improved levels of supply, but also
because of lower levels of expected demand. Although Dataquest forecast lower growth rates
for PCs and other electronics products relative to 1995, the overall trend followed an upward
growth slope. Some suppliers expected a steeper growth increase than is now shaping up, in
aggregate balancing out the supply and demand equation that for over two years has favored
suppliers. With inventory levels relatively high and semiconductor order rates relatively low,
Dataquest expects to see more balance in these indexes in the next few months—especially as
midyear financials gain attention. Allocations are, for the time being, yesterday's problem as
suppliers now reluctantly follow prices down historic decline rates. Dataquest expects to see
continued improvement in semiconductor availability through midsummer, when DRAM and
microprocessor price elasticity may come into play by increasing overall unit demand.
Declining prices will be with us, however, for the remainder of this year.

By Mark A. Giudici
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Lower Contract DRAM Prices Expected, Now and Later

Latest Quarterly Price Forecast Out: What Goes Around...

The latest Dataquest semiconductor price forecast is complete. Every quarter, Dataquest polls
both users and suppliers for their views on semiconductor pricing and direction. The highlight
of the forecast is that the DRAM market is being hammered hard on contract pricing for the
first time in over two years. As shown in Figure 1, the prior quarterly price forecast, the initial
survey input averages, and final forecast pricing hightight how fast price reductions have hit.
Between the time we gathered the initial data in mid-February and the time we released the
final forecast, there was an additional price drop of 10 percent to 15 percent. Also, some
suppliers have recently disclosed contract pricing well below that shown in our final March
forecast.

Figure 1
DRAM Price Shifts
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Spot Market Snowball Refuses to Melt, Finally Engulfs North
American Market

The closely watched softening of the DRAM spot market began in October 1995 in Taiwan. It
spread to Europe, then to Japan, and, last, to North America. In three months, the
overabundance of DRAM has had an unanticipated, abrupt impact on the contract market. The
reasons for the spot market sofiness are many and have been analyzed in earlier Dataquest
Alerts - year-end inventory clearance by majority users, the quick shift from fast page mode
(FPM) to extended data out (EDO) DRAM, and increased supplies because of improved DRAM
yields, among other factors. After three months of continued lower spot market pricing,
contract buyers, sensing a change in the market, began to use the spot softness as a negotiating
tool to lower contract pricing. Some users shifted this emphasis to the point of having monthly
rather than quarterly price reviews. (Dataquest has now heard of biweekly price reviews.) Now
the gap between spot market and contract DRAM pricing has been reduced significantly.

EDO Follows FPM Down the Price Slide

Dataquest is now hearing of pricing under $7.00 at the spot level for EDO 1Mbx4 parts and
prices below $30.00 for EDO 1Mbx16 devices (down from $53.50 for fourth quarter 1995
contracts). The EDO segment of the market is apparently following the FPM market down
primarily because most manufacturers have long stated that they would be at price parity with
EDO in 1996. Few people expected the abrupt price declines in the first quarter of this year and
the parallel rise in EDO demand. As a result, we now have the market oddity of a part in
shortage, the EDO 1Mbx16-60 DRAM, coming down in price! Also, a part that is easier to
manufacture, the EDO 4Mbx4-60 DRAM, has remained relatively stable in price primarily
because of the fact that the high-density DRAM modules using these chips (16MB and 32MB})
have remained in short supply. We expect the spot market to soften further through the second
quarter relative to contract pricing in part because of the close of the fiscal year for Japanese
suppliers on March 31. Dataquest expects that many old contracts will be revised downward in
price once the Japanese companies' books have closed for 1995.

Price Outlook: Continued Declines, but at a Slower Rate

Dataquest forecasts continued DRAM price declines throughout 1996 as a direct result of the
large amount of DRAM fab capacity that continues to come to market (especially for the 16Mb
density). Our forecast shows that contract pricing for DRAM dropped an average of 30 percent
from the fourth quarter of 1995 to the first quarter of 1996. We do not expect to see again an
abrupt 2-month to 3-month price fall of 20 percent to 30 percent because demand remains
relatively healthy for PC s and electronics in general. The FPM inventory clearance continues to
work its way through the market. It is possible that once this inventory bubble is absorbed,
overall pricing could once again stabilize in the second half of this year. For now, however,
pricing is based more on cost improvements than on demand levels. (Dataquest has gotten
more inquiries on semiconductor costs in the past month than in the past two years!) We
estimate that efficient manufacturers can now profitably sell a 1Mbx4 DRAM for $4.00 and a
1Mbx16 DRAM for $30.00. These cost-based prices imply that there is room for suppliers to sell
these parts at still lower prices throughout the year without losing money. Users have to be
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judicious in using cost-based pricing because some suppliers are further along the cost curve
than others.

Dataquest Perspective

It has been over two years since there has been any significant price movement in the DRAM
market. Well, from December 1995 to March 1996, most DRAM prices declined between 15
percent and 30 percent or more! What normally takes four quarters {(before 1994) took four
months. Dataquest has boldly predicted for the past two years that 1996 would be a
"transitional” year for the DRAM market. Transitional now takes on a different meaning for
both suppliers and users of these critical parts. If memory prices drop low enough to spur
enough additional DRAM demand, overall price cuts could theoretically slow. Another
stabilizing effect on DRAM prices would be a strong increase in PC DRAM demand in the
second half of this year. These two scenarios, while probable, are optimistic and are not in our
price forecast at this time. On the other hand, the money freed up by lower memory costs could
be used for additional hard drive storage, fast modems, MPEG sound cards, and so on, or
simply pocketed by the PC maker. Although the contract-level price decline was not entirely
expected, the overall price decline scenario was. Cool heads now need to prevail by booking
and shipping real demand at reasonable prices.

Mark Giudici, Ron Bohn, Evelyn Cronin, and Jim Handy
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Dataquest Reports 33 Percent of U.S. Homes Will Have a
PC by the End of 1996

New Study Finds Home Market Reaching Maturity Quickly

San Jose, Calif., March 18, 1996 — A new Dataquest study reports 33 percent of the homes in the
United States will have a PC by the end of 1996 —up from 29 percent in 1995 —but that the
market is beginning to mature. In 1994, the U.S. home PC market grew 42 percent, and in 1995
the market grew 22 percent, but in 1996 the market is expected to grow 8 percent (see Table 1).

"With the maturing of the U.S. home market through the end of the decade, vendors must
choose their battles carefully, and they must execute on existing opportunities with more
targeted segmentation work," said Scott Miller, senior industry analyst of Dataquest's Personal
Computing program. "The lucrative markets going forward are repeat customers and new

high-income buyers, in that order."

The most penetrated group is households earning more than $100,000 per year, with 65 percent
owning PCs. The least penetrated group is households earning less than $30,000 per year, with

12 percent owning PCs.
Table 1
United States Home PC Market Forecast Estimates
(Thousands of Units)

1994 1995 1996 1997 1998 1999
New Unit Shipments 6,055 7,382 7,946 7,998 7,814 8,409
Total Installed Base 30,388 39,119 47,383 55,342 62,347 69,159
Growth Rate (%) 42.1 21.9 7.6 0.7 -2.3 7.6
Penetration Rate (%) 25.1 29.0 32.6 34.9 36.3 37.7

Note: New unit shipments does not include computers bought used, computers assembled from component parts purchased in
electronics stores or other outlets, or employer-provided computers. Total installed base includes all personal computers now in use,
regardless of origin.

Source: Dataquest (March 1996)

Dataquest's new report titled The U.S. Home Market — Opportunity Lost? reveals key insights on
the home installed base. The report examines why people are buying computers for the home,

-MORE-
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while other are staying away, and it explains what vendors will need to do to succeed in the

market.

To inquire about Dataquest reports, please call 800-419-DATA. More information about
Dataquest's programs, descriptions of recent research reports, and full text of press releases can

be found on the Internet at http:/ / www.dataquest.com.

Dataquest is a 25-year-old global market research and consulting company serving the high-
technology and financial communities. The company provides worldwide market coverage on
the semiconductor, computer systems and peripherals, communications, document
management, software, and services sectors of the information technology industry. Dataquest

is a Gartner Group Company.
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Dataquest Predicts

First Quarter 1997 Quarterly Price Survey Highlights: Controlled
Price Decreases Are Order of the Day

Overview

Abstract: The year 1996 has been trying and testing time for all OEMs. Prices nose-dived,
and most buyers were forced to reevaluate their procurement practices, especially regarding

DRAM and SRAM price negotiations.
By Evelyn Cronin

The spot market is still grabbing the headlines. However, trading remains
feather light despite good pricing and availability. Inventory holding of all
components, but especially DRAMs, is minimal at all OEMs, and at present,
extreme caution is being used in order book management through the
closing weeks of 1996.

Dataquest has just completed its first quarter 1997 price forecast. Looking
forward to 1997 and beyond, most buyers feel confident of continued
contract price reductions. However, for existing technologies, most buyers'
expectations are for minimal price reductions quarter on quarter at the
contract level, conducted in a controlled fashion. On newer technologies still
in the growth phase of their life-cycle curve, buyers have far greater
expectations. Price deltas quarter on quarter and year on year are far more

significant.

Price Forecast Highlights

Compared with our September 1996 forecast, overall prices have decreased
further. This is largely driven by aggressive price reductions on technologies
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in the growth phase. Existing technologies are exhibiting more stable price !

reductions. Overall demand for elecironics remains strong, and Dataquest
expects demand to remain that way for the rest of this year. However, excess .
capacity will remain a reality, especially on DRAM and PC cache SRAM

throughout the foreseeable future. That said, buyers know that pricing on

some of these devices is almost at rock bottom, and, thus, while they forecast
continued price reduction, their expectations are low. Figure 1 plots the

forecast price per megabyte for contract DRAM by quarter for 1997 and 1998.

The 1Mbx4 and 1Mbx16 curves are largely flat. However, the 64Mb, based

on 16Mbx4, shows very dramatic price reductions. Figure 2 shows the latest

price forecast for the 150ns 128Kbx8 IMb nonvolatile discrete devices by

quarter for 1997 and 1998. The ROM device is showing almost flat pricing,

while the flash and EPROM show price reductions, albeit by small amounts,

quarter on quarter.
Figure 1
DRAM Price per Megabyte Forecast for 1997 and 1998
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DRAM
Highlights of the forecast for DRAM are:

m  The next five years will be volatile and testing for buyers as new chip
densities, module types, and technologies jostle for dominance and =
market share.

®  Small, controlled price reductions are forecast for all 4Mb and 16Mb
discrete asynchronous DRAM devices to the year 2001.

m Fast page mode (FPM) starts to become more expensive than extended
data out (EDO) in 1997.

8 64Mb will increase in volume and decrease in price rapidly. .
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m However, synchronous 64Mb DRAM is demonstrating faster price
deceleration than EDO 64MD, starting in the fourth quarter of 1997.

m Initial EDO dual in-line memory module (DIMM) pricing shows a
premium over EDO single in-line memory modules (SIMMs) remaining
through 1997 and 1998.

m DIMM and SIMM pricing will track each other more closely in 1999 and
beyond.

m 8Mb synchronous graphics RAM (SGRAM) will be coming out
aggressively and will be cheaper than 4Mb video RAM (VRAM) in 1998.

SRAM

Highlights of the forecast for SRAM are:

m  Cutthroat market conditions remain throughout 1997, especially for PC
cache applications.

a Contracted price reductions for PC cache applications will be more stable
as most suppliers sell at rock bottomn.

m Long term, the 32Kbx8 discrete family may increase in price as some
suppliers cease manufacturing it.

m The 1Mb (128Kbx8) discrete family shows controlled price reductions

quarter on quarter to the year 2001.

Figure 2
. First Quarter 1997 Price Forecast for 1Mb 128Kbx8-150ns Nonvolatile Devices
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Flash
Highlights of the forecast for flash memory are:

The trend to lower-voltage devices in all applications increases
momentum.
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® There will be price parity between 12V and 5V devices in the first half of
1998.

m Price reductions will be stable for 4Mb and below flash devices to the
year 2001.

s There will be moderate price reductions at 8Mb to the year 2001.

The greatest price reduction at 16Mb and above densities is forecast to
the year 2001.

Other Nonvolatile
Highlights of the forecast for other nonvolatile memory are:

These remain largely overshadowed by flash.

Applications are more specialized, with a lot of new designs going over
to flash.

®m Steady price curves with small price reductions year on year will be seen.

Microprocessor
Highlights of the forecast for microprocessors are:

m  Compute processors will remain largely in Intel’s control to the year
2001.

m Initial pricing shows Pentiums remaining price competitive throughout
1997.

m A price adder for 3.3V and 2.9V remains for Pentiums at present, but this
may change.

® Pentium Pro pricing is coming out very aggressively, particularly at 180
MHz and 200 MHz (with 256Kb cache).

m  The Power PC 603-133 MHz is extremely price/performance assertive.

Dataquest Predicts

SPSG-WW-DP-9612

Dataquest continues to forecast strong overall demand for semiconductor
applications throughout the next five years. Thus, demand for
semiconductors will remain strong. However, the oversupply of certain
components is set to continue for at least the next eighteen months. That
said, however, there may continue to be some short-term supply imbalance
as volume mixes change and manufacturers scramble to react by altering
internal production plans accordingly.

The spot market is becoming less a factor in DRAM procurement—despite
excellent pricing and availability, trading has been very light for the past
three months. OEMs clearly prefer to maintain strategic alliances with
DRAM manufacturers directly via contracted volumes.

On the whole, price reductions are forecast across the board. This is true of
almost every device family tracked by Dataquest. On devices in the growth
phase of the life-cycle curve, price reductions quarter on quarter will be
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largest, while on older technologies, price reductions will be smaller and
more controlled.

For DRAM, there will be new challenges, with certain suppliers asserting
their might and technology advantage by moving the market toward:

m  Synchronous DRAM
n DIMM
m 64Mb

Pricing on these devices will depend considerably on the segment in which
buyers participate and on the suppliers with which they deal. In general,
however, these devices will have premiums initially, but price reductions
will be very rapid. Dataquest believes that price parity will occur before
volume parity on these new offerings from most suppliers.
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Compute Microprocessor Supplier and Product Update:
Intel Continues to Dominate a Compressed Market

Abstract: This article analyzes the events in the compute microprocessor market from a
user's perspective, focusing on products, suppliers, and the near-term direction of this
critical market. We examine both major CISC and RISC architecture and supply bases in
this annual update based on 1995 shipment data.

By Mark Giudici

This document analyzes the developments of the compute microprocessor
market from a product-base and supply-base perspective. Dataquest defines
compute microprocessors as those using 16 /32-bit, 32-bit, 32/64-bit, and 64-
bit input/output (I/0) and using both CISC and RISC processors—this
group is labeled "32-bit and up MPUs." This category consists primarily of
the 80x86 /Pentium families, the 68xxx families, and open system RISC
processors (Alpha, MIPS, PA-RISC, PowerPC, and SPARC). This market
continues to change dramatically as suppliers play the game of
price/performance one-upmanship at the hardware level while application
software support grows in importance as a user decision factor. These factors
and others accelerate the rate of change to higher-performance systems while
reducing the system life cycles of many leading-edge products.

This document is divided into three sections. The first serves as a guide to
the current state of microprocessor families relative to their position in the
overall microprocessor product life-cycle curve, based on the latest shipment
data available. The second section examines the strategies of the top three
suppliers of advanced MPU products and technology. The third section
analyzes the current and future supply base for this critical semiconductor
segment. Combining individual user company system data with this
analysis provides good insight on the current and future supply base.
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This section uses life-cycle information as a guide to assist users in adjusting
to forces that continue to reshape the worldwide MPU marketplace.

Life Cycles for MPU Products Again Stretch Because of Competition
Slip

Figure 1 highlights the slight change in microprocessor family life cycles
since iast year. Intel Corporation’s introductions of its Pentium and Pentium
Pro products have slowed from the torrid pace of 1994 and 1995 to earlier
product release intervals. This is because of an effective level of competition
to Intel's earlier product introductions. This has resulted in an increase in life
cycle from the pre-1995 range of between 10 and 20 years to the current
range of 12 to 22 years from initial research and development through
obsolescence (phaseout). The typical MPU life cycle that involves production
volumes (growth through decline) now generally exceeds 8 years.

The tengthy R&D phase provides users a valuable opportunity to monitor a
supplier's (or prospective supplier's) pace of technical achievement and legal
standing, where applicable, as well as the supplier's timetable for bringing a
new, state-of-the-art device to market. The somewhat competitive "586-class”
market continues to cause some price and availability relief at the low end as
Cyrix Corporation and Advanced Micro Devices Inc. compete legally with
Intel in this area. The 486 market has declined rapidly to the status of a low-
cost, entry-level processor with the main suppliers remaining AMD, Cyrix,
IBM Corporation, and Texas Instruments Inc. The 8-bit processor market
remains solely with embedded applications, and the 16-bit arena is also
quickly ramping up into the embedded areas and in some handheld
products. The 32-bit and up market remains fragmented. While a number of
competitors vie for a piece of the Intel money pie, Motorola Inc. has now
shifted its complete compute microprocessor focus to the PowerPC and has
shifted its aging 68020/030/040 products to the embedded core market. The
quickly accepted Pentium and other 32-bit and up RISC products are
currently on the high end of the price/performance spectrum and are
expected to come down the learning curve, faster than in the past, over the
next one to three years.

Figure 2 highlights the product life cycle for select CISC 32-bit MPUs
through 1995 using historical unit shipment data and shows that 1995 was
the year that Pentium-class MPUs surpassed 486 processors. The mature
Motorola 680xx products continued to decline in unit volume, while the
shipment growth of the more advanced PowerPC compared favorably to the
other 32-bit product growth rates. Continued use of the mature 68020, 68030,
and 386 in embedded applications will keep unit shipments for these
families resilient in the upcoming years, while the leading-edge MPU
products win computer design-ins. The quick acceptance of Pentium-class
computers and the gradual growth of Windows 95 is expected to bring a
quick demise to 486 unit shipments, and this allowed Intel to remain the top
semiconductor supplier in 1995. Because of the rapid acceptance of the
Pentium-class devices, the life cycles of the 486 and 386 as primary PC

©1996 Dataquest September 30, 1996



Semiconductor Supply and Pricing Worldwide 3

engines have been truncated, but, as mentioned above, the 386 and 486
product families have good prospects of being the embedded processors of
choice in the future because of the very large base of existing software

expertise available.

Figure 1 -
Microprocessor Product Life Cycle as of August 1996

Phase R&D Introduction Growth Maturity [ Saturation Dedline Phaseout

32-Bit 16-Bit
RISC

Units

64-8¢
CISC/RISC

Time

Source: Dataquest (September 1996)

Microprocessor Supplier Analysis

This section analyzes the product and market strategies of the leading
suppliers of advanced microprocessors. Because of the level of interest of the
Semiconductor Supply and Pricing program client base, this section focuses
on suppliers that strongly serve the European and Americas markets: Intel,
AMD, and Motorola Inc. Table 1 shows how Intel increased its lead as the
top semiconductor company in 1995 by owning over three-fourths (77
percent) of the total microprocessor market. Only two suppliers exceeded the
average market growth rate of 26 percent (a good year for microprocessors).
They were Intel (29 percent), and IBM Corporation (144 percent). The lack of
strong growth in the CISC arena (aside from Intel) highlights what the
Pentium-class processors have done to demand for less-advanced
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processors, Highlighting the consolidation of this market, the top five
suppliers account for close to 95 percent (93.6 percent) of the total.

Intel

Intel again remained the No. 1 microprocessor (and semiconductor) supplier
in the world in 1995 primarily because of the high growth of the Pentium
product line. Intel's de-emphasis of the 486 product during 1995 follows the
formula of jumping to the next generation as competition heats up in the
existing market. Following this formula, Intel again is ceding the low-end,
low-margin, more competitive under-75-MHz Pentium market to the
competition and now is focusing on its mainstay high-end Pentium and
Pentium Pro offerings.

Intel Strateqy Redux: Take the High Road and Crank 'Em Qut

Intel's strategy of leapfrogging the industry with advanced technology has
gone into overdrive somewhat as competition has yet to catch up in any
volume with high-speed production (over 100 MHz). The announcement of
Pentium Pro availability in 1996 keeps competitors at bay, while high-end
Pentium cost reductions allow for good margins and reduced customer

pricing.

Figure 2
CISC MPU Life Cycle—1995
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Table 1
1995 Worldwide Compute Microprocessor Market Share Ranking (Millions of Dollars)
Segment 1994-1995
Company Ranking Revenue ($) Market Share (%) Change (%)
Inte} 1 10,617 77.1 29
AMD 2 824 59 -9
Motorola 3 656 4.8 11
IBM 4 600 4.3 144
Cyrix 5 212 15 -8
Top Five 12,909 936 26
Al] Others (17+ Companies) 854 6.2 27
Total 13,763 100.0 26

Source: Dataquest (September 1996)
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Besides impacting the existing market, Intel's strategy has now put added
pressure on competitive R&D efforts to keep up with the sped-up MPU
technology treadmill. Keeping true to form, Intel flawlessly executed on its
higher-technology /higher-price formula in 1995 and showed that keeping
ahead of the technology curve is very profitable. The rapid ramp-up of the
Pentium super scalar processor continues to keep Intel ahead of the rapidly
growing processor market. By aligning itself with key system companies,
Intel keeps its favored customers on the leading-edge and ensures itself a
steady revenue stream to fund the next generation (or two) of product
families. Not a company to leave money on the table, Intel will continue to
focus on high-volume/low-cost embedded applications for the 386 and 486,
ensuring a long life for this family. All this jockeying for supply dominance
has forced many of the smaller PC clone companies to seek other sources of
486s. Cyrix's M1 and AMD's K5 products have been delayed until late 1996
because of respective die size and customer compatibility issues. Intel now
has its Pentium Pro in production and has thus started another technology

cycle.

Advanced Micro Devices

The year 1995 brought contraction for AMD in the processor market.
Demand for AM486 kept AMD at the No. 2 position in the 32-bit and up
microprocessor market last year. Relying on the aging but "clean” 486
products, AMD shrank by 8 percent in 1995. The prolonged delay of a clean
K5 processor into late 1996 has given archrival Intel another window of
revenue opportunity. AMD's absorption of NexGen to gain a leg up on
Pentium compatibility has not borne fruit as yet. As a result, while the 486
market wanes, AMD can count on milking this "trailing-edge” business.
AMD's stated strategy of catching up with Intel in technology with the K7
product, while ambitious, should keep this current lopsided battle going into
the 21st century.,

Motorola
Motorola barely remained the No. 3 microprocessor supplier because of the
de-emphasis of the 68030/40 and its subsequent failure to deliver the
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PowerPC shipments to Apple Computer Inc. that were to be replacements.
In effect, Motorola gave the initial PowerPC 601 Apple business to alliance
member IBM. During 1995, the 68040 was replaced by the PowerPC as the
main engine for the current Apple Macintosh line. With the slower-than-
planned growth of the Power PC for Apple computers and the companies’
missed opportunity with the 601s, Motorola now has to compete with IBM
for Apple's future PowerPC business. Besides being the leading volume
microprocessor to date used in laser printers, the 68000 series is ensured
continued growth in the near future as the processor of choice for the
advanced Sega Genesis game. While the 68020/030 series focuses on laser
printers and other embedded applications, there are no new developments
for this series, as the integrated midrange 683xx family will take over future
embedded applications in this area. Motorola will continue to grow in the
processor arena; however, it will most likely be the embedded market in
which the company has strength in winning high-volume embedded designs
outside the computer systems market. Motorola's focus on the PowerPC will
allow it to push the technology, keeping the Pentium market more
competitive, and also will allow the company to develop the early growth of
the PowerPC in embedded applications.

IBM

We mention IBM here because of its high growth rate (144 percent) last year.
IBM jumped up to become the fourth-ranked microprocessor supplier
largely because of its shipments of 601 PowerPCs to Apple Computer in
1995. The other PowerPC supplier, Motorola, was unable to ship enough
601s last year to help its dwindling 68040 business, and IBM was the
beneficiary. The future of the PowerPC and that of Apple are closely linked.
With no merchant microprocessor products but the PowerPC, IBM's growth
in this market is, ironically, tied to a system competitor.

Advanced Microprocessor Supply Base Analysis

SPSG-WW-DP-9611

This section uses information on MPU product life cycles and suppliers to
present a product family evaluation of the supply base over the long term
for CISC 32-bit and RISC 32-bit MPUs. This section also includes information
on the global MPU fab network of key suppliers.

The advanced microprocessor market in some ways became less competitive
in 1995 because of the lack of critical (non-Intel Pentium-class) devices, while
becoming even more monopolistic at the very high end of the technology
spectrum. The result is an increased challenge for procurement managers,
component engineers, and system designers at system companies
concerning the choice of product, let alone supplier. The approach of this
section combines product life cycle and key supplier analysis to summarize
the anticipated MPU supply/supplier base from a user's perspective. The
summary draws conclusions about whether the user faces a favorable or
critical supply base for each family/device. Building on prior sections, we
now discuss factors affecting the supply base, such as supplier strategies and
strategic alliances.
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Table 2

Table 2 shows the estimated 1995 worldwide MPU process technology and
fab capability by geographic location for the following major MPU suppliers:
AMD, Fujitsu, Hewlett-Packard, IBM, Intel, Motorola, NEC, and TI. In most
cases, the process technology of these fabs is between 0.35 micron and 1.0
micTon.

Table 3 shows the size of the 32-bit and up MPU market in terms of units
shipped in 1995, the relative market shares of the predominant devices, and
a ranking of the suppliers of these product families.

Estimated Worldwide MPU Process Technology and Production Fab Capacity (Facilities
in Production or Slated to Begin Operation in 1995)

Intel Motorola AMD  Fujitsu TI IBM NEC HP
Number of
Fab Lines
Americas 9 3 2 2
Europe 3* 1 1 1
Japan 2 1 5
Asia/Pacific
Total 12 4 3 2 3 4 6 2
Cleanroom
(Sq. Ft.) .
Americas 365,000 214,600 109,600 141,000 65,000 44,000
Burope 172,000 28,000 20,000 50,000
Japan 70,000 31,000 214,200
Asia /Pacific

*Includes Inted Israel

Source; Dataquest (Septermber 1996)

Supply Base for 32-Bit and Up MPUs
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Table 3 shows the market size and predominant suppliers of the 32-bit RISC
and CISC MPUs in 1995. Unit shipments of 32-bit and up MPUs in 1995
grew a very healthy 58.4 percent following a strong 22.7 percent growth rate
in 1994. As noted in Figures 2 and 3, MPUs such as the 486 and 68030 should
have life cycles extending out to the year 2000, although sub-66-MHz
versions will fade from mainstream production by the end of 1996.

X86 Market Kicks In with a Pentium Afterburner in 1995

As the market migrated to Pentium-class processors last year, Intel (and to a
lesser extent, Cyrix) grew very strongly, while those without Pentium-like
offerings were left with a declining 486 market. The growth in 1995 of the
x86 market confirmed the obvious, that the future of this product family lies
with the Pentium-class series of processors. The existence of some
competition further strengthens this predominant product family, which
should continue to provide competitively priced products for the future.
AMD in 1994 became the big fish in the continually shrinking 80486 pond.
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(The 80486 share of 32-bit shipments dropped from 53 percent in 1994 to 36
percent in 1995.) The group of competitors now focusing on the 486 market
numbers three—AMD, Cyrix, and TI. This product family shouid see
competitive pricing with good availability for the next two years as Intel

leads the pack with its Pentium/Pentium Pro product line.

Table 3
Supply Base for 32-Bit Microprocessors 1995
Leading 32-Bfi MPUs 1995 Family
(Percentage of Market) Company 1995 Units Maiket Share (%)
16-Bit x86 MPU (15.6 Percent) NEC 12,050 419
AMD 9,718 338
Intel 6,405 23
Harris Semiconductor 281 1.0
Oki 160 0.6
Sharp 140 0.5
All Others 0 0
Total 16-Bit x86 Market 28,754 100.0
32-Bit x86 MPU (38.2 Percent) Intel 52,250 745
AMD 10,877 155
Cyrix 3,642 5.2
IBM 2,133 3.0
Texas Instruments 1,153 1.6
NEC 110 0.2
United Microelectronics 10 0
All Others 0 0
Total 32-Bit x86 Market 70,175 100.0
68000 MPU (29.7 Percent) Motorola 50,315 924
Hitachi 1,500 35
Toshiba 1,600 29
SGS-Thomson 600 1.1
TCS | 0.1
All Others 0 0
Total 68000 Market 54,446 100.0
RISC MPUs—SPARC (0.6 Percent) Fujitsu 570 56.2
Texas Instruments 445 438
All Others o 0
Total SPARC Market 1,015 100.0
RISC MPUs—MIPS (2.5 Percent) LSl Logic 3,100 66.3
IDT 1,000 214
NEC 448 9.6
Toshiba 130 2.8
All Others 0 0
Total MIPS Market 4,678 100.0
{Continued)
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Table 3 (Continued)
Supply Base for 32-Bit Microprocessors 1995
Leading 32-Bit MPUs 1995 Family
(Percentage of Market) Company 1995 Units Market Share (%}
Other RISC MPUs
PowerPC (1.8 Percent) IEM 2,121 62.9
Motorola 1,250 37.1
Total PowerPC Market 3,371 100.0
Alpha (0.1 Percent) Digital Equipment Corp. 180 100.0
PA-RISC (0.1 Percent) Hewlett-Packard 229 1000
SHx (3.5 Percent) Hitachi 6,500 100.0
1960 (3.0 Percent) Intel 5,610 1000
All Other RISC/CISC MPUs (4.9 Percent) 8,99

Note: Total market size = 183.9 million units
Source: Dataquest {September 1996)
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The Pentium processor ramped very quickly into production during 1995
and jumped into a rapid growth phase for the whole year, despite the
infamous "Pentium problem" publicized in the fourth quarter of 1994. Both
Cyrix (using IBM as a foundry) and AMD planned on shipping their
Pentium competitive offerings in this time frame but had cost or
compatibility issues that have effectively delayed volume production until
early 1996. The current price premiums enjoyed by the Pentium will decline
over the next three years as competition increases from these two CISC
products, which rival RISC processors, and as Intel Pentium Pros ramp up
production. To date, Intel has proactively cut Pentium prices dramatically to
"head 'em off at the pass,” thus reducing the ability of competition to gain
any early profits (which equals high profits) from early product shipments.

Motorola Shifts Production to PowerPG as the Main Gustomer

Valiantly Fights the Pentium Tide

While de-emphasizing the 68040 compute MPU segment as this processor's
main user (Apple Computer) shifted over to the PowerPC platform,
Motorola kept production up supporting the more varied embedded
markets for these core devices. The fastest-growing segment of Motorola
embedded processors is the 683xx series, within which are three categories:
the low-end 000 core, the midrange 020/030 cores, and the high-performance
LC040 core. Motorola will continue to support existing customers of its
68020/30/40 products and has an upward migration path for them in either
the 68060 or the PowerPC, depending on the application. The continued
emphasis on embedded MPU applications will continue to keep the fabs full
but at lower price and profit margins than that enjoyed by the compute
MPUs.

Balancing the embedded market focus is the PowerPC MPU, released in
1994. This jointly developed processor did relatively well in 1995,
considering that the main customer went through some tribulations and that
half of the supply base (Motorola) had a slow start in providing large
amounts of the 601 until very late in the year. Motorola realized (even
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without the slow start) that the shift to the PowerPC would result in a
commensurate near-term revenue loss from the shift of existing 68040
Macintoshes not made up by increased PowerPC shipments. Thus, the
company accelerated its focus on embedded designs.

-

Open System RISC Processors
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Dataquest segments the RISC compute market to include the following
processor families:

® SPARC compute
MIPS compute
PA-RISC compute
PowerPC compute

Alpha compute

These RISC processors garner the most inquiries from Semiconductor
Supply and Pricing Worldwide clients and therefore will be the focus of this
segment. Dataquest defines this class as RISC-based microprocessors
focused primarily on computing platforms (mainly technical workstations
and PCs). Although the computing RISC segment of the market accounted
for only 7.8 percent of all MPU shipments, this small segment of the market
grew 44.3 percent compared with last year's shipments. These are the
microprocessor products that continue to set performance standards for
future computer system engines.

Figure 3 shows that, although the Intel 1960 embedded processor owns 45
percent of the RISC 32-bit and up market, the PowerPC family has taken
over the No. 1 computing platform spot with 25 percent of the market,
followed by the MIPS family (20 percent), the SPARC family (7 percent), the
P/A RISC processor (2 percent), and the Alpha (1 percent).

PowerPC

The PowerPC product family quickly took over the No. 1 RISC computing
processor position, thanks largely to Apple Computer's switch to this new
computing platform. IBM supplied most of this volume in 1994 and in 1995.
Applications run the gamut from PCs to workstations to using the PowerPC
as a high-performance future platform for embedded processors for the
68xxx families. Both Apple and Motorola have hitched their wagons to the
PowerPC star, but the third member of the team, IBM, continues to straddle
the Intel /PowerPC fence. Mixed signals continue to come from IBM and the
PC Company regarding processor support that need better coordination. The
quick adoption of the PowerPC as a standard processing platform could be
at stake. Some of the significant PowerPC announcements in 1995 and 1996
were:

® Apple introduced its Power Macintosh 9500, using the high- rmance
PowerPC 604 processor, and the entry-level Quadra 630, using the
PowerPC 603 processor.
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m IBM introduced its Power Series 830 and 850 systems, based on the
PowerPC 604, and the ThinkPad Power Series 830 and 850, based on the
PowerPC 603e processors.

® Motorola and Microsoft Corporation announced the porting of the
Windows NT 3.51 operating system for the PowerPC architecture.

wm Motorola announced a series of its own PowerPC-powered midrange
servers as part of its PowerStack product line.

m Apple announced the Macintosh Performa 6320CD, based on a 120-MHz
603e PowerPC.

m IBM announced the PowerPC 401GF embedded controller with speeds of
25,50, 75, and 100 MHz.

Figure 3
RISC 32-Bit and Up Microprocessor Market by Architectural Family

Alpha (1%) —
PA-RISC (2%) — |
SPARC (7%)

PowerPC
(25%)

Total = 8.8 Million Units

Source: Dataquest (September 1996)

m Bandai Digital Entertainment Corporation announced the Pippin @World
$599 video game, available in the third quarter of 1996, based on the
PowerPC.

® Umax Computer Corporation, Taiwan, announced its PowerPC Platform
Computer, able to run multiple PC operating systems.

m Motorola announced the 200-MHz PowerPC 603e priced at $360 for 1,000
units.

a IBM announced plans to make a PowerPC-based network computer by
the end of 1996.

SPSG-WW-DP-9611 ©1996 Dataquest September 30, 1996
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@ IBM Microelectronics announced shipments of the PowerPC 604e with
speeds of 166, 180, 200, and 225 MHz.

w IBM and Mitsubishi Corporation agreed for Mitsubishi to sell PowerPC
embedded controllers under the Mitsubishi label.

@ Power Computing Corporation released a new system line based on
IBM's 604e PowerPC with speeds of 180, 200, and 225 MHz.

a Canon Inc. withdrew support from the PowerPC support group and sold
its stake in Firepower Systems to Motorola.

@ Apple announced the Multimedia Macintosh based on 225-MHz and
250-MHz 604e PowerPCs, to be available in 1997.

® Mitsubishi announced Diamondweb 40-inch Internet-access TV based on
Motorola's MPC801 embedded PowerPC core.

Momentum for a price/performance competitor to Intel's Pentium continues
to build, yet operating system and additional large computer company
adoption still hinders the PowerPC. As Macintosh clones now begin to enter
the market and Apple begins to license its Mac OS actively, the consumer
will soon have yet more options in the search for the perfect computer. The
big question now arises: Is it too little, too late for the PowerPC? We'll see.

SPARG Family

In 1995, the SPARC family of processors rose again to the No. 2 RISC
compute ranking behind the PowerPC family. In 1994, the SPARC processor
group, dominated by Sun Microsystems Inc., attempted to dissociate itself
from its largest benefactor and hindrance (Sun) by providing a technology
road map targeting three design series. The low-end MicroSPARC targets
embedded applications, the midrange SuperSPARC aims at PC business,
and the high-end UltraSPARC (with more than 200 SPECint performance)
shoots for advanced workstation designs. In 1995 and 1996, most of the
interest centered around the high end of the spectrum as the lower end got
strong competition from high-end Pentium products. Some of the key events
that impacted this market in 1995 and 1996 were:

® Ross Systems Inc. announced the SPARC Plug add-in workstation
module, as well as a HyperSPARC processor.

m  HAL Computer Systems Inc. announced its 3GB system based on the
UltraSPARC processor.

® Sun Microsystems announced the UltraSPARC-based Ultra Workstation
with Freedom Series accelerators.

a RDI Computer Corporation announced a large-screen (12.1-inch
diagonal) Powerlite portable workstation based on the SPARC processor.

® Russia's Ministry of Fuel and Energy selected the SPARC-based Sun
Microsystems network solution for its Federal Data Bank and
Geophysical Expedition database.

©1996 Dataquest September 30, 1996
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® Sun announced fiISPARC, a fault-tolerant platform aimed at the
telecommunications market. The ftSPARC is fully compatible with the
Sun Solaris environment.

® Sun Microsystems and GNP Computer combined salesforces to
aggressively target the telecommunications market.

® Tatung Science and Technology Inc. announced its COMPstation U170-
ES, based on the UltraSPARC processor.

Although the SPARC family was the second-largest compute volume RISC
family, it continues to mirror the market momentum of its largest computer
user, Sun Microsystems. In spite of recent design-wins by Fujitsu, Ross
Technology, and Tatung, the overall outlook for large embedded shipments
in the near term is not high.

MIPS Family

The MIPS family of processors slipped back to the No. 3 RISC compute
position in 1995. Besides shipments to Silicon Graphics (the lone computer
user), 1995 saw large MIPS product growth in embedded applications such
as laser printers, X terminals, and advanced video games. Some of the more
significant events that affected the MIPS world in 1995 and 1996 were:

B LSI Logic Corporation announced three MIPS4000-based ASIC cores:
CW4002, CW4003, and CW4011.

m IBM announced an $8,999 color laser printer based on the MIPS 100-MHz
R4600 processor.

® Silicon Graphics Inc. announced its Indigo64 Impact 10000 workstation
product line, based on the MIPS R10000 processor.

® NEC curtailed development and sales of MIPS-based workstations and
servers in North America as it migrates to Intel-based platforms. This
move was influenced by NEC's purchase of Packard Bell. NEC will
continue to sell MIPS workstations and servers in Japan.

8 The Nintendo 64 video game was released in Japan, based on the MIPS
R4300 processor.

m Personal Computer Products Inc. and NEC joined to design, develop,
and market a new printer controller based on NEC's 64-bit VR4300 MIPS
processor.

® Canon announced a $12,500 color laser printer (CLBP 360PS) based on
the 100-MHz MIPS R4600 processor.

m LSI Logic and Silicon Graphics extended and expanded the scope of their
MIPS processor architecture license through 2004.

Strong growth in embedded applications will allow for continued growth of
the product line, however, at the cost of fewer suppliers.
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PA-RISC Family

The PA-RISC processor family (fourth-ranked) remains a proprietary high-
performance workstation engine. Some of the major events in 1995 and 1996
were:

® Hewlett-Packard Company was selected as one of two companies to be
prime contractors for the U.5. Army Workstation-1 (using PA-RISC-
based workstations), a contract worth $495 million.

m Hewlett-Packard announced two new HP9000 workstations based on the
PA-RISC 7100LC processor.

m Hewlett-Packard announced first quarter 1996 availability of the next-
generation PA-8000 64-bit microprocessor (planned to exceed 360
SPECint92, being similar in architecture to Intel's P6 processor).

& Oracle Corporation chose HP 9000 enterprise servers for next-generation
relational database development.

m  Hewlett-Packard and Intel announced a joint-development agreement
that will result in a jointly developed F7-generation (Merced) chip due
out in 1998, in addition to Intel's independently planned successor to its
Pé processor.

® Hewlett-Packard created the Enterprise Net Server Operation. The
organization will promote partnerships with developers to port
applications from UNIX to Windows NT. The organization is also
expected to smooth the transition from the PA-RISC to Intel's Merced
processor in late 1998.

HP's production model for the PA-RISC platform is systems profitability-
based while alliance suppliers appear to use a device profitability model. In
order for PA-RISC to remain a viable architecture, HP needs to be more
visible as the architecture standard-bearer. Except for captive embedded
designs, other embedded applications for this processor will grow slowly.

Alpha Family

Digital Equipment Corporation has put much effort into carefully crafting
the Alpha microprocessor into a high-performance core of its own PC and
other computer businesses, while simultaneously working on making the
family a standard RISC architecture used by others. As an early (possibly too
early) adopter of Windows NT, Digital's market position and aggressive
independent software suppliers, plus its direct PC distribution channels,
give it a good head start on other RISC-based Windows NT personal
computer companies. Acknowledged to be the fastest microprocessor on the
market, the Alpha is hindered by the lack of a large Windows NT user base.
This may change in 1997 as users now focus on this OS, which is attractive to
business, In attempting to increase its supply base, Samsung was added as a
second source for the Alpha, along with Mitsubishi. But neither of these
companies has experience in the development or marketing of
microprocessors. Some of the key 1995 and 1996 developments in the Alpha
market were:

©1996 Dataquest September 30, 1996
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® Intlectronika (a wholly Russian-owned system manufacturer) contracted
with Digital in a $2.5 million deal involving system manufacture (first
quarter 1995 delivery of 1,000 Alpha motherboards) and development of
indirect technology channels in Eastern Europe.

W Just Imagine released the Alpha 64/233 workstation based on the Alpha
21064 processor that runs at 233 MHz.

® Samsung and Digital agreed to develop and manufacture Alpha RISC
processors. Samsung planned on producing its first Alpha in 1997.
Samsung also can distribute Alpha processors.

® Digital announced third quarter 1996 availability of the 21164 Alpha 433-
MHz and 500-MHz processors. The 433-MHz product will sell for $1,500
in quantities of 1,000—half the price of the MIPS 10000.

a Digital announced midrange Alphaserver 4000 systems (300 and 400
MHz) and high-end Alphaserver 8000 systems at over 437 MHz.

W BTG Inc. released the superpowered AXP275 ULTRA "“personal
supercomputer” using an Alpha 21064A 275-MHz processor as its
engine. Price: $17,000.

B Netscape Communications Corporation received its 2,000th 64-bit
Alphaserver 8400 to handle its World Wide Web site traffic. The 8400
server is capable of handling 12 350-MHz Alpha processors and 14GB of
memory.

Although Digital is going full tilt to promote the Alpha, the—until lately—
slow ramp of Windows NT as a mainstream desktop operating system has
hindered its efforts. The new interest in the NT platform for server use may
accelerate this situation. By correctly focusing on computer applications and
promoting its large (if somewhat inexperienced) alternate-sourced supplier,
Digital now has a better way of marketing this advanced product family.

Dataquest Perspective

SPSG-WW-DP-9611

Intel's 1995 accelerated introduction of the P8, following on the heels of the
Pentium, will continue to reverberate through the microprocessor and PC
markets for years to come. By cranking up the MPU treadmill, both
competitors and customers alike may have some changes imposed on them.
Although the RISC versus CISC distinctions once gave the RISC camp a
performance advantage for the foreseeable future, the P6 architecture and
performance specifications have narrowed the RISC/CISC gap dramatically.
The Intel /Microsoft hardware/software duo will continue to rumble into the
future, but the long-term future of the RISC processors continues to
highlight glaringly that both hardware and software are key factors in user's
decisions concerning a high-performance system choice. The plethora of
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RISC processors promoting the openness of each processor’s architecture in
order to gain software support is evidence of this trend.

Growth in the x86 market continues at a very healthy clip all the while, with
Intel firmly in control of this technology-driven moneymaking machine. By
continuing to play technology leapfrog with its increased number of
competitors, Intel continues to control the lucrative high-end of the market
and simultaneously sows the seeds for additional x86 sales by ceding the
low end, where price is the main decision factor, to the competition.
Motorola's anticipated rocky transition from a 68xxx to a PowerPC customer
base resulted in AMD's maintaining the No. 2 advanced microprocessor
supplier position, with Cyrix and IBM taking the No. 3 and No. 4 positions.
AMD's fall back to the Am486 with faster clocks, caused by its lack of K5
shipments, barely kept it in the No. 2 1995 position. Motorola's balanced mix
of embedded products and, now, a multisourced RISC core will continue to
provide users with a wide selection of price and performance options rivaled
only by Intel. IBM's production of PowerPC 601 products kept this supplier
in the market while it still announces plans of offering a strong Intel-based
system line. Cyrix gained some ground in the 1995 MPU price war, more
because of a lack of production from AMD and TI than because of increased
customer loyalty. Both Cyrix and TI still plan advanced x86-like designs to
complement their 386 and 486 products. TI plans on being one of the few
remaining low-cost providers of 486 processors.

The RISC compute market continues, rightly, to focus on price/performance
advances over CISC alternatives, and many suppliers have put in place the
infrastructure needed by mainstream systern users (common advanced
operating systems, second sourcing, and so on) that will better facilitate
market acceptance. The Pentium Pro and future P7 (Merced) architectures
may somewhat blur this distinction, however. Software applications
continue to be critical elements of success in the conservative CISC versus
RISC architecture selection process. The bottom line remains that if an end
user can use a program that is interchangeable (without performance
degradation) between competitively priced hardware options, the user will
opt for the software-flexible hardware. Much of the infrastructure is now in
place to allow users to make better comparative decisions. Marketing the
various processors and software attributes along with processor/system
technology road map alliances now appears to be the next challenge in the
high-performance MPU marketplace.
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Perspective

Semiconductor Supply and Pricing Worldwide

Market Analysis

The Nonvolatile Memory Picture Becomes Clearer as Users
Choose Long-Term Solutions

Abstract: The nonvolatile memory market (ROM, EPROM, EEPROM, and flash) continues
to grow, but some family members are starting to dominate. This Perspective focuses on
the life cycles and technology trends within the nonvolatile market and analyzes 1995
market share data by geographical region and device family.

By Evelyn Cronin

Nonvolatile Devices

The nonvolatile market comprises four distinct devices—flash memory,
EPROM, EEPROM, and mask ROM. The Dataquest definitions for these
devices are given below, along with some typical applications.

Flash memory: Includes nonvolatile products designed as flash EPROM/
EEPROM that incorporate either 3V, 5V, or 12V programming supplies and
one-transistor (1T) or two-transistor (T2) memory cells with electrical pro-
gramming and fast bulk/chip erase. Flash memory can erase data only by
bulk/chip, not by byte.

Flash memory is now used on Pentium-based PC motherboards for BIOS
and plug-and-play applications. Non-PC flash applications include wireless
communications (digital cellular and Personal Handyphone) and consumer
electronics (digital cameras and digital voice recorders).
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EPROM: Erasable programmable read-only memory. This product classifi-
cation includes ultraviolet EPROM (UV EPROM) and one-time program-
mable read-only memory (OTP ROM). EPROMs have memory cells
consisting of a single transistor and do not require any memory cell
refreshes. EPROMs are used to store code in applications both in embedded
systems and in computers as the bootstrap or basic input/output sub-
system (BIOS) in PCs.

EEPROM: Electronically erasable programmable read-only memory.
Included are serial EEPROM (S-EEPROM), parallel EEPROM (P-EEPROM)
and electrenically alterable read-only memory (EAROM). EEPROMs have
memory cells consisting of a minimum of two transistors and do not require
memory cell refreshes. This product classification also inciudes nonvolatile
RAM (NV-RAM), also known as shadow RAM, These latter semiconductor
products are a combination of SRAM and EEPROM technologies in each
memory cell. The EEPROM functions as a shadow backup for the SRAM
when power is lost. EEPROMs are usually used in specialized applications
where the minimal storage capability is acceptable and byte erase is
required. One such application is code storage in printers.

Mask ROM: Mask-programmable read-only memory. Mask ROM is a form
of memory that is programmed by the manufacture to a user specification
using a mask step. Mask ROM is programmed in hardware rather than soft-
ware. Mask ROMs are heavily used in the games industry and to hold font
software in printers. Aiso, Apple Computer uses mask ROMs to hold its
BIOS software,

Examining the life-cycle curves for flash, EPROM, EEFROM, and mask
ROM gives a useful perspective These life-cycle curves are based on unit
shipments per technology density.

Figure 1 shows the life-cycle curves for flash and EPROM at various densi-
ties. What is immediately obvious is that EPROMs are stronger in the
lower-density parts, while flash will dominate densities above 8Mb, Also,
at the same densities, flash and EPROM are usually in different stages,

- except at the 256Kb and 512Kb densities. Both flash and EPROM are in the

decline stage at these densities, although EPROM is further along the stage
than flash.

For flash, 1Mb is in solidly in the maturity stage, while the 2Mb has already
reached the saturation stage. 4Mb and 8Mb flash are both still in the growth
stage, with the 4Mb being further into this stage. The 16Mb flash sits in the
introduction stage. Flash at higher densities (32Mb, 64Mb, and 128Mb) is in
the research and development stage.

With EPROM, the story is rather different. The 64Kb and 128Kb are both in
the phaseout stage of their life-cycle curve based on unit shipments. From
256Kb to 2Mb, they are sitting in the decline stage. Thus, the majority of
EPROM is in the final stages of its life-cycle curve. The 4Mb EPROM is in its
growth stage, with 8Mb in the introduction stage of its life cycle. EPROM at
16MD is still at the research and development stage.

©1996 Dataquest August 26, 1996
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Figure 1
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Figure 2 shows the life cycles for mask ROM and EEPROM at various
densities. These two subsets of the nonvolatile family make for interesting
comparison. EEPROMs tend to be at very low densities, while ROMs
include some of the largest densities in production. The 1Mb flash is in the
phaseout stage, while IMb EEPROM is still in the R&D stage!

ROMs at 1IMb, 2Mb, and 4Mb are in the phaseout stage, with 8Mb and
16Mb mask ROMs in the decline phase. The 32Mb ROM still sits in the
maturity stage of its life-cycle curve, while the 64Mb part is in the introduc-
tion phase. The 128Mb and 256Mb parts are still in the R&D stage.

EEPROMs are "newer" in terms of life-cycle positioning. The 1Kb and 2Kb
both sit in the saturation stage of the life cycle curve, while the 4Kb is climb-
ing up the maturity stage. The 8Kb and 16Kb parts are in the growth stage,
with the 8Kb ahead. The 64Kb EEPROM remains in the introduction stage
of its life-cycle curve, relative to volumes sold, along with the 256Kb.
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Figure 2
ROM and EEPROM Life-Cycle Stages/Density
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EEPROMs from 512Kb to 4Mb, which remain in the research and develop-
ment stage.

The Nonvolatile Market

The nonvolatile market was worth over $6.24 billion in 1995, based on
revenue, a growth of some 15.5 percent from 1994. Table 1 shows the 1995
revenue for each nonvolatile device. This indicates the wide variation in the
growth or decline rates of each device family.

The year 1995 was outstanding for flash memory as more and more applica-
tions came on line. As a result, flash grew by almost 120 percent in revenue
from 1994 to 1995, a staggering rate by any memory standards. It is now the
second-largest revenue earner of the nonvolatile group, up from the third

spot in 1994.
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Table 1
Worldwide Nonvolatile Revenue by Device Family
(Millions of Dollars)

Nonvolatile 1995
Device Families 1994 1995 Growth (%)
Flash 884 1,942 119.68
EPROM 1,561 1,437 -7.94
EEPROM 744 793 6.59
Mask ROM 2,216 2,069 -6.63

Total 5,405 6,241 15.47

Source: Dataquest (August 1896)

The three other nonvolatile families, however, reacted differently to the
market dynamics of 1995, While EEPROM continued to grow (albeitata
modest rate of just under 6.6 percent), EPROM and mask ROM were not so
fortunate—both posted declines in 1995, coming in at about a negative

8 percent and negative 6.6 percent, respectively. Mask ROM continued to
have the highest revenue for 1995, in excess of $2 billion. EPROM had the
third-highest revenue for 1995, and EEPROM remained a distant fourth.

Market Share

Table 2 shows the 1995 nonvolatile market share by supplier, based on
factory revenue. There has been considerable change in the 1995 overall
rankings when compared with 1994. For the first time, a nonvolatile sup-
plier that offers only one of these products was the overall winner in the
nonvolatile revenue standings. Intel, by being the No. 1 flash supplier, took
the overall nonvolatile market share leadership position. This highlights the
growth and importance of this segment. Sharp fell from the No. 1 position
in 1994 to second position, despite being the No. 1 mask ROM supplier and
attaining seventh position in flash. Advanced Micro Devices came in at
third position in the overall rankings, based on revenue. AMD was the sec-
ond-largest flash revenue supplier and the third-largest EPROM supplier in
1995.

In fourth position was SGS-Thomson, down from second position in 1994.
Although it was the No. 1 revenue earner in both EPROM and EEPROMs
and ranked No. 5 in flash, it still dropped two vital positions. Also, it now
lags AMD by some $114 million. Atmel, by contrast, has risen in the ranking
in 1995—up to fifth position from seventh position in 1994. It is the No. 2
EEPROM supplier (behind SGS-Thomson) and gets fourth position in both
the flash and EPROM market share rankings. Although Atmel still has to
break the $500 million revenue point, it is well positioned to do so for 1996.

The three big Japanese nonvolatile suppliers constitute the next class of
suppliers. Toshiba, NEC, and Fujitsu come in at sixth, seventh, and eighth
position, respectively. All three companies have top 10 positions in three of
the four nonvolatile family market share rankings, and their revenue from
nonvolatile products was around $300 million. However, both Toshiba and
NEC dropped one overall ranking position in 1995 from 1994. Fujitsu, by
contrast, leaped from twelfth position into eighth position in 1995. This was
helped by Fujitsu's No. 3 position for flash sales.
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Table 2
1995 Top 10 Nonvolatile Suppliers by Revenue and Product Offering
(Millions of Dollars)
1995 1994 1995 Flash EPRCM EEPROM Mask ROM
Rank Rank Company Revenue Rank Rank Rank Rank
1 3 Intel 766 1 - - -
2 1  Sharp 724 7 - . 1
3 4 AMD 701 2 3 - -
4 2 SGS-Thomson 587 5 1 1 -
5 7 Atmel 477 4 4 2 -
6 5 Toshiba 389 6 10 - 2
7 6 NEC 339 10 - 8 3
8 12 Fujitsu 305 3 9 - 9
9 10 Texas Instrumnents 246 9 2 10 -
10 11  Macronix 236 - 7 -
All Others 1,470
Total 6,241

Source:; Dataquest {August 1996)
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The last two suppliers are Texas Instruments, at ninth position, and
Macronix, at tenth, Both rose one place from 1994, and their nonvolatile rev-
enue was around $250 million. TI, however, has coverage in flash, EPROM,
and EEPROM, while Macronix covers EPROM and mask ROM only.

Revenue stratified for suppliers in 1995. Intel, Sharp, and AMD all posted
revenue in excess of $700 million in the nonvolatile area. There was a gap of
over $110 million separating AMD from the next segment. SGS-Thomson
and Atmel were both in the $400-to-$600 million revenue stage. All other
nonvolatile players earned less than $400 million from this segment.
Traditionally, the nonvolatile suppliers that performed the best were those
with good overall product coverage. The mold was broken in 1995. All the
$700 million-plus companies are quite specialized, concentrating on one or
two product segments and striving for market dominance there.
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Market Share by Device Family

Flash

Flash grew revenue by almost 120 percent in 1995, making flash the second-
highest revenue generator within the nonvolatile family. Table 3 shows the
top five flash suppliers by revenue for 1995.

All achieved high revenue growth, with Fujitsu's climb from No. 6 to No. 3
translating into a 1,171 percent revenue growth from 1994 to 1995. NOR
flash is dominated by technology alliances—Intel-Sharp versus AMD-
Fujitsu. Combined, both alliances account for over 78 percent of the total

worldwide flash market.
Table 3
1995 Market Share by Revenue for Flash (Millions of Dollars)
1995 1994 1995
Rank Rank Company Revenue
1 1 Intel 766
2 2 AMD 527
3 6 Fujitsu 178
4 3 Atmel 177
5 5 SGS-Thomson 82
All Others 212
Total 1,942

Source: Dataquest (August 1996)

For the EPROM segment, 1995 was a year of declining growth. The total
market decreased its revenue from 1994 to 1995 by 8 percent. Table 4 shows
the 1995 market share ranking by revenue for EPROMs.

Most top five suppliers fared badly, with the exception of TI and Atmel.

TI remained pretty flat, growing by 1 percent, while Atmel achieved a

16 percent revenue increase despite not gaining any increase in ranking,
SGS-Thomson, AMD, and National Semiconductor all lost market share in
dollar terms, decreasing revenue by 15 percent, 19 percent, and 18 percent

respectively.
Table 4
1995 Market Share by Revenue for EPROM (Millions of Dollars)
1995 1994 1995
Rank Rank Company Revenue
1 1 S$GS-Thomson 336
2 3 Texas Instruments 21
3 2 AMD 174
4 4 Atmel 148
5 5 National Semiconductor 38
All Others 470
Total 1,437

Scurce: Dataquest (August 1996)
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EEPROM

The EEPROM market grew by some 6 percent in 1995. Table 5 shows the top
five EEPROM suppliers by revenue for 1995. There was very little change in
ranking from 1994, apart from the reshuffling at the No. 1 and No. 2 posi-
tions and at No. 4 and No. 5. SGS-Thomson knocked Atmel from the first
position and managed a 47 percent revenue increase, compared with a
growth of 10 percent posted by Atmel.

All other top five suppliers also recorded revenue growth higher than the
worldwide market, including Xicor at 14 percent and National Semiconduc-
tor at 24 percent. Microchip Technology, which rose from fifth in 1994 to
fourth in 1995, had a 49 percent increase in revenue—this translated into the
highest revenue growth posted in the top five and top 10 by an EEPROM

supplier.

Table 5 )
1995 Market Share by Revenue for EEPROM (Millions of Dollars)
1995 1994 1995
Rank Rank Company Revenue
1 2 S$GS-Thomson 169
2 1 Atmel 152
3 3 Xicor 100
4 5 Microchip Technology 82
5 6 National Semiconductor 62
All Others 228
Total 793

Source: Dataquest (August 1996)

Mask ROM
Table 6 shows the top five Mask ROM suppliers by revenue for 1995. Mask
ROM revenue is shrinking, down 7 percent from 1994 to 1995.

For all top five suppliers except Sharp, revenue decreased or remained flat.
Sharp, by contrast, grew revenue some 5 percent and increased market
share from 28.9 percent to 32.7 percent in this shrinking market. Toshiba
and NEC had flat revenue periods, while Samsung and Hitachi decreased
by 21 percent and 2 percent, respectively.

Table 6
1995 Market Share by Revenue for Mask ROM
{Millions of Dollars)
1995 1994 1995
Rank Rank Company Revenue
1 1 Sharp 676
2 3 Toshiba 277
3 4 NEC 247
4 2 Samsung 231
5 5 Hitachi 159
All Others 479
Total 2,069

Source: Dataquest {(August 1996)
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Regionwide Nonvolatile Split by Device Type

Figure 3

Japan Region

Japan was the largest of all four regions in terms of nonvolatile revenue.
Mask ROM accounted for over 55 percent of revenue, coming mainly from
the region's game industry. Although mask ROM revenue increased from
1994 to 1995 (2.35 percent), it grew less than overall nonvolatile revenue
(18.6 percent). Flash had the largest revenue increment, up over 200 percent
from 1994. EEPROMSs and EPROM s also increased their revenue last year,
17.2 percent and 10.9 percent respectively. In terms of revenue as a portion
of the overall Japanese nonvolatile market for 1995, EEPROM was just less
than 7 percent and EPROM was under 21 percent. Figure 3 shows the 1995
nonvolatile split by device family for the Japan region.

Japan Region Nonvolatile Split by Device Type
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Americas Region

Figure 4 shows the nonvolatile revenue by device family for 1995 in the
Americas region. Flash was definitely in the revenue driving seat in the
Americas region, with a 1995 revenue of some $852 million—the largest
flash revenue of all the regions. It was largely driven by the PC segment and
by some telecommunications applications. EPROM was the second-largest
revenue contributor, worth 21.5 percent of the total nonvolatile market.
However, EPROM revenue decreased by some 20.5 percent from 1994 to
1995. This indicates that the traditional EPROM applications are being
switched over to flash. EEPROM revenue increased from 1994 to 1995, up
24.5 percent and worth about 15 percent of the nonvolatile market by reve-
nue for 1995. Mask ROM, by contrast, decreased its revenue slightly from
1994 to 1995, down 2.5 percent, and accounted for 20 percent of the total
nonvolatile market by revenue in the Americas region.

Figure 4
Americas Region Nonvolatile Split by Device Type
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Europe Region

. Figure 5 shows the nonvolatile revenue by device family for the Europe
region in 1995. With telecommunications so strong in Europe, it should be
of little surprise that flash was ranked No. 1 in Europe, representing about
41 percent of the total nonvolatile European revenue. While this alone is
significant, it actually translates into a 134 percent revenue increase from
1994. On a global scale, even though Europe was the second-smallest non-
volatile revenue region, its flash revenue was the second-highest in the
world. By contrast, EPROM, EEPROM, and mask ROM were all down in
revenue terms from 1994, worth 28 percent, 23 percent, and 8 percent,
respectively.

Figure 5
Europe Region Nonvolatile Split by Device Type
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Asia/Pacific Region

The 1995 nonvolatile revenue by device family for Asia Pacific is shown in
Figure 6. Mask ROM was the dominant member of the nonvolatile group,
accounting for about 42 percent of total nonvolatile revenue in this region.
Flash and EPROM tied, each worth about 25 percent of the total nonvolatile
market by revenue. However, while flash grew by 193 percent in terms of
revenue from 1994 to 1995, EPROM shrank by 14.5 percent. This is indica-
tive of the switchover from EPROM to flash for PC applications. EEPROM,
however, trailed at about 9 percent.

Figure 6
Asia/Pacific Region Nonvolatile Split by Device Type

Millions of U.S. Dollars

600
7
500]| /7 1994
B 1995
400
300 -
200 -
Flash EPROM EEPROM Mask ROM

265316

Source: Dataquest (August 18996)

Technology Trends
Flash

Trends in the flash market are as follows:

® Dominated by strong alliances—Intel and Sharp versus AMD and Fujitsu
m NOR technology still the strongest in revenue

m Smart Voltage NOR technology available from Intel, Sharp, and Micron
Technology; Fujitsu and AMD offer True Low Voltage devices down to
2.7V

m NOR suppliers investigating NAND technology and vice versa
m Current applications: cellular phones, flash cards, and PC BIOS

m New applications: voice storage, cameras, auto navigation, and Personal
Handyphones

SPSG-WW-DP-9610 ©1996 Dataquest August 26, 1996
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EPROM
Trends in the EPROM market are as follows:

= Mature market, new applications converting to flash
8 Fewer and fewer suppliers making high-density parts

@ Traditional users: telecom (modems and cellular telephone handsets) and
data processing (PC BIOS and rigid disk drive controllers)

EEPROM
Trends in the EEPROM market are as follows:

m The most niche-like area of nonvolatile but will have steady growth
patterns
8 Use of new higher-density parts increasing

& Applications varied: DRAM DIMMs, automobile airbags, communica-
tions (cellular mobile handsets and pagers), and various microcontroller-
based applications

m Smart/memory cards growing in Europe

Mask ROM

Trends in the mask ROM market are as follows:

B Japanese consumer electronics market picking up, bolstering the segment
m No new markets developing—games still the mask ROM driver
m Some video games starting to use CD-ROM

Dataquest Perspective

SPSG-WW-DP-9610

The flash market remains an area of huge growth and interest as more and
more applications move from EPROM and mask ROM to flash. Dataquest
forecasts that this growth will continue to the year 2000. From a procure-
ment point of view, the situation has improved dramatically from this time
last year. The NOR flash market is dominated by alliances that determine
the availability of a given technology—Smart Voltage from Intel/Sharp and
True Low Voltage from AMD/Fujitsu. Overall availability has really
improved as extra capacity has come on stream from both camps. Also,
Micron will be coming on stream with Intel /Sharp technology, increasing
the supply base potential. Flash pricing has also decreased greatly from
1995, and the forecast is for this reduction to continue. The general trend 1s
for lower voltages and higher densities.

The picture for EPROM is not as healthy. The market is in gradual decline
as the big users move to flash for the volume applications. However, at
densities of 4Mb and above of EPROM, the situation is better, and
Dataquest expect to see continued growth. Mask ROM, like EPROM, is in
decline, both in units and revenue. Video game applications remain the sole
demand driver; no new applications have come to light so far. Most densi-
ties are nearing the final stages of their life-cycle curve, and only densities at
32Mb and above are enjoying growth. Dataquest expect the overall trend
downward to continue to the end of this decade. EEPROM did enjoy some
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growth in 1995, and Dataquest expect this trend of growth to continue. New
applications such as handsets, pagers, smart cards and other microcontrol-
ler-based applications continue to fuel volume demand. Also, Dataquest
sees that density, although still in kilobits, is slowly starting to increase.

From a procurement point of view, Dataquest would make the following
recommendations. Flash offers the greatest negotiating flexibility-—supply
has freed up and prices are declining. However, at densities of IMb and
below, care should be taken to monitor the supply base because suppliers
are cutting back production. For EPROM and mask ROM, as demand is
starting to decline, certain suppliers are beginning to cut back production
and buyers should consult both the Dataquest life-cycle curves and the
suppliers’ production schedules to ensure continued supply. The outlook
for EEPROM remains positive, with more and more niche applications
developing.
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Market Analysis

The SRAM Supply Bucket Finally Fills and Overflows:
SRAM Market Update

Abstract: The static random access memory (SRAM) market remains linked to the PC
industry and is now in the throes of a cache architecture change and oversupply. Although
nof as visible as its volatile cousin, the DRAM, SRAM has seen many of the same dramatic
declines in price this year. This update focuses on the life cycles and future trends of these
important memory devices and how the supply base is changing to meet market demands.
By Mark Giudici

From Allocation to Abomination, SRAM Suppliers Scramble to Make Ends
Meet

The need for cache memory in high performance PCs continues to mandate
the direction of the overall SRAM market. The cache RAM requirements of
the Pentium, PowerPC, and other high-end microprocessors remain strong,
and suppliers have been more than eager to meet this demand.

Most of the market was in allocation for the fast ( under 15ns) devices in
1995. With the advent of Intel's Triton chipset for Pentium processors, many
SRAM suppliers (the high water mark was 23) went after a portion of the
relatively small, but promising, market for 32Kx32 cache RAM that would
support the Intel specification. This chipset required a 64-bit-wide
input/output (I/O) channel that, in turn, had at least five potential 1Mb
SRAM product architecture solutions. The chip deemed to be the economical
solution for this next-generation chipset was the 32Kx32 15ns SRAM.
Because of initial technical difficulties in manufacturing this part, most 1995
cache was of the older 32Kx8 density. For the few companies that could
make the part, high prices were the reward that prevented large-scale,
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cost-based conversion. By the middle of the fourth quarter of 1993, most of
the 32Kx32 suppliers had simultanecusly improved their yields and were
producing large amounts of this promising new part.

While system OEMs went through a year-end rush in 1995 to clean up
financial statements by off-loading unneeded semiconductor inventory, most
32Kx32 suppliers came to market at the same time with their long-awaited
chipset solutions. The ensuing combination of abundant SRAM suapplies,
lower demand, and fear of holding inventory caused the 32Kx32 and the
related 8Kx32 market prices to free-fall from November 1995 through the
second quarter of 1996 (much like the highly publicized 1Mx16 and 1Mbx4
DRAM parts during the same period). Many SRAM suppliers also make
DRAM, so the drop in RAM pricing was a double blow for these suppliers in
the first half of 1996.

The 1995 cache SRAM market, defined as 256K, IMb, 4Mb, and 16Mb
devices at under 9ns to 33ns, is valued at $3.2 billion and is forecast to flatten
out at $3.1 billion in 1997. Although the cache SRAM situation is most
compelling, the total SRAM market includes many other devices at different
configurations and access speeds. This document will cover the entire SRAM
market, highlighting the technology trends, life-cycle product curve, and
leading suppliers. This document will also show unit and dollar forecasts
and provide a perspective.

Density and Speed Trends

SPSG-WW-DP-9609

The SRAM market comprises many micromarkets delineated by total
density, configuration, and speed. Specific applications, such as PCs, cellular
phones, or consumer products, among others, drive demand for very
particular devices. For example the 256K SRAM is most popular at speeds
over 70ns and at under 20ns to 44ns, with minimal demand for speeds
between 45 and 70ns.

The 1995 total SRAM market, valued at $6.2 billion, went up a whopping 39
percent from 1994 ($4.5 billion). Because of the strong demand for cache
SRAM last year and the late-year oversupply, the overall average selling
price (ASP) has increased only 3.4 percent, from $4.64 in 1994 to $4.80 in
1995. Dataquest still expects a rising ASP trend to accelerate because PC
designs will require increased levels of high-speed, high-density, and
relatively high-priced cache devices.

Figure 1 shows the trend in demand for the four main speed categories of
SRAM. From 1994 to 1998, the two segments making up the faster-than-45ns
devices (that is, cache applications) will grow from 31 percent of the market
in 1994 to 52 percent in 1998. Over the same period, the slow SRAM market
will decline from 58 percent in 1994 to less than 29 percent in 1998 because of
the overall shift in demand for faster devices. The 45ns-to-70ns segment will
grow and stabilize with the 4Mb SRAM market, as Dataquest expects there
will be significant levels of demand for this speed at this density.

©1996 Dataquest August 5, 1996
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Figure 1
Worldwide SRAM Unit Shipments by Speed
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Figure 2 shows how the density of SRAM will change over time. In 1996, 57
percent of all SRAMs will be at the 256K density or less, while, by 1998, close
to three-fourths (71 percent) of the market will be over IMb in density.
Future system designers should keep this trend in mind when planning on
SRAM requirements, because low-density SRAMs will be less available.
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Figure 2
Worldwide SRAM Unit Shipments by Density
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SRAM Life Cycles

A pragmatic way to look at sourcing the components of a system is to place
specific devices (in this case, SRAMs) on the IC life-cycle curve. An IC
generally has a seven-stage life cycle: R&D, introduction, growth, maturity,
saturation, decline, and phaseout. The following life-cycle curve is based on
actual 1995 SRAM shipment volume. Because of the varied applications that
utilize SRAM, the SRAM life cycle is about twice that of DRAM, or about 19
years (see Figure 3).
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Figure 3
SRAM Life-Cycle Stages by Density
Phase R&D Introduction Growth Maturity Saturation Decline Phaseaut
Typical Time | 3-4 Years 3 Years 3 Years 2 Years 2-3 Years 5 Years 1-3 Years
Units
O /
Family -16Mb Very -4Mb Slow -1Mb -1Mb Siow -64Kb Slow -16Kb Very
Fast -4Mb Medium | Very Fast PSRAM -84Kb Fast
-16Mb Fast -4Mb Fast -1Mb Fast -256Kb Medium -16Kb Fast
-16Mb -4Mb Very -1Mb Medium | Medium -64Kb Fast -16Kb
Medium Fast -1Mb Slow -256Kb -64Kb Medium
-16Mb Slow -4Mb Slow Very Fast Very Fast -16Kb Slow
-16Mb Slow PSRAM -256Kb Fast -64Kb
PSRAM PSRAM
-256Kb Slow
-256Kb
‘ Very Fast <20ns Slow PSRAM
| Fast 20-44ns
Medium  45-70ns
| Slow >70ns |
Time ——P
964873
Source: Dataquest (August 1996)
Product/Supplier Matrix

The expanding combination of speed, density, and configurations of SRAM
makes it very difficult to keep track of the worldwide SRAM supply base to
ensure that all supply sources are explored. Compounding this situation is
the tendency of many SRAM suppliers to focus on selected segments of the
market. In an effort to reduce this confusion, Tables 1, 2, 3, 4, and 5 show
which SRAM densities and speeds companies actually shipped in 1995. A
check mark indicates that a supplier shipped parts at the specified density
and speed, while a dash means that no parts were shipped.
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Knowledge of where a particular device is in its life cycle is critical when
deciding to design in or design out a device. Synchronizing system life cycles
with semiconductor life cycles requires good coordination between system
design engineering, component engineering, and procurement, ideally with
each having equal weight in design/procurement decisions. The tails of the
life-cycle curve generally equal limited supplies and high prices, while the
devices in the middle of the curve are available in high volume and at lower
prices.

Table 1

1995 Availability of 16K SRAMs by Speed

>70ns
0-9ps 10-19ns 20-44ns 45-70ns (Standard) Pseudo
Cypress Semiconductor - v v v - -
Fujitsu - = - v - -
Hitachi - - s v v -
LG Semicon “ - - - s .
Mitsubishi - - - v - -
Rohm - - = - v -
Sanyo s - - “ v -
Seiko Epson - < 5 - v -
SGS-Thomson e - - = v -
Sharp - - - v e -
Sony - - = - v -
United Microelecironics Corp. - - v - - -
- = Not available
v = Available

Source: Dataquest (August 1996}
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Table 2
1995 Availability of 64K SRAMs by Speed
>70ns
0-9ns 18-19us  20-44ms  45-70ms (Standard) Pseudo

Alliance Semiconductor - e 3 - z -
Cypress Semiconductor - W4 s J/ .y -
Fujitsu - - 7 J s .
Hitachi - s i s 7 .
Hyundai - M - " / .
Integrated Silicon Solution Inc. = 7 - - - -
LG Semicon = - - - s .
Micron Technology & 7 - - - -
Mitsubishi = - J/ J/ - -
Mosel Vitelic - - 4 - s -
Motorola - s J/ . - -
NEC - - - v v/ v
Rohm - - - . S .
Samsung - - 7 7 - -
Sanyo - - - - v -
Seiko Epson - - - - s -
SGS-Thomsen - - - - 4 -
Sharp - - - v v/ -
Sony - - s & e =
Texas Instruments " e e / - -
Toshiba - - 4 - e <
United Microelectronics Corp. - - 7 - - -
Winbond - - - vy - -
- = Not available
v = Available

Source: Datagquest (August 1996)
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Table 3

1995 Availability of 256K SRAMs by Speed

0-9ns 10-19ns

2(-44ns

45-70ns

>70ns
(Standard) Pseudo

Alliance Semiconductor
Cypress Semiconductor
Fujitsu

Hitachi

Hyundai

Integrated Device Technology

LG Semicon
Matsushita
Micron Technology
Mitsubishi
Mosel Vitelic
Motorola
NEC
Paradigm
Samsung
Sanyo

Seiko Epson
SGS-Thomson
Sharp

Sony

Toshiba

Winbond

Integrated Silicon Solution Inc.

United Microelectronics Corp.

v
/

*
E |

\

' NN
NN N,

1
V

NN N

N NSNS

~

¥

NNSNSASNNSNSN e

L]

<

NN NN

NN N
' ~

v NN

NN SN

v NN,

NNS S

« = Not available
v = Available
Source: Dataquest (August 1996}

SPSG-WW-DP-9609

©1996 Dataquest

August 5, 1996



Semiconductor Supply and Pricing Worldwide 9
Table 4

1995 Availability of IMb SRAMs by Speed

>70ns
0-9ns 10-19ns 20-44ns 45.70ns (Standard) Pseudo

Alliance Semiconductor - - s - . -
Cypress Semiconductor - - 4 . - -
Fujitsu - - - 4 s -
G Link - J/ - - / _
Hitachi s s e s Vs J
Integrated Device Technology - 4 = - & &
Integrated Silicon Sclution Inc. 7 < = « - -
LG Semicon - - - - 7/ _
Micron Technology - 4 - - - -
Mitsubishi - - = s 4 _
Motorola v v e :-a - -
NEC - v v v v v
Oki - - = - . J/
Paradigm - e s - - -
Rohm - - - - s -
Samsung - 7 4 v - v/
Sanyo = - - - Vs -
Seiko Epson - - - - s -
SGS-Thomson - - e - - -
Sharp - - g - v -
Sony - v v v v -
Toshiba - J - - 7 7
United Microelectronics Corp. - s - & - -
Winbond - J/ - . - -

- = Not available

v = Available

Source: Dataguest {August 1996)
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Table §
1995 Availability of 4§Mb SRAMs by Speed
»70ns .
0-90s 10-19ps 20-44ns 45-70ns (Standard) Pseudo
Hitachi - - - - J/ J
Mitsubishi £ = - - e -
Motorola = e s - w4 -
Oki = - - - - e
Samsung - - e e & B
Sony . i Y
Toshiba - - - - s v
- = Not available
v = Available

Source: Dataquest (August 1996)

Supply Base Profiles

Major shifts were made in the top 10 SRAM suppliers in 1995 by companies
that could provide fast cache devices, as shown in Table 6. The relentless
progress of Samsung in the memory market means that this company now
tops the list as the No. 1 worldwide SRAM supplier in 1995, After long
planning to be the largest worldwide semiconductor supplier, Samsung now
claims the top DRAM and SRAM supplier rankings. One of the big changes
last year was the fall of Fujitsu, ranked seventh in 1994, out of the 1995 top .
10 SRAM suppliers. Motorola Inc., Sony Corporation, Cypress
Semiconductor, Winbond Electronics Corporation, and Integrated Device
Technology, among others, grew extensively in 1995, thanks to the high level
of cache SRAM demand.

Although Japanese companies still make up the largest regional supply base,
with 45.5 percent of the market, this region had the lowest growth rate in
1995. Americas companies ranked second and grew a very strong 80 percent
over 1994 levels. Third-ranked Asia/Pacific SRAM suppliers grew a healthy
57 percent in 1995, while the small European SRAM supply base more than
doubled (113 percent) last year.

SPSG-WW-DP-9609 ©1996 Dataquest August 5, 1996
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Table 6
. Top 10 Companies’ Factory Revenue from Shipments of Static RAM Worldwide
(Millions of U.S. Dollars)
1995 1994 1994 1995 Percentage 1995 Market
Rank Rank Revenne  Revenue Change Share (%)
1 2 Samsung 419 716 60 10.7
2 1 Hitachi 557 662 19 10.6
3 6 Motorola 329 510 55 8.2
4 5 Sony 349 445 28 7.1
5 4 NEC 353 421 19 6.7
6 3 Toshiba 376 417 11 67
7 10 Winbond 141 309 119 4.9
8 Mitsubishi 212 304 43 4.9
9 9 Cypress 194 303 56 43
10 12 Integrated Device Technology 139 285 105 4.6
All Others 1,445 1,928 33 30.8
Americas Companies 1,074 1,935 80 30.9
Japanese Companies 2,505 2,844 14 45.5
European Companies 24 51 113 0.8
Asia/Pacific Companies 911 1,426 57 22,8
. Total Market 4.514 6.256 39 100.0
Source: Dataquest (August 1996)

Samsung
m Samsung grew 60 percent in 1995 to edge out Hitachi as the top-ranked
SRAM supplier with 10.7 percent of the market.

m Successful conversion of older DRAM fabs to SRAM output keeps costs
under control.

m The company sells SRAM bare die through a third-party die distributor,
Chip Supply.

Hitachi

m Hitachi traded places with Samsung, taking the No. 2 position with 10.6
percent of worldwide SRAM sales.

a Hitachi announced in 1995 a 6ns 32Kx36 SRAM aimed at high-end
servers and multiple-processor systems,

Motorola
m The company showed a big jump to the No. 3 position in 1995 from No. 6
last year—growing 55 percent over 1994.

N Motorola was a big benefactor of strong cache demand—sole-sourced,
. high-priced Motorola parts were the only solution in many situations.

m The company continues to use second-source SRAMs for some SRAM
modules, keeping the lucrative high-speed business in-house,

SPSG-WW-DP-9609 ©1996 Dataquest August 5, 1996
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Sony

By growing 28 percent in 1995, Sony moved up to the No. 4 ranking of
worldwide SRAM suppliers.

Besides its standard SRAM product offerings, Sony introduced a high-
performance family of synchronous SRAM aimed at the high-end, 64-bit
RISC and complex-instruction-set computing (CISC) processor markets.

Sony began shipment of the SCM586P series of secondary cache modules
designed for use with Intel Pentium processors, Triton, OPTi, Viper, and
VLSI Technology 82C590 chipsets.

NEC

NEC introduced a 1Mb synchronous BiCMOS SRAM (in both 64Kx 8
and 32Kx36 organizations) with access times as low as 3ns.

NEC announced in the first quarter of 1995 an agreement whereby the
company would supply Samsung with the equivalent of 100,000 4Mb
SRAM devices per month in uncut wafer form for follow-on assembly
and test in a Portuguese plant Samsung shares with Texas Instruments.

Toshiba

Toshiba grew the Ieast (11 percent) of those in the top 10 SRAM supply
list and fell from the 1994's third rank position to No. 6 in 1995.

Despite being one of the first companies to produce the 32Kx32
synchronous SRAM in volume, Toshiba was not able to remain in the top
five supplier rankings in 1995.

Winbond Electronics

Winbond grew a phenomenal 119 percent in 1995, the second
consecutive year it made the top 10 SRAM supplier list, jumping from
No. 10 to No. 7 in 1995.

Winbond entered into an ailiance with Toshiba whereby Toshiba
provides the company with production technologies for 1Mb fast SRAM
and 16Mb DRAM. Toshiba will import products from Winbond for sale
into the Asian market under the Toshiba brand.

Mitsubishi

Mitsubishi remained in the eighth position for SRAM sales by growing a
healthy 43 percent over 1994 (the highest growth for a Japanese SRAM
supplier).

In third quarter 1995, the company announced that production would
begin by fourth quarter 1995 of a pipelined 32Kx32 device that is pin-
selectable for either PowerPC or Pentium processors.

Cypress Semiconductor

Cypress maintained its ninth place SRAM supplier ranking by growing a
respectable 56 percent in 1995.

The main strength of Cypress comes from its 256K fast SRAM business.
The company plans on ramping its Minnesota Fab 4 in 1996 with higher-
density parts.
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Integrated Device Technology
B Propelled by the surge in cache SRAM demand, IDT jumped into the No.
10 position of 1995 suppliers by growing 105 percent over 1994,

B IDT was one of the first to announce a 32Kx18 synchronous bursting
cache SRAM for Pentium processors in first quarter 1995.

Dataquest Perspective

SPSG-WW-DP-9609

The SRAM market remains closely linked to the PC market and DRAM
manufacturing capacity. As a result, supply and demand are often not in
balance. Last year saw much of the SRAM market on allocation as suppliers
scrambled to meet strong cache memory needs. Expectations of Windows 95
failed to materialize, and the inventory oversupply of chips at the user level
did not leave the SRAM market unscathed. With prices falling over 50
percent since the fourth quarter of 1995, some cache SRAM suppliers are re-
evaluating the future of staying in this ultracompetitive market. Availability
for all SRAM remains very good at this writing and is expected to remain so
for the next 6 to 12 months. Although not all users require wide bus
synchronous SRAM, this segment of the market will continue to drive
technology and density trends. Ensuring adequate supplies of older devices
while new system designs take advantage of higher-density SRAM parts is a
balancing game that procurement departments now have a little more time
to play. The current buyer's market for SRAM should not lull users into
thinking that long-ierm supplier relationships are no longer needed. Sharing
future technology and product needs with suppliers will ensure users of
competitive sources of future products while keeping current costs down.

©1996 Dataquest August 5, 1996
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Market Analysis

DRAM Product/Market Update 1996: Is Allocation a Thing
of the Past?

Abstract: This article provides an insight to users of DRAM on how the current market
oversupply is changing the traditional supply/demand equilibrium. The DRAM market
rankings for 1995 by product density are examined, and the DRAM life-cycle chart for these

products is updated and analyzed.
By Evelyn Cronin

The State of the Market 1995: The Dynamics Are A'Changing

The current DRAM market is extremely volatile. For 1996 at least, allocation
appears to be a thing of the past. There is an oversupply of both loose parts
and modules at all capacities and densities, and prices have been falling all
year. Spot market DRAM pricing has been very unstable as parties have
been redistributing product. DRAM purchasers have changed the tradi-
tional ways of doing business—price negotiations, flexibility, cancellation
terms, and inventory holding are all changing. The DRAM suppliers that
are succeeding are those that built up relationships with their customers
and can adapt to the changing market dynamics. The oversupply is encour-
aging the development of non-PC DRAM applications, which hitherto
couldn't be exploited commercially because of the tight allocation situation.

The PC market is still the main DRAM consumer. Average DRAM densities
per PC are increasing, and most PCs shipped in 1996 will be Pentium-
class machines. However, despite the increase in the DRAM content per
machine, the falling average selling prices (ASPs) have driven the value of
the DRAM content per PC downward.
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The Demand Side

The Supply Side
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DRAM technology is changing, as well. Fast page (FP) mode DRAM is
being replaced by extended data out (EDO) DRAM. Yields on IMbx16
DRAM are universally good, and production volumes of this part have
really ramped up in the past six months. 4Mb DRAM production volumes
are stabilizing, with some suppliers cutting back on production.

It would appear that the oversupply will continue until the end of the year.
We enter the second half of 1996 with strong rumors of 16Mb production
cutbacks and news that some fab expansions are being delayed.

Highlights from the demand side are:

® There is more than enough memory to meet current and projected
demand in 1996.

m Price is falling constantly on both 4Mb and 16Mb chips and on modules.

m EDO DRAM is now a mainstream product and is fast replacing FP
DRAM with no cost premium.

a PC shipments worldwide are forecast to grow at a single-digit rate in
1996 but most will be Pentium-class machines.

& PCs remain the single biggest DRAM-consuming segment.

® Windows 95 is increasing in popularity, and Windows NT will be
released in the third quarter of 1996. These both require higher DRAM
content per PC to offer performance benefits.

@ Most PCs shipped have high muitimedia content, which means they are
memory-hungry.

® The constant DRAM price reductions have slashed the dollar value of
DRAM. Thus, PC makers can ship more DRAM per system for less
money.

® DRAM revenue growth in 1995 was a spectacular 81.5 percent, but this
will not be repeated in 1996.

Highlights from the supply side are:

® The worldwide oversupply is affecting all vendors.

® Margins are eroding as both contract and spot market prices continue
to fall.

m Fab expansion and ramp-up plans are being postponed or delayed.

@ Windows 95 is increasing in popularity and pushing up demand, but the
supply needed to meet this anticipated demand increase has been live for
six months.

@ Technology is changing from FP to EDO to synchronous DRAM.

m Yields on the 1IMx16 16Mb have improved dramatically, and now this
chip is in oversupply.

m 4Mb and 16Mb production is being cut back.

©1996 Dataquest July 15, 1986
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m Rumor has it that 64Mb is being delayed by most suppliers.

® The Taiwanese DRAM threat is causing some concern to U.S., Korean,
and Japanese suppliers.

m U.S. complaints of dumping by foreign competitors have resumed.

m EDO life is being extended for PC applications because it offers better
price/ performance benefits than synchronous. Thus, the supply of syn-
chronous DRAM is limited from most sources.

Dataquest has completed its third quarter 1996 price survey. The strong
expectation is that price reductions will continue through 1996 and into
1997. This is good news for the buying communities but bad news for the
vendor community. Falling prices affected margins and put research and
development programs and fab expansion plans in jeopardy. This could
lead to supply problems by the end of the century.

DRAM Unit Production and Life-Cycle Curve

Figure 1

Density

Figure 1 shows DRAM unit shipments by density. Looking at the historic
unit shipment and forecast information reveals that 4Mb was the DRAM of
choice for 1995. However, 16Mb production yields improved considerably
in the second half of 1995, and Dataquest predict that the 16Mb DRAM will
take over this role in 1996. Dataquest expects 16Mb to increase from 340
million units in 1995 to 940 million units in 1996. However, 4Mb production
should fall from 1.601 billion units last year to 998 million units this year,
while 1Mb will decline further from 433 million units in 1995 to 321 million
units in 1996.

DRAM Unit Shipments by Density

Millions of Units
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Figure 2 offers a broader perspective by placing the various DRAM densi-
ties and configurations in a life-cycle curve. Typically, for the IMb and
above DRAM chip densities, the x1 and x4 configurations are produced
first, with the x8 and the x16 configurations following later.

The 256Kb video RAM (VRAM) has moved this year from the decline stage
to the phaseout stage, joining the 256Kb DRAM chip. The IMb DRAM and
VRAM chips, at all configurations, are in the decline phase.

With production volumes reaching 1.601 billion units, 1995 was the year of
the 4Mb DRAM. Dataquest predicts that this will fall in 1996, The x1 and x4
densities are edging toward the decline phase but, for 1996 at least, remain
in the saturation phase. The x8 and x16 configurations, however, still have

another year or so in the saturation phase.

There has been a rapid growth in the production volumes of 16Mb, espe-
cially at the x16 configuration, now that yields have improved. The x8 and
x16 16Mb chips are moving quickly through the growth stage of the life-
cycle curve. The x1 and x4 16Mb chip versions, however, are climbing up
the maturity phase.

The 64Mb, at all configurations, still hovers at the edge of the introduction
phase—remaining static since last year. The delay in the introduction of this
chip is caused by the price erosion of the 4Mb and 16Mb chips—these are so
price-competitive and so readily available that DRAM vendors are holding
off introducing the 64Mb chip family.

Dataquest would recommend not using the 256Kb and 1Mb devices for
new product designs. Also, the 64Mb device should be used only on new

products with a very long life.
Figure 2
DRAM Life-Cycle Curve
Phase| RzD | Introduction | Growth | Maturity | Saturation | Decline | Phaseout
3-5 Years 1-3 Years 1-3Years | 2Years 2 Years 3-5 Years 2-5 Years
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Source: Dataquest (July 1996)
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Technelogy Type

In terms of technology type, the three main types featured on this life-cycle
curve are FP, EDO and synchronous DRAM. Both FP and EDO DRAM are
asynchronous technologies. FP DRAM has been the main driver for all
applications for the past number of years. However, it is being rapidly
replaced for PC applications by EDO DRAM. From most DRAM vendors
there is no price difference between FP’ and EDO; this has aided the adop-
tion of EDO, because EDO offers performance benefits over FP in certain
applications. Thus, FP DRAM sits at the saturation point of its life cycle.
EDO DRAM grew last year and early this year, and now Dataquest has
placed it at the start of its maturity stage.

As all versions of asynchronous DRAM will be in oversupply in 1996,
Dataquest would recommend its continued use for cost-sensitive applica-
tions. Price reductions on 4Mb and 16Mb FP and EDO devices should
remain for the foreseeable future as DRAM vendors strive to meet their
customers' pricing expectations and endeavor to guarantee sales for their
factory production output.

Dataquest sees that, in times of relative oversupply, PC users buy

more DRAM modules than loose chips for base memory applications. In
times of shortage, DRAM chips are purchased in greater volumes by PC
manufacturers.

Synchronous DRAM, in its many guises, sits in the introduction phase of its
life cycle. Although not being used in any significant volume by PC appli-
cations, it is being used for high-end workstations. Here, as interleaving is
important, most manufacturers are moving straight from FP DRAM to syn-
chronous DRAM. Synchronous DRAM is also being used by game applica-
tions because it offers enormous performance improvements.

Top DRAM Suppliers

SPSG-WW-DP-9608

The worldwide DRAM market grew 81.5 percent, by revenue, from 1994 to
1995, a truly remarkable rate. The 1995 ranking of top DRAM suppliers is
shown in Table 1. Samsung retained its No. 1 position and grew a stagger-
ing 90.6 percent, widening the revenue gap between itself and NEC to

$2 billion. NEC knocked Hitachi from the No. 2 spot, increasing revenue by
over 90 percent. Hitachi came in at No. 3, posting a revenue growth of

74.2 percent, which is modest by comparison with the competition. Hyun-
dai stormed in at fourth position, a climb of six places from last year. This
equated to a revenue growth in excess of 190 percent from 1994 to 1995—
the highest of all top 10 DRAM suppliers. Toshiba fell to fifth position

in 1995, pushed down by Hyundai's rise, and its revenue growth was a
mere 53.3 percent.

Texas Instruments, still the largest of the American DRAM companies, grew
by over 109 percent from last year (the second-highest growth rate of the
top 10). However, it fell from fifth to sixth position. This was a knock-on
effect of Hyundai's leapfrog up the ranking table. TT's position is helped by
the revenue from its licensing of its IC and packaging technology. LG Semi-
con (formerly Goldstar) retained seventh position, with its revenue growing
by just under 80 percent. Micron Technology and Mitsubishi swapped

©1996 Dataquest Juiy 15, 1996
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Table 1
DRAM Worldwide Market Share (Thousands of U.S. Dollars)
1994 1995 1995 Market
Rank Rank Company Name 1994 Revenue 1995 Revenue Share (%)
1 1 Samsung 3,459 6,592 15.6
3 2 NEC 2,407 4592 109
2 3 Hitachi 2434 4,239 10.0
10 4 Hyundai 1,360 3,950 94
4 5 Toshiba 2,255 3,458 8.2
5 6 Texas Instruments 1,639 3,429 8.1
7 7 LG Semicon. 1,391 2,500 59
9 8 Micron Technology 1,360 2,434 5.8
8 9 Mitsubishi 1,372 2,201 5.2
11 10 Fyjitsu 1,173 2,051 4.9

Source: Dataquest (July 1996}

places from 1994 to 1995, with Micron rising to No. 8 and Mitsubishi drop-
ping to ninth position. Micron's growth rate was a healthy 79 percent, and it
retains its position as the second-largest American DRAM maker. Mitsub-
ishi, by comparison, grew only 60.4 percent. Fujitsu came in at position No.
10, up from No. 11 in 1994, growing its revenue by nearly 75 percent.

All the Japanese suppliers benefited from the strong yen-dollar exchange
rate in 1995.

Strategic RAM Alliances

SPSG-WW-DP-9608

First-tier semiconductor companies are banding together to develop new
chips, hoping to save money and shorten the design cycle (see Table 2). The
key areas that companies are focusing on are the 16Mb and, especially, the
64Mb and 256Mb. At 256Mb, development has been split into a number

of strategic and powerful alliances: TI and Hitachi; Toshiba, Motorola,
Siemens, and IBM; and Samsung and NEC.

NEC and Micron remain each other's OEMs, and NEC and Samsung have a
fab agreement in Europe. Fujitsu has a fab agreement with Taiwanese giant
Taiwan Semiconductor Manufacturing Company on 16Mb, and Fujitsu and
Hyundai have a joint development partnership at 64Mb. Oki and Nan Ya
Plastics have teamed up at the 64Mb densities with licensing and technol-
ogy exchange agreements. Toshiba has a licensing and fab agreement with
Winbond at 16Mb and a joint venture with IBM in 64Mb DRAM.

NMB Inc. bought United Memories, the design arm of Ramtron, which in
turn spun off Enhanced Memory. IBM has a licensing agreement with
United Memories on 4Mb and 16Mb DRAM. Mitsubishi announced its
plans to invest in Powerchip Semiconductor Company, a joint Taiwanese-
Japanese venture. This is mainly for 16Mb and 64Mb DRAM.

©1996 Dataquest July 15, 1996
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Table 2
Estimated Worldwide DRAM Technology Alliances as of June 1996
256Mb DRAM
IMb DRAM Alliances 4Mb DRAM Alliances 16Mb DRAM Alliances 64Mb DRAM Alliances Alliances
Development Development
Second-Source Fab Jeint-Venture Fab Joint-Venture  orFab Joint-Venture  or Fab Technology
Supplier Agreement Lgﬂi.‘ment Agreement Agreement Agreement Agreement Agreement Agreement Development
Fujitsu TSMC (FA) Hyundai D)
Hitachi LG Semicon {55} LG Sermicon LG Semicon TI (D) TT ¢JD) TI{JD}
(FA) Jv)

IBM Enhanced Micron (LA) Kuroda Enhanced Siemens (JD) Siemens/Toshiba

Memory Electric (FA}  Memory Jm

(LA} (LA)
LG Semicon Motorola (58} Mosel Vitelic  Hitachi (FA) Siemens (FA)

(FA)
Micron NEC (OEM)
Sanyo NEC (OEM) NEC(OEM)  Samsung

{64Kx16 S5} (SDRAM J0)
Mitsubishi Elitegroup/
Powerchip
v
Motorola LG Semicon¢{OEM)  Toshiba (FA) LGSemicon  Toshiba (FA)  Toshiba (JV)
(OEM)
NEC Micron (OEM} Micron (OEM}  Samsung (FA  Micron (OEM) AT&T YD)
in Europe)
NMB Inc. Ramtron (J1} Hitachi (FA) Rambon (JV)
Oki 5G5Thomson  Mosel Vitelic  Mosel Vitelic Nan Ya
aqv (FA) av Plastics (LA,
TE}
Sanyo Mosaid (JV)
Samsung Sony (FA) Oki (SDRAM  Sony (JD) NEC (D)
V)
(Continued)
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Table 2 (Continued)
Estimated Worldwide DRAM Technology Alliances as of June 1996

256Mb DRAM
1Mb DRAM Alliances 4Mb DRAM Alliances 16Mb DRAM Alliances 64Mb DRAM Alliances Alliances
Development Development
Second-Source Fab Joint-Venture Fab Joint-Venture or Fab Joint-Venture Technology
Supplier Agreement Agreement Agreement Agreement Agreement Agreement Agreement Development
Texas Mitsubishi {55} HP-Canon (JV)
Instruments
Samsung (JV)
Acer (JV) Kobe Steel (FA)
Samsung (FA)
Acer (FA) Hewlett-Packard Hitachi D}
Canon {JV)
Thorn-EMT NMB Inc. (LA}
Toshiba Motarola (55) Siemens (LAY  Motorola (JV) Motorola (JV)  Winbond (LA, IBM (V) Motorela/
EA) Siemens/IBM
qm

LA = Licensing agresment: A company feceives or issues a license to partner far an up-front fae or royalties.
58 = Second-source agreement: Two companies agrea to develop conslstent specifications to ensure a second source.
FA = Fab agresment.: A company offers fab capacily for a pariner's preduct technology.
TE = Technclogy exchange: Two companies exchange technalegy, which may or may not include a transfer of maney.
JV = Jolnt venture: Two companies form a new joint-venture company to develop, manufacture, and market new products.
JD = Joint development; Two companies agree to develop new preducts, which may or may not be marked separately.

OEM « QEM arrangament: A company sells product to an alliance partner that is 8old under the panner's nams.

Sourge: Dataguest [July 1896)
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Supply Base

SPSG-WW-DP-9608

The following are some of the recent highlights of the top 10 worldwide
DRAM suppliers.

Samsung

® The undisputed DRAM market leader, Samsung plans on being the
worldwide semiconductor market leader within 10 years.

w Offers the full range of 16Mb and 64Mb densities and was market leader
on synchronous DRAM also

m Has enormous fab capacity and expansion plans and is well positioned
for 1996 and 1997, despite falling prices. Good reputation among its
customers.

NEC

® A market and technology leader—was one of the first with volume
1Mx16 availability

m Offering full 16Mb and good 64Mb products. Has announced a fab agree-
ment in Europe with Samsung.

a Well positioned with worldwide regional fabrication support and a loyal
client base

Hitachi

» Market and technology leader, although it did have some initial
problems with IMx16

m Offering wide range of 4Mb and 16Mb products and good 64Mb plans

@ May have some problems in meeting the price requirements of 1996 as its
generally offers conservative price reduction curves

Hyundai
m Hyundai had a tremendous year in 1995.

@ Late with availability of EDO and synchronous DRAM but still dominant
in FP technology—it will be playing technology catch-up this year and
may suffer loss of market share

# Interested in emerging nonstandard DRAM (SynchLINK, RamLINK)
Toshiba

# Market and technology leader—consistently good yield on 1Mx16

8 Technology and fab alliances with many companies at all densities

m North American presence masked by its alliance with Motorola
Texas Instruments

m No. 1 4Mb producer worldwide, good product mix at other densities
m Tlis focused on its long-term strategic accounts only.

& DRAM is not TI's only income source. This gives TI protection during
these volatile DRAM times.

©1996 Dataquest July 15, 1996
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LG Semicon

m Alliance with Motorola and Mosel Vitelic on 1Mb and with Hitachi on
4Mb but no alliances on any bigger densities

B Maintained its position from 1994 through 1995 and worked hard on
customer support

m Faces market challenges in 1996 with its late availability of EDO modules
and synchronous DRAM and with falling prices

® Had a good year in 1995, gaining market share and releasing shrunk-
down 16Mb

m The gamble on going with burst EDO only didn't pay off, but Micron is
now beginning to develop synchronous DRAM also.

B Dependency on DRAM for its revenue will make 1996 a challenging year

Mitsubishi

8 Technology leader but slow to grow market share in 1994 and 1995,
compared with the competition

m Strongly focusing on 16MD, including 2Mx8, DRAM production

& An established DRAM supplier with a good client mix and product
portfolio

Fujitsu

® A good year in 1995 for Fujitsu despite late availability of the IMx16 chip

® Very strong in synchronous DRAM, especially 16Mb and above densities

m Has good worldwide regional fabrication coverage and an established
client base

m Siemens will continue to be the strongest European DRAM maker
(ranked No. 12 worldwide).

= IBM dropped out of the top 10, falling to eleventh position.

& Mosel Vitelic and other Taiwanese DRAM suppliers have started to make
their presence felt, predominantly at 4Mb and 16Mb densities.

Supply Base Analysis by Density

SPSG-WW-DP-9608

Market leaders by density are shown in Table 3. The five top suppliers hold
about 50 percent of the middensity IMb and 4Mb DRAM market. This is
virtually unchanged from 1994. For the 16Mb density, however, the top five
command over 60 percent of the total market. This is largely because these
companies had good yield on these chips while their competitors struggled.
For 1996, however, Dataquest expects this to change. Tables 3, 4, and 5 give
more details on unit production by density.

Supply Base for 1Mb DRAMs

The rankings of 1Mb suppliers, by unit shipments, are shown in Table 4.
Total units for 1995 were 433 million, down from 499 million in 1994. The
peak year for IMb was 1991, with 831 million units shipped.

©1996 Dataguest July 15, 1996
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Table 3
1995 DRAM Market Leaders by Product Density (Based on Unit Shipments)
1995 Rank 4Mb 16Mb
1 Texas Instruments Samsung
2 Hitachi NEC
3 Mitsubishi Samsung Toshiba
4 Hyundai Hitachi
5 Micron Technology Hyundai
Market Share of Top Five (%) 49.9 61.7
Source: Dataguest (July 1996)
Table 4
1995 1Mb DRAM Supplier Base (Thousands of Units)
Shipments Rank
Toshiba 76,400 1
Sanyo 55,000 2
Mitsubishi 47,800 3
Hyundai 34,900 4
Samsung 25,310 5
Oki 24,090 6
Fujitsu 23,600 7
Siemens 22,250 3
Nippon Steel 20,060 9
LG Semicon 17,660 10
NEC 17,060 11
Matsushita 12,400 12
Micron Technology* 12,170 13
Hitachi 10,080 14
IBM 8,650 15
Sharp 8,190 16
Mosel Vitelic 7,590 17
' Motorola 5,297 18
Texas Instruments 4,729 19
Market Total 433,236
Source: Dataquest July 1996
SPSG-WW-DP-9608 ©1996 Dataquest July 15, 1996
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In 1996, there will be a more dramatic decrease in output from the majority
of IMb DRAM manufacturers. However, few, if any, will fully abandon this
density. For 1996, Dataquest forecasts that worldwide 1Mb DRAM ship-
ments will be 321 million units. This will reduce dramatically in 1997.

Supply Base for 4AMb DRAMs

Table 5 shows the 1995 4Mb DRAM supplier base, by unit shipments. Total
production for 1995 was 1,601 million units.

Dataquest forecasts that, in 1996, the 4Mb DRAM production total will fall
to 998 million units. For 1997, this number will be more than halved as
DRAM vendors move production over to 16Mb. This transition from 4Mb
to 16Mb is being accelerated by the dramatic price reductions and the rela-
tive oversupply of the 16Mb chips.

Table 5
1995 4Mb DRAM Supplier Base (Thousands of Units)

Shipments Rank
Texas Instruments 170,696 1
Hitachi 160,500 2
Samsung 158,071 3
Hyundai 155,730 4
Micron Technology 153,800 5
NEC 150,335 6
Toshiba 105,250 7
LG Semicon 102,353 8
IBM 93,968 9
Fujitsu 77,700 10
Mitsubishi 58,950 1
Oki 58,000 12
Siemens 46,700 13
Motorola 29,434 14
Nippon Steel 28,700 15
Matsushita 28,400 16
Vanguard International 8,500 17
Mosel Vitelic 7,956 18
Sharp 6,300 19

Market Total 1,601,343

Source: Dataquest July 1996

SPSG-WW-DP-8608 ©1996 Dataquest July 15, 1996
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Supply Base for 16Mb DRAMSs

The 16Mb ramp-up has been very dramatic. Volume of about 22 million
units in 1993 increased to 108 million units in 1994 and to 340 million units
in 1995.

Dataquest forecasts that the 16Mb worldwide production output will con-
tinue to increase, rising from an estimated 941 million units in 1996 to 1,402
million units in 1997. Dataquest believes that 1998 will be the saturation
peint for 16Mb, with estimated volumes at about 1,590 million units world-
wide. The 16Mb will fall off after this point, as 64Mb takes a more dominant

position.
Table 6 shows the 16Mb DRAM supplier base, based on unit shipments, for
1995.
Table 6
1995 16Mb DRAM Supplier Base (Thousands of Units)
Shipments Rank
Samsung 59,330 1
NEC 42,465 2
Toshiba 36,210 3
i Hitachi 36,302 4
Hyundai 35,050 5
Mitsubishi 28,510 6
Texas Instruments 28,261 7
LG Semicon 20,860 8
Fujitsu 15,490 9
IBM 12,528 10
Siemens 8,100 11
Oki 5,800 12
Motorola 5,590 13
Micron Technology 3,619 14
Matsushita 1,430 15
Nippon Steel 120 16
Market Total 340,365

Source: Dataquest July 1996

SPSG-WW-DP-9608 ©1996 Dataquest July 15, 1996
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Nonstandard RAM

At this point, standard DRAM covers both FP and EDO asynchronous
DRAM. The push for nonstandard RAM is coming mainly from multimedia
and graphics applications that need memory capable of keeping up with
fast 32-bit and 64-bit MPUs like the Pentium, PowerPC and other RISC-
based systems. Last year, VRAM and static RAM (SRAM)} were both expen-
sive and in undersupply. This discouraged a lot of designers from using
them for high-speed applications. However, over the past year, the prices
onboth VRAMSs and SRAMs have decreased and availability has improved.
This makes them more attractive for price-sensitive applications, even
though they take up valuable board space. There are certain applications,
however, that require quite specialized technology.

The following are some nonstandard RAMs, with descriptions.

m Rambus DRAM

0 This is licensed by 15 semiconductor companies and has been formally
announced by Cirrus Logic, Hitachi, L. G. Semicon, LSI Logic, NEC,
Oki, Samsung, and Toshiba. Access memory is rated at 500 MB/sec.
Nintendo has announced its use of Rambus in 64-bit machines.

a Synchronous DRAM

This is much faster than conventional DRAM, 50 MHz to 100 MHz, and
JEDEC and Intel standards have been established. Most DRAM companies
are working on or have SDRAMs. It is likely to be the successor to EDO
DRAM for base memory applications.

o MoSys Multibank

2 This is a unique architecture, with several firms reviewing it. Access
memory is rated at 660 MB/sec. The graphics version is of most
interest.

m Enhanced Memory Systems’ (formerly Ramtron's) enhanced DRAM

0 Taiwan-based Digicom is selling fast memory for high-performance
486 PCs. IBM announced that it is manufacturing enhanced DRAMs
for Enhanced Memory Systems. Ocean Information Systems currently
is the lone major customer; this technology has limited acceptance
elsewhere. NMB also acts as a foundry for Enhanced Memory.

= 3-D Memory

Q This is the Mitsubishi-proprietary design, of interest in graphics appli-
cations. Siemens and, possibly, Integrated Device Technology Inc. will
act as foundries.

m Window RAM

0 This is similar to VRAM with unused features removed. Window
RAM is being developed by a small number of suppliers.

m Embedded DRAM

0 This concept (where DRAM is embedded inte an ASIC design) is
receiving a lot of interest, mainly at 16Mb. Both NeoMagic and Silicon
Magic have designs and are working with foundries.

©1996 Dataquest July 15, 1996
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DRAM suppliers had a phenomenal year in 1995. The worldwide market
grew 81.5 percent in revenue from 1994 to 1995. Most suppliers grew by
record-breaking levels—Hyundai alone grew over 190 percent and leap-
frogged into the No. 4 position. Also, throughout 1995, demand exceeded
supply, so that suppliers could control price and guarantee customer orders
for their total production output.

However, by the end of 1995, the storm clouds were visible on the horizon.
A large amount of new DRAM output came on line, boosting supply.
Unfortunately, demand didn't increase at the same rate. The new concepts
of DRAM oversupply and falling prices appeared. The pricing free fall that
occurred in the first quarter of 1996 was, thankfully for all, short-lived. It
was replaced by more controlled, constant downward price movements.
Dataquest has just completed its third quarter 1996 price survey, mainly on
FP and EDO DRAM chips and modules. The clear message from all partici-
pants is that prices are forecast to stay down for the next six quarters.

When EDO DRAM was initially launched, it was thought that it would act
as a stopgap technology while the market moved from FP to synchronous
DRAM. This has not been the case. The constant EDO DRAM price reduc-
tions now make it the DRAM solution of choice for most PC applications.
Thus, it makes no sense to launch synchronous DRAM into the volume PC
segment at present.

What Dataquest has seen, however, is the emergence of dual-technology
motherboards. These are motherboards that support both asynchronous
and synchronous DRAM, typically 4-SIMM, 2-DIMM machines. These
boards provide the protection of a technology insurance for high-end
machines for both manufacturer and end customer. However, for certain
applications, usually where interleaving is important, the market has
moved straight from FP to synchronous DRAM. The volume on these appli-
cations, however, is a lot less than that of the pure PC applications.

With falling prices and an oversupply in the DRAM market, the suppliers
that succeed will be the ones with clear long-term focus and plans and that
meet their customers’ changing needs. This is payback time for all suppliers
that didn't treat their customers right during the shortage. Buyers have long
memories, and they are now in a position of choice. Buyers will choose to
do business with the "best” suppliers—those that meet their requirements
best. Inventory holding, flexible terms, cancellation windows, price negoti-
ations, technology road maps ( all these have changed. Suppliers must react
to what their customers require if they are to survive and retain market
share. If a supplier doesn't, then there is always a competitor in the wings
waiting for a chance to shine.

Also, for suppliers, the DRAM market is no longer the margin-rich cash
cow it once was. Suppliers must recoup development costs quickly. Thus,
the need for a partnership /alliance approach is more important now than
ever. A healthy number of alliances were announced in 1995—these were
both fab and technology agreements. However, with the dropping of prices
and the inability of DRAM demand to match supply, some suppliers have
announced delays to their fab expansion plans. These delays affect

©1996 Dataquest July 15, 1996
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primarily 16Mb DRAM chips. Suppliers that cut back on long-term expan-
sion based on the volatility of the past six months will ultimately lose out.
Although 1996 will be a tough year, demand will be there for the foresee-
able future. Nonexpansion will lead to undersupply near the end of the
decade and will limit market share and growth plans.

In 1997, oversupply will continue but at a lower rate as suppliers bring their
production more in line with actual demand. Price reductions are set to con-
tinue at controlled rates during 1997 on both FP and EDO DRAM. Synchro-
nous DRAM will start to take off in 1997 for PC applications. This will again
separate the men from the boys of the DRAM supplier base, with some sup-
pliers lagging pitifully far behind others, based on product road maps.
Thus, 1997 will be another eventful year for suppliers and buyers. An inter-
esting benefit of the current oversupply is the emergence and development
of new DRAM-consuming applications.
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Perspective

Semiconductor Supply and Pricing Worldwide

Dataquest Predicts

Third Quarter 1996 Quarterly Price Survey Highlights:
Gradually Lower Prices Still on the Horizon

Abstract: This Perspective reviews the latest quarterly semiconductor price forecast and
highlights what recent changes to the market mean to semiconductor users.
By Mark Giudici

. Overview

The past six months have seen overall semiconductor prices decline between
20 percent and 30 percent, depending on the product. What first started as a
year-end inventory correction/DRAM density crossover issue continues to
cause price reductions (especially in memory—DRAM and SRAM) that
belies the overall health of the market. The latest results of Dataquest's
Quarterly North American Semiconductor Price Survey (QPS) show that
overall price reductions will continue for the next six months but at a slower
rate than the previous six months. DRAM and SRAM spot prices will
continue to grab the trade journal headlines. The majority of the market,
(contract buyers) however, will see gradual and relatively predictable price
declines for the rest of this year as price/cost points are reached by both the
spot and contract markets.

Price Forecast Highlights

Compared with Dataquest's March QPS, overall prices (memory and

logic/microprocessors) have slid further. This is primarily because of the

continued erosion of on-hand inventory at user sites and some slower-than-

anticipated growth for the set-top box and selected network market

segments. Figure 1 highlights the 4Mb and 16Mb DRAM price curves based
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on the latest survey, showing how the dramatic price cuts of the recent past
will moderate in the future. Overall demand for electronics (PCs in .
particular) remains strong, and Dataquest expects demand to remain that

way for the rest of this year. A combination of semiconductor capacity

containment, product mix shifts, and the potential of governmental action

has slowed price decline rates for memory products in general.

Figure 1
Third Quarter DRAM Price Forecast (U.S. Dollars)
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Source: Dataguest (June 1996)

Memories: The Price Impact of Micron's Request for an Antidumping

Investigation .

Micron Technology's May 31 request for an expedited review by the U.S.
Department of Comumerce of alleged dumping by Hyundai and LG Semicon
is in direct response to the continued aggressive price erosion seen in the
4Mb and 16Mb DRAM markets. The impact on the contract price picture is
effectively nil, but the DRAM spot market acted in true fashion by rising, on
average, over 20 percent between May 29 (the Wednesday before the
announcement) and fune 3 (the Monday following the announcement).
Micron has again effectively impacted the overall market by bringing the
issue of cost back into the price picture. The specter of government
involvement in company cost audits, pricing guidelines, and potential
penalties is now causing many suppliers to ensure that prices and costs are in
line with each other. This effect is the main cause for the moderate price
declines shown in Table 1 in contract pricing of DRAMs for the rest of this
year. Moderation in DRAM pricing is having a spillover effect on other
memory devices, (that is, SRAM and flash) as suppliers look for ways to
improve product mixes in order to increase profit levels.

SPSG-WW-DP-9607 ©1996 Dataquest June 17, 1996
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Table 1
North American DRAM Contract Price Estimates—Third Quarter 1996 (U.S. Dollars)
Product Q4/95 Q1/96 Q2/96 Q3/96 04/96 1996
DRAM
1Mbx4 EDO 12.13 9.00 5.50 5.25 5.00 6.19
1Mbx16 EDO 53.50 32.50 23.00 21.00 19.25 23.94
4Mbx4 EDO 47.80 32.50 23.00 21.00 19.25 23.94
2Mbx8 EDO 51.08 31.75 23.00 21.35 19.25 23.84
Source: Dataquest (June 1996)
The Cost Argument

SPSG-WW-DP-9607

As shown in Table 2, Dataquest’s cost estimates for 4Mb and 16Mb DRAM
remain below contract pricing trends. However, we have heard of spot
market prices that have gone below these estimated costs. These estimates
use average cost parameters. Individual company performance will

obviously alter the model's result.
Table 2

DRAM Cost Models Assuming Average Yields, 1996 (U.S. Dollars)

16 Mb DRAM _ 4Mb DRAM

Wafer Sort
Geometry (Microns)
Die Area (Square Mils)
Gross Die per Wafer
Cost per Gross Die at Wafer Sort
Wafer Sort Yield (%)
Cost per Sorted Die
Assembly
Assembly Yield (%)
Cost per Assembled Die
Final Test
Final Test Yield (%}
Cost per Final Tested Unit

Mark, Pack, and Ship
Cost at 99 Percent Yield (%)

Total Fabricated Cost per Net Unit

FMV Formula Adders

R&D Expense (15 Percent)
SG&A Expense (10 Percent)
Profit (8 Percent)

|Constructed Foreign Market Value (FMV)

0.40
118,575
318
747

55
13.51

99
14.03

90

16.15

0.16

16.31

245

1.88

1.65

22.28

0.60
80,000
283
1.98
92
215

91

2.87

0.03

2.90

0.43

0.33

0.z2%

3.96

Source: Dataquest (June 1996)
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Microprocessors ’
The PC microprocessor (MPU) market continues to move as Intel desires. If

Intel perceives a price/performance threat, either a new product/speed .
grouping or a dramatic price cut is announced that continues to keep

competition at bay. This "trump card" strategy continues to allow

competition, albeit on Intel's terms. The relatively predictable

announcements of quarterly 5 percent-to-10 percent price cuts of the past

have made way for more market-driven or yield-driven (read "aggressive")

pricing as seen in Table 3. This newer pricing scheme allows for more

competitive pricing of mainstream products and, to some extent, of leading-

edge MPUs. This strategy assumes that forever increasing

price/ performance of MPUs will continue to spur continual increased

demand. We will see if this new trend continues as peripheral products

increasingly are required for systems to take full advantage of the raw

horsepower of the MPU.
Table 3
Third Quarter 1996 Low-End Pentium Price Estimates (U.S. Dollars)
Product Q4595 Q1/96 Q2/96 Q3/96 Q4/96 1996
Pentium-75 150.00 100.00 90.00 80.00 80.00 87.50
Pentium-90 225.00 182.00 120.00 100.00 90.00 123.00
Pentium-100 281.00 199.00 120.00 100.00 90.00 127.25

Source: Dataquest (June 1996)

Good News/Bad News: Price Declines and Supplier Relations

Most purchasing managers are all too happy to see falling semiconductor
prices return. This turn of events could cause some rifts in some strategic
supplier relations for users. Questions of moving from quarterly to monthly
(the extreme—semimonthly) price reviews and inventory management
concerns have begun to wear thin on some semiconductor suppliers.
Although spot market pricing of semiconductor commodities (estimated to
be less than 20 percent of the market) is expected to remain below that of
contract pricing for the next quarter, large users continue to look for ways to
lower total costs. Long-term supply lines of products require equitable
costing for both parties. With overall semiconductor supplies expected to
continue to outpace demand for the rest of 1996, shared management of
inventories by users and suppliers is being aggressively examined. Shorter
delivery turnaround, electronic data interchange (EDI) inventory
involvement by the supplier, and, at the extireme, physical inventory of a
supplier held at the user site are among the plans being viewed by many as a
way to keep total costs declining faster as actual price cuts slow.

Dataquest Predicts

Dataquest continues to see overall demand for semiconductors as relatively .
strong for the rest of this year. Overall end-system demand remains healthy.
As the supply/demand equation continues to use price as the equilibrator,

SPSG-WW-DP-9607 ©1996 Dataquest June 17, 1996
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Dataquest expects the spot market to bottom out and rise toward cost-based
price points. The narrowing of the gap between the spot market and contract
prices will come as contract pricing gradually declines toward the cost floor,
while selected spot prices will rise above that point. As in the past,
efficiencies will continue to improve, pushing this cost point continually
lower. The shift from market pricing (that is, from the third quarter of 1993 to
the fourth quarter of 1995) to the current cost-based pricing model generally
causes abrupt, large price swings. Once proximity to cost is near, pricing
aligns itself with cost factors. Barring any dramatic shift in end-system
demand, this gradual cost-based price outlook will remain the norm for the
next one to 12 months.

©1996 Dataquest June 17, 1996
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Market Analysis

ASIC Market: 1995 Is a Record-Breaking Year

Abstract: After a record-breaking year with 29 percent growth for ASIC sales and with most
suppliers experiencing huge growth rates, Dataquest examines the results of the 1995 ASIC
market share rankings. This document highlights the current status of the ASIC industry
and notes important developments in this critical semiconductor market from a user’s per-
spective. We provide analysis using the latest market data, product life cycle, supplier base
and market outlook information. Strategic recommendations are then made to users.

By Evelyn Cronin

At various times thought to be the end-all solution for glue logic, propri-
etary functionality, and system interconnect problems, ASICs have evolved
into a mature and realistic IC consolidation/competitive-cost solution to
system design. The past four years witnessed a market shakeout and subse-
quent profitable period for the survivors. ASIC suppliers still in the market
now are consolidating market presence by keeping in step with the costly
state-of-the-art process technology. Not for the faint of heart, suppliers'
price cut wounds are now healing. For the third year running, suppliers
experienced increased volumes and profits in 1995 as users better under-
stand the advantages and limitations of ASIC solutions. In fact, 1995 was a
record-breaking boom year for nearly all suppliers, with some posting reve-
nue growth up to 102 percent (Altera).

This document provides ASIC users practical and strategic information for
choosing devices, technologies, and suppliers. This analysis comprises
three sections. The first serves as a guide to cost-effective, long-term pro-
curement by analyzing the ASIC technology migration path. The second
section reviews the product strategies and the merchant/captive market
situation of the leading ASIC suppliers. The third section combines the

DataqQuest

Program: Semiconductor Supply and Pricing Woridwide

Product Code: SPSG-WW-DP-9606

Publication Date: June 10, 1996

Filing: Perspective

(For Cross-Technology, file in the Semiconductor Devices and User Issues binder.)




2 Semiconductor Supply and Pricing Worldwide

analysis of the ASIC life cycles and the supplier base. This arrangement
provides a concise way of assessing the market dynamics of the ASIC
industry and how to best obtain these devices for the remainder of this
decade. The goal of this document is to enable ASIC users to best meet their
needs for these critical devices with a sound strategy that will provide a
cost-effective, stable, and long-term supply despite shifts in the market.

Definitions
An ASIC is a logic product customized for a single user. Dataquest defines
an ASIC to include gate arrays, cell-based integrated circuits (CBICs), pro-
grammable logic devices (PLDs), and full-custom ICs. Dataquest defines
gate arrays as semicustom digital or linear/digital ICs containing a configu-
ration of uncommitted logic elements that are customized by interconnect-
ing the logic elements with one or more routing layers. CBICs are
customized digital or mixed-linear/digital ICs that use a full set of masks;
the device consists of precharacterized cells or macros, including standard
cells, megacells, and compilable cells customized by using automatic place
and route. PLDs are ASIC devices that are programmed after assembly. This
market segment does not include memory devices such as PROMs and
ROMSs. There are three subgroups within the PLD definition. Mature PLD
products are low-density, usually bipolar, devices, while newer technology
MOS PLDs include field-programmable gate arrays, (FPGAs) and complex
PLDs with densities up to 100,000-plus gates. Full-custom devices are
ASICs customized using a full set of masks and using manual place and
route.

ASIC Technology Life Cycles

This section uses information on ASIC product life cycles as a guide to
assist users in adjusting to forces affecting the marketplace during the short
and long term. Because an ASIC is as much a technology as a specific prod-
uct, this market does not lend itself well to traditional product life cycle
analysis. Nevertheless, a look at ASIC product/technology life cycle curves
can agsist users in positioning ASIC products with other IC life cycles such
as standard logic or microprocessors. For example, although any given gate
array product offering is not a specific point on the life cycle curve, the
various gate array technology levels as measured in line geometry tend to
follow the movement of the curve.

Figure 1 fllustrates the product/technology life cycle curve for the ASIC
market (gate arrays, CBICs, and complex and simple PLDs as of May 1996).
The ASIC product/technology life cycle is generally shorter than most IC
life cycles, running from four to seven years, excluding R&D.

The life cycle of ASICs now in the growth stage should extend into the year
2001. As seen in Figure 1, this arena consists primarily of submicron silicon
technology and niche BiCMOS and gallium-arsenide (GaAs) families.
Because of many factors (mainly cost), Dataquest expects CMOS to remain
the predominant ASIC technology of the future. The battle over CMOS
versus BiICMOS and GaAs continues to favor CMOS because of speed and
lower power enhancements that continue to push out the more costly (real
or perceived) BiICMOS and GaAs solutions. Although extremely competi-
tive, the ASIC market greatly benefited from the continued strength of the
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Figure 1
Product/Technology Life-Cycle Curve for the ASIC Market
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data processing and communications market in 1995. Every segment, save
bipolar, grew at record levels—1995 was truly a boom year.

With the continued squeeze to reduce new product lead times for ASIC
users, 1995 saw the development of ASIC core or macro libraries that are
reused for new design. This process of building up a new ASIC design from
existing predesigned cores is termed system-level integration (SLI). This
has proved to be poputar and has now been included in the introduction
stage of the life-cycle curve.

Embedded arrays are also proving popular. For telecommunications, this
often means that flash or fast SRAM is embedded into the ASIC. Again, it
has been added to the life-cycle curve, in the introduction level, remaining
slightly ahead of SLI on the curve.

Starting out at the introduction stage of the life cycle curve are 100,000-plus-
gates FPGAs and CPLDs. The 0.35-micron CMOS gate arrays and CBICs
and FPGAs with 50,000-plus gates are further up the introduction stage of
the life cycle. The 0.5- and 0.6-micron gate arrays and CBICs are well inside
the growth stage, with CMOS CPLDs' with 20,000-plus gates (FPGAs)
almost at the end of the growth stage.

©1996 Dataquest June 10, 1996
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No new products have migrated into the maturity-decline stage of the life
cycle. The 1.0-micron gate arrays and CBICs are nearing the end of this
phase. BICMOS technology is well into the saturation stage. Only the
0.8-micron CBICs and gate arrays, along with CMOS CPLDs’ with 10,000-
plus gates (FPGAs) remain in the maturity section.

The decline portion of the curve now contains fast (less than 15ns) PLDs,
1.0-micron gate arrays, and 1.5-micron CBICs, while the slower PLD prod-
ucts and 1.2-micron gate arrays barely remain in the decline segment.

The phaseout group now includes 1.5-micron gate arrays, slow (greater
than 15ns) bipolar PLDs, and the 2.0-micron CBIC family. Both 2- and 3-
micron gate arrays and CBICs have now slipped off the life-cycle curve.
Any company using products in (or beyond) this phaseout segment should
seriously plan on end-of-life buying strategies or rapid design in newer
technologies as the supply base for these products continues to shrink.
Depending on the product or supplier, support beyond the end of this year

for these parts is questionable.
Supplier Analysis
This section analyses the product and market strategies of the leading
suppliers of ASIC products. This analysis covers product positioning, mar-
ket rankings, geographic focus, and related issues. Table 1 highlights
Dataquest's final 1995 worldwide overall ASIC market share ranking of the
top 10 suppliers in terms of revenue. This table serves as the background for
the analysis of the top 10 suppliers and also for the product life cycle/
supplier base discussion.
Table 1
ASIC Supplier 1995 Ranking (Factory Revenue in Millions of U.S. Dollars)
Gate Arrays
Market MOS/ CBICMOS/ PLDsMOS/
Rank Share (%) Company BiCMOS BiCMOS BiCMOS
1 10.1 NEC 1 6 -
2 93  Fujitsu 2 8 -
13 8.1 151 Logic 3 2 &
4 6.5  Toshiba 4 10 -
5 58  Texas Instruments 5 4 10
16 5.6 AT&T 19 1 6
7 56 IBM 7 3 -
8 43  Hitachi 6 15 -
9 36  Xilinx - - 1
10 34  VLSI Technology 13 5 -
Segment Subtotals ($B) - - 5.98 5.75 1.70
Total Market ($B) 1426 - - . .
Note: The total market value includes some segments not shown,
Source: Dataguest (May 1996)
SPSG-WW-DP-9606 ©1996 Dataquest June 10, 1996
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The year 1995 was an exceptional year for ASICs, with worldwide total
sales (MOS/BiCMOS, bipolar, excluding full custom) growing a phenome-
nal 29 percent. The highest growth rate came from MOS/BiCMOS PLDs
with revenue up 50 percent. This was followed by MOS/BiCMOS cell-
based ICs, which grew nearly 40 percent, and MOS/BiCMOS gate arrays
with 27 percent growth.

On a regional level the North American market grew a very respectable
21.9 percent, followed by Japan at 33.4 percent. However, Japan's dollar
growth was inflated partially because of the yen's 8 percent rise in value in
1995. The Asia/Pacific companies exploded with growth pegged at 47.1
percent compared to 1994, while European companies grew a very healthy
29.7 percent in 1995. All in all, a very good year.

HEC

NEC retained the No. 1 position for worldwide ASIC sales for the second
successive year, commanding a 10.1 percent market share and growing rev-
enue by some 33 percent. NEC was the largest total gate array supplier,
capturing over 16 percent of the market and achieving a healthy 37 percent
increase in revenue. However, most of this revenue came from intracom-
pany sales—it ranks No. 3 on the merchant market (behind LSI Logic and
Toshiba). While NEC grew its revenue in CBICs by 58 percent (the second
highest) and rose from No. 8 in 1994 to No. 6 in 1995, most of its revenue
still came from intracompany business. It is only No. 7 on the merchant
CBIC market. NEC acknowledge its internal sales dependency and is
working hard to improve its external sales. It is working on building up its
design libraries to increase its presence in the SLI sector, focusing on PC and
workstation segments initially.

Fujitsu

Fujitsu stayed in the No. 2 position for 1994 for overall ASIC sales, growing
revenue by 26 percent from 1994 and capturing over 9 percent of the world-
wide market (an increase over the 8.8 percent seen in 1994). For MOS/BiC-
MOS gate arrays, Fujitsu retained its No. 2 position with 14 percent market
share and grew a very healthy 31 percent. Most of Fujitsu's revenue came
from intracompany sales largely driven by the Fujitsu group's monstrous
growth in PCs within the Japanese market. Excluding intracompany sales,
it only ranked No. 5 on the merchant market for gate array sales. On CBICs,
Fujitsu grew an amazing 95 percent (the joint highest growth rate, shared
with LSI Logic) to pull itself into the top 10—it came in at position No. 8.
Once again, however, this came mainly from captive intracompany sales—
it was No. 8 on the merchant market.

LSI Logic

While NEC and Fujitsu retained respectively the Nos. 1 and 2 positions, for
overall ASIC sales, LSI Logic remains the No. 1 merchant market ASIC sup-
plier and retained its overall No. 3 position worldwide. The year 1995
proved to be a groundbreaking year for LSI Logic, with ASIC revenue com-
fortably surpassing the $1 billion mark—actual revenue was $1.161 billion,
a staggering 41 percent increase from 1994. Its commitment to supplying
the market with the highest level of technology in both gate arrays and cell-
based ICs is paying off. LSI Logic ranked No. 3 for MOS/BiCMOS gate
array sales and was the No. 1 merchant market supplier in this category. An
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area of outstanding growth for LSI Logic was CBICs, where it rose from the

No. 6 position in 1994 to No. 2 in 1995—growing its revenue by a staggering .
95 percent. LSI Logic continued to offer leading-edge technology to system

designers offering standard cell, gate array, embedded arrays, CBICs, and

SLIs.

Toshiba

While Toshiba's ranking remained stable at the fourth position for 1995, its
revenue shot up by 32 percent, coming in at $923 million, just shy of the

$1 billion mark. Its focus has been to grow through focusing on customer
(non-Toshiba) gate array requirements. This strategy of merchant market
growth is paying off—Toshiba ranks No. 4 for MOS/BiCMOS gate arrays
sale but is ranked No. 2 in the merchant market of this category behind LSI
Logic. For CBICs, however, Toshiba dropped from ninth in 1994 to tenth
position in 1995, but it did managed a healthy revenue increase (up 42 per-
cent from 1994). Toshiba will continue to focus on cutting-edge, high-gate-
count MOS and BiCMOS gate arrays for the merchant market. Additionally,
Toshiba has signed a multiyear agreement for ASIC design planning meth-
odologies for deep submicron geometries with Synopsys. Toshiba continues
to offer a three-day turnaround for prototype gate arrays, which has height-
ened its visibility as both a volume and quick high-tech ASIC supplier.

Texas Instruments

Texas Instruments (TT) maintained its No. 5 ranking into 1995 for overall
ASIC sales, growing market share and its revenue by 18 percent. TI's focus
on CMOS and BiCMOS gate arrays has paid off, lifting it from the No. 7
position in 1994 to No. 5in 1995 and increasing revenue in this category by .
a very healthy 38 percent and market share to 6.0 percent. On cell-based
ICs, however, it fell to No. 4 (from No. 2 in 1994). TI will continue to remain
focused on CBICs to gain a slice of this lucrative and fast-growing segment.
In line with TI's emphasis on CMOS and BiCMOS technology for gate
arrays and CBICs, it has no presence in bipolar gate arrays and CBICs in
1995. For PLDs, TI reduced its revenue by 47 percent in 1995 but managed
to stay in the top 10 by coming in at No. 10, with most of the revenue com-
ing from bipolar. This ranking reflects the sale of its complex PLD business
to Actel in 1995.

AT&T

AT&T moved up the overall ASIC chart, coming in at the sixth position
based on revenue sales for 1995. It grew revenue by 41 percent, the joint sec-
ond-highest growth level of a top 10 player. While AT&T was well out of
the top 10 for gate arrays sales for 1995, it grew revenue an incredible 900
percent to move from No. 34 position in 1994 to No. 18 position in 1995.
This is largely because of its MOS/BiCMOS embedded arrays. However, it
was in the area of CBICs that AT&T shined the brightest. It continued its
assault on the merchant CBIC market, focusing on designs with high intel-
lectual-property content in large unit volumes. Revenue grew a healthy,
though not spectacular, 37 percent, and it captured over 11 percent of the
market share. AT&T had another solid year in PLDs, rising to the No. 6
position and growing revenue by some 71 percent (the second-highest
growth rate in this segment). .
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Despite dropping from No. 6 in 1994 to No. 7 in 1995 in overall ASIC sales,
IBM 's sales grew by 17 percent, and it remained focused on very high-end
ASIC solutions. It maintains its aim of supplying high-density, cost-effective
CMOS gate arrays and cell-based ICs. However, in spite of IBM's goal of
increasing its presence in the merchant ASIC market, the majority of its gate
array sales still come from intracompany sales. IBM dropped to the No. 8
position in gate array sales for 1995, only managing an 8 percent growth
increase in this category, and the captive intracompany sales accounted for
the majority of its revenue. This put IBM in the unique position of being the
only top 10 gate array supplier with single-digit sales growth. In CBICs,
however, the picture was a lot brighter. IBM retained its No. 3 position for
CBIC sales and grew revenue a healthy 25 percent as the company contin-
ued to focus on its high-density system-level designs. However, once again,
the majority of its revenue came from intracompany sales.

Hitachi

Although Hitachi maintained the No. 8 position for overall ASIC sales
worldwide for 1995, it recorded the lowest growth of all top 10 ASIC suppli-
ers—a mere 8 percent. Gate arrays were still the greatest source of ASIC rev-
enue for Hitachi, but despite a 13 percent revenue growth, it dropped from
fifth position to sixth position for 1995. While Hitachi has been trying o
grow its merchant gate array sales, the majority of the revenue still came
from intracompany sales. This is something that Hitachi stll strives to
change. In cell-based ICs again Hitachi dropped a place, coming in at No.
15. This is an area Hitachi wants to grow, and it hopes to have success with
its new family of high-density CBICs targeted for home-use information
electronics and multimedia-compatible equipment applications.

Xilinx

Xilinx swapped positions with VLSI Technology, rising to ninth position for
1995 from tenth in 1994. It experienced the highest revenue growth of all of
the top 10 players for 1995 (62 percent). Xilinx was also unique in the top 10
overall ASIC revenue ranking as it derived its entire revenue from PLD
sales. Xilinx grew a whopping 62 percent there and captured over 30 per-
cent of the worldwide market share. However, Altera is gaining ground
with an outstanding (and unbeaten in 1995) growth of 102 percent. While
PLDs traditionally tend to be low-gate-density solutions, Xilinx is pushing
the boundaries by offering 40,000-gate FPGA devices.

VLS! Technology

VLSI Technology clung to a top 10 position, falling from ninth in 1994 to
tenth in 1995 based on revenue. Market share, however, remained flat at
3.4 percent. VLSI had a weak year in MOS/BiCMOS gate array, dropping to
No. 13 position. This is primarily because of its focus on CBICs, where it
had a much stronger year. Also, Dataquest has excluded sales from Com-
pass Design Automation tools from VLSI's 1995 revenue. For CBICs, VLS
grew an amazing 46 percent (this would have been nearly 75 percent had
Compass' sales been included).
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This section uses information on ASIC product/technology life cycles and
suppliers in presenting a product family evaluation of the supply base over
the long term for MOS /BiCMOS gate arrays, CBICs, and PLDs. The goal of
this section is to provide users with a practical means of gauging the long-

. term supply and direction for these ASICs and help in selecting suppliers

for these devices.

Each segment contains a table showing the size of the market in terms of
factory revenue during 1995 and a ranking including suppliers’ shares in
each product segment. The product/technology life cycle analysis serves as
the basis for a summary assessment from a user's perspective on expected
availability of MOS/BiCMOS gate arrays, MOS/BiCMOS CBICs, and
MOS/BiCMOS FLDs. The summary includes a statement on whether the
user faces a favorable or critical supply base for each product technology.
Building on the prior sections, we now discuss factors affecting the supply
base such as supplier strategies.

Supply Base for MOS/BiCMOS Gate Arrays

Table 2 highlights the major players and the size of the MOS/BiCMOS gate
array market. Worldwide factory revenue grew an extremely healthy

27 percent in 1995 after 1994's strong growth of 19 percent. The top five
suppliers account for nearly 60 percent (58.7 percent) of the overall market,
the same as in 1994. While Asia/Pacific companies recorded an outstanding
62 percent revenue growth, they still remained out of the top 10. Japanese
companies achieved revenue growth of 32 percent (albeit, this was aided by
yen appreciation) while Europe- and North America-based companies
grew 24 percent and 16 percent, respectively.

The Workhorse Gate Array Technology Remains at 0.8- to 1.0-Micron

Figure 1 illustrates how the mainstream technology remains at the 0.8- to
1.0-micron range, and we expect it to remain there for next few years. For
gate arrays with densities over 20,000 gates, the 0.8-micron technology wili
remain the production leader through 1996, after which the 0.6-micron
technoiogy families will begin production ramp ups.

Users of submicron gate arrays can expect ample supplies of these devices
from the top suppliers for the foreseeable future (see Table 2). As the shift to
higher speed and lower-power systems continues, many users of the 0.6~
and 0.5-micron technology will benefit from the inherent lower-voltage
advantages of these parts.

Users of 1.2- and 1.5-micron devices still have selected supplier support,
but should soon plan on comparing estimated system production/spares
requirements with the shrinking suppiy base. For users of 2.0- and
3.0-micron technology, comparisons should have been made by now and
plans put in place for alternative sourcing if expected system life cycles go
beyond the next year or more.

©1996 Dataquest June 10, 1996
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Table 2
Supply Base for MOS/BiCMOS Gate Arrays (Percentage Share of
Factory Revenue)

Company Market Share (%)
NEC 16.1
Fujitsu 14.0
LS} Logic 113
Toshiba 113
Texas Instruments 6.0
Hitachi ’ 5.8
IBM 5.1
Mitsubishi 44
Motorola 35
GEC Plessey 20
Others 205

Total 100.0

Note: The total market is valued at $5.98 billion.
Source: Dataquest May 1996

Supply Base for MOS/BiCMOS CBICs

Table 3 provides information on the market size and leading suppliers of
MOS/BiCMOS CBICs. The year 1995 was hot for CBICs, with worldwide
revenue growing a staggering 40 percent. While traditionally the North
America-based companies dominated the top, the Japanese companies
have entered this segment in a big way, primarily by meeting the consumer-
led demands of their domestic market. In terms of revenue growth for 1995,
Japanese companies led the way, growing 53 percent, followed by North
America-based companies (with 36 percent growth) and Europe-based
companies (up 33 percent from 1994).

Figure 1 shows that the CBIC technology closely parallels the gate array
technology curve. In some ways the CBIC life cycle is slightly longer in the
maturity phase because of the higher complexity and longer life cycles of
the applications markets they go into. The current mainstream CBIC tech-
nology is 1.0-micron, closely followed by 0.8-micron products. Yet there are
some 1.2- to 1.5-micron CBICs still in high-volume production (saturation
phase) designed over three years ago.

Supply Base for MOS/BiCMOS PLDs

Table 4 provides an encompassing view of the size and players of the total
MOS/BiCMOS PLD market in 1995. For PLDs, 1995 was a year of record
growth, with revenue up 50.1 percent. Bipolar PLDs lost ground, with
revenue falling 37 percent. However, MOS sales continued to grow. MOS/
BiCMOS CPLDs grew an amazing 89.2 percent, and FPLDs recorded a
58.7 percent revenue increase. SPLDs, however, grew by a more modest
6.3 percent. This market has become even more top heavy, with more than
87 percent of the market consolidated in the top five companies, up from
81 percent in 1994.

©1996 Dataquest June 10, 1996
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Table 3

Supply Base for MOS/BiCMOS CBICs (Percentage Share of .

Factory Revenue)

Company Market Share (%)
AT&T 11.3
LSI Logic 8.4
IBM 7.3
Texas Instruments 71
VLSI Technology 6.7
NEC : 6.0
Hewlett-Packard 6.0
Fujitsu 55
Symbios 50
Toshiba 43
Others 324

Total 100.0

Note: The total market is valued at $5.75 billion.
Source; Dataquest May 1996

Table 4 T

Supply Base for MOS/BiCMOS PLDs (Percentage Share of Factory

Revenue) .
Company Market Share (%) .
Xilinx 30.6
Altera 236
AMD 159
Lattice 109
Actel 6.3
AT&T 42
Cypress Semiconductor 33
Atmel 1.1
International MOS Technology 10
Texas Instruments 0.9
Others 22

Total 100.0

Note: The total market is valued at $1.7 billion.
Source: Dataquest (May 1996)

SPSG-WW-DP-9606 ©1996 Dataquest June 10, 1996
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Maturation has now taken over some segments of this market. The 2,000-to-
10,000-gate-equivalent segment remains in the maturity phase as volumes
ramp up for these devices as the 20,000-gate-density families now begin
prototype runs for future production. As life cycles of end systems continue
to shrink, these high-density, quick-to-market products continue to gain

d on the lower-density gate array product families. Dataquest expects
the product life cycle of these products to mirror the submicron gate array
market because these devices are often used as prototype or market-entry
designs for larger-volume, higher-density gate arrays.

Dataquest Perspective

SPSG-WW-DP-9606

The record-breaking growth seen in the ASIC market in 1995 parallels the
overall semiconductor boom. It also shows that most system designers are
choosing ASIC solutions to meet their requirements. .
The low-density (less than 20,000 gates) ASIC market is satisfied by PLDs,
with higher-density (more than 100,000 gates) requirements using gate
arrays and CBICs. Embedded arrays, for example, ASICs with fast SRAM
or flash diffused into the array's base wafer, now have sales of over $700
million and are growing at over 30 percent each year. Similarly, SLI is taking
off in a big way. This means that suppliers must build up value-added
design cell libraries (either through development or acqmmton) and sort
out any intellectual property rights (IPR) issues.

Although 1995 was a boom year for ASICs, Dataquest predicts that 1996
will not grow at the same record-breaking level. Dataquest forecasts that
semiconductors will grow below 8 percent for 1996 worldwide. While
ASICs will grow at a higher level than this, there are certainly clouds on the
horizon. In order for ASIC suppliers to weather the storm and remain prof-
itable and successful, they must focus on their key strengths. With new
ASIC-eating markets such as set-top boxes, telecom, and consumer applica-
tions growing, ASIC suppliers must align themselves with the right cus-
tomer base that utilizes their core skills.

As product time to market reduces and with more and more front-end
design moving to the suppliers, customers are evaluating their ASIC sup-
plier on system knowledge, turnaround time, cell libraries, IPR, and cost.
Suppliers that can meet these needs will increase market share at the
expense of those that cannot.

@1996¢ Dataquest : June 10, 1996
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Market Analysis

April Procurement Pulse: Order Rates and Lead Times Fall
Further while Inventories Rise

Abstracl: The Procurement Pulse is a quarterly update (with interval updates, if events
warrant) of critical issues and market trends based on surveys of semiconductor procure-
ment managers in the North American region. Besides order rate, lead time, and inventory
information, this survey also notes price status by semiconductor product family and pack-
age type, as well as key problems facing semiconductor users.

By Mark Giudici

Semiconductor Order Rate Forecast Is Lowest Recorded Since December 1992

As seen in Figure 1, the outlook for semiconductor order activity is
expected to drop further relative to the past few months. This new low
dollarized index is 49 percent lower than last month's index, reflecting
lower than needed semiconductor purchases in dollars. It now appears that
the buoyancy of the current electronics market is benefiting from overall
price declines where steady unit volumes are being ordered at lower dollar
outlays. The overall sample has seen price cuts in all areas tracked in this
survey—DRAM, microprocessors, logic, flash memory, and SRAM. DRAM
pricing for the overall sample fell 12 percent, on average, in March after a
19 percent average drop noted in February. The computer subset of the
respondents also saw an 11 percent drop in DRAM pricing in March after a
free fall averaging 33 percent in February. Although overall prices continue
to decline, pricing for different semiconductor packaging (except for one
respondent using TSOP) has reached parity. Improvement in availability is
providing cost relief in many areas, and the outlook through the next six to
nine months is for more of the same.
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Lead Times for Semiconguctors Also Slip Below 10 Weeks

Figure 2 shows that the average lead time for respondents in March fell to .
9.8 weeks, the lowest seen since September 1992! The rapid fall of average
lead times correlates directly to increased availability of components rela-
tive to demand. The transition from a seller's to a buyer's market is nearing
completion as procurement managers work aggressively to lower costs and
improve supplier support levels, rather than focusing on product availabil-
ity. Of the entire sample, only two respondents noted problems with prod-
ucts, those being ASICs and microprocessors. For the majority of the
respondents and the overall market, problem products are a thing of the
past, and sights are now set on predictable pricing. Over half of this
month's respondents cited price fluctuations as the key issue now facing
them. The spot market will continue to be volatile, vacillating around the
declining contract price curve and causing uncertainty for some buyers.
The overall trend, however, is for continued good availability, consistently
declining prices, and short lead times (under 10 weeks) for the next six
months.

Semiconductor Inventories Jump Up

Figures 3 and 4 show that, despite steady system demand, semiconductor
inventory levels continue to rise, especially for the computer subset of
Dataquest’s sample. Even though order rates are forecast to decline as noted
above, the upward trend in overall and computer semiconductor stocks
generally precedes a slow downturn in overall system sales. The overall tar-
geted and actual semiconductor inventory levels for March were 21.1 days
and 26.1 days, respectively, compared with February's 18.7-day and .
23.0-day inventory levels. The computer subset now exceeds the overall
average, with target and actual inventory levels of 20.0 days and 27.3 days,
compared with February levels of 15.0 and 19.3 days on hand. By historic
standards, these semiconductor inventory levels are reaching the outer
bounds of acceptability by financial departments. We expect to see some
lowering of inventory levels in the near future to keep overall costs more
controiled.

Dataquest Perspective

Availability of semiconductors has improved markedly since Dataquest's
last report in January. Prices and lead times have declined, in part because
of improved levels of supply, but also because of lower levels of expected
demand. Although Dataquest forecast lower growth rates for PCs and other
electronics products relative to 1995, the overall trend followed an upward
growth slope. Some suppliers expected a steeper growth increase than is
now shaping up, in aggregate balancing out the supply and demand equa-
tion that for over two years has favored suppliers. With inventory levels
relatively high and semiconductor order rates relatively low, Dataquest
expects to see more balance in these indexes in the next few months—espe-
cially as midyear financials gain attention. Allocations are, for the time
being, yesterday's problem as suppliers now reluctantly follow prices down
historic decline rates. Dataquest expects to see continued improvement in
semiconductor availability through midsummer, when DRAM and micro-
processor price elasticity may come into play by increasing overal!l unit
demand. Declining prices will be with us, however, for the remainder of .
this year.

SPSG-WW-DP-9605 ©1996 Dataquest April 29, 1996
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Figure 1 Figure 2
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1996 Semiconductor Cost Model Update

Abstract: This article updates the Dataquest semiconductor cost model and IC package cost
table. Detailed examples of the 16Mb DRAM and a typical gate array cost model that use
the latest cost variables follow a brief review of the model’s description.

By Mark Giudici

DRAM and ASIC Cost Update 1996: Will Cost Again Affect Price?

Procurement departments often use cost model analysis in two ways: for
near-term cost/price optimization and for aiding long-range system cost
analysis. Also, using semiconductor cost models during years of technol-
ogy transition (that is, DRAM density crossover) is often useful in position-
ing procurement strategies in line with a company's system offering. We are
beginning to see signs of a transition from a seller's to a buyer's market as
over two years of very strong capital equipment investment comes on line.

Dataquest Cost Model Synopsis

The Dataquest semiconductor cost model uses 16 variables of semiconduc-
tor manufacture (once past the processed wafer stage). These variables
cover the main areas where costs accrue and processes improve. The
variables with the most influence over cost are semiconductor process,
wafer size, die size, sort yield, package type, and final test yield.

Cost Model Applications

Semiconductor cost models are predominantly used to compile costs for
use in near-term contract negotiations. By identifying cost reduction areas,

DataqQuest
Program: Semiconductor Pricing and Supply Worldwide
Product Code: SPSG-WW-DP-9604

Publication Date: February 12, 1996
Filing: Perspective
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price negotiation results often benefit the parts buyer. Applying experience-
curve theory to cost model applications can give both short- and long-term
cost/price scenarios that can be a basis for strategic planning.

Strategic use of cost models in long-range planning has been underused
because of the indirect influence of cost over price as the time horizon
expands. Some users apply different learning curves to individual variables
in the model in combination with price forecast analysis. In this way, one
can better understand future trends and have alternative strategies at hand
if any variable actually differs from its expected trend line. We suggest this
use of cost modeling as a part of a proactive strategic procurement plan.

Cost versus Price

In a competitive market, semiconductor manufacturers pass cost reductions
on to their customers. Therefore, a knowledge of semiconductor costs

and cost trends is useful for projecting long-term procurement costs and
selecting the most cost-effective semiconductor device for a particular
application.

The cost/price relationship for semiconductor products varies from
product to product, company to company, and with time as a function

of business conditions. One way to perform cost/price to analysis is to
monitor prices and costs over a period of several years for selected product
types and identify the average gross margin for these types. By using this
procedure, semiconductor users can develop a good feel for the cost/price
relationship for the semiconductor products they buy.

As mentioned above, the key factors affecting the cost of a finished
semiconductor device are the semiconductor process, wafer size, die size,
sort yield, package type, and final test yield. The cost of a semiconductor
incrementally increases by adding the cost of each step in the manufactur-
ing process to the finished product. Figure 1 illustrates the typical manufac-
turing process flow for semiconductor devices. Our cost model categorizes
costs into the following four areas:

8 Wafer processing and die sort
8 Assembly
a Final test

.m Screening, qualification, mark, pack, and ship

The manufacturing process begins with a raw, unprocessed silicon wafer
that costs from under $15 (100 mm wafer) to about $120 (200 mm wafer).
After completing more than 100 processing steps, the cost of a processed
wafer is 10 to 30 times the initial cost of the unprocessed wafer. The wafer
cost is a function of the following:

@ The number of masks
m The photolithographic requirements of the process used
m The cleanroom environment required by the process

©1996 Dataquest February 12, 1996
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Figure 1
Commercial and MIL-STD Manufacturing Flow
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Source: Dataquest (February 1996}
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A complex relationship exists among all of these elements and the end cost
of the product. Some of these interacting relationships involve the deprecia-
tion schedule of a fabrication plant (that is, a $500 million to $1 billion fab
cost over a five-year period) in relation to wafer output, process learning
curves within a fab, back-end test cost amortization, and royalty payments
(if required) by process or device type.

The cost of a wafer increases with each layer required. Additional mask
layers could introduce more defects and decrease yields. In general, more
complex processes produce more expensive dies. Table 1 lists the typical
number of mask layers for most common integrated circuit processes.

Wafer costs increase as device features become smaller. However, smaller
features result in more die per wafer. Although the wafer cost will be
higher, the cost per function per chip often will be lower because of the
increased density.

©1996 Dataquest February 12, 1996
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Package Costs

Table 1
Number of IC Process Mask Layers
Process Single-Layer Metal Multilayer Metal
Schottky TTL 7 9
Bipolar Linear 7to9 9to 11
ECL 8 10
NMOS B8 10
HMOS 9 11
CMOS 10 12t0 15
HCMOS 11 13to0 16
BiCMOS 14 16 to 20

Source: Dataguest (February 1996)

The class of fab or cleanroom environment has a very large impact on the
final cost of a semiconductor device. As device features become smaller,
circuits become more susceptible to yield loss because of particles in the fab
environment (that is, a 0.5-micron particle would not be a major problem in
a 1.0-micron fab line, but the same particle would be catastrophicin a
0.6-micron line).

The type of packaging a semiconductor device uses often makes up a
large portion of the overall semiconductor cost. For example, going from a
ceramic to a plastic package using the same die will often halve the manu-
facturing cost and related price. Table 2 shows the latest cost estimates for
semiconductor packaging in 1996. This table highlights how different
packaging options can alter finished semiconductor pricing.

Cost Model Formula

Cost Model Examples

SPSG-WW-DP-9604

Dataquest's semiconductor cost model uses the variables and algorithms
shown in Table 3 to estimate semiconductor costs. Because of the flexibility
of the model, a variety of semiconductor devices can be costed out accord-
ing to many of the key variables noted earlier (that is, die size, wafer size,
process, and package, among others). For a detailed description of the cost
model variables, please refer to the July 27, 1992, Semiconductor Procure-
ment Worldwide Dataquest Perspective article on cost model analysis.

+

Tables 4 and 5 illustrate how cost models can highlight the cost differentials
of different semiconductor technologies. These models use best-case
variables from information gathered in press and trade articles and forecast
yield /cost improvements based on historical trends from previous
products. :

The above cost models illustrate how world-class manufacturers can expe-
rience manufacturing economies of scale as units ramp up in production
volume. Comparing these models with actual market prices for the same
period is useful in learning where a given supplier stands concerning tech-
nology and production efficiency.

©1996 Dataquest February 12, 1996
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Table 2

Total (Die-Free} Assembled Package Cost, 1996 (Dollars per Package) Volume
Production, More than 100,000 Units

. ‘

Ceramic  Ceramic
Plastic Chip Chip Plastic

Chip Carrier Cardier TQFPF TOFP TAB BGA Plagtic
No. of Plastic CER  Side- Ceramic Plastic Carrer  (Leadless)  (Leaded) TSOP TSOP Plastic  Limm lmm  Ceramic Metal Tape!  Ceramic  Single- BLA
Pins DIP DIP  Braze PGA PGA PILCC LLCC LCC SO SOIC Typel Typell SSOP QUAD Body Bedy QUAD QUAD Site BGA Layer  Multilayer
8 0407 0.21 125 006
4 .09 or 1.65 115 010 020
16 011 0.26 1.65 ik 1] 1,20 011 0.20
18 012 030 180 019 100 130 .14
0 0.15 0.30 210 019 110 145 0n.2s 015 09 Q55 0.21 '
prd 018 0.35 255 120 0,30 0.21 040
u 0.20 0.41 285 1.30 175 0.3 0.22 0.47 0.5
8 023 049 340 021 10 26 03 035 0S50 058 037
a2 32 68 395 s 17 .40 0.40 035 0.5% 063 0.43 046
0 0.35 1.00 4.95 230 290 040 0.42 0.60 0.7 045
44 .36 031 245 325 0.72 0.50 0.58 0,50
48 0.50 620 270 0.75 0.53 0.61 .
52 045 Jw 0.60
5% 1.08
64 0.50 465 152 3.75 455 064 .68 0.75 0.92 112
68 % 490 13 0,56 3.90 075 595 0.57 211
B4 4,00 605 439 068 480 090 L] 692 120 4.54
100 7.50 570 530 0.95 078 1,13 1150 .00 143
128 950 742 130 170 1360 678 153 8.06
132 10.00 8.0 1.40 1.80 1590 1.89
144 1090 9.58 1.5% 198 17.50 893 225 1t.09 85 452
160 1520 1064 1.80 1.9 19.50 975 37 12.80
164 .
1659 350 591
1 i3 16.56
196 256 459
208 17,85 1383 240 00 2540 12.10 541 038
225 485 7.89
22 " 295 189 603
240 13.20 6.4 24.00
14 2130 1623 325 L1 30 634 25.38
256 1751 385 365 39.60 2176 10.32 74 5.50 950
26 46 10 11.93
304 580 447 125 B4 675 10.64
308 13.06

{Continued)
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Table 2 (Continued)
Total (Die-Free) Assembled Package Cost, 1996 (Dollars per Package) Volume
Production, More than 100,000 Units

Cenmic Ceramic
Plastic Chip Chip Plastic
Chip Caxier  Carrer TQFPF  TQFP TAB BGA Plastic
No.of  Plastic CER  Side Ceramic Mastic Camier {Leadless) (Leaded) TSOP  TSOP Plotic  1dmm tem  Ceramic Metal  Tape/ Ciramic  Single- BGA
Fins DIF DIP  Brax PGA  PMGA  FLCC LLCC LCC  SOf SOIC Typel Typell SSOP QUAD Body Body QUAD QUAD Sile BGA  Layer  Multilayer
k1] 690
3 5010 700 195
352 7.50 1250
ko 1877 40.61
368 390,00
37 £7.80 19.55
42 v 460,00
75 407 5562
460 1250 1680
504 8064 3956 5544 4445 2621 59.88 14.60 19.60
625 250 7625
672 3494
Fackage Maleriaks
Lead- CIH Ad2 AL A2 Cu <15 Adz/ C194  CIM A4 ALY/ Cu A2 Cu Cu Ad2 Cu Cu  Cu Vias Cu Cu Vias
frame LDCC Cu Cu with 5n Vias
Plate
Lead TH TH TH TH 1 ] Gull/ Gull  Gull/ Gull Gull Gull Gull Gull Gut] Gull Gull Gull Solder  Solder Solder
Farm None /¥ )
Wire Au Al Al Au Au Au Al Au Au Au Au Au Au Al Al Al An NA Au Au Au
Lid Epoxy Cera  Aw/ Auf  Auw/  Epoxy Au/Kovar Epox Epox Epoxy Epoxy Epoxy GEpony Epoxy Epoxy Au/  AlCap NA  An/Pb- Auf  Au/PbSn
mic  Kovar Kovar  Epoxy ¥ ¥ Kaovar Sm Pb5n
Prefonm NA  Glass  Au/  Au/Sn MNA NA AufSo NA NA HA MHA NA HA NA NA AusSn NA NA NA NA MA
Sa

NA = Not applicable
Source: Dataquest (February 1998)
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Table 3
. Semiconductor Cost Model Algorithms or Variables
Section Algorithm or Variable
Wafer Sort
Wafer Size (Diameter in Inches) =A
Capacity Utlization (%) =B
Geometry (Microns) . =C
Processed Wafer Cost (§) =D
Die Area (Square Mils) =E
Active Area Factor =F
Number of Masks (Type of Process) =G
Defect Density per Square Inch/per Mask =H
Gross Die per Wafer =T =(0.75*pi*(A /2)*2*1076) /E
Processed Wafer Cost per Gross Die (§) =] =(D/1)
Test Cost per Hour ($) =K
Wafers Tested per Hour =L =1/{((#1)/60)/60)
Walfer Sort Cost per Gross Die (§) =M =(K/L)/I
Cost per Gross Die at Wafer Sort ($) =N =(J+M}
Wafer Sort Yield (%) =0 =2.718A((-H*G)*E)
Cost per Sorted Die (§) =P =N*"100/0
Assembly
. Material Cost/Sorted Die + Package Cost ($) =Q
Number of Package Pins =R
Assembly Yield (%) =S
Cost per Assembled Die ($) =T =(P+Q)/5*100
Final Test
Test Time per Die (Seconds) =U
Cost per Hour of Testing =V
Test Cost per Die ($) =W =1U*V /3600
Final Test Yield (%) =X

Cost per Final Tested Unit ($)
Mark, Pack, and Ship

Cost at 99 Percent Yield ( %)

Total Fabrication Cost per Unit ($)

R&D Expense (15 Percent)
5G&A Expense (10 Percent)
Profit (8 Percent)
Constructed FMV

Foreign Market Value (FMV) Formula Adders

=Y =(T+W)/X*100

=Z =(Y*0.01)
=AA =Y+7

=AB =0.15*AA

=AC =(AA+AB)*0.10
=AD =(AA+AB+AC)*0.08
=AE =(AA+AB+AC+AD)

# = Test saconds per die
Source: Dataquest (February 1996)
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Table 4
1996 ASIC Cost Model (60,000 Gates; Excludes Nonrecurring Engineering Charges)
PQFP-208 PQFP-208 PQFP-208 PQFP-208
0.8 Micron 0.6 Micron 0.8 Micron 0.6 Micron
CMOSs CMOS CMOS CMOS
Wafer Sort
Wafer size (inches diameter) 6 6 8 8
Processed wafer cost () 500.00 550.00 1,352.00 1,550.00
Die area (square mils) 110,000 97,000 114,000 97,000
Number of Masks 16 16 16 16
Defect density per square inch per 0.63 0.63 0.63 0.63
level
Gross die per wafer 231 262 411 466
Processed wafer cost per gross die ($) 2.1614 2.0965 3.2874 3.3235
Test cost per hour ($) 76.00 76.00 76.00 76.00
Wafers tested per hour 1.04 091 0.58 0.51
Wafer sort cost per gross die (§) 0.3167 0.3167 0.3167 0.3167
Cost per gross die at Wafer Sort ($) 2.4780 2.4132 3.6041 3.6401
Wafer sort yield (%) 58 62 58 62
Cost per sorted die ($) 4.2951 3.9194 6.2468 59122
Assembly
Material cost/sorted die (§) 2.40 240 2.40 2.40
Number of pins 208 208 208 208
Assembly yield (%) 90 90 90 90
Cost per assembled die {$) 7.4389 7.0216 9.6076 9.2358
Final Test
Test time per die (sec.) 10.00 10.00 10.00 10.00
Cost per hour of testing ($) 76.00 76.00 76.00 76.00
Test cost per die (3) 0.2476 0.2476 0.2476 0.2476
Final test yield (%) 90 90 90 90
Cost per final tested unit ($) 8.5406 8.0769 10.9502 10.5371
Mark, Pack, and Ship
Cost @ 99% yield (%) 0.0854 0.0808 0.1095 0.1054
Total fabricated cost per net unit (¥) 8.6260 8.1577 11.0597 10,6425
Price Formula Adders
R & D expense (35%) 3.02 2.86 3.87 3.72
SG& A expense (15%) 1.75 1.65 2.24 2.16
Profit (30%) 4.02 3.80 5.15 4.96
Constructed Foreign Market Value 17.41 16.46 22.32 21.48

(FMV)

Source: Dataquest (February 1996)
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Table 5
1996 16Mb DRAM Cost Model
1995 1996 1998 2000
Wafer Sort
Wafer size (inches diameter) 8 8 8 gl
Capacity Utlization (%) 100.00 100,00 100.00 100.00
Geometry (microns) 0.60 0.50 0.40 0.35
Processed wafer cost ($) 1,350 1,350 1,500 1,550
Die area (square mils) 155,000 139,800 118,575 94,860
Active area factor 1.00 1.00 1.00 1.00
Number of Masks 16 16 16 16
Defect density per square inch 0.063 0.063 0.063 0.063
Gross die per wafer 243 270 318 397
Processed wafer cost per gross die (§) 5.55 5.01 4.72 3.90
Test cost per hour ($) 110.00 110.00 110.00 110.00
Wafers tested per hour 0.08 0.11 0.13 0.10
Wafer sort cost per gross die ($) 5.50 3.67 275 275
Cost per gross die at Wafer Sort (§) 11.05 8.67 7.47 6.65
Wafer sort yield (%) 46 50 55 62
Cost per sorted die ($) 23.99 17.45 13.51 10.69
Assembly
Material cost/sorted die—S50] pkg.($) 0.38 0.38 0.38 0.38
Number of pins 26 26 26 26
Assembly vield (%) 99 99 99 99
Cost per assembled die ($) 24.61 18.01 14.03 11.18
Final Test
Test time per die (sec.) 30.00 30.00 20.00 20.00
Cost per hour of testing ($) 90.00 90.00 90.00 90.00
Test cost per die ($) 0.75 0.75 .50 0.50
Final test yield (%) 85 90 90 90
Cost per final tested unit ($) 29.84 20.84 16.15 12,98
Mark, Pack, and Ship
Cost @ 99% yield (%} 0.30 0.21 0.16 0.13
Total fabricated cost per net unit (§) 30.14 21.05 16.31 13.11
FMV Formuia Adders
R & D expense (15%) 452 3.16 245 1.97
S G & A expense (10%) 347 2.42 1.88 1.51
Profit (8%) 3.05 213 1.65 1.33
Constructed Foreign Market Value 4117 28.76 2228 17.90
(FMV)
Source: Dataquest (February 1396)
SPSG-WW-DP-9604 ©1996 Dataquest February 12, 1996
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Bataquest Perspective

The individual unit cost of a semiconductor is the most tangible variable in
the total cost of a semiconductor device. Understanding cost models and
the variables that go into a model allows for more efficient and educated
allocation of resources, both in planning and in the execution of those plans.
By applying different assumptions to different variables in the model, one
may uncover areas of cost not considered important initially. Often, many
different "what if" scenarios are required to best use cost modeling in long-
range system analysis. As different suppliers improve yields and lower
costs, individual company price points can hint at efficiency gains or losses
for differing technologies (ASICs) or the next-generation products.

Models are inherently flexible. If historical data differs from calculated
model results, updates quickly correct inconsistencies. Checking and
updating a model against known data ensures that the model is correct and
current. Revisions to the existing algorithms to match reality better should
be made only when basic changes occur, not for perturbations that deviate
from the norm.

Those in procurement use cost modeling and experience-curve analysis for
both short-term and long-term contract negotiations. The current transition
in market dynamics from a seller's to a more balanced market again allows
use of cost-base pricing. Good communication with suppliers regarding
yield improvements or other cost savings in combination with cost model
use can potentially allow price reductions for astute procurement groups.
Periodic "reality checks" of the model assure planners that they used the
best information available at the time. Using cost modeling in this way
provides a tangible benchmark for procurement groups to use with

their suppliers in terms of cost and price reduction for critical
semiconductor parts.
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Semiconductor Supply and Pricing Worldwide
Event Summary

Dataguest’s Preliminary 1995 Memory Market Shares:
Which Suppliers Have Momentum—and Why?

Introduction

Abstract: Dataguest’s Semiconductor group analysts held a telebriefing in early January.
The briefing highlighted the preliminary 1995 ranking of suppliers of DRAM, SRAM, flash,
and MOS memory ICs. This report provides the opening statement and tables used in the
briefing.

By Ron Bohn, Jim Handy, and Mark Giudici

Dataquest's Semiconductor group analysts held a telebriefing on January 5,
1996. The analysts who participated were Ronald Bohn and Jim Handy of
the Memories Worldwide program and Mark Giudici of the Semiconductor
Procurement Worldwide program.

Worldwide MOS Memory Market Ranking

Table 1 provides rankings of the top 10 MOS memory suppliers. (This table
was not discussed during the telebriefing.) It serves as a backdrop for the
rankings in the DRAM, SRAM, and flash markets.

Worldwide DRAM Market Ranking

Table 2 shows the preliminary 1995 worldwide market share ranking for
DRAM suppliers. The table highlights supplier rankings and market share
percentages.
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Table 1

Preliminary Leading Suppliers of MOS Memory (Billions of U.S.
Dollars; Based on Estimated 1995 Worldwide Revenue)

1995 1994 1995 Market
Rank Rank Supplier Revenue Share (%)
1 1 Samsung 7.34 13.2
2 3 NEC 5.43 9.7
3 2 Hitachi 5.38 9.6
4 4 Toshiba 4.32 7.8
5 10 Hyundai 3.99 7.2
6 5 Texas Instruments 3.80 6.8
7 8 LG Semicon 3.45 6.2
8 6 Fujitsu 2.63 4.7
9 7 Mitsubishi 2.55 4.6
10 1 Micron Technology 2.34 4.2
Others 14.51 26.0
Total 55.74 -
Source: Dataquest (January 1996}
Table 2
Preliminary Leading Suppliers of DRAM
(Based on Estimated 1995 Worldwide Revenue)
1995 1994 1995 Market
Rank Rank Supplier Share (%)
1 1 Samsung 14.8
2 3 NEC 11.1
3 2 Hitachi 10.5
4 9 Hyundai 9.0
5 4 Toshiba 8.2
6 5 Texas Instruments 8.1
7 7 LG Semicon 7.8
8 10 Micron Technology 5.1
9 8 Mitsubishi 5.1
10 11 Fujitsu 4.9
1 6 IBM 4.7
12 12 Siemens 31
13 14 Oki 21
14 13 Motorola 1.6
15 16 MOSel / Vitelic 1.2
Others 27

Source: Dataquest (January 1996)
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Based on preliminary estimates, Table 2 shows that Samsung maintains first
place among DRAM suppliers. NEC and Hitachi switched positions. NEC
now ranks second worldwide, with Hitachi at third. Each of the top three
suppliers holds more than 10 percent of worldwide DRAM market share.

Hyundai vaulted into fourth place, which is an impressive advance of five
places versus 1994. Toshiba and Texas Instruments hold the fifth and sixth
places, respectively, each one notch lower than last year. LG Semicon main-
tains the seventh-place position. Micron Technology now holds eighth
place, an advance of two places. Mitsubishi ranks ninth. Fujitsu holds the
10th place ranking, a gain of one place.

IBM now ranks 11th, versus sixth for the previous year. We believe that dur-
ing 1995 IBM emphasized production of other products, especially micro-
processors. Siemens maintains the 12th-place ranking among DRAM
suppliers. Oki and Motorola swapped positions, with Oki now 13th and
Motorola 14th. MOSel/Vitelic now ranks as the world's 15th-largest sup-
plier of DRAM.

The following suppliers showed the strongest 1995 growth in terms of
DRAM revenue, in descending order: Hyundai, Nippon Steel Semiconduc-
tor (which ranks 17th among DRAM suppliers}, LG Semicon, MOSel /
Vitelic, Texas Instruments, NEC, Sanyo (ranked 18th), Samsung, Hitachi,
and Fujitsu.

We should note several trends. In the DRAM business, the top companies
gained market share. For example, for 1994, the top 10 DRAM suppliers
held just under a 70 percent share of the market. For 1995, the top 10 suppli-
ers now hold more than 80 percent of DRAM market share.

Japan-based companies hold 45 percent of the 1995 worldwide DRAM mar-
ket share, just slightly less than the previous year. Japan-based suppliers
have slowly lost market share for the past several years. North American
companies hold 20 percent of the 1995 DRAM market, a decline of nearly

5 percent versus their 1994 share. By contrast, Asia/Pacific companies, led
by the Korea-based suppliers, now hold nearly one-third of the DRAM
market. During 1994, Asia/Pacific companies held one-fourth of the maz-
ket. Taiwan-based suppliers are starting to emerge as a new Asia/Pacific
source of DRAMs. European companies—which means Siemens—continue
to hold 3 percent of the DRAM market.

The 1996 Outiook for PC and BRAM Markets

SPSG-WW-DP-9603

Before looking at other rankings, we want to discuss the state of the per-
sonal computer and DRAM markets at the outset of 1996. The backdrop is
the spot market reports that command so much attention now. Some spot
market reports indicate, for example, that the DRAM market has now
moved into severe oversupply.

Dataquest's current assessment of 4Mb and 16Mb DRAM supply/demand
continues to show a DRAM bit shortage for 1996. Dataquest expects a less
severe shortage than in prior years, but DRAM demand should exceed bit
shipments by 1.5 times for the full year of 1996. We should note that our
previous forecasts had projected a 3 percent or 4 percent DRAM bit short-
age for 1996.

©1996 Dataquest February 5, 1996
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For 1996, the DRAM supply /demand trends will become more complicated
than ever. During 1995, a severe shortage existed for wide-configuration
devices like the 1Mbx16 part. By contrast, the 4Mbx4 device was in more
ample supply. This year, Dataquest expects the extended data out DRAM
(EDO DRAM) technology to remain in persistent shortage. This certainly
applies to highly desired configurations like the 1Mbx16 and the 2Mbx8.
The 1Mbx4 EDO DRAM should also remain in tight supply until later this
year.

DRAM suppliers have wildly varying strategies regarding the EDO ramp-
up. Most suppliers are ramping up their 16Mb EDO technology now;
however, some will ramp up one or two quarters from now. The 4Mb EDO
outlook is more complicated. Some suppliers have already ramped up 4Mb
EDO production. At the other extreme, some suppliers will not make 4Mb
EDQ parts. Also, other suppliers are still ramping up.

Dataquest believes that the PC market—driven by the move to Pentium
PCs—is making an incredibly abrupt transition to the EDO DRAM technol-
ogy. The transition started during the third quarter of 1995 and could be
complete by this quarter or next quarter. As PC OEMs place big orders for
EDO DRAM over the next several months, DRAM suppliers likely will be
unable to satisfy demand completely.

By contrast, demand for the older fast page mode DRAM technology sud-
denly weakened during this recent transition. Fast page mode DRAM is
geared for 486 PC applications. The slowdown in 486 PC shipments in the
second half of 1995 caused a year-end 1995 fire sale for fast page mode
DRAM. The sale continues today on the spot market.

Regarding the critical PC market, Dataquest views PC demand as reason-
ably strong. For example, Dataquest is revising upward its PC forecast.
Shipments of PCs in 1995 were higher than we had forecast originally. For
1996, Dataquest now expects that worldwide PC shipments will grow ata
rate of nearly 20 percent and exceed our original expectations of fewer than
70 million units. Our PC analysts report now that PC sales are doing well
following the year-end 1995 holidays. We expect PCs in the channel to sell.
We do not anticipate inventory buildups of PCs. We will monitor trends,
however, Dataquest expects no distressing fire sales by PC OEMs this
quarter.

SRAM Market Ranking

SPSG-WW-DP-9603

Table 3 presents the preliminary 1995 worldwide market share rankings for
SRAM suppliers. The SRAM ranking includes revenue from all speed
ranges of SRAM.

Table 3 shows that Samsung now holds first place in the worldwide SRAM
market. Hitachi switched positions with Samsung and now ranks second
among SRAM suppliers. Motorola advanced impressively and now holds
the third-ranked position. Sony and NEC swapped ranking. Sony holds
fourth position, with NEC at the fifth place. Toshiba slipped to sixth posi-
tion for 1995 versus a third-place ranking in the prior year. United Micro-
electronics Corporation (UMC), a Taiwan-based company, surged into
seventh position during 1995. UMC ranked 15th in 1994. Integrated Device

©1996 Dataguest February 5, 1996
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Table 3
Preliminary Leading Suppliers of SRAM
(Based on Estimated 1995 Worldwide Revenue)

1995 1994 1995 Market
Rank Rank Supplier Share (%}
1 2 Samsung 124

2 1 Hitachi 10.7

3 6 Motorola 8.0

4 5 Sony 75

5 4 NEC 6.6

6 3 Toshiba 6.4

7 15 United Microelectronics 5.2

8 12 Integrated Device Technology 48

9 8 Mitsubishi 4.7

10 7 Fujitsu 3.6
Others 30.1

Source: Dataguest (January 1996)

Technology (IDT) now ranks eighth worldwide. This represents an advance
of four places from the prior year. Mitsubishi holds the ninth position
among SRAM suppliers. Fujitsu ranks 10th, which is three places lower
than the previous year.

The SRAM supplier base is quite fragmented. For example, Table 3 shows
that other suppliers account for more than 30 percent of SRAM market
share.

North America SRAM Supplier Ranking

SPSG-WW-DP-3603

As noted, Dataquest's SRAM rankings include revenue from sales of
slower-speed SRAM along with higher-speed SRAM. North America
SRAM suppliers participate only in the high-speed SRAM segments.
Table 4 shows the preliminary 1995 worldwide market share ranking for
North America-based SRAM suppliers.

Table 4
Preliminary Leading North America~-Based Suppliers of SRAM
(Based on Estimated 1995 Worldwide Revenue)

1995 1994 1995 Market
Rank Rank Supplier Share (%)
3 6 Motorola 8.0

8 12 Integrated Device Technology 4.8

1 9 Cypress Semiconductor 3.5

14 16 Alliance Semiconductor 3.2

16 13 Micron Technology 2.8

17 19 Integrated Silicon Solution Inc. 2.2

20 21 Paradigm 0.8

Source: Dataquest (January 19986)
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We have already seen the ranking for Motorola and IDT. Table 4 shows that
Cypress Semiconductor is the next-highest-ranked North America-based
SRAM supplier. Qur preliminary results show that Cypress slipped several
slots and now holds the 11th position worldwide. We should note that
Cypress' final ranking might be somewhat higher. For example, Cypress
ships some SRAM in the form of SRAM modules, and our preliminary
estimates put this SRAM revenue into a different memory segment.

Alliance Semiconductor is next. Alliance advanced two places and now
ranks 14th worldwide. Micron Technology slipped several slots into the
16th place worldwide. For the past several years, Micron has emphasized
DRAM production over SRAM. Integrated Silicon Solution Inc. (ISSI)
advanced two positions and now ranks 17th worldwide. Paradigm gained
one place and now holds 20th place worldwide. Of the North America-
based companies, Alliance, ISSI, and Paradigm participated in initial public
offerings over the past several years.

Based on our preliminary 1995 estimates, the following suppliers showed
the strongest 1995 growth in SRAM revenue, in descending order: ISSI;
UMC; Alliance Semiconductor; IDT; Samsung; Winbond Electronics, a
Taiwan-based supplier; and Motorola.

A recent Dataquest telebriefing noted that a key 1996 trend to monitor is the
emergence of high-speed 32Kbx32 SRAM. More than 15 suppliers now
target the 32Kbx32 market. If this device gains rapid market acceptance,
Dataquest believes that Samsung and Sony will gain market momentum in
1996. The acceptance of the 32Kbx32 device will come at the expense of the
32Kbx8 device. Also, Motorola maintains momenium in the ulttrafast SRAM
segment that serves workstation-type applications.

Flash Market Ranking

Table 5 presents the preliminary 1995 worldwide market share ranking for
suppliers of flash memory.

The table shows that Intel and Advanced Micro Devices (AMD) continue o
rank first and second, respectively, among the worldwide flash memory
suppliers. Fujitsu, AMD's fab alliance partner, advanced three places and
now ranks third worldwide. The Fujitsu-AMD Semiconductor Ltd. (FASL)
fab in Japan generates their market momentum. Atmel ranks fourth world-
wide, one place lower than the prior year. Sharp, Intel's alliance partner,
advanced two places and now ranks fifth worldwide. Toshiba slipped sev-
eral places and now holds the seventh position worldwide. The following
suppliers each hold about 1 percent of flash market share: Oki, Macronix,
TI, Samsung, and Mitsubishi.

The flash memory shortage will likely persist throughout most of 1996.
Suppliers, led by AMD-Fujitsu and Intel-Sharp, are increasing flash capac-
ity. Demand for flash, however, will likely exceed supply for the next year.
We view 1997 as a transitional year for the flash market. By 1997, there will
be a large increase in flash capacity. Supply-demand equilibrium in the
flash market will likely occur during 1997.

The analysts then answered audience questions.

SPSG-WW-DP-9603 ©1996 Dataquest February 5, 1996
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Table 5 :
Preliminary Leading Suppliers of Flash Memory
(Based on Estimated 1995 Worldwide Revenue)
1995 1994 1995 Market
Rank Rank Supplier Share (%)
1 1 Intel 34.6
2 2 Advanced Micro Devices 29.2
3 6 Fujitsu 9.8
4 3 Atmel 6.3
5 7 Sharp 49
6 5 SGS-Thomson 4.4
7 4 Toshiba 3.7
B 12 Oki 1.3
9 15 Macronix 1.3
10 10 Texas Instruments 1.0
11 13 Samsung 0.9
12 8 Mitsubishi 0.9
Others 1.7
Source: Dataquest (January 1996)
SPSG-WW-DP-9603 ©1996 Dataguest February 5, 1996
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Competitive Analysis

Dataquest's First Quarter 1996 Memory Price Forecast

Abstract: This article discusses a telebriefing held on January 12, 1996. This telebriefing
highlighted the First Quarter 1996 Quarterly Price Survey findings. The effect of spot market
pricing on the survey and current price forecast is noted and discussed.

By Mark Giudici, Ron Bohn, and Jim Handy

When Will Spot Market Prices Affect Contract Prices?

The following were the opening remarks of a January 12, 1996, telebriefing
on the latest quarterly memory price forecast highlights.

The telebriefing covered the results of Dataquest's latest quarterly price
survey and highlighted the resulting price forecast that will impact the
electronics and semiconductor markets for the upcoming year. After the
opening statement, questions were taken from the audience. The briefing
was recorded. Each participant was given a caller ID number and, when
asking a question, was identified by number rather than by name in order
to maintain confidentiality.

The survey methodology involved polling both users and suppliers about
their contract price expectations for the upcoming eight quarters. This
forecast does not cover spot pricing. We conducted this survey in late
November and finalized it during early to mid-December. We base these
price estimates on inputs from many of the largest users and sellers of
memory products.
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Before we go into detailed pricing, we will give a brief overview of the
demand drivers behind these pricing trends and the current spot memory
market, Worldwide FPC unit shipments grew just under 25 percent in 1995.
Dataquest expects the PC market to grow steadily to over 70 million units
in 1996, and the cellular phone market should expand by close to 30 percent
this year. The abrupt shift in spot market memory pricing during December
appears to be a result of year-end inventory liquidation, primarily of fast
page mode (FPM) DRAM and mixed-voltage Taiwanese SRAM. Alone, this
situation would have not caused the dramatic price declines noted a month
ago. The beginning of additional DRAM capacity coming into the market, a
skittish stock market (with the inventory reduction tactic noted above), and
a very sensitive spot market did the rest. We forecast contract pricing for
these same devices to decline slightly in the first quarter, and most contracts
do reflect moderate price relaxation after close to two years of flat-to-rising
prices. A key issue in first quarter DRAM price negotiations is whether
prices will decline by more than or less than 5 percent from fourth-quarter-
1995 levels. In many cases, protracted first-quarter-1996 price negotiations
are continuing, with buyers now more concerned about price than avail-
ability. We will look at some of the specific forecasts that came from our
latest survey.

The first area to look at is the DRAM price situation. Figure 1 shows three
lines from the fourth quarter of 1995 to the fourth quarter of 1997: the
IMbx4 DRAM, the next-generation 1Mbx16 DRAM, and a four-times muiti-
ple of the 1Mbx4 highlighting the cost-per-bit crossover point. As the figure
shows, throughout the 1996 and 1997, Dataquest expects the IMbx16 to
closely track the 1Mbx4 device downward with no clear-cut crossover
noted. This situation is primarily the result of the shift from FPM DRAM to
extended data out (EDO)} DRAM for current state-of-the-art computers. The
elasticity of the market should absorb additional volumes of memory (both
4Mb and 16Mb) as prices gradually decline. This is because of new capacity
coming into production that focuses on this lucrative product and because
of current 4Mb suppliers shifting to the higher density, reducing overall
4Mb supply. The figure highlights first-quarter-1996 pricing of the 4Mb part
at $13.00, declining to $11.40 in the fourth quarter of this year. The 1Mbx16
price in the first quarter averaged $52.00, and we forecast it to drop to
$45.00 by the fourth quarter of 1996. We do not have a separate price break-
out for FPM DRAM and EDO DRAM, but these prices reflect 60ns EDO
pricing rather than FFM.

We foresee other 16Mb DRAM prices, such as the 4Mbx4 and the 2Mbx8,
declining faster than the IMbx16 through 1996, in part because some sup-
pliers get better yields for them. EDO DRAM pricing in many cases still
receives a 5 percent-to-10 percent premium over FPM DRAM. Dataquest
expects this price premium to disappear as the supply-demand balance
point is reached. Synchronous DRAM prices, however, still hold a 15 per-
cent-to-20 percent premium over other DRAM parts. We expect that by
mid-1997, synchronous DRAM will be at price parity with FPM DRAM or
EDO DRAM.

The next area to review is the SRAM market. Figure 2 highlights the pricing
trends for the three major cache SRAM devices: the 32Kx8 15ns; the 128Kx8
15ns; and the 32Kx32 15ns. The figure shows that, although the older 32Kx3
device will remain relatively flat at around $4.00 or less, it will begin to get
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Figure 1
DRAM Crossover Trends—4Mb to 16Mb
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price competition from the newer 32Kx32 SRAM by 1997. Dataquest is now
trying to confirm word of very large levels of 32Kx32 SRAM coming to mar-
ket. If this is substantiated, the figure shown would need to reflect the
32Kx32 price dropping below the 4x 32Kx8 multiple, possibly as soon as the
second quarter of 1996. However, at the time of this survey and to date,
Dataquest still sees the 32Kx8 fast SRAM as the cache of choice because of
its availability and lower cost relative to other solutions. We will announce
any changes as they become known.

The other SRAM products show relatively stable pricing over the upcoming
quarters, despite word of very low spot pricing in Taiwan. In December,
this primarily involved 486 system-specific mixed-voltage SRAM and was
not generally applicable to a wider market. We do not expect pricing for
slow 1Mb SRAM to fall much further in the upcoming quarters than the
current $8.40 price.

Figure 3 shows how voltage levels will continue to differentiate flash mem-
ory pricing for the next eight quarters. Low-voltage (5V) flash memory still
commands a 5 percent-to-10 percent price premium over 12V or mixed-
voltage products because portable and lower-voltage systems require these
types of parts. The majority of the 12V and 5V market is still sourced by
Intel and AMD, as noted in a previous telebriefing. However, the current
lowest-voltage (3.3V) flash memory still comes predominantly from Atmel.
Although all flash suppliers plan to expand capacity, Dataguest expects the
flash market to remain in shortage for the rest of this year. Pricing for the
8Mb density remains close to the more popular 4Mb device.
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Figure 2
Cache SRAM Pricing—256Kb and 1Mb ()
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Figure 3 .
Flash Memory Pricing—12V versus 5V
U.S. Dollars
18
—— 128KxB 12V
16
- 128KxB 5V
—k— 256KxB 12V
—— 256Kx8 5V
—i— 512Kx8 12V
—n— 512Kx8 5V

T 1
Q4/95 Q1/96 Q206 Q¥ Q406 Q197 Q97 Q307 Q497
560525

Source: Dataquest (January 1996)

SPSG-WW-DP-9602 ©1996 Dataquest January 29, 1996



Semiconductor Supply and Pricing Worldwide ) 5

Gonclusion

SPSG-WW-DP-9602

We emphasize that this year will differ from last year—overall memory
supplies should be more abundant. This will allow for an easing of prices
that has not been seen for the past 18 months. Once the dust settles regard-
ing inventory level and product mix corrections, the pervasiveness of semi-
conductors in electronics is once again expected to keep the backlogs of
DRAM and flash suppliers solid for most of this year. The contract purchas-
ing of memory ICs that we estimate represents close to 90 percent of the
total memory market remains more stable than the skittish spot arena. The
overall supply-demand memory picture, however, does appear to be in
transition for the next six months.

For the first time in two years, Dataquest has forecast price declines in the
DRAM and SRAM markets for the first half of the year. There definitely has
been a sharp drop in spot market prices. There is a sharp difference in the
contract DRAM market versus the cache SRAM market. In the DRAM mar-
ket, the undesirable FPM product has gotten much spot market attention.
Dataquest expects much stronger demand for the EDO product, resulting in
relatively higher and more stable pricing. In the cache SRAM market, more
and more suppliers are reporting large unit shipments of 32Kx32 parts. This
is yet to be verified, but, if true, could put the cache market in oversupply,
resulting in rapidly declining prices. The overall impact on the contract
memory market of this spot sofiness appears to have slightly accelerated
the forecast gradual price reductions, but not nearly to the extent to which
the spot market moved. We do not expect the current round of DRAM con-
tract price negotiations to be as low as spot market prices.

This ended the opening statement. The discussion was then opened for
questions,
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Market Analysis

First Quarter Procurement Pulse: Orders Pick Up, Lead Times
Slip, and Inventories Rise Again

Abstract: The Procurement Pulse is a quarterly update (with interval updates, if events war-
rant) of critical issues and market trends based on surveys of semiconductor procurement
managers in the North American region. Besides order rate, lead time, and inventory infor-
mation, this survey also notes price status by semiconductor product family and package
type, as well as key problems facing semiconductor users, This article explains what
changes in these parameters mean in relationship to the current market,

By Mark Giudici

Semiconductor Order Rates Expected to Turn the Corner

Figure 1 shows that the estimated semiconductor order rates for January are
expected to rise to above the 850 index. This is after four consecutive
months of order rate declines. Although semiconductor order activity had
slowed gradually, demand remains healthy for PCs, cellular, and peripheral
equipment. While the index levels for November and December did remain
relatively flat, the uptick in January order expectations reflects the overall
strength of the market now that the year-end financials are in.

For the first time in over 12 months, respondents now see price decreases
for DRAM (down 2.8 percent), while standard logic and microprocessors
show price declines of 1.9 percent and 1.1 percent, respectively. The com-
puter subset of the sample is expecting an average DRAM price cut of

6.6 percent in January. The well-reviewed supply-demand imbalance of the
1Mbx16 DRAM appears to be improving (especially in the spot market), but
it is too soon to call this a buyers' market. The standard logic market has
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again come into balance, with manageable lead times and static pricing
over the past three months. Overall MPU pricing remains on the decline as
the trickle-down effect of Intel's Pentium price cuts continues to keep all
products competitive (especially with the 486 supply).

Semiconductor Lead Times on a Downward Slide

Figure 2 shows that, after an October high point, the lead time picture has
come down to the July 1995 level of 12.0 weeks. As mentioned in last quar-
ter's update, this decline in lead times by no means signals a turn to a buy-
ers' market but does suggest that supplies continue to improve somewhat
for selected MPU, discrete, SRAM, and now DRAM parts. Allocation still
remains the norm for most DRAM and flash memory products. While
discrete semiconductor availability has improved, many respondents note
problems with ASIC supplies (especially the flexibility of suppliers). Most
of the other problem products remain memory-related (DRAM, flash, and
under-15ns SRAM). Difficulties with linear and optoelectronic products and
the perennial problem, the SOT23 discrete package, are also noted.

SPSG-WW-DP-9601 ©1996 Dataquest January 22, 1996
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Semiconductor Inventories Under Control, With Small Fluctuations

Figures 3 and 4 illustrate that steady demand, improved lead times, and
generally flat prices still result in focused inventory control (read cost con-
trol), yet the picture is in flux . Buyers are checking whether availability has
improved enough to cut back on inventory levels relative to demand. The
overall targeted and actual semiconductor inventory levels for December
were 21.7 days and 27.2 days, respectively, compared with November's
24.9-day and 22.1-day inventory levels. The computer subset continues to
be even more cost-conscious, with current target and actual inventory levels
of 11.0 days and 15.6 days, compared with November inventory levels of
17.5 days targeted and 11.5 days on hand. By historical standards, semicon-
ductor inventories remain controlled, again easing fears that any end-use
demand fluctuations could cause an abrupt step-function decline in semi-
conductor sales.

Dataquest Perspective

SPSG-WW-DP-9601

Worldwide demand for electronics, and therefore semiconductors, remains
steady despite some regional rumblings of oversupply and sporadic stock
analyst pessimism. Dataquest's take: Year-end inventory corrections (not
yet reflected in this report) resulted in increased spot market supplies of fast
page mode DRAM and selected SRAM, which, combined with increased
availability of some parts, resulted in a very volatile year-end spot market
that is not expected to continue. Dataquest expects worldwide demand to
remain steady through 1996. The large increases in semiconductor fab
capacity being brought on line, combined with improved 1Mbx16 DRAM
yields and constant demand for most end equipment, is resulting in
improvements in price and lead times. In the unlikely event that the current
spot market softness transfers to the contract market, we could expect to see
an acceleration of the long-awaited gradual price declines through 1996.
Continued vigilance over inventory levels with regular review of critical
component suppliers remains the best way to take advantage of any supply
improvements in the upcoming months.
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Chapter 1

Introduction and Assumptions

Forecast Summary

SPSG-WW-MT-9601

Dataquest Semiconductor Group analysts provide a semiconductor device
revenue forecast twice a year, in April and October. These revenue fore-
casts, which cover a five-year horizon, comprise forecasts for the major
product families and the four main geographic semiconductor-consuming
regions. This document, completed in April 1996, is the latest of these fore-
casts. Although revenue is subject to the vagaries of exchange rate varia-
tions, it is the most useful means to consolidate the forecasts of widely
differing products and the most meaningful measure of markets and com-
panies. Unit forecasts, which underlie the microcomponent and memory
IC forecasts, are dollarized to arrive at the revenue forecast presented here.
Average annual exchange rates are used for revenue history, and the most
recent "average” exchange rate is extended into the five-year forecast hori-
zon, Dataquest does not forecast exchange rates.

The forecast is presented in two local currencies in Appendixes A and B, in
yen for the Japanese market forecast in Appendix A and in ECU for the
European market forecast in Appendix B. The Americas market and the
Asia/Pacific-ROW market are forecast only in U.S. dollars.

In 1996, the "North America" market has been expanded to include the
total North and South America region and will be known as the "Ameri-
cas” region from this point forward. This matches the divisions found in
Dataquest's 1995 market share data.

The PC market, now the dominant market for semiconductors, grew
nearly 26 percent in 1995. Semiconductors grew by 37 percent as demand
continued to outstrip supply and DRAM average selling prices (ASPs)
continued strong, at $25 per megabyte. DRAM revenue growth, which
was 66 percent in 1993 and 60 percent in 1994, reached 81 percent in 1995.
The brakes on this growth were applied early in 1996 as ASPs tumbled.
The declining DRAM ASPs lead a number of factors that have aligned to
take our 1996 forecast down to a surprising 7.6 percent growth. Beside
DRAM, some other factors causing our 1996 forecast to drop under 8 per-
cent are excess inventories, slowing markets, and a stronger yen. Inven-
tory problems occurred as the fourth quarter PC market was well below
expectations, leaving the first half of 1996 struggling with an inventory
correction. Triggered by this correction, DRAM prices tumbled with prices
per megabyte going from $25 in 1995 to under $15 early in 1996. Although
we had anticipated DRAM price erosion in 1996, this price erosion
occurred far sooner and faster than we had forecast last fall.

It is important to recognize that these corrections do not signal an evapo-
rating market. Although the semiconductor end markets have slowed,
they are still healthy. Dataquest's PC unit forecast for 1996 is still at 19 per-
cent worldwide. If these problems were not severely impacting revenue,
we would still be forecasting growth between 15 percent to 22 percent.
Table 1-1 shows the impact of the major downside factors on our 1996
forecast.

©1996 Dataquest 4
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Table 1-1
Changes in 1996 Forecast (Percent)

Change Change to 1996

October 1995 to Dollar Worldwide

. Forecast This Forecast Growth (%) Forecast (%)

DRAM Revenue Growth (%) 33 1* -32 -8
Non-DRAM Product Growth (%) 18 14+ -4 -3
Yen/Dollar Exchange Rate 93.90 107.05 -12 -3
Total Growth in 1996 (%) 21 76 -14.5 -14.5

“Excludes change in yervdoltar exchange rate
Source: Dataquest (May 1996)

Both DRAM and Japan represent about one-fourth of the total semicon-
ductor market, so their impact on the worldwide 1996 forecast shows up
proportionately in the right column. If the 1996 yen-dollar exchange rate
does not differ from 1995, the 3 percent change to the worldwide forecast
would bring it back to double digits. If DRAM prices rebound more than
expected, the growth could move the forecast up into the "normal” 15 per-
cent range. This forecast is highly leveraged off of the fortunes of these
two items.

Forecast Highlights
The following are the highlights of this forecast:

& Growth in 1996 drops under 8 percent after 37 percent growth in 1995.

m The PC market slows in 1996 to 19 percent unit growth versus 26 per-
cent in 1995,

# The MPU market slows along with PC market. Price reductions bring
96 growth down to 17 percent.

8 The DRAM price per bit will decline nearly 50 percent in 1996. Even
with a high rate of bit growth, revenue growth will be nonexistent.

® Non-DRAM products will grow by 14 percent in 1996, growth consis-
tent with historical rates.

m The Asia/Pacific regional market will exceed Japan in 1998 and will
grow to 25 percent of the world market in 2000,

a The Americas forecast has decreased. Even with a 17 percent 1995
through 2000 compound annual growth rate (CAGR), the Americas will
lose 1 percent of the world market (to 33.7 percent) by 1999 as Americas
growth slows.

m Like the Americas, the European market's growth has been revised
downward to a 17 percent CAGR from 1995 through 2000. Nonetheless,
the European market share will remain at 18 percent over the forecast
period.

We expect the semiconductor market to pass the $300 billion mark in 2000,
as the adjustments seen in 1996 will not greatly impact the long-term
growth of the market.

SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Exchange Rates

The following exchange rates are used for the 1994 through 1999 forecast:
m ¥107.05 per dollar

w ECU 0.774 per dollar

The following chapters will discuss the forecast by product and region in
more detail.

SPSG-WW-MT-8601 ©1996 Dataquest May 13, 1996



Chapter 2
Worldwide Forecast by Product Family

The growth by product in 1995 as well as the past five-year CAGR and
forecast 1995-through-2000 CAGR is shown in Table 2-1.

Memory ICs will show much slower growth as the five-year compounded
growth rate of 16 percent brings memory IC growth back in line. Micro-
component growth, as well, will slow as the Americas market grows more
slowly and prices stabilize. Logic ICs and analog ICs are settling into

14 percent growth rates, growth more consistent with the growth of elec-
tronic equipment markets. Discrete devices have gained greater growth
potential with the lead of power and radio frequency (RF) transistors.
Despite the growth potential of logic ICs, analog ICs, discrete devices, and
optical semiconductors and the slowdown of memory IC growth, micro-
component and memory ICs will continue to increase their share of the
semiconductor market at the expense of these other categories.

The tables on the following pages provide the complete five-year forecast
by product type for the worldwide semiconductor market.

Worldwide Forecast Data

Tables 2-2 through 2-5 provide the five-year forecast by product type for
the worldwide semiconductor market.

. Table 2-1
Worldwide Semiconductor Growth by Product Type (Revenue in Millions of Dollars)

CAGR (%) CAGR (%)
1994-1995 1990-1995 1995-2000
1995 Revenue Growth (%) Actual Forecast
Microcomponents 34,513 30.7 292 17.6
Memory Total 55,421 64.4 346 16.5
Logic/ASIC Total 22,961 22.0 135 13.8
Analog ICs 17,607 154 14.8 14.7
Monolithic IC Total 130,502 38.5 248 16.1
Hybrid ICs 1,935 16.2 8.5 14
Total ICs 132,437 38.2 244 15.9
Discrete Devices 14,023 30.3 128 11.6
Optical Semiconductors 4,811 23.7 14.8 121
Total Semiconductor 151,271 36.9 226 154
Source: Dataquest (May 1906)
SPSG-WW-MT-9601 ©1996 Dataquest 5
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Table 2-2
Worldwide Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in
Millions of Dollars)
CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1995
Microcomponents 9,584 11,774 14,359 19,947 26408 34,513 292
Memory Total 12,559 13,197 15,626 23,550 33,704 55421 34.6
Bipolar Memory 431 356 318 244 199 160 -18.0
MOS Memory 12,128 12,841 15,308 23,306 33,505 55,261 35.4
Logic/ASIC Total 12,182 12,972 12,918 15,956 18,821 22,961 13.5
Bipolar Logic 3,742 3,272 2,875 2,835 2,713 2,337 9.0
MOS Logic 8,440 9,700 10,043 13,121 16,108 20,624 19.6
Analog ICs 8,845 9517 10,180 12,513 15,263 17,607 14.8
Monolithic IC Total 43,170 47,460 53,083 71,966 94,196 130,502 248
Hybrid ICs 1,289 1,395 1,335 1,463 1,665 1,935 8.5
Total ICs 44,459 48,855 54,418 73,429 95,861 132,437 24.4
Discrete Devices 7,674 8,035 8,155 9,083 10,763 14,023 12.8
Optical 2412 2,804 2,688 3,006 3,889 4,811 14.8
Semiconductors
Total Semiconductor 54,545 59,694 65,261 85,518 110,513 151,271 226

Source: Dataquest (May 1996}

Table 2-3
Worldwide Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 34,513 39,545 46,524 54,885 65,532 77,645 176
Memory Total 55421 55,749 64,213 75,008 93,066 118,680 16.5
Bipolar Memory 160 119 108 93 79 71 -15.0
MOS Memory 55,261 55,630 64,105 75,005 93,587 118,609 16.5
Logic/ASIC Total 22,961 24,910 27,692 31,906 37,212 43,748 13.8
Bipolar Logic 2337 2,012 1,644 1,415 1,219 1,066 -14.5
MOS Logic 20,624 22,898 26,048 30,491 35,993 42,682 15.7
Analog ICs 17,607 19,562 21,698 25,147 29,531 3911 14.7
Monolithic IC Total 130,502 140,166 160,127 187,086 225941 274,984 16.1
Hybrid ICs 1935 1947 2,009 2,030 2,055 2,075 14
Total ICs 132,437 142,113 162,136 189,066 227,996 277,059 159
Discrete Devices 14,023 15,300 16,517 18,481 21,044 24,251 11.6
Optical 4,811 5199 5,588 6,286 7,207 8,526 121
Semiconductors
Total Semiconductor 151,271 162,612 184,241 213,833 256,247 309,836 154
Source: Dataguest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Table 2-4
. Worldwide Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage
Revenue Growth over Preceding Year)

CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Microcomponents 227 229 220 38.9 324 30.7 29.2
Memory Total -20.8 5.1 184 50.7 43.1 644 34.6
Bipolar Memory -6.3 ~17.4 -10.7 -23.3 -18.4 «19.6 ~18.0
MOS Memory -21.3 5.9 19.2 52.2 43.8 64.9 354
Logic/ASIC Total 34 6.5 -0.4 235 18.0 220 13.5
Bipolar Logic -2.9 -12.6 -12.1 -14 -4.3 -13.9 -9.0
MOS Logic 6.5 14.9 35 30.6 28 280 19.6
Analog ICs 135 7.6 7.0 229 220 154 14.8
Monolithic IC Total -0.2 9.9 11.8 35.6 309 38.5 248
Hybrid ICs -5.8 8.2 -4.3 9.6 13.8 16.2 85
Total ICs 0.3 2.9 114 349 305 38.2 244
Discrete Devices 48 - 4.7 1.5 11.4 18.5 30.3 12.8
Optical Semiconductors 0.2 16.3 -4.1 11.8 29.4 23.7 14.8
Total Semiconductor 04 94 9.3 31.0 29.2 36.9 226
Source: Dataquest (May 1996}
Table 2-5

. Worldwide Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage
Revenue Growth over Preceding Year)

CAGR (%)

1995 1996 1997 1998 1999 2000  1995-2000

Microcomponents 30.7 16.1 16.5 18.0 19.4 18.5 17.6
Memory Total 64.4 0.6 152 17.0 24.7 26.7 16.5
Bipolar Memory -19.6 -25.6 -92 -13.9 -15.1 -10.1 -15.0
MOS Memory 64.9 0.7 15.2 17.0 248 26.7 16.5
Logic/ASIC Total 220 8.5 1.2 15.2 16.6 17.6 138
Bipolar Logic -13.9 -13.9 -18.3 -13.9 -13.9 -12.6 -14.5
MOS Logic 28.0 11.0 13.8 17.1 18.0 18.6 15.7
Analog ICs 154 11.1 10.9 159 174 18.2 14.7
Monolithic IC Total 385 7.5 14.2 16.8 20.8 21.7 16.1
Hybrid ICs 16.2 0.6 3.2 1.0 1.2 1.0 14
Total ICs 38.2 74 14.1 16.6 206 215 15.9
Discrete Devices 30.3 9.1 8.0 11.9 13.9 15.2 11.6
Optical Semiconductors 23.7 8.1 7.5 12.5 14.7 18.3 121
Total Semiconductor 369 7.6 13.3 16.1 19.8 20.9 154

Source: Datagquest (May 1996)

SPSG-WW-MT-9601 ©1996 Dataguest May 13, 1996
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The impact of these varying rates of growth by product is shown in
Figure 2-1. In 1995, the PC-driven combination of microcomponent and
memory ICs gained market share rapidly, going from 54 percent of the
worldwide market in 1994 to almost 60 percent of the market in 1995. In
1992, memory and microcomponent ICs combined to share only 46 per-
cent of the semiconductor market. This gain in market share driven by PC
growth will slow. As the figure shows, memories and microcomponents
will only gain a 3 percent share in the coming five-year period, after gain-
ing 12 percent in the past five years. All other semiconductor categories,
logic ICs, analog ICs, discrete devices and optical semiconductors, will
lose market share, but at a slower pace than in the past.

Figure 2-1
Market Share by Product, 1995 and 2000
1995 2000
Optical Semiconductors (3.2%) Optical Semiconductors (2.8%)
Hybrid IC (1.3%) Hybrid IC (0.7%)
iscret
(7.8%)
Microcomponent Analog/ :
Analog/ (22.8%) Mixed Mlcrc(aggr::&c;nam
Mixed (11.3%) .
(11.8%)
Logic/ASIC
Logic/ASIC (14.1%)
(15.2%) Memory Memo
(36.6%) {38_20/3
Total = $151 Blllion Total = $310 Billlon
982904

Source: Dataquest (May 1996)

SPSG-WW-MT-9601

©1996 Dataquest May 13, 1996




Chapter 3

Worldwide Semiconductor Forecast by Region

Figure 3-1

The worldwide revenue forecast is broken into the four constituent
regional revenue shipment forecasts in Figure 3-1. A significant feature of
this figure is the passing of Japan by Asia/Pacific in revenue by 1998.

The 1993-through-1995 period showed remarkable consistency in the
growth of all regions; the three-year compounded growth rates for the
Americas, Japan, Europe, and Asia/Pacific regions were 33 percent,

27 percent, 32 percent, and 39 percent, respectively. In the coming five
years, these growth rates will drop by half, and regional differences will
become more pronounced. Although we have forecast differing growth
rates by region, the forecast still does not suggest a major downturn in the
coming five years, only a period of adjustment. The negative growth
shown for Japan in 1996 is because of an expected dollar devaluation; the
growth would be nearly 12 percent in yen.

The regional revenue data for the five-year semiconductor forecast is listed
in Table 3-1 and the annual growth by region in Table 3-2.

The effect of this forecast on the share of the total market by region is pro-
vided in Figure 3-2, where the lower anticipated growth for the Japanese
market results in a continuing decline of the Japanese market share of the
total market. The decline in the Japanese market is neatly mirrored by the
rise in the Asia/Pacific market; these changes are tightly related with the
shift of Japanese manufacturing to Asia/Pacific sites enhancing the
growth of Asian markets.

Semiconductor History and Forecast by Region
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Source: Dataquest (May 1996}
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Table 3-1

Total Semiconductor Consumption by Region, Five-Year Revenue Forecast, 1995-2000
(Revenue in Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 1995-2000

Americas 48,349 52,478 60,217 70,352 85,481 104,579 16.7
Japan 42,164 41,244 45,286 51,144 60,212 71,693 11.2
Europe 28,341 31,479 35,734 41,079 48433 56,828 14.9
Asia/Pacific 32417 37,411 43,004 51,258 62,121 76,736 18.8
Semiconductor Total 151,271 162,612 184,241 213,833 256,247 309,836 15.4

Source: Dataquest (May 1996)

Table 3-2
Total Semiconductor Growth Forecast by Region (Percentage Revenue Growth over
Preceding Year)
CAGR (%)
1995 1996 1997 1998 1999 2000  1995-2000
Americas 35.2 8.8 14.7 16.8 21.5 22.3 16.7
Japan 36.0 2.2 9.8 12.9 17.7 19.1 11.2
Europe 35.6 11.1 13.5 15.0 17.9 17.3 149
Asia/ Pacific 42.0 154 15.0 19.2 212 23.5 18.8
Semiconductor Total 36.9 7.6 13.3 16.1 19.8 20.9 154
Source: Datacuest (May 1998
Figure 3-2
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Chapter 4

D Americas Forecast by Product Family

The five-year forecast for the Americas market (the more inclusive succes-
sor to the North America region) is based on the following assumptions:

SPSG-WW-MT-9601

# The Americas PC market is slowing. Windows 95 didn't materialize as

the strong driver of growth. Many businesses are waiting for Windows
NT before the next big hardware/ software upgrade cycle. This slowing
of PC demand in the business community coupled with a saturation of
the home PC market has left the forecast unit growth in 1996 at 13 per-
cent. The lowered growth expectation has impacted all PC-related busi-
ness (more than 50 percent of the Americas semiconductor market).

Pentium processors pushed up microprocessor (MPU) revenue strongly
in 1995. With Intel's Pentium price reductions, a slowing Americas mar-
ket, and no looming Pentium Pro changeover in 1996, MPU market
growth is expected to drop to about half of 1995's 24 percent growth.

High-ASP semiconductors, such as x86 processors and single in-line
memory modules (SIMMs), will continue to be strongly consumed in
the Americas and added to PCs or motherboards manufactured in the
Asia/Pacific region.

Price reductions in Pentium processors and free-falling DRAM prices
will accelerate the consumption of higher-performance MPUs and
larger DRAM configurations. The same money will buy twice the PC in
1996; a prospect that may develop new customers but that also runs the
risk of alienating home PC consumers who may tire of the treadmill
nature of PC buying and six-month obsolescence.

Because of the strong computer market, microcomponent and memory
ICs grew from 61 percent of semiconductor revenue in the Americas
market in 1994 to 68 percent in 1995, a somewhat unnatural spurt of
growth that will not be repeated in 1996. We expect this share to drop to
67 percent in 1996, because memory IC revenue growth will lag all other
major device families. By the year 2000, microcomponent and memory
ICs will account for 70 percent of semiconductor revenue in the Ameri-
cas, a slow ramp from 1995's 68 percent.

DRAM price-per-bit declines of 40 percent to 50 percent will be offset by
increased bit demand, but this will barely keep DRAM revenue growth
positive in 1996.

Discrete device growth (22 percent in 1994 and 30 percent in 1995)
increasingly comes from the use of power MOS field-effect transistors
(MOSFETs) and insulated gate bipolar transistors (IGBTs) in switching
power supplies and peripheral drivers and the increasing use of RF
devices. MOSFETs and IGBTs showed 37 percent and 59 percent growth
in 1995, respectively. These devices will continue to post double-digit
growth in 1996.

Tables 4-1 through 4-4 provide details of the Americas semiconductor
market.

©1996 Dataquest 1
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Table 4-1
Americas Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in
Millions of Dollars)
CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1935
Microcomponents 3,381 3,916 5,282 7,620 9,839 12421 29.7
Memory Total 4485 4,641 5,837 8868 12,535 20,530 35.6
Bipolar Memory 160 131 130 83 66 55 -19.2
MOS Memory 4,325 4,510 5,707 8,785 12,469 20,475 36.5
Logic/ASIC Total 4,101 4,070 4,287 5,549 6,323 7,528 12.9
Bipolar Logic 1,417 1,200 1,102 1,090 901 741 -12.2
MOS Logic 2,684 2,870 3,185 4,459 5,422 6,787 204
Analog ICs 2,404 2,397 2,689 3,304 3,820 3,995 10.7
Monolithic IC Total 14,371 15,024 18,095 25,341 32517 44474 25.3
Hybrid ICs 245 245 309 288 347 378 9.1
Total ICs 14616 15269 18,404 25,629 32,864 44,852 25.1
Discrete Devices 1,611 1,389 1,603 1,811 2,212 2,870 12.2
Optical Semiconductors 313 332 423 486 697 627 14.9
Total Semiconductor 16,540 16,990 20,430 27,926 35,773 48,349 23.9

Source: Dataquest (May 1996)

Table 4-2
Americas Semiconductor Market, Five-Year Revenue Forecast 1995-2000 (Revenue in
Millions of Dollars)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 12,421 14073 16,182 18,779 21,950 25,575 15.5
Memory Total 20,530 21,145 24,297 28,647 36,710 47,307 18.2
Bipolar Memory 55 40 33 27 20 17 -20.9
MOS Memory 20,475 21,105 24,264 28,620 36,690 47,290 18.2
Logic/ASIC Total 7,528 8,400 9,581 11,074 12,887 15,320 15.3
Bipolar Logic 741 675 576 504 422 360 -134
MOS Logic 6,787 7,725 9,005 10,570 12,465 14,960 17.1
Analog ICs 3,995 4,575 5,315 6,232 7,329 8,652 16.7
Monolithic IC Total 44474 48193 55375 64,732 78876 96,854 16.8
Hybrid ICs 378 345 352 370 385 400 1.1
Total ICs 44,852 48,538 55727 65,102 79,261 97,254 16.7
Discrete Devices 2,870 3,225 3,650 4,190 4,895 5,700 14.7
Optical Semiconductors 627 715 840 1,060 1,325 1,625 21.0
Total Semiconductor 48,349 52,478 60,217 70,352 85481 104,579 16.7
Source: Dataquest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13,1996
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Table 4-3
. Americas Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage
Revenue Growth over Preceding Year)
CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Microcomponents 20.9 15.8 34.9 4.3 2%.1 26.2 297
Memory Total -24.6 3.5 25.8 51.9 41.4 63.8 35.6
Bipolar Memory -11.1 -18.1 -0.8 -36.2 -20.5 -16.7 -19.2
MOQOS Memory -25.1 4.3 265 539 41.9 64.2 365
Logic/ASIC Total 5.8 -0.8 5.3 294 13.9 19.1 129
Bipolar Logic -2.6 -15.3 -8.2 -1.1 -17.3 -17.8 -122
MOS Logic 10.9 6.9 11.0 40.0 21.6 252 204
Analog ICs 8.0 -0.3 12.2 229 15.6 4.6 10.7
Monolithic IC Total -3.2 45 204 40.0 28.3 36.8 25.3
Hybrid ICs -35 0 26.1 -6.8 20.5 8.9 9.1
Total ICs -3.2 4.5 20.5 39.3 28.2 36.5 25.1
Discrete Devices -1.7 -13.8 154 13.0 2.1 29.7 122
Optical Semiconductors -49 6.1 274 149 434 -10.0 149
Total Semiconductor -3.1 27 20.2 36.7 281 35.2 239
Source: Dataguest (May 1996)
Table 4-4
. Americas Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage
Revenue Growth over Preceding Year)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 26.2 14.2 15.0 16.0 16.9 16.5 155
Memory Total 63.8 3.0 14.9 17.9 281 289 18.2
Bipolar Memory -16.7 -27.3 -17.5 -18.2 -25.9 -15.0 -20.9
MOS Memory 642 3.1 15.0 18.0 28.2 28.9 182
Logic/ ASIC Total 191 11.6 14.1 15.6 16.4 18.9 15.3
Bipolar Logic -17.8 -8.9 -14.7 -12.5 -16.3 -14.7 -13.4
MOS Logic 25.2 13.8 16.6 174 17.9 20.0 17.1
Analog ICs 4.6 14.5 16.2 17.3 17.6 18.1 16.7
Monolithic IC Total 36.8 8.6 14.9 16.9 21.9 228 16.8
Hybrid ICs 8.9 -8.7 2.0 5.1 4.1 3.9 11
. Total ICs 36.5 8.5 14.8 16.8 21.7 227 16.7
Discrete Devices 29.7 124 13.2 14.8 16.8 16.4 14.7
Optical Semiconductors ~10.0 14.0 17.5 26.2 25.0 226 21,0
Total Semiconductor 35.2 8.8 14.7 16.8 21.5 223 16.7
Source: Dataquest {(May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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The effect of the Americas forecast on the relative consumption by product

is shown in Figure 4-1. With 68 percent of the revenue in the Americas

stemming from microcomponents and memories, the Americas market is
highly dependent on the health of data processing. With lowered growth
expectations in these two product types, we expect that market shares will
hold more constant than in the past, with microcomponents actually los-
ing 1 percent over the next five years. Logic ICs will lose a 1 percent share
as bipolar logic declines.

Figure 4-1

Product Comparison, Americas Market, 1995 and 2000
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Chapter 5

Japan Forecast by Product Family

SPSG-WW-MT-9601

The five-year semiconductor forecast for the Japanese market is based on
the following assumptions:

® Growth had been accelerating in Japan after the disastrous revenue
decline in 1992, but this three-year growth period is slowing. A 36 per-
cent dollar growth in 1995 will be followed by a 2 percent decline in
1996. Although the past three years have had dollar revenue enhance-
ments because of the yen-to-dollar depreciation, the 1996 forecast
includes a dollar appreciation of 14 percent, turning a 12 percent yen-
based growth in 1996 to a 2 percent decline in dollars.

@ The Japanese market is fundamentally sound. PC growth in Japan will
drop from the 58 percent seen in 1995 to above 30 percent. The contin-
ued migration of electronic equipment manufacturing to Asia/Pacific
sites is a factor that will reduce revenue growth over the forecast period,
but this migration has been somewhat stunted by constraints in grow-
ing Asian infrastructures. The result of this migration is that the Japa-
nese market will drop from 28 percent of worldwide shipments in 1994
to slightly over 23 percent in the year 2000, a lower loss of share than
our past forecasts, because depreciation is expected to slow the rate of
migration.

B Microcomponents will show Japan's strongest product growth in 1996
as the MPU category is dominated by the dollar-based x86 devices from
Intel. The other product categories, more strongly supplied by domestic
suppliers in yen-based revenue, are impacted by the devalued dollar
exchange rate. The weak 1996/1995 growth of MCU, analog, optical
semiconductor, and discrete is due to sluggish consumer equipment
production.

® Microcomponents show the strongest five-year compounded growth in
Japan. The 21 percent compounded growth forecast for PC shipments in
Japan provides comparable growth for the MPU category. '

a MCU, analog IC, and optical semiconductor growth in Japan will be
reduced by the offshore production shift of consumer electronics, the
biggest application for these devices in Japan.

® MOS memory revenue will decline by 16 percent in dollars (negative
4 percent in yen). Even with strong PC growth, the bit growth will be
insufficient to bring revenue into positive growth as ASPs drop by half.
DRAM consumption in Japan has been pumped up by robust growth in
SIMM production, which will be impacted by any possible slowdown
in woridwide PC shipments. Prices are weakening for other memory
products like SRAM, flash, and MROMs.

m Optical semiconductors showed a 32 percent growth in 1995, a consid-
erable increase over the 21 percent seen in 1994. An explosive increase
in the consumption of optically oriented computer peripherals such as
CD-ROM players, scanners, and laser/LED printers has helped to fuel
this growth over the past two years. This growth will be blunted in 1996
and beyond as this multimedia frenzy slows. It is not expected that new
growth opportunities in DVD will be seen in the optical semiconductor
category until the end of the forecast period (the year 2000).

©1996 Dataquest 15
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Tables 5-1 through 5-4 provide details on the Japanese semiconductor
market. .
Table 5-1

Japanese Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in
Millions of Dollars)

CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1995
Microcomponents 2,974 3,579 3,269 3,987 5,603 7,829 214
Memory Total 4,390 4,393 4,175 5,697 7,344 12,337 23.0
Bipolar Memory 194 165 138 127 98 82 -15.8
MOS Memory 4,196 4,228 4,037 5,570 7,246 12,255 239
Logic/ASIC Total 4,931 5,351 4,849 5712 7111 8,772 12.2
Bipolar Logic 1,441 1,277 1,016 1,001 1,118 988 7.3
MOS Logic 3,490 4,074 3,833 4,711 5,993 7,784 17.4
Analog ICs 2,723 3,094 2,903 3,278 4,048 4,744 1.7
Monolithic IC Total 15,018 16,417 15,196 18,674 24,106 33,682 17.5
Hybrid ICs 776 860 750 820 889 1,034 59
Total ICs 15,794 17,277 15,946 19,494 24,995 HM.716 17.1
Discrete Devices 2,969 3,432 3,077 3,423 3,916 4,681 9.5
Optical Semiconductors 1,494 1,787 1,556 1,728 2,097 2,767 13.1
Total Semiconductor 20,257 22,496 20,579 24,645 31,008 42,164 15.8
Source; Dataquest (May 1906)
Table 5-2

Japanese Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 1995-2000

Microcomponents 7,829 8558 10,130 12,001 14,286 16,934 16.7
Memory Total 12,337 10409 11,853 13481 17,163 22,162 12.4
Bipolar Memory B2 63 60 55 49 45 -11.3
MOS Memory 12,255 10,346 11,793 13,426 17,114 22,117 12.5
Logic/ASIC Total 8,772 8,934 9,663 10919 12,501 14,180 10.1
Bipolar Logic 988 824 637 546 486 437 -151
MOS Logic 7,784 8,110 9,026 10373 12,015 13,743 12.0
Analog ICs 4,744 4,801 4,846 5,331 5,922 6,612 6.9
Monolithic IC Total 33,682 32702 36492 41,732 49872 59,888 12.2
Hybrid ICs 1,034 1,045 1,075 1,075 1,075 1,075 0.8
Total ICs 34,716 33747 37567 42,807 50,947 60,963 11.9
Discrete Devices 4,681 4,708 4,845 5,232 5,813 6,641 72
-Optical Semiconductors 2,767 2,789 2,874 3,105 3452 4,089 8.1
Total Semiconductor 42,164 41244 45286 51,144 60,212 71,693 11.2

Source: Dataquest (May 1996)

SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Table 5-3
. Japanese Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage
Revenue Growth over Preceding Year)
CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1995
Microcomponents 11.7 20.3 -8.7 22.0 40.5 39.7 214
Memory Total -24.6 0.1 -5.0 36.5 28.9 68.0 230
Bipolar Memory 16 -14.9 -16.4 -8.0 2.8 -16.3 -15.8
MOS Memory -255 0.8 -4.5 38.0 30.1 69.1 23.9
Logic/ASIC Total 27 8.5 -9.4 17.8 24.5 234 12.2
Bipolar Logic -11 -114 -20.4 -1.5 11.7 -11.6 -7.3
MOS Logic 43 16.7 -5.9 229 27.2 29.9 17.4
Analog ICs -0.4 13.6 -6.2 129 235 17.2 n.z
Moneolithic IC Total -6.2 9.3 74 229 29.1 39.7 17.5
Hybrid ICs -7.7 10.8 -12.8 9.3 8.4 16.3 59
Total ICs -6.3 9.4 -7.7 223 28.2 389 17.1
Discrete Devices -3.6 15.6 -10.3 1.2 14.4 19.5 9.5
Optical Semiconductors -3.7 19.6 -12.9 11.1 21.4 32.0 131
Total Semiconductor -57 1.1 -8.5 19.8 25.8 36.0 15.8
Source: Dataquest (May 1996}
Table 5-4
. Japanese Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage
Revenue Growth over Preceding Year)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 39.7 2.3 18.4 18.5 19.0 18.5 16.7
Memory Total 68.0 -15.6 13.9 13.7 273 29.1 124
Bipelar Memory -16.3 -23.2 -4.8 -8.3 -10.9 -8.2 -11.3
MOS Memory 69.1 -15.6 14.0 13.8 27.5 29.2 12.5
Logic/ASIC Total 234 1.8 8.2 13.0 14.5 13.4 10.1
Bipolar Logic -11.6 -16.6 227 -14.3 -11.0 -10.1 -15.1
MOS Logic 29.9 4.2 11.3 14.9 15.8 14.4 12.0
Analog ICs 17.2 1.2 0.9 100 11 nz 6.9
Monolithic IC Total 39.7 29 11.6 14.4 19.5 201 12.2
Hybrid ICs 16.3 11 29 0 0 0 0.8
Total ICs 389 2.8 1.3 13.9 19.0 19.7 11.9
Discrete Devices 19.5 * 0.6 2.9 8.0 11.1 14.2 72
Optical Semiconductors 32.0 0.8 3.0 8.0 11.2 18.5 8.1
Total Semiconductor 36.0 -2.2 9.8 12.9 17.7 19.1 nz2
Source: Dataguest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Figure 5-1 illustrates the effect of the Japanese market forecast on the rela-

tive consumption by product. The figure highlights three main trends. .
First, microcomponents are expected to track PC growth in Japan. Second,
memory IC price erosion will hold memory growth down over the fore-

cast period. Third, the non-DRAM, non-MPU devices will decline in mar-

ket share as these devices increasingly move toward offshore equipment
production. With a memory and microcomponent market share that is 20

percent less than that of the Americas, the Japanese market has had less
dependence on the PC. Personal computers will make strong gains in the
Japanese market in the coming years.

Figure 5-1
Product Comparison, Japanese Market, 1995 and 2000

1995 2000
Optical Semiconductors (6.6%) Optical Semiconductors (5.7%)
Hybrid IC (2.5%) Hybrid IC (1.5%)
|
|
2‘?{?}3 Microcomponent
’ (18.6%) Microcomponent
\ (23.6%)
Analog/ S
Mixed
(11.3%) Memory .
(29.1%) Logic/ASIC Memory

(19.8%) (30.9%)

Logic/ASIC
(20.8%)

Total = $42.2 Billion Total = $71.7 Blllion

Source: Dataquest (May 1996)
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. Chapter 6
Europe Forecast by Product Family

The five-year semiconductor forecast for the European market, shown on
the following pages, is based on these assumptions:

m With two consecutive years of growth exceeding 35 percent, the Euro-
pean market has shown considerably more strength than we had
expected. This growth, based on the PC and personal communications
booms, is expected to moderate in 1996.

m The European PC market, which grew by 25 percent in 1995, is still
expected to do more than 20 percent in 1996, Declining prices for
DRAM will limit the semiconductor ride on this boom, however.

® DRAM revenue will be flat in 1996, Double-digit growth will return in
1997, although at a compounded rate below 20 percent. The more stable
prices seen in 1997 will result in DRAM revenue growth consistent with
PC unit growth (17 percent).

® MCU growth continued strongly into 1995, with revenue growth
exceeding 40 percent. ASP erosion and a slowing of demand will limit
revenue growth in 1996, and beyond, to less than 20 percent.

m Shortages in discrete products enhanced the marketin 1994 and 1995 as
ASPs were kept high. In 1995, a 45 percent annual growth more than
doubled the 19 percent seen in 1994. Discrete growth will drop into
. lower growth in 1996 (10 percent) and beyond (11 percent CAGR, 1995
through 2000).

Tables 6-1 through 6-4 provide details on the European semiconductor
market.

Figure 6-1 illustrates the consumption by product changes for the Euro-
pean market over the forecast period. Unlike past years of memory and
microcomponent market incursion, the product mix remains fairly consis-
tent over the forecast period. By the year 2000, microcomponents and
memory ICs are expected to account for 62 percent of semiconductor ship-
ment revenue, up slightly from the 60 percent of 1995. The growth in
microcomponents derives from all segments of the microcomponent cate-
gory, the MPUs and microperipherals (MPRs) in computers and the micro-
controller (MCU) and digital signal processor (DSP) ICs used in
communications and consumer products.

SPSG-WW-MT-9601 ©1996 Dataquest 18
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Table 6-1
European Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in
Millions of Dollars)
CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1995
Microcomponents 1,802 2,082 2,723 4037 5,408 7,009 312
Memory Total 2,105 2,172 2,698 4,067 6,602 9,990 36.5
Bipolar Memory 55 43 38 27 28 19 -19.2
MOS Memory 2,050 2,12% 2,660 4,040 6,574 9,971 372
Logic/ ASIC Total 1,882 2,085 2,137 2,299 2,659 3,243 115
Bipolar Logic 510 443 388 363 329 291 -10.6
MOS Logic 1,372 1642 1,749 1,936 2,330 2,952 16.6
Analog ICs 2,169 2,184 2,249 2,736 3,370 4,127 13.7
Monmnolithic IC Total 7,958 8,523 9,807 13,139 18,039 24,369 25.1
Hybrid ICs 157 178 151 179 178 239 88
Total ICs 8,115 8701 9,958 13,318 18,217 24,608 248
Discrete Devices 1,895 1,828 1,826 1,769 2,108 3,053 10.0
Optical Semiconductors 405 485 434 374 575 680 109
Total Semiconductor 10,415 11,014 12,218 15,461 20,900 28,341 222

Source: Dataquest {(May 1996}

Table 6-2

European Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in

Millions of Dollars)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 7.009 8,503 9,775 11,365 13,454 15,437 17.1
Memory Total 9,990 10,321 11,962 13,917 16,728 19,919 14.8
Bipolar Memory 19 13 13 10 9 8 -15.9
MOS Memory 9,971 10,308 11,949 13,907 16,719 19,911 14.8
Logic/ASIC Total 3,243 3,621 3,974 4,540 5,250 6,175 13.7
Bipolar Logic 291 251 203 174 151 134 - -14.4
MOS Logic 2,952 3,370 3,771 4,366 5,099 6,041 154
Analog ICs 4,127 4,630 5,306 6,049 7,149 8,580 15.8
Monolithic IC Total 24,369 27,075 31,017 35,871 42,581 50,111 15.5
Hybrid ICs 239 249 245 248 258 263 1.9
Total ICs 24,608 27,324 31,262 36,119 42,839 50,374 154
Discrete Devices 3,053 3,367 3,603 3,985 4,491 5,178 11.1
Optical Semiconductors 680 788 869 975 1,103 1,276 134
Total Semiconductor 28,341 31,479 35,734 41,079 48433 56,828 14.9
Source: Datagquest (May 1996)
SPSG-WW-MT-9601 . ©1996 Dataquest May 13, 1996
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Table 6-3
. European Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage
Revenue Growth over Preceding Year)
CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1995
Microcomponents 250 15.5 30.8 483 340 29.6 31.2
Memory Total -15.4 3.2 242 50.7 62.3 51.3 36.5
Bipolar Memory +22.5 -21.8 -11.6 -28.9 3.7 -32.1 -19.2
MOS Memory -15.2 3.9 249 51.9 62.7 51.7 37.2
Logic/ASIC Total -3.4 10.8 25 7.6 15.7 22.0 11.5
Bipolar Logic 83 <131 -124 6.4 9.4 -11.6 -10.6
MOS Logic -1.4 19.7 6.5 10.7 204 26.7 16.6
Analog ICs 39.4 0.7 3.0 2.7 232 225 13.7
Monotlithic IC Total 7.0 71 15.1 340 37.3 35.1 25.1
Hybrid ICs 154 134 -15.2 18.5 0.6 34.3 8.8
Total ICs 7.2 7.2 14.4 33.7 36.8 35.1 248
Discrete Devices 204 -3.5 -0.1 -3.1 19.2 44.8 10.0
Optical Semiconductors 14.4 19.8 -10.5 -138 53.7 18.3 109
Total Semiconductor 2.7 58 10.9 26.5 35.2 35.6 222
Source: Dataquest (May 1996)
Table 6-4
. European Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage
Revenue Growth over Preceding Year)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 29.6 213 15.0 16.3 18.4 147 17.1
Memory Total 51.3 33 159 16.3 20.2 19.1 14.8
Bipolar Memory ~32.1 -31.6 0 -231 -10.0 -11.1 -15.9
MQOS Memory 51.7 3.4 159 16.4 20.2 19.1 14 8
Logic/ASIC Total 22.0 1.7 9.7 14.2 15.6 17.6 13.7
Bipolar Logic ~11.6 -13.7 -19.1 -14.3 -13.2 -11.3 -14.4
MOS Logic 26.7 14.2 11.9 15.8 16.8 18.5 15.4
Analog ICs 225 12.2 14.6 14.0 18.2 20.0 15.8
Monelithic IC Total 351 11.1 14.6 15.6 18.7 17.7 15.5
Hybrid ICs 343 4.2 -1.6 1.2 4.0 1.9 1.9
Total ICs 35.1 11.0 14.4 15.5 18.6 17.6 154
Discrete Devices 44.8 10.3 7.0 10.6 12.7 153 11.1
Optical Semiconductors 18.3 159 10.3 12.2 13.1 15.7 13.4
Total Semiconductor 35.6 11 135 15.0 178 17.3 14.9
Source: Dataquest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Figure 6-1
Product Comparison, European Market, 1995 and 2000

1995 2000
Optical Semiconductors (2.4%) Optical Semiconductors (2.2%)
| |

Hybrid IC (0.8%) Hybrid IC (0.5%)

: Discrete
Discrete
(10.8%) (9'1%}
\ Microcomponent | Microcomponent

(24.7%)

Analog/Mixed (27.2%)

Analog/Mixed (15.1%)

(14.6%)

Logic/ASIC
(10.9%)

Logic/ASIC
(11.4%)

Memory
(35.0%)

Total = $28.3 Billion Total = $56.8 Blilion
i 962509

Source: Dataquest (May 1996)
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D Asia/Pacific Forecast by Product Familyoooo o

The five-year forecast for the Asia/Pacific region shown on the following
pages is based on the following assumptions:

8 The PC business was slower than expected in 1995 and will slow again
in 1996. DRAM, SRAM, and MPU growth have been reduced in 1996.
The combined MOS memory growth will decline to 10 percent after
74 percent in 1995. Microcomponent growth will drop from 30 percent
in 1995 to 21 percent in 1996,

W Decreasing ASPs, down 40 percent over those of 1995, will offset much
of the bit growth in Asia/Pacific, reducing DRAM revenue growth
below 10 percent in 1996.

® SRAM ASPs are declining, but not falling. SRAM revenue growth will
drop to less than half of the 60 percent growth seen in 1995.

® Asia/Pacific's microprocessor market is almost totally dominated by
x86 architectures. With ever-shortening PC life cycles, most PC products
are shipped without the MPU on-board—92 percent of motherboards,
83 percent of desktop PCs, and 80 percent of notebook computers from
Taiwan are shipped this way. This trend will continue over the forecast
period.

@ China and the southern Asia/Pacific regions have shown strong growth
in telecom and consumer equipment. High-end telecommunications
. equipment is being built in China, and the shipment of pagers and cel-
lular phones continues to expand.

# A strengthening yen continues to drive electronic equipment produc-
tion out of Japan and into the Asia/Pacific region. This production shift
enhances the Asia/Pacific growth that comes with the growth of its
own consuming markets. As a semiconducter consuming region, Asia/
Pacific will pass Japan in 1998.

Tables 7-1 through 7-4 provide details on the Asia/Pacific semiconductor
market.

Figure 7-1 shows the impact of the five-year product forecast on the rela-
tive shares of the total Asia/Pacific market. The combined memory-micro-
component IC share increased from 56 percent of the market in 1994 to

61 percent in 1995, Like the three other geographical regions, Asia/Pacific
will see little gain in the memory-microcomponent market (to 64 percent
in 2000) as prices correct and the PC market slows. Analog and logic ICs,
less affected by price erosion, will maintain market position.

SPSG-WW-MT-9601 ©1996 Dataquest 28
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Table 7-1
Asia/Pacific Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in
Millions of Dollars)
CAGR (%)
1990 1991 1992 1993 1994 1995 1990-1995
Microcomponents 1,427 2,197 3,085 4,303 5,558 7,254 384
Memory Total 1,579 1,991 2,916 4918 7,223 12,564 514
Bipolar Memory 22 17 12 7 7 4 -28.9
MOS Memory 1,557 1,974 2,904 4,911 7,216 12,560 51.8
Logic/ASIC Total 1,268 1,466 1,645 2,396 2,728 3,418 219
Bipolar Logic 374 352 369 381 365 317 -3.3
MOS Logic 894 1,114 1,276 2,015 2,363 3,101 282
Analog ICs 1,549 1,842 2,339 3,195 4,025 4,741 25.1
Monolithic IC Total 5,823 7,496 9,985 14,812 19,534 27,977 36.9
Hybrid ICs 111 112 125 176 251 284 207
Total ICs 5,934 7,608 10,110 14,988 19,785 28,261 36.6
Discrete Devices 1,199 1,386 1,649 2,080 2,527 3419 23.3
Optical Semiconductors 200 200 275 418 520 737 29.8
Total Semiconductor 7,333 9,194 12,034 17,486 22,832 32417 346
Source: Dataguest (May 1996)
Table 7-2
Asia/Pacific Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 7,254 8811 10437 12,740 15842 - 19,699 221
Memory Total 12,564 13,874 16,101 19,053 23,065 29,292 184
Bipolar Memory 4 3 2 1 1 1 -24.2
MOS Memory 12,560 13,871 16,099 19,052 23,064 29,291 185
Logic/ASIC Total 3,418 3,955 4,474 5373 6,574 8,073 18.8
Bipolar Logic 317 262 28 191 160 135 -15.7
MOS Logic 3,10 3,693 4,246 5,182 6,414 7,938 20.7
Analog ICs 4,741 5,556 6,231 7.535 9,131 11,067 18.5
Monolithic IC Total 27,977 32,196 37,243 44,701 54,612 68,131 19.5
Hybrid ICs 284 308 337 337 337 a3z 3.5
Total ICs 28,261 32,504 37,580 45,038 54,949 68,468 19.4
Discrete Devices 3419 4,000 4419 5074 5,845 6,732 14.5
Optical Semiconductors 737 907 1,005 1,146 1,327 1,536 15.8
Total Semiconductor 32,417 37411 43,004 51,258 62,121 76,736 18.8
Source: Dataquest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Table 7-3

. Asia/Pacific Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage
Revenue Growth over Preceding Year)

CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Microcomponents 57.2 54.0 404 39.5 29.2 305 384
Memory Total -1.6 26.1 46.5 68.7 46.9 73.9 514
Bipolar Memory 222 -22.7 -294 -41.7 0 -42.9 -28.9
MOS Memory <19 26.8 471 69.1 46.9 741 51.8
Logic/ASIC Total 2.7 15.6 122 45.7 139 253 219
Bipolar Logic -3.1 -5.9 4.8 3.3 4.2 -13.2 -3.3
MOS Logic 16.1 24.6 14.5 57.9 17.3 31.2 282
Analog ICs 215 18.9 270 36.6 26.0 17.8 251
Monolithic IC Total 17.8 28.7 33.2 48.3 31.9 43.2 36.9
Hybrid ICs -19.0 0.9 116 40.8 42,6 13.1 20.7
Total ICs 16.8 282 329 48.2 32.0 42.8 36.6
Discrete Devices 16.7 15.6 19.0 26.1 21.5 35.3 23.3
Optical Semiconductors 16.3 0 375 52.0 24.4 141.7 29.8
Total Semiconductor 168 25.4 30.9 453 30.6 42.0 34.6
Source; Dataquest (May 1996}
Table 74

. Asia/Pacific Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage
Revenue Growth over Preceding Year)

CAGR (%)
1995 1996 1997 1998 1999 2000  1995-2000
Microcomponents 30.5 215 18.5 221 24.3 24.3 22.1
Memory Total 739 104 16.1 18.3 211 27.0 184
Bipolar Memory -42.9 -25.0 -33.3 -50.0 0 0 -24.2
MOS Memory 741 10.4 16.1 18.3 21.1 27.0 18.5
Logic/ASIC Total 25.3 15.7 13.1 20.1 224 228 18.8
Bipolar Logic -13.2 -17.4 -13.0 -16.2 -16.2 -15.6 -15.7
MOS Logic 312 19.1 15.0 220 23.8 238 207
Analog ICs 17.8 17.2 12.1 20.9 212 21.2 185
Monolithic IC Total 43.2 15.1 15.7 20.0 2.2 24.8 19.5
Hybrid ICs 13.1 8.5 94 0 0 0 35
Total ICs 42.8 15.0 15.6 19.8 220 246 194
Discrete Devices 353 17.0 10.5 14.8 15.2 15.2 14.5
Optical Serniconductors 417 23.1 10.8 14.0 15.8 15.7 15.8
Total Semiconductor 42.0 154 15.0 19.2 212 235 18.8
Source: Dataquest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Figure 7-1
Product Comparison, Asia/Pacific Market, 1995 and 2000
1995 2000
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Hybrid IC (0.9%) Hybrid IC (0.4%)
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Source: Dataquest (May 1996)
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Chapter 8
i Forecast hy Protic] m——

Chapter 2 provided a brief discussion of the semiconductor product fami-
lies. This chapter focuses on the individual products and summarizes the
regional splits for each product category.

Figure 8-1 graphs the worldwide forecast by category for the forecast
period. A major change to the forecast is the flat memory growth seen in
1996—a departure from last year's forecast, where we expected decelerat-
ing growth, but growth nevertheless. After this three-year correction
period, memory revenue will again outpace microcomponent revenue
growth, widening the gap toward the end of the forecast period.

Each of these major product categories is discussed in the following sec-
tions, and a regional forecast table is provided.

Microcomponent ICs

After six consecutive years of growth exceeding 20 percent, microcompo-
nent growth is slowing. Growth will drop below 20 percent in 1996 and
remain in the high teens for the duration of the forecast. The PC market is
slowing somewhat and will post growth under 20 percent worldwide over
the coming five years. Microprocessor ASPs will not rise as rapidly as in
the recent past, and the slowing growth of PCs and multimedia peripher-
als will limit microperipheral growth. Communications and digital enter-
tainment will keep DSP growth above 20 percent compounded.

. Microcontrollers continue to find new homes in every conceivable elec-
tronic product and will help hold the microcomponent CAGR near 18 per-
cent. Table 8-1 shows the microcomponent growth by region for the
coming five years, with some product detail presented below.

Figure 8-1
Worldwide Semiconductor Forecast by Product
Billions of Dollars
120 E
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— MOS Logic
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e ——— ————— Analog
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9682911

Source: Dataquest (May 1996)
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Table 8-1
Microcomponent IC Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars)

CAGR (%)
1995 1996 1997 1998 1999 2000  1995-2000

Americas 12421 14,073 16,182 18,779 21,950 25,575 15.5
Japan 7,829 8,558 10,130 12,001 14,286 16,934 16.7
EBurope 7,009 8,503 9,775 11,365 13,454 15,437 17.1
Asia/Pacific 7,254 8,811 10,437 12,740 15,842 19,699 221

Microcomponent IC Total 34,513 39,945 46,524 54,885 65,532 77,645 17.6
Source: Dataquest (May 1996)

Memory ICs

By accounting for 28 percent of total semiconductor revenue, DRAM has
had an enormous effect on total semiconductor growth. With an 82 percent
DRAM revenue growth in 1995, the semiconductor market grew by

37 percent; excluding DRAM revenue growth, all other semiconductor
products showed a combined growth of 25 percent. In 1996, Dataquest
anticipates no DRAM growth, a problem that will limit total semiconduc-
tor growth to 8 percent even as non-DRAM devices will grow by 14 per-
cent on average.

Memory IC demand will continue unabated in 1996. The only difference is
that we are in oversupply and prices have declined precipitously. The year
1996 marks the end of the DRAM shortage and the return to the "normal”
declining price-per-bit scenario. Bit growth is expected to be substantial
but not sufficient to counter the large price-per-bit declines that have
dropped price-per-megabyte below $14. A compounded revenue growth
rate of 17 percent for DRAM over the 1995-through-2000 period, aithough
a drop from the past five years, will allow DRAM to grow faster than the
semiconductor market and account for more than 30 percent of the semi-
conductor revenue in the year 2000. The five-year compounded growth for
memory ICs has dropped to 16.5 percent. Despite a drop in revenue in
Japan in 1996, all four regions will show double-digit CAGRs over the
forecast period. Table 8-2 shows the memory IC forecast by region.

Table 8-2 :
Memory IC Market by Region, Five-Year Revenue Forecast, 1995-2000 (Revenue i
Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000  1995-2000

Americas 20530 21,145 24,297 28,647 36,710 47,307 18.2
Japan 12,337 10,409 11,853 13,481 17,163 22,162 124
Europe 9990 10321 11,962 13,817 16,728 19,919 14.8
Asia/Pacific 12,564 1387¢ 16,101 19053 23,065 29,292 18.4
Memory IC Total 55,421 55749 64,213 75,098 93,666 118,680 16.5

Source: Dataquest {(May 1996)
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Logic ICs

Logic ICs include a broad and dissimilar set of products. These products
can be cut by standard or ASIC, bipolar or MOS, A traditional cut used in
this forecast is that of process technology—bipolar logic and MOS logic,
which more or less track an "old versus new” division. After a two-year
respite from rapidly declining revenue in 1993 and 1995, bipolar logic
returned to a 14 percent decline in 1995, a "normal"” rate that we expect to
continue into 1996 and beyond.

MOS logic showed a 28 percent growth in revenue in 1995 after 27 percent
in 1994. We expect growth to drop io eleven percent in 1996 and then settle
into a long-term 16 percent growth rate driven by the still strong MOS pro-
grammable logic device (PLD), MOS gate array, and MOS cell-based prod-
ucts. MOS ASIC is the major driver of the MOS logic category. The total
logic data combines both bipolar and MOS logic, giving an aggregate
growth of 22 percent for 1995 and a five-year CAGR of 14 percent over the
forecast period. Table 8-3 gives the combined logic forecast.

Analog ICs

Consumer entertainment products, being largely audio and video, are
intrinsically analog in nature and have typically consumed about 40 per-
cent of all analog ICs. The big declines seen in 1992 in the consumer mar-
ket, especially in Japan and Europe, severely impacted the growth of
analog ICs, resulting in a growth of only 6 percent. Since 1992, analog ICs
have shown a consistent 23 percent annual growth. In 1995, we saw a drop
from this trend, with a 15 percent growth.

Analog ICs show a very equal distribution among the four regions, with
the Americas having the smallest share at 23 percent and Japan the largest
at 27 percent. This distribution is changing as consumer equipment manu-
facturing increasingly migrates to Asia/Pacific sites. The increasing pres-
ence of analog ICs in computer and communications applications is
stabilizing growth in the Americas and Europe. Table 8-4 shows the analog
IC growth rate by region over the forecast period.

Total Monolithic ICs

The combination of microcomponent, memory, logic, and analog ICs gives
the total monolithic IC market. The five-year forecast for this summary
category is shown in Table 8-5.

Table 8-3 :
Logic IC Market by Region, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 1995-2000

Americas 7,528 8,400 9,581 11,074 12,887 15320 15.3
Japan 8,772 8,934 9663 10919 12,501 14,180 10.1
Europe 3,243 3,621 3,974 4,540 5,250 6,175 13.7
Asia/Pacific 3,418 3,955 4,474 5,373 6,574 8,073 18.8
Logic IC Total 22,961 24,910 27,692 31,906 37,212 43,748 13.8

Source: Dataquest (May 1996)
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Table 8-4 .
Analog IC Market by Region, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000  1995-2000

Americas 3,995 4,575 5,315 6,232 7,329 8,652 16.7

Japan 4,744 4,801 4,846 5,331 5,922 6,612 6.9

Europe 4,127 4,630 5,306 6,049 7,149 8,580 158

Asia/Pacific 4,741 5,556 6,231 7,635 9,131 11,067 18.5

Analog IC Total 17,607 19562 21,698 25,147 29,531 34,911 14.7
Source: Dataquest (May 1996)

Table 8-5

Total Monolithic IC Market by Region, Five-Year Revenue Forecast, 1995-2000 (Revenue
in Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000  1995-2000

Americas 44,474 48193 55,375 64,732 78,876 96,854 16.8
Japan 33,682 32,702 36492 41,732 49,872 59,888 122
Europe 24,369 27,075 31,017 35,871 42,581 50,111 15.5
Asia/Pacific 27,977 32,196 37,243 44,701 54612 68,131 19.5
Monolithic IC Total 130,502 140,166 160,127 187,036 225941 2749%4 16.1

Source; Datagquest (May 1996)

Discrete Devices

Discrete devices showed a 30 percent revenue growth in 1995. Although
the discrete device category has been losing market share because of the
relentless integration of components, this category remains viable because
power and RF devices are not readily integrated. Power transistors repre-
sent about one-third of discrete revenue and are expected to lead the dis-
crete growth with a 14 percent CAGR. Table 8-6 gives the discrete forecast
by region. The growing use of power discrete devices in power control
and communications applications in the Americas has brought the com-
pounded Americas growth rate back into double digits.

Table 8-6
Discrete Device Market by Region, Five-Year Revenue Forecast, 1995-2000 (Revenue in
Millions of Dollars}

CAGR (%)

1995 1996 1997 1998 1999 2000 1995-2000

Americas 2,870 3,225 3,650 4,190 4,895 5,700 14.7
Japan 4,681 4,708 4,845 5232 5813 6,641 72
Europe 3,053 3,367 3,603 3,985 4491 5,178 111
Asia/Pacific 3419 4,000 4,419 5,074 5,845 6,732 145
Discrete Devices Total 14,023 15,300 16,517 18,481 21,044 24,251 11.6

Source: Dataquest (May 1996)
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Optical Semiconductors

Table 8-7

Even more than analog ICs or discrete devices, optical semiconductors
find their primary market in consumer entertainment products. With scan-
ners and copiers using charge-coupled devices (CCDs), CD-ROMs using
laser diodes, and optical-fiber data links using semiconductor receivers
and transmitters, the data processing market is showing an increasing
impact on the optical semiconductor market. This impact was seen as a
24 percent revenue growth in 1995, Growth in 1996 is anticipated to be

8 percent as the computer peripherals and consumer markets slow. Laser
diodes have continued to lead the growth in this category; 1996 shows a
36 percent revenue growth for this product type. The optical semiconduc-
tor forecast by region is given in Table 8-7.

Optical Semiconductor Market by Region, Five-Year Revenue Forecast, 1995-2000
(Revenue in Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000  1995-2000

Americas 627 715 840 1,060 1,325 1,625 21.0

Japan 2,767 2,789 2,874 3,105 3,452 4,089 8.1

Europe 680 788 869 975 1,103 1,276 13.4

Asia/Pacific 737 907 1,005 1,146 1,327 1,536 15.8

Optical Semiconductors 4,811 5199 5,588 6,286 7,207 8,526 12.1
Total

Source: Dataquest (May 1996)
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Digital MOS and Bipolar IG Forecast

The five-year IC forecast includes the process categories of MOS digital
and bipolar digital ICs. This process split is still important for the logic IC
category but is of decreasing importance for the memory IC category. For
microcomponent ICs, the bipolar subsegment has become fairly irrelevant
and is no longer reported or forecast separately.

The forecast data for digital ICs, by process, is plotted in Figure 9-1. The
graph shows that the bipolar portion of the digital IC market is declining
at a 12 percent CAGR over the forecast period. By the year 2000, bipolar
digital ICs will have declined to less than 0.5 percent of the total digital IC
market.

Tables 9-1 and 9-2 show the five-year history and forecast, respectively, for
the bipolar and MOS portions of the three main digital IC categories. It can
be seen that, as a memory IC process technology, bipolar has been in a
rapid slide that is slowing as revenue becomes insignificant. Bipolar logic
ICs accounted for 14 percent of logic IC revenue in 1994. By 2000, it is
expected that bipolar logic will represent less than 3 percent of the logic IC
revenue.

. Figure 9-1
MOS versus Bipolar Forecast

Biltions of Dollars

1,000
.--"'""——_—_
MOS e ———TT
1 ) pai——
00 ’——#____.--"‘
.—__,-l"‘
——-_-_-—-
10—
\\Bipo!ar;
1 T 7 T T T 1 T q

I 1
1980 1891 1992 1993 1984 1895 1996 1997 1998 1999 2000
962012

Source: Dataquest (May 1996)

SPSG-WW-MT-9601 ©1996 Dataquest. 33



34 Semiconductor Supply and Pricing Worldwide

Table 9-1
Semiconductor Market by Process Technology, Six-Year Revenue History, 1990-1995 .
(Revenue in Millions of Dollars)
CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Bipolar Total 4,173 3,628 3,193 3,079 2,912 2,497 9.8
Bipolar Memory 431 356 318 244 199 160 -18.0
Bipolar Logic 3,742 3,272 2,875 2,835 2,713 2,337 -9.0
MOS Total 30,152 34,315 39,710 56,374 76,021 110,298 29.6 i
MOS Micro 9584 11,774 14,359 19947 26408 34,513 292
MOS Memory 12,128 12,841 15,308 23,306 33,505 55,261 354
MOS Logic 8,440 9700 10,043 13,121 16,108 20,624 19.6
Total Digital IC 34,325 37,943 42,903 59,453 78933 112,895 269

Source: Dataguest (May 1996)

Table 9-2
Semiconductor Market by Process Technology, Five-Year Revenue Forecast, 1995-2000
(Revenue in Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000  1995-2000

Bipolar Total 2,497 2,131 1,752 1,508 1,298 1,137 -14.6
Bipolar Memory 160 119 108 93 79 71 -15.0
Bipolar Logic 2337 2012 1644 1415 1219 1,066 -14.5
MOS Total 110,298 118473 136,677 160,381 195112 238,936 16.7
MOS Micro 34,513 39945 46,524 54,885 65532 77,645 17.6
MOS Memory 55261 55630 64,105 75005 93587 118,609 16.5
MOS Logic 20,624 22,898 26,048 30,491 35,993 42,682 15.7
Total Digital IC 112,895 120,604 138429 161,889 196410 240,073 16.3

Source: Dataguest (May 1996)
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Appendix A
L Japanese Revenue History and Forecast in Yen

Revenue growth in shipments to the Japan region differs according to
whether the dollar or yen is used as the currency basis. As the dollar has
typically weakened against the yen, Japanese growth has often been
inflated by this exchange rate change. Figure A-1 shows the annual
growth in each of these two currencies over both the historical 1988-
through-1995 period and the forecast 1996-through-2000 period. Because
Dataquest does not forecast exchange rates, the forecast growth rates are
the same.

The following tables show the yen-based revenue shipment data for the
Japan region. Tables A-1 and A-2 provide the Japanese revenue history
and forecast, respectively, in yen. The historical exchange rates are shown
at the bottom of these tables. Tables A-3 and A-4 show the annual growth
associated with the year-to-year revenue growth. The rate of dollar appre-
ciation against the yen for the period from 1990 through 1995 is shown at
the bottom of Table A-3. Over the past five years, the dollar has declined in
value, inflating the revenue growth of the Japanese market in dollars.

Figure A-1
Comparison of Revenue Shipment Growth in the Japan Region—Dollars versus Yen
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Table A-1
Japanese Semiconductor Market, Six-Year Yen Revenue History, 1990-1995 (Revenue in
Billions of Yen)
CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Microcomponents 428 487 413 443 570 735 114
Memory Total 632 597 528 634 748 1,158 12.9
Bipolar Memory 28 22 17 14 10 8 -22.7
MOS Memory 604 575 510 619 738 1,151 13.8
Logic/ASIC Total 710 728 613 635 724 824 3.0
Bipolar Logic 208 174 128 11 114 923 -14.9
MOS Logic 503 554 485 524 610 731 7.8
Analog ICs 392 421 367 365 412 445 2.6
Monolithic IC Total 2,163 2,233 1,922 2,077 2454 3,163 7.9
Hybrid ICs 112 117 95 91 91 97 -2.8
Total ICs 2,274 2,350 2,016 2,168 2,545 3,260 7.5
Discrete Devices 428 467 389 381 399 440 0.6
Optical Semiconductors 215 243 197 192 213 260 3.8
Total Semiconductor 2,917 3,059 2,602 2,741 3,157 3,959 6.3
Yen/U.5.% Exchange Rate 14400 13600 12645 111.20  101.81 93.90

Source: Dataquest (May 1996)

Table A-2

Japanese Semiconductor Market, Five-Year Yen Revenue Forecast, 1995-2000 (Revenue

in Billions of Yen)

CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 733 916 1,084 1,285 1,529 1,813 19.8
Memory Total 1,158 1,114 1,269 1,443 1,837 2,372 154
Bipolar Memory 8 7 6 6 5 5 9.0
MOS Memory 1,151 1,108 1,262 1,437 1,832 2,368 15.5
Logic/ASIC Total 824 956 1,034 1,169 1,338 1,518 13.0
Bipolar Logic 93 88 68 58 52 47 -12.8
MOS Logic 731 868 966 1,110 1,286 1,471 15.0
Analog ICs 445 514 519 571 634 708 9.7
Monolithic IC Total 3,163 3,501 3,906 4,467 5,339 6,411 15.2
Hybrid ICs 97 112 15 115 115 115 35
Total ICs 3,260 3,613 4,022 4,582 5454 6,526 14.9
Discrete Devices 440 504 519 560 622 711 10.1
Optical Semiconductors 260 299 308 332 370 438 11.0
Total Semiconductor 3,959 4,415 4,848 5475 6,446 7,675 14.2
Yen/U.S.$ Exchange Rate 93.90 107.05 107.05 107.05 107.05 107.05
Source: Dataguest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996
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Table A-3

Japanese Semiconductor Market, Yen Revenue Growth, 1990-1995 (Percentage Revenue

. Growth in Yen)

CAGR (%)

1990 1991 1992 1993 1994 1995 1990-1995

Microcomponents 16.6 13.7 -15.1 7.3 28.7 28.9 114
Memory Total -21.3 5.5 -11.6 20.0 18.0 549 12.9
Bipolar Memory 60  -197 .22 191 294 228 2.7
MOS Memory ~22.2 -4.8 -11.2 21.3 19.1 56.0 13.8
Logic/ASIC Total 7.2 25 -15.7 3.6 14.0 138 3.0
Bipolar Logic 3.2 -16.3 -26.0 -13.4 23 -18.5 -14.9
MOS Logic 89 10.2 -12.5 8.1 16.5 19.8 7.8
Analog ICs 3.9 73 -12.8 -0.7 13.1 8.1 26
Monolithic IC Total =22 32 -13.9 8.1 18.2 289 7.9
Hybrid ICs ' 3.7 47 189 -3.9 -0.7 7.3 238
Total ICs 2.2 33 -14.2 7.5 174 28.1 7.5
Discrete Devices 0.6 9.2 -16.6 2.2 47 10.2 0.6
Optical Semiconductors 0.5 13.0 «19.0 -2.3 111 21.7 3.8
Total Semiconductor -1.6 49 -14.9 53 15.2 25.4 6.3
U.8.$ Appreciation versus Yen 4.35 -5.56 27.02 1206 -8.44 7.77 -8.20

Source: Datagquest (May 19986)

. Table A-4

Japanese Semiconductor Market, Forecast Five-Year Yen Revenue Growth, 1995-2000

(Percentage Revenue Growth in Yen)

CAGR (%)
1995 1996 1997 1998 1999 2000  1995-2000
Microcomponents 289 24.6 18.4 18.5 19.0 18.5 198
Memory Total 549 -3.8 13.9 13.7 27.3 29.1 154
Bipolar Memory -22.8 -12.4 -4.8 -8.3 -10.9 -8.2 -9.0
MOS Memory 56.0 -3.8 14.0 13.8 275 29.2 155
Logic/ASIC Total 13.8 16.1 8.2 13.0 14.5 134 13.0
Bipolar Logic -18.5 -4.9 -22.7 -14.3 -11.0 -10.1 -12.8
MOS Logic 19.8 18.8 n3 14.9 15.8 144 15.0
Analog ICs 8.1 154 0.9 10.0 11.1 11.7 9.7
Monolithic IC Total 28.9 10.7 11.6 144 19.5 20.1 15.2
Hybrid ICs 7.3 15.2 29 0 0 0 3.5
Total ICs 281 10.8 11.3 13.9 19.0 19.7 14.9
Discrete Devices 10.2 14.7 29 8.0 111 14.2 10.1
Optical Semiconductors 21.7 14.9 3.0 8.0 1.2 18.5 11.0
Total Semiconductor 254 11.5 9.8 12.9 17.7 19.1 14.2
U.8.$ Appreciation versus Yen -7.77 14.00 0 0 0 0 2.66
. Source: Dataquest (May 1996)
SPSG-WW-MT-8601 ©1996 Dataquest May 13, 1996



Appendix B

European Revenue History and Forecast in ECU

Figure B-1

Revenue growth in shipments to the European region differs whether the
dollar or ECU is used as the currency basis. The dollar has not had any
consistent long-term change with the ECU; the exchange rate in 1995 was
essentially the same as in 1990, although there were annual fluctuations.
Figure B-1 shows the annual growth in each of these two currencies over
both the historical 1988-through-1995 period and the forecast 1996-
through-2000 period. Because Dataquest does not forecast exchange rates,
the forecast growth rates are the same.

Tables B-1 and B-2 provide the European revenue history and forecast in
ECU. The historical exchange rates are shown at the bottom of these
tables. Tables B-3 and B-4 show the annual growth associated with the
year-to-year revenue growth. The rate of dollar appreciation against the
ECU for the period from 1990 through 1995 is shown at the bottom of
Table B-3. Over the past seven years, the exchange rate has shown little
fluctuation, on average.

Comparison of Revenue Shipment Growth in European Region—Dollars versus ECU
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Table B-1
European Semiconductor Market, Six-Year ECU Revenue History, 1990-1995 (Revenue in
Millions of ECU)
CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Microcomponents 1,420 1,689 2,097 3464 4543 5,425 30.7
Memory Total 1,659 1,761 2,077 3489 5,546 7,732 36.1
Bipolar Memory 43 35 29 23 24 15 -19.4
MOS Memory 1,615 1,727 2,048 3,466 5522 7,718 36.7
Logic/ASIC Total 1,483 1,691 1,645 1,973 2,234 2,510 1.1
Bipolar Logic 402 359 299 n 276 225 -10.9
MOS Logic 1,081 1,332 1,347 1,661 1,957 2,285 16.1
Analog ICs 1,709 1,771 1,732 2,347 2,831 3,194 13.3
Monolithic IC Total 6,271 6,912 7,551 11,273 15153 18,862 246
Hybrid ICs 124 144 116 154 150 185 8.4
Total ICs 6,395 7,057 7,668 11,427 15302 19,047 244
Discrete Devices 1,493 1,483 1,406 1,518 1,771 2,363 9.6
Optical Semiconductors 319 393 334 321 483 526 10.5
Total Semiconductor 8,207 8,932 9408 13266 17556 21,936 21.7
ECU/U.S.% Exchange Rate 0.788 0.811 0.77 0.858 0.84 0.774
Source: Dataguest (May 1996)
Table B-2
European Semiconductor Market, Five-Year ECU Revenue Forecast, 1995-2000 (Revenue
in Millions of ECU)
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Microcomponents 5425 6,887 7,918 9,206 10898 12,504 18.2
Memory Total 7,732 8,360 9,689 11,273 13550 16,134 15.8
Bipolar Memory 15 11 1 8 7 6 -15.1
MOS Memory 7,718 8,349 9679 11,265 13542 16,128 15.9
Logic/ASIC Total 2,510 2,933 3,219 3,677 4,253 5,002 14.8
Bipolar Logic 225 203 164 141 122 109 -13.6
MOS Logic 2,285 2,730 3,055 3,536 4,130 4,893 16.5
Analog ICs 3,194 3,750 4,298 4,900 5,791 6,950 16.8
Monolithic IC Total 18,862 21,931 25124 29,056 34,491 40,590 16.6
Hybrid ICs 185 202 198 201 209 213 29
Total ICs 19,047 22,132 25322 29,256 34,700 40,803 16.5
Discrete Devices 2,363 2,727 2,918 3,228 3,638 4,194 12.2
Optical Semiconductors 526 638 704 790 893 1,034 14.5
Total Semiconductor 21,936 25498 28,945 33274 39231 46,031 16.0
ECU/U.S.% Exchange Rate 0.774 0.81 0.81 0.81 0.81 0.81
Source: Datagquest (May 1996)
SPSG-WW-MT-9601 ©1996 Dataquest May 13,1996
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Table B-3
. European Semiconductor Market, Historic Revenue Growth, 1990-1995 (Revenue
Growth in ECU)
CAGR (%)
1990 1991 1992 1993 1994 1995  1990-1995
Microcomponents 85 18.9 24.2 65.2 31.2 194 30.7
Memory Total -26.6 6.2 17.9 68.0 58.9 39.4 36.1
Bipolar Memory 328 <195 -161 208 15  -375 194
MOS Memory -26.4 6.9 18.6 69.2 59.3 39.8 36.7
Logic/ASIC Total -16.2 14.0 27 199 13.2 124 11.1
Bipolar Logic -20.4 -10.6 -16.8 42 -n.3 -185 -10.9
MOS Logic -14.5 232 11 23.3 17.8 16.7 161
Analog ICs 210 3.6 2.2 35.6 20.6 12.8 13.3
Monolithic IC Total -7.1 10.2 9.2 49.3 344 245 246
Hybrid ICs 02 16.7 -19.5 321 -2.6 23.7 84
Total ICs -7.0 104 87 49.0 33.9 245 244
Discrete Devices 45 -0.7 -5.2 8.0 16.7 334 2.6
Optical Semiconductors -0.7 23.2 -15.0 -4.0 50.5 9.0 105
Total Semiconductor -4.8 8.8 53 410 323 24.9 21.7
U.5.% Appreciation versus ECU -13.22 292 -5.06 11.43 -2.10 -7.86 -0.36

Source: Dataquest {(May 1996)

. Table B-4

European Semiconductor Market, Forecast Five-Year ECU Revenue Growth, 1995-2000
(Percentage Revenue Growth in ECU)

CAGR (%)

1995 1996 1997 1998 1999 2000 1995-2000

Microcomponents 19.4 27.0 15.0 16.3 184 14.7 18.2
Memory Total 394 8.1 15.9 16.3 20.2 19.1 15.8
Bipolar Memory -37.5 -28.4 0 -23.1 -10.0 -111 -15.1
MOS Memory 328 8.2 15.9 164 20.2 19.1 15.9
Logic/ASIC Total 124 16.8 9.7 14.2 15.6 17.6 14.8
Bipolar Logic -18.5 9.7 -19.1 -14.3 -13.2 -11.3 -13.6
MOS Logic 16.7 195 11.9 158 16.8 18.5 16.5
Analog ICs 12.8 174 14.6 14.0 18.2 20.0 16.8
Monolithic IC Total 245 16.3 14.6 15.6 18.7 17.7 16.6
Hybrid ICs 237 9.0 -1.6 1.2 4.0 1.9 29
Total ICs 245 16.2 144 15.5 18.6 17.6 16.5
Discrete Devices 334 154 7.0 10.6 12.7 153 12.2
Optical Semiconductors 9.0 21.3 10.3 12.2 13.1 15.7 14.5
Total Semiconductor 249 16.2 13.5 15.0 17.9 17.3 16.0

U.5.5 Appreciation versus ECU -7.86 4.65 0 0 0 0 0.91

. Source: Dataquest (May 1996)

SPSG-WW-MT-9601 May 13, 1996
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Appendix G
Definitions

Analog ICs

Bipolar

Digital ICs

Discrete Devices

Hybrid 1C

SPSG-WW-MT-9601

Analog ICs are a group of semiconductors that deal with electrical signals
and electrical power. Analog components carry information as voltage,
current, frequency, phase, duty cycle, or other electronic parameters.
Because they are not based on number values, analog information is not
limited to a finite range of values and has no inherent quantization noise
or quantization error. The downside is that analog signal information
exists in the time domain and can be corrupted as the information-carry-
ing parameter is influenced by noise, drift, bandwidth, and component
instability—all the vagaries of time.

These are semiconductor devices that use bipolar transistors rather than
MOS transistors. Bipolar transistors are found in both ICs and discrete
products. Bipolar transistors are so named because they carry electricity
with two different types of "carriers"—holes and electrons.

Digital ICs handle numbers in the binary format of ones and zeros. Digital
ICs comprise logic, microcomponent, and memory ICs. The number-han-
dling nature of digital electronics makes the data more immune to physi-

cal changes in the electronic components.

A discrete semiconductor is defined as a single semiconductor component
such as a transistor, diode, or thyristor. Although multiple devices may be
present in a package, they are still considered discretes if they have no
internal functional interconnection and are applied in the same manner as
other discrete devices. Some discrete devices may actually be similar to
ICs in having integrated protection and sensing circuitry. Even if a device
is an integrated circuit, it will be considered a discrete if it is used like one.

A hybrid is an IC that mixes semiconductor technology with other elec-
tronic technologies in a single package. It is this mixing of technologies
within the IC package that gives these products the "hybrid" IC name.
Other technologies include thin and thick film resistors and chip capaci-
tors. A multiple-chip IC is not a true hybrid IC and is counted in the
monolithic IC category. The mixing of technologies is most often done for
analog hybrid ICs. Because of this, hybrid ICs are often added to mono-
lithic analog IC revenue to provide the total analog IC market.
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IC

Logic

Microcomponent

Monolithic IC

MOS

Memory IC
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An integrated circuit is a chip in which multiple transistors and diodes are
interconnected to perform an electronic function. The function-specific
nature of an IC differentiates it from the nonspecific array of discrete
transistors.

This is an electronic function where bits (one and zeros) are processed.
This bit processing is defined by hardwiring, mask programming, or field
programming. Microcomponents and memory ICs are logic ICs, but they
are logic ICs that are either dedicated to a function (such as microperipher-
als and memory ICs) or are software programmable (such as microproces-
sors and microcontrollers). Logic ICs also include customer-specific logic
ICs.

A microcomponent is a digital IC that can be programmable such as a
microprocessor (MPU), microcontroller (MCU), digital signal processor
(DSP), or an application-specific logic device that provides a supporting
function to an MPU, MCU, or DS

A monolithic IC is an IC formed on a single chip of semiconducting mate-
rial. This designation has been applied more broadly to mean any device,
even a multiple-chip packaged device, that does not contain other, non-
semiconductor, components. This differentiates monolithic ICs from
hybrid ICs that may also be multiple-chip, but represent a “hybrid" in the
sense of mixing other technologies within the IC package, such as film
resistors or chip capacitors.

MOS is an acronym for metal oxide semiconductor, a type of transistor
used in ICs and discrete devices. Although the actual device may use dif-
ferent materials than metal or oxide, this acronym is used to define the
whole family of similar processes that provide an insulated gate field-
effect transistor (FET). MOSFETs, like all field-effect transistors, differ from
bipolar devices in having an insulated gate and only a single carrier of
electrical current (either electrons or holes). MOSFETs are found in both
N and P channel varieties. A special IC process combines both the N and P
channe! device in a complementary configuration, an arrangement known
as CMOS.

Memory ICs are ICs that can store and retrieve logic bits. Two major
memory types are read-only memories (ROM), preloaded with data, or
random-access memories (RAM), where data can be both stored and
accessed. RAM subcategories include DRAM and SRAM. Memory ICs
that do not lose their data when power is removed are called nonvolatile

©1996 Dataquest May 13, 1996
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memories. DRAM and SRAM do not retain data when power is removed
from the device. ROM, EPROM, EEPROM, and flash memory ICs are non-
volatile memory devices.

Optical Semiconductors

These devices are the semiconductor subset of optoelectronic products.
This family includes light-sensing products such as photosensors and
CCD:s as well as light-emitting devices such as LEDs and lasers.
Optocouplers and interrupters use both functions.

Semiconductors

These electronic components are manufactured by introducing impurities
into a semiconductor material to create special current conducting devices
such as diodes, bipolar transistors, and MOS transistors. Semiconducting
material is so named because its conducting capability falls between the
range of insulators and metallic conductors.

SPSG-WW-MT-9601 ©1996 Dataquest May 13, 1996



Appendix D

Historical Exchange Rates

Table D-1 shows 10 years of exchange rates of the yen and ECU versus the
U.S. dollar. The appreciation of the dollar against these local currencies is
given in the last two columns.

Table D-1
Exchange Rates
U.5.$ Growth 1.5.% Growth

Year Yen per U.S.$ ECU per U.S.8 versus Yen (%) versus ECU (%)
1980 227 - 3.6 -
1981 221 = 2.7 -
1982 248 - 12.2 -
1983 235 - -5.2 -
1984 237 - 09 -
1985 238 - 04 -
1986 167 - -29.8 -
1987 144 - -13.8 -
1988 130 0.846 -9.7 -25
1989 138 0.908 6.2 7.3
1990 144 0.788 4.3 -13.2
1991 136 0.811 -5.6 29
1992 126.5 0.770 7.0 -5.0
1993 111.2 0.858 -12.1 114
1994 101.8 0.840 -8.4 2.1
1995 93.90 0.774 -7.8 -7.9

Source; Dataquest (May 1996}
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Table 15

Estimated Gate Array Pricing—North American Production Bookings
(Volume: 20,000 Units, Based on Utilized Gates Only; NRE = Netlist to Prototype, Millicents per Gate)

10-29.99K Gates 30-59.99K Gates 60-99.99K Gates Lead Time
Gate Count Technology 1997 1998 1999 1997 1998 1999 1997 1998 1999 (Weeks)
CMOS (Average) Production:
1.0 Micron 31.00 27.00 25.00 30.00 26.00 23.00 28.00 25.00 22.00 6-12
0.8 Micron 27.00 23.00 22.00 23.00 20.00 18.00 23.00 19.00 17.00 6-12
0.6/0.5 Micron 25.00 21.00 19.00 18.00 16.00 15.00 17.00 15.00 14.00 6-12
03 Micron NR NR 24.00 NR NR 20.00 16.00 14.00 13.00 612
NRE CMOS Average Charge ($K) 44.00 44.00 43.00 54,00 52.00 52.00 74.00 73.00 73.00 2-8
100-299.99K Gates 2300K Gates Lead Time
Gate Count Technology 1997 1998 1999 1997 1998 1999 {Weeks)
CMOS (Average) Production:
1.0 Micron NR NR 33.00 NR NR 36.00 612
0.8 Micron 24.00 21.00 19.00 NR NR 34.00 6-12
0.6/0.5 Micron 18.00 16.00 15.00 20.00 17.00 16.00 612
0.3 Micron 1700 1500 1400 1900 1600 15.00 6-12
Prototypes:
NRE CMOS Average Charge ($K) 10700 10600 10500 123.00 120.00 120.00 2-8

NA = Not relevant

Notes: The actual NRE charge may vary from these because of device amortization, testing, inteltectual property rights, and other factors.
Aclual negobiated markel prices may vary trom these prices because of manufacturer-spedific factors such as intellectual properly rights, alllances, service, package typesg, and velume

discount. These prices are intended lor use as price guidelines. For volumes of 100,000 units or greater, discaunt the above prices by a further 40 percent 1o 60 percent,

For high-density salutions with voiumes greater than 160,000 unite or far low-density solutions with volumas greater than 500 units, CBICs may be more cost-atactive than gate arrays.

Source: Dataquest (December 1996)
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Table 16

Estimated CBIC Pricing—North American Production Bookings
(Volume: 20,000 Units, Based on Utilized Gates Only; NRE = Netlist to Prototype, Millicents per Gate)

10-29.99K Gates 30-59.99K Gates 60-99.99K Gates Lead Time
Gate Count Technology 1997 1998 1999 1997 1998 1999 1997 1998 1999 {Weeks)
CMOS Production:
1.0 Micron 3700 3000 2700 3300 2800 2400 3100 2700 2500 7-13
.8 Micron 31.00 26.00 25.00 24.00 21.00 19.00 25.00 21.00 19.00 7-13
0.6/0.5 Micron. 2600 2200 1900 2100 1800 1700 2000 1700 16.00 7-13
0.3 Micron NR NR 21.00 NR NR 20.00 19.00 15.00 14.00 NR
Prototypes:
NRE CMOS Average Charge ($K) 68.00 6700 6500 7200 7200 7100 83.00 83.00 83.00 4-8
100-299K Gates 2300K Gates Lead Time
Gate Count Technology 1997 1998 1999 1997 1998 1999 {Weeks)
CMOS Production: -
1.0 Micron NR NR 30.00 NR NR 38.00 7-13
0.8 Micron 2600 2200 2000 NR NR 3600 7-13
0.6/0.5 Micron 2200 19.00 18.00 24.00 21.60 1%.00 7-13
0.3 Micron 21.00 17.00 16.00 22.00 19.00 18.00 7-13
Prototypes:
NRE CMOS Average Charge ($K) 133.00 13200 13200 16300 161.00 160.00 4-8

NR = Not relevant

Moates: The aciual NRE charge may vary from these because of device amariization, testing, intellectual property rights, and other factors.
Actual negotiated market prices may vary from these prices becausa of manufacturer-spacific factors such as intellectual property rights, alliances, servica, package types, and volume

discount. These prices are intanded for use as price guidelines. For volumes of 100,000 units or greater, discount the above prices by a furlher 40 percent to B0 percent.

For high-dansity solutions with volumes greater than 150,000 units or for law-density solutions with volumes greater than 500 units, CBICs may be more cost-affactive than gate arrays.

Source: Dataquest {December 19386)
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Table 13

Estimated Flash Memory Price Trends—North American Bookings
(12V; Volume: 10,000 per Year; Speed: 150ns; Dollars)

1996 1997 1997 1998 1998 Lead Time
Product Q4 Q1 Q2 Q3 Q4  Year Q1 Q2 Q3 Q4 Year (Weeks)
64Kx8 PDIP/PLCC 3.00 2.75 2.60 2.50 2.40 2.56 235 2.30 2.20 210 224 5
64Kx8 TSOP 3.25 3.00 285 275 2.65 2.81 2.60 255 245 235 249 5
128Kx8 PDIP/PLCC 285 2.65 255 2.45 240 2.51 2.35 2.30 220 210 224 3
128KxB TSOP 12V 298 2.85 275 2.65 2.60 271 255 2.50 240 230 2.44 5
128Kx8 TSOP 5V 5.05 3.90 3.70 3.60 3.50 3.68 3.45 3.40 3.30 315 3.33 3
256K x8 TSOP 12V 6.13 5.80 5.60 5.40 5.20 5.50 5.15 5.00 4.75 4.60 4.88 5
256Kx8 TSOF/5V 6.00 5.50 5.30 5.00 4.80 5.15 4.70 4.50 4.30 410 4.40 3
512K x8 PDIP/PLCC 7.68 6.00 5.60 5.30 5.00 548 4.80 4.60 4.45 425 453 2
512Kx8 TSOP 12V 7.90 6.25 5.80 550 510 5.66 5.00 4.80 4.70 4.50 475 4
512Kx8 TSOP/5V 8.90 6.35 5.90 5.60 5.30 579 5.10 490 470 450 4.80 4
1Mbx8 TSOP/ 12V 10.32 10.10 9.75 9.30 8.60 9.44 8.00 7.90 7.65 7.50 7.76 4
1Mbx8 TSOP/5V 11.50 10.20 9.80 9.50 8.85 9.59 8.20 8.00 7.70 7.50 7.85 4
2Mbx8 TSOP/12V 21.41 18.15 17.60 16.95 1595 17.16 15.35 14.70 14.10 13.55 1443 4
2Mbx8 TSOP/5V 21.75 18.50 17.75 17.00 16.15 17.35 15.50 14.90 14.30 13.70 14.60 4

Note: Actual nagotiated market prices may vary from these prices because of manufacturer-gpacitic factors such as quality, service and volume discount, These prices are intended for use

as guidelines.
Source: Dataquest (December 1996)
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Table 14

Estimated Long-Range Flash Memory Price Trends—North American Bookings

(12V; Volume: 10,000 per Year; Speed: 150ns; Dollars) ‘

1997 1998 1999 2000 2001

Product Year Year Year Year Year
64Kx8 PDIP /PLCC 2.56 2.24 215 2.05 2.00
64Kx8 TSOP 2.81 2.49 230 2.18 2.10
128Kx8 PDIP/PLCC 2.51 224 2.12 2.02 1.98
128Kx8 TSOP 12V 271 244 232 2.25 2.20
128Kx8 TSOP 5V 3.68 3.33 3.16 3.06 3.00
256Kx8 TSOP 12V 550 4.88 4,63 4.49 4.40
256Kx8 TSQP /5V 515 4.40 4.00 3.76 3.61
512Kx8 PDIP/PLCC 5.48 4.53 412 3.87 3.72
512Kx8 TSOP 12v 5.66 4.75 432 4.06 3.90
512Kx8 TSOP/5V 5.79 4.80 4.37 4.02 378
IMbx8 TSOP/12V 344 7.76 7.06 6.50 6.11
1Mbx8 TSOP/5V 9.59 7.85 7.14 6.57 6.18
2Mbx8 TSOP /12V 17.16 14.43 1298 11.68 10.52
2Mbx8 TSOFP /5V 17.35 14.60 13.14 11.83 10.64

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and
volume discount. These prices are intended for use as guidelines.
Source; Dataquest (December 1996)

SPSG-WW-MS-9605 ©1997 Dataquest . January 6, 1997
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Table 9

Estimated ROM Price Trends—North American Bookings

(Speed/Package: <1Mb Density—150ns and Above, 28-Pin PDIP;

>2Mb Density—200ns and Above, 32-Pin PDIP) (Volume: 50,000 per Year; Dollars)

1996 1997 1997 1998 1998 Lead Time
Product Q4 Q1 Q2 Q3 Q4 Year 01 Q2 Q3 Q4 Year (Weeks)
128Kx8 190 174 165 1.60 1.56 164 154 152 148 145 1.50 4-8
64Kx16 200 200 198 197 197 198 195 193 193 1.92 1.93 4-8
256Kx8 225 220 219 217 217 218 215 215 214 214 2.15 4-8
512Kx8 320 310 290 270 250 280 235 230 224 219 227 4-8
256Kx16' 320 310 290 270 250 280 235 228 221 214 225 4-8
1Mbx8? 420 400 3.80 3.65 3.49 374 329 319 3.16 3.05 3.17 4-8
1Mbx16 700 600 520 410 3.80 478 357 346 336 3.26 3.41 4-8
2Mbx8 700 587 513 4.02 3.70 468 350 338 330 218 3.09 4-8

'256Kx16 ROM: 150ns and above; 40-pin PDIP

21Mbx8 ROM: 150ns and above; 32-pin SOP

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

Source: Dataquest (December 19396)

Table 10

Estimated Long-Range ROM Price Trends—North American Bookings
(Speed/Package: <1Mb Density—150ns and Above, 28-Pin PDIP;

>2Mb Density—200ns and Above, 32-Pin PDIP) (Volume: 50,000 per Year; Dollars)

1997 1998 1999 2000 2001
Product Year Year Year Year Year
128K x8 1.64 1.50 1.47 1.44 1.44
64Kx16 1.98 1.93 1.92 1.92 1.93
256K x8 218 2.15 2.13 2,132 2.10
512Kx8 2.80 2.27 2.24 2.21 2.19
256Kx16 2.80 2.25 2.22 2,19 2.18
1Mbx8? 3.74 3.17 3.09 3.05 3.00
1Mbx16 4.78 3.41 3.35 3.28 3.22
2Mbx8 4.68 3.09 3.056 3.02 3.00

1256Kx16 ROM: 150ns and above; 40-pin PDIP

21Mbx8 ROM: 150ns and above; 32-pin SOP

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

Source: Dataquest (December 1996)

SPSG-WW-MS-9605 ©1997 Dataquest January 6, 1997
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Table 11

Estimated EPROM Price Trends—North American Bookings
(Volume: 50,000 per Year; Package: Windowed CERDIP;
Speed: 150ns and Above; Dollars)

1996 1997 1997 1998 1998 Lead Time
Product o4 Q1 Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year (Weeks)
32Kx8 180 175 175 170 170 173 165 165 160 160 1.63 2
64Kx8 190 185 185 180 180 183 175 175 170 170 173 2
128Kx8 260 250 240 230 220 240 210 210 200 200 205 2
256Kx8 380 370 360 350 340 355 330 330 320 320 325 2
128Kx16 580 500 480 460 440 470 420 400 380 3.60 390 2
512Kx8 685 630 590 560 540 593 520 500 480 460 490 2
256Kx16 900 850 800 750 700 775 650 600 550 500 575 2

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and
volume discount. These prices are infended for use as price guidelines.
Source: Dataquest (December 1996)

Table 12

Estimated Long-Range EPROM Price Trends—North American Bookings
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed: 150ns and Above;
Dollars)

1997 1998 1999 2000 2001
Product Year Year Year Year Year
32Kx8 1.73 1.63 1.60 1.58 1.58
64Kx8 1.83 1.73 1.69 1.66 1.64
128Kx8 240 2.05 200 1.94 1.91
256Kx8 355 3.25 3.15 3.08 3.01
128Kx16 470 3.90 3.79 3.65 3.55
512Kx8 5.93 490 475 4.62 4.30
256Kx16 7.75 5.75 495 4.70 4,50

Note: Actual nagotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and
volume discount. These prices are intéended for use as price guidelines.
Source: Dataguest (December 1996)

SPSG-WW-MS-9605 ©1997 Dataguest January 6, 1997
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Table 7

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

1996 1997 1997 1998 1998 Lead Time
Product Q4 (0 1 Q2 Q3 04 Year Q1 Q2 Q3 04 Year (Weeks)
16K x4 35ns 230 2.29 2.26 2.24 221 225 215 2.19 2.09 213 214 2
BKx8 25ns 1.43 1.43 1.52 152 1.52 1.50 1.49 1.49 1.47 147 148 2
B8Kx8 100-120ns 1.48 1.48 1.48 149 1.49 1.49 1.40 1.40 1.37 1.36 1.38 2
64Kx4 10ns 6.50 7.00 6.68 6.38 6.13 6.54 583 6.04 5.66 5.87 5.85 6
64Kx4 25ns 2.19 213 2.13 2,08 2.08 2.10 202 2.04 1.95 1.97 1.99 6
32Kx8 12ns 1.93 1.80 1.80 1.72 1.63 1.74 1.48 1.48 148 148 1.48 4
32Kx9 12ns Burst 4.45 3.90 3N 348 3.39 3.62 3.35 3.30 3.26 322 328 4
32K x 815ns 5V 1.35 134 1.34 1.27 1.26 1.30 1.30 1.29 1.29 1.29 1.29 4
32K x 8 15ns 3.3V 1.37 1.33 1.38 1.36 1.35 1.36 1.33 1.32 1.32 1.31 1.32 4
32Kx8 25ns 1.32 1.32 1.33 1.26 1.26 1.29 1.29 1.28 1.28 1.28 1.28 4
32Kx8 76-100ns SOJ 1.76 1.63 1.55 1.50 1.46 1.53 1.35 1.33 1.32 1.31 133 3
64Kx8 12ns Burst 17.50 14.80 13.95 13.25 1290 13.73 140 13.33 12.55 11.84 9.78 4
256Kx4 20ns 5.50 5.83 5.50 533 5.08 5.44 492 492 483 483 488 4
128K x 8 15ns 5.56 5.36 496 483 4.44 490 4.30 4.16 4.09 395 413 4
128K x 8 20ns 5.50 523 4.87 4.68 4.58 484 423 4.22 412 410 417 4
128K x8 25ns 550 5.23 487 4.68 458 4.84 4,23 4.22 412 410 417 4
128K x8 70-100ns SO] 500 4.86 4.61 4.54 4.38 4.60 428 4.14 3.99 3.81 4.06 3
32Kx32 15ns 3.3V PQFP 348 347 3.35 3.33 320 3.34 3.07 3.02 2.88 285 295 5
32Kx32 8ns 3.3V PB Synch 3.52 3.38 3.20 3.12 3.01 3.18 289 2.88 276 2.69 2.80 5

Note: Actual negotlated market prices may vary from these prices betause of manufacturer-specific factors such as quality, service, and volume discount, These prices are intended for use

as price guidelines,
Source: Dataguest {December 1996)
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Table 8

Estimated Long-Range Static RAM Price Trends—North American Bookings

(Volume: Slow SRAM—50,000 per Year; Fast SRAM—20,000 per Year; Package: PDIP; ‘

Dollars)

1997 1998 1999 2000 2001

Product Year Year Year Year Year
16Kx4 35ns 2.25 2.14 211 208 2.06
8Kx8 25ns 1.50 1.48 1.46 1.46 1.48
8Kx8 100-120ns 1.49 1.38 1.33 1.29 1.27
64Kx4 10ns 6.54 5.85 5.79 5.67 5.63
64Kx4 25ns 210 1.99 1.92 1.85 1.81
32Kx8 12ns 1.74 1.48 1.51 1.54 1.60
32Kx9 12ns Burst .62 3.28 3.35 3.40 3.45
32K x 8 15ns 5V 1.30 1.29 1.35 1.40 140
32K x 8 15ns 3.3V 1.36 1.32 132 1.40 1.40
32Kx8 25ns 1.29 1.28 1.30 1.35 1.45
32Kx8 70-100ns SOJ 1.53 133 1.35 1.40 140
64Kx8 12ns Burst 13.73 9.78 7.00 6.33 5.90
256Kx4 20ns 544 4.88 4.42 410 393
128K x 8 15ns 4.90 4.13 3.94 3.82 3.76
128K x B 20ns 4.84 4.17 3.95 385 381
128Kx8 25ns 4.84 417 3.98 389 3.85
128Kx8 70-100ns SO 4.60 4.20 4.00 39 3.88 ‘
32Kx32 15ns 3.3V PQFP 3.34 2.85 2.50 2.50 2.50
32Kx32 8ns 3.3V PB Synch 3.18 2.80 235 2.33 2.50

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and
volume discount. These prices are intended for use as price guidelines.
Source: Dataquest (Daecember 1996)

SPSG-WW-MS-9605 ©1997 Dataquest January 6, 1997
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Table 5 (Continued)

Estimated DRAM Price Trends—North American Bookings

(Contract Volume; U.S. Dollars)*

1996 1997 1997 1998 1998 Lead Time
Product Q4 Qo1 Q2 Q3 04 Year Q1 Q2 Q3 Q4 Year (Weeks)
8Mbx36 SIMM 60ns 5V EDO 17854 16640 16045 15503 15041 15807 144.60 14326 14124 13829 14185 2-6
1Mbx64 60ns 3.3V EDO 4500 4634 4486 4350 4234 4426 4145 4194 4145 4097 4145 26
2Mbx64 60ns 3.3V EDO 90.00 9733 8933 8667 8427 8940 7973 7862 7760 766l 7814 2-6
4Mbx64 60ns 3.3V EDO 180.00 18267 17733 17253 16912 17541 15375 15570 15371 15179 153.74 2-6
256Kx4 VRAM 70ns SOJ 5.73 5.75 572 5.71 5.69 5.72 5.64 5.58 5.53 5.48 5.56 26
128Kx8 VRAM 70ns SOJ 5.93 5.93 591 5.90 5.89 5.90 583 5.77 5.72 5.66 5.74 2-6
256Kx16 VRAM 70ns S0P 1200 1133 1067 1033 997  10.58 9.25 9.01 8.78 8.55 8.90 2-6
256Kx32 66-MHz 3.3V SGRAM 1438 1363 1288 1163 1038 1213 8.26 8.20 8.09 8.03 8.14 2-6

*Contract voluma |5 at least 100,000 per order, except for VAAMs.

Nata; Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as qually, service, and volume discount. These prices are Intended for use

as guidalines.
Source: Dataquest (December 1996)
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Table 6
Estimated Long-Range DRAM Price Trends—North American Bookings
(Contract Volume; U.S. Dollars)*

1997 1998 1999 2000 2001
Product Year Year Year Year Year
1Mbx1 DRAM 70-80ns (DIP /SO 5V 223 221 212 2.03 1.95
256Kx4 DRAM 60ns SOJ 5V 209 2.01 1.93 1.85 1.78
4Mbx1 DRAM 70ns SOJ 5V 2.66 2.41 232 222 213
1Mbx4 DRAM 60ns SOJ 5V FPM 242 224 215 2.07 1.98
1Mbx4 DRAM 60ns SOJ 5V EDO 243 224 215 207 1.98 '
512Kx8 DRAM 70ns 5V 262 2.32 222 214 205
256Kx16 DRAM 70ns SQJ 5V 3.33 3.06 2.93 2.82 2.70
4Mb x 4 DRAM 60 ns 50] 5V FPM 8.55 7.83 7.52 7.22 6.93
4MbX4 DRAM 60ns 50] 5V EDO 8.55 7.83 7.52 722 6.93
1Mbx16 DRAM 60ns TSOP 5V FPM 8.54 7.51 7.21 6.92 6.64
1Mbxté DRAM 60ns TSOP 5V EDO 8.54 7.38 7.08 6.80 6.53
2Mbx8 DRAM 60ns TSOP 5V FPM 843 7.34 7.04 6.76 6.49
16Mbx4 DRAM SO 60ns 3.3V EDO 76.72 51.27 35.00 27.01 2584
1léMbx4 DRAM SOJ 3.3V SDRAM 73.65 44.31 31.00 27.00 25.11
IMbx32 SIMM 60ns 5V FPM 18.99 16.99 16.31 15.65 15.03
1Mbx36 SIMM 60ns 5V FPM 21.00 18.81 18.06 17.34 16.64
2Mbx32 SIMM 60ns 5V FPM 34.09 30.51 29.29 28.12 26.99
2Mbx36 SIMM 60ns 5V FPM 38.91 3453 33.15 31.83 30.55
4Mbx32 SIMM 60ns 5V FPM 71.25 63.83 61.28 58.83 56.48
4Mbx36 SIMM 60ns 5V FPM 78.09 69.21 66.44 63.79 61,23
8Mbx32 SIMM 60ns 5V FPM 142.41 127.35 12226 117.37 112.67
8Mbx36 SIMM 60ns 5V FPM 157.93 141.88 136.20 130.75 125.52
1Mbx32 SIMM 60ns 5V EDO 18.69 16.83 16.16 15.51 14.89
1Mbx36 SIMM 60ns 5V EDO 22.21 19.97 19.17 18.40 17.66
2Mbx32 SIMM 60ns 5V EDO 3415 30.93 29.69 28.50 27.36
2Mbx36 SIMM 60ns 5V EDO 39.02 34.45 3307 31.75 30.48
4Mbx32 SIMM 60ns 5V EDO 7153 63.77 6121 58.77 56.42
4Mbx36 SIMM 60ns 5V EDO 78.19 69.17 66.41 63.75 61.20
8Mbx32 SIMM 60ns 5V EDQ 144.65 127.35 122.25 117.36 112.67
8Mbx36 SIMM 60ns 5V EDO 158.07 141.85 136.18 130.73 125.50
1Mbxeé4 60ns 3.3V EDO 4426 41.45 3297 29.00 27.46
2Mbxeé4 60ns 3.3V EDO 89.40 78.14 61.01 58.21 56.09
4Mbx64 60ns 3.3V EDO 175.41 153.74 123.00 117.09 111.97
256Kx4 VEAM 70ns 30] 572 5.56 5.34 512 492
128Kx8 VRAM 70ns 50] 5.90 5.74 5.51 5.29 5.08
256Kx16 VRAM 70ns SOP 10.58 8.90 8.54 8.20 7.87
256Kx32 66-MHz 3.3V SGRAM 12,13 8.14 5.88 540 5.10

*Contract volume is at least 100,000 per order, except for VRAMS.

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

Source: Dataquest (December 1996)

SPSG-WW-MS-9605 ©1997 Dataquest January 6, 1987
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Table 4

Estimated Long-Range Microprocessor Price Trends—North American Bookings
(Volume: 8-Bit, 16-Bit, and 32-Bit—25,000 per Year; Dollars)

{Package: 8/16-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

1997 1998 1999 2000 2001
Product Year Year Year Year Year
68EC020-25 POFP 8.00 8.00 8.00 8.00 8.00
68EC030-25 PQFP 18.88 18.75 18.75 18.75 18.75
68040-25 23.75 2200 22.00 22.00 22.00
68LC040-25 CQFP 184 23.75 22.00 2200 22.00 22.00
Pentium-75 41.25 40.00 40.00 40.00 40.00
Pentium-90 48.75 45.00 4500 45,00 45.00
Pentium-100 3.3V 61.25 50.00 50.00 50.00 50.00
Pentium-100 2.9V 20.00 90.00 90.00 90.00 90.00
Pentium-120 3.3V 83.75 80.00 80.00 80.00 80.00
Pentium-120 2.9V 122.50 120.00 120.00 120.00 120.00
Pentium-133 3.3V 92.50 75.00 75.00 75.00 75.00
Pentium-133 2.9V 176.25 170.00 170.00 170.00 170.00
Pentium-150 3.3V 135.00 120.00 120.00 120.00 120.00
Pentium-150 2.9V 22376 220.00 220.00 220.00 220.00
Pentium-166 3.3V 168.75 110.00 110.00 110.00 110.00
Pentium-200 3.3V 280.00 145.00 145.00 145.00 145.00
Pentium Pro-166C 600.00 600.00 600.00 600.00 600.00
Pentium Pro-180 318.75 270.00 27000 270.00 270.00
Pentium Pro-200 256K Cache 418.75 350.00 350.00 350.00 350.00
Pentium Pro-200 512K Cache 944.00 700.00 700.00 700.00 700.00
PowerPC 601-80 68.50 68.00 68.00 68.00 68.00
PowerPC 601-100 76.25 75.00 75.00 75.00 75.00
PowerPC 603-80 60.50 60.00 60.00 60.00 60.00
PowerPC 603-133 100.00 75.00 75.00 75.00 75.00

Notes: Pricing excludes accessory parts like floating point and memaory management.

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

Source: Dataquest (Deceamber 1996)

SPSG-WW-MS-9605 ©1087 Dataquest January 6, 1987
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Table 5

Estimated DRAM Price Trends—North American Bookings

(Contract Volume; U.S. Dollars)*

1996 1997 1997 1998 1998 Lead Time
Product Q4 Q1 Q2 Q3 Q4  Year Q1 Q2 Q3 Q4  Year (Weeks)
1Mbx1 DRAM 70-80ns (DIP/SOJ) 5V 225 2.24 223 2.23 2.23 223 222 221 2.20 2.19 221 6-8
256K x4 DRAM 60ns 50] 5V 215 212 2.08 207 2.08 2.09 202 201 2m 1.99 201 6-8
4Mbx1 DRAM 70ns SO} 5V 297 272 2.67 2.64 2.62 2.66 2,58 2.39 2.38 2.30 241 2-6
1Mbx4 DRAM 60ns SO 5V FPM 281 2.40 245 2.4 2.40 242 239 2.18 220 2.20 2.24 2-6
IMbx4 DRAM 60ns SQJ 5V EDO 2.84 242 245 2.44 2.40 243 238 2.18 2.20 2.20 224 26
512Kx8 DRAM 70ns 5V K. 2.82 2.69 2 56 2.43 262 233 233 231 231 232 2-6
256K x16 DRAM 70ns SO 5V 3.67 3.36 3.40 3.34 324 3.33 317 3.10 3.00 2.95 3.06 26
4Mb x 4 DRAM 60 ns SOJ 5V FPM 10.20 9.00 8.67 8.38 8.17 8.55 7.96 7.84 7.79 7.73 7.83 2-6
4MbX4 DRAM 60ns 50] 5V EDO 10.16 9.00 8.67 8.38 817 8.55 7.96 7.84 7.79 7.73 7.83 2-6
1Mbx1s DRAM &0ns TSOP 5V FPM 9.00 8.94 8.74 8.44 8.06 8.54 7.75 7.56 7.43 7.29 7.51 2-6
IMbx16 DRAM 60ns TSOP 5V EDO 9.00 8.93 8.73 8.44 8.04 8.54 7.75 7.50 7.25 7.02 7.38 26
2Mbx8 DRAM 60ns TSOP 5V FPM 9.56 9.06 8.65 8.04 7.96 843 7.53 7.36 7.27 7.18 7.34 2-6
16Mbx4 DRAM 507 60ns 3.2V EDO 100.00 86.88 78.75 73.75 67.50 76.72 60.00 54.50 50.25 40.33 5127 2-6
16Mbx4 DRAM S0O) 3.3V SDRAM 85.00 85.83 81.25 68.50 59.00 73.65 51.25 45.75 41.75 38.50 44.31 2-6
1Mbx32 81IMM 60ns 5V FPM 22.63 20.07 19.32 18.62 17.94 18.99 17.44 17.18 16.79 16.53 16.99 26
1Mbx36 SIMM 60ns 5V F'M 26.00 2275 21.50 2025 19.50 21.00 19.00 19.00 18.75 18.50 18.81 26
2Mbx32 SIMM 60ns 5V FPM 38.25 35.87 34.85 33.50 3215 34.09 31.12 3043 30.42 30.07 30.51 2-6
2Mbx36 SIMM 60ns 5V FPM 41.93 40.80 39.22 38.63 37.00 38.91 34.87 362 3455 34.10 3453 2-6
4Mbx32 SIMM 60ns 5V FPM 79.73 75.07 72.37 70.00 67.58 71.25 64.98 64.55 63.57 62.23 63.83 26
AMbx36 SIMM 60ns 5V FPM 84.85 82.60 80.43 76.25 73.08 78.09 70.73 69.55 68.88 67.70 69.21 26
8Mbx32 SIMM 60ns 5V FPM 159.47 15013 14473 13960 13516 14241 12997 12851 12648 12446 127.35 2-6
8Mbx36 SIMM 60ns 5V FFM 175.87 166.00 16034 155.01 15037 15793 144465 14322 14129 13834 141.88 2-6
1Mbx32 SIMM 60ns 5V EDO 20.38 19.62 19.08 18.37 17.69 18.69 17.19 17.05 16.67 16.41 16.83 26
1Mbx36 SIMM 60ns 5V EDQ 24.89 23.08 22.75 21.90 21.12 22.21 20.80 20.60 15.40 19.06 19.97 2-6
2Mbx32 SIMM 60ns 5V EDO 36.63 35.97 35.02 33.50 3212 3415 31.09 31.02 3095 30.65 30.93 2-6
2Mbx36 SIMM 60ns 5V EDO 42,19 41.02 3945 38.62 36.98 39.02 34.87 34.59 34.30 3405 3445 2-6
4Mbx32 SIMM 60ns 5V EDO 80.16 75.98 7263 70.00 67.49 7153 64.85 64.44 63.56 62,21 63.77 26
4Mbx36 SIMM 60ns 5V EDO 85.26 82.85 80.67 76.23 73.02 78.19 70.59 69.52 68.88 67.70 69.17 2-6
8Mbx32 SIMM 60ns 5V EDO 166.08 15185 14655 14190 13829 14465 12997 12853 12644 12446 12735 2-6
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Table 2
Estimated Long-Range Standard Logic Price Trends—North American Bookings
(Volume: 100,000 per Year; Package: PLCC; Dollars)

1997 1998 1999 2000 2001
Product Year Year Year Year Year
74LSTTL
741800 0.13 0.13 0.13 0.13 0.13
741574 0.16 0.16 0.15 0.15 0.15
7415138 0.17 0.17 0.16 0.15 0.15
7415244 0.24 0.24 0.24 0.24 0.24
74AC TIL
F4AC0O0 0.17 0.15 0.13 0.13 0.12
74AC74 0.21 0.18 0.16 0.15 0.15
74AC138 0.29 0.27 0.25 0.24 022
F4AC244 0.40 0.35 0.31 0.28 0.27
74F TTL
74F00 0.14 0.13 0.13 0.12 0.12
74F74 0.15 0.15 0.14 0.14 0.14
74F138 0.18 0.18 0.17 0.17 0.17
74F244 0.22 0.22 0.21 0.20 0.20
74HC CMOS
74HCO00 0.11 0.11 0.11 011 0.11
74HC74 0.16 0.15 0.14 0.14 0.13
74HC138 0.17 017 0.16 0.16 0.16
74HC244 0.21 021 0.21 021 0.21
74ALSTTL
74ALS00 0.14 0.14 0.13 3.13 0.13
74A1S574 0.16 0.16 0.16 015 0.15
74A15138 0.21 0.20 0.20 (.20 0.20
74A1.5244 0.30 0.26 0.25 0.24 0.24
74AS5 TTL
74A500 0.19 0.19 0.19 0.19 0.19
74AS574 0.19 0.19 0.19 0.20 0.20
74A5138 0.40 0.40 0.40 0.40 0.40
74A8244 0.63 0.62 0.61 0.61 0.61
74BC*
74BC00 0.20 0.18 0.17 0.16 016
74BC244 0.53 0.46 043 042 041
74BC373 0.55 0.48 0.45 0.43 0.42
74ACT244 0.42 0.38 0.35 0.33 0.32
74ACT245 0.46 0.40 0.37 0.35 0.34
74ABT244 0.58 0.51 0.47 0.42 0.40
74ABT245 0.63 0.55 0.51 0.49 0.48

*Pricing for 74BC excludes 74ABT and 74BCT.

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

Source: Dataquest (December 1996)

SPSG-WW-MS-9605 ©1997 Dataquest January 6, 1997
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Table 3

Estimated Microprocessor Price Trends—North American Bookings

(Volume: 8-Bit, 16-Bit, and 32-Bit—25,000 per Year; Dollars)

(Package: 8/16-Bit Devices—PDIF; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

1996 1997 1997 1998 1998 Lead Time
Product 04 Q1 Q2 Q3 Q4 Year 101 Q2 03 04 Year (Weeks)
68EC020-25 PQFP 9.00 8.00 3.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 4-8
68EC030-25 PQFP 21.00 19.00 19.00 18.75 18.75 18.88 18.75 18.75 18.75 18.75 18.75 4-8
68040-25 30.00 25.00 24.00 24.00 22.00 23.75 22.00 22.00 22.00 2200 22.00 4-8
68LC040-25 CQFP 184 30.00 25.00 24.00 24.00 22.00 23.75 22.00 22.00 22.00 22.00 22.00 4-8
Pentium-75 50.00 45.00 40.00 40.00 40.00 41.25 40.00 40.00 40.00 40.00 40.00 48
Pentium-90 60.00 50.00 50.00 50.00 45.00 48.75 45.00 45.00 45.00 45.00 45.00 48
Pentinm-100 3.3V 75.00 75.00 60.00 60.00 50.00 61.25 50.00 50.00 50.00 50.00 50.00 4-8
Pentium-100 2.9V 100.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00 4-8
Pentium-120 3.3V 117.00 95.00 80.00 80.00 80.00 83.75 80.00 80.00 80.00 80.00 80.00 4-8
Pentium-120 2.9V 144.00 130.00 120.00 120,00 120.00 122.50 120.00 120.00 120.00 12000 120.00 4-8
Pentium-133 3.3V 175.00 110.00 100.00 85.00 75.00 92.50 73.00 75.00 75.00 75.00 75.00 4-8
Pentium-133 2.9V 244.00 190.00 175.00 170.00 17000  176.25 170.00 170.00 170.00 170.00 170.00 48
Pentium-150 3.3V 225.00 150.00 150.00 120.00 12000 135.00 120.00 120.00 120.00 120,00 120.00 4-3
Pentium-150 2,9V 329.00 235.00 220.00 220,00 22000 22375 220.00 220.00 220.00 22000 22000 4-8
Pentium-166 3.3V 350.00 225.00 170.00 125.00 125.00 161.25 110.00 110.00 110.00 11000 110.00 4-8
Pentium-200 3.3V 450.00 400.00 400.00 175.00 145.00 280.00 145.00 145.00 145.00 14500 145.00 4-8
Pentium Pro-166C 600.00 600.00 600.00 600.00 600.00  600.00 600.00 600.00 600.00 600,00 600.00 4-8
Pentium Pro-180 400.00 350.00 325.00 300.00 30.00 31875 270.00 270.00 270.00 270,00 270.00 4-8
Pentium Pro-200 256K Cache 500.00 475.00 400.00 400.00 400.00 418.75 350.00 350.00 350.00 35000 350.00 4-8
Pentium Pro-200 512K Cache 1,035.00 993.00 993.00 895.00 895.00 944.00 700.00 700.00 700.00 700,00 700.00 4-8
PowerPC 6{1-80 80.00 70.00 68.00 68.00 68.00 68.50 68.00 68.00 68.00 68.00 68.00 4-8
PowerPC 601-100 950.00 80.00 75.00 75.00 75.00 76.25 75.00 75.00 75.00 75.00 75.00 4-8
PowerPC 603-80 75.00 61.00 61.00 60.00 60.00 60.50 60.00 60.00 60.00 60.00 60.00 4-8
PowerPC 603-133 125.00 125.00 115.00 80.00 §0.00 100.00 75.00 75.00 75.00 75.00 75.00 4-8

Notes: Pricing excludes accessory parts like floating point and memory management.

Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volumne discount. These prices are Intendad for use as
guidslines.

Source: Dataguest {Docember 1956)
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This document provides information on and forecasts for the North Ameri-
can bookings prices of more than 200 semiconductor devices. Dataquest
collects price information on a quarterly basis from North American suppli-
ers and major buyers of these products. North American bookings price
information is analyzed by Semiconductor Supply and Pricing Worldwide
{SPSG) analysts for consistency and reconciliation. The information finally
is rationalized with worldwide billings price data in association with
product analysts, resulting in the current forecast. This document includes
associated long-range forecasts.

For SPSG clients that use the SPSG online service, the prices presented here
correlate with the quarterly and long-range price tables dated September
1996 in the SPSG online service. For additional product coverage and more
detailed product specifications, please refer to those sources.

Price Variations

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

1996 1997 1997 1998 1998 Lead Time
Product 04 Q1 Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year (Weeks)
74LS TTL
741300 013 013 013 013 013 013 013 013 013 013 013 2-6
741574 017 016 016 016 016 0.l16 016 016 0.16 0.16 0.16 2-6
7415138 018 017 017 017 017 017 047 017 016 016 017 26
7415244 024 024 024 024 024 024 024 024 024 024 024 2-6
74ACTTL
74AC00 017 017 017 017 017 017 015 015 015 014 015 26
74AC74 021 021 021 021 021 021 019 019 018 017 018 26
74AC138 031 029 029 029 029 029 028 028 027 027 027 26
74AC244 043 040 040 040 040 040 036 036 035 035 035 26
74F TTL
74F00 014 014 014 014 014 014 013 013 013 013 013 26
74F74 015 015 015 015 015 015 015 015 015 015 015 26
74F138 018 018 018 018 018 018 018 018 018 018 018 2-6
74F244 023 022 022 02 02 022 022 02 022 022 022 26
74HC CMOS
74HCO00 012 011 0611 011 011 011 011 011 411 041 0.11 26
74HC74 016 016 016 016 016 016 015 015 015 015 015 2-6
74HC138 0.18 017 017 017 017 017 017 017 017 017 017 2-6
74HC244 623 021 021 021 021 021 021 021 021 021 021 26
74ALS TTL
74ALS00 016 014 014 014 014 014 014 014 014 014 014 26
74A1574 018 016 0116 016é 016 016 016 016 016 0.16 0.16 2-6
74AL5138 023 022 021 021 021 021 020 020 020 020 020 2-6
74ALS244 031 030 030 030 030 030 027 027 026 026 026 26
74AS TTL
74AS00 019 019 019 019 019 019 019 019 019 019 019 26
74AS74 019 019 019 019 019 019 019 019 019 019 019 2-6
74AS138 040 040 040 040 040 040 040 040 040 040 040 26
F4AS8244 065 063 063 063 063 063 062 062 062 062 062 26
74BC*
74BCO0 023 020 020 020 020 020 019 019 018 017 018 26
74BC244 055 053 053 053 053 053 048 047 046 044 046 26
74BC373 057 055 055 055 055 055 050 049 046 046 0.48 26
74ACT244 045 043 043 041 041 042 039 038 038 036 038 26
74ACT245 048 046 046 046 046 046 041 041 040 038 040 2-6
74ABT244 060 058 058 058 058 058 052 052 051 048 051 26
74ABT245 065 063 063 063 063 063 057 056 055 052 055 26

*Pricing for 74BC excludes 74ABT and 74BCT.

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

Source: Dataquest {December 1996)

SPSG-WW-MS-9605 ©1997 Dataguest . January 6, 1997
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Semiconductor Supply and Pricing Worldwide

Table 2

Estimated Long-Range Standard Logic Price Trends—North American Bookings

(Volume: 100,000 per Year; Package: PLCC; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
7418 TTL
741500 0.14 0.13 0.13 0.13 0.12
741874 017 0.16 0.15 0.15 0.14
7415138 0.18 0.17 0.15 0.15 0.14
7415244 025 0.24 0.24 0.24 0.24
74ACTIL
74AC00 0.18 0.17 0.17 0.17 0.17
74AC74 0.22 0.21 0.21 0.21 021
74AC138 0.32 0.31 0.30 0.30 0.30
74AC244 0.44 0.42 0.40 0.40 0.40
74F TTL
74500 0.14 0.14 0.14 0.13 0.13
74F74 0.16 0.15 0.15 0.15 0.14
74F138 0.19 0.18 0.18 0.18 0.17
74F244 0.24 023 023 0.23 0.23
74HC CMOS
74HCO0 0.13 0.12 0.12 0.12 0.12
74HC74 017 0.16 0.16 0.16 0.16
74HC138 0.19 0.18 0.18 0.18 0.18
74HC244 025 0.23 0.23 0.23 0.23
74ALS TTL
74AL500 0.16 0.16 0.16 0.16 Q.16
74ALS74 0.19 0.18 0.18 0.18 0.18
74A15138 0.26 0.23 0.23 0.23 0.23
74ALS244 035 0.30 0.30 0.30 0.30
74A8 TTL
74A500 0.19 0.19 0.19 0.19 0.18
74A574 0.20 0.19 0.19 .19 0.19
74AS138 042 0.40 0.40 0.40 0.38
74A5244 0.66 0.63 0.63 0.61 0.61
(Continued)
SPSG-WW-MS-0604 ©1996 Dataquest September 23, 1996
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Table 2 (Continued)
Estimated Long-Range Standard Logic Price Trends—North American Bookings
(Volume: 100,000 per Year; Package: PLCC; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
74BC*
74BC00 0.23 0.21 0.21 0.21 021
74BC244 0.55 0.53 0.53 0.53 0.51
74BC373 0.57 0.55 0.55 0.55 0.53
74ACT244 0.45 043 0.43 043 0.40
74ACT245 048 0.46 0.46 0.46 0.44
74ABT244 0.60 0.58 0.58 0.56 0.56
74ABT245 0.65 0.63 0.63 0.61 0.59

*“Pricing for 74BC excludes 74ABT and 74BCT.

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

Source: Dataquest (September 1996)

SPSG-WW-MS-9604 ©1996 Dataquest September 23, 1996
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Table 3
Estimated Microprocessor Price Trends—North American Bookings
(Volume: 8-Bit, 16-Bit, and 32-Bit—25,000 per Year; Dollars)

(Package: 8/16-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

1996 1996 1997 1997
Product Q1 Q2 Q3 Q4 Year 1 Q2 Q3 Q4 Year
68RC020-25 PQFP 9.00 9.00 9.00 9.00 9.00 8.00 8.00 8.00 8.00 8.00
68EC030-25 PQFP 21.00 21.00 21.00 21.00 21.00 19.00 19.00 19.00 19.00 19.00
68040-25 105.00 80.00 40.00 30.00 63.75 25.00 25.00 25.00 25.00 25.00
68LC040-25 CQFP 184 50.00 40.00 35.00 30.00 38.75 25.00 25.00 25.00 25.00 25.00
80486DX2-66 55.00 42.00 27.00 27.00 37.75 24.00 24.00 24.00 24.00 24.00
804861X4-75 90.00 75.00 40.00 40.00 61.25 35.00 35.00 35.00 35.00 35.00
Pentium-75 100.00 90.00 60.00 50.00 75.00 45.00 45.00 40.00 40.00 4250
Pentium-90 182.00 120.00 70.00 60.00 108.00 50.00 50.00 50.00 45.00 48.75
Pentium-100 199.00 120.00 75.00 75.00 65.00 60.00 60.00 60.00 60.00 60.00
Pentium-120 NA NA 125.00 125.00 NA 95.00 85.00 80.00 80.00 85.00
Pentium-133 NA NA 175.00 175.00 NA 110.00 100.00 90.00 75.00 93.75
Pentium-150 NA NA 22500 225.00 NA 150.00 150.00 120.00 120.00 135.00
Pentium-166 NA NA 350.00 350.00 NA 250.00 170.00 140.00 140.00 175.00
Pentium-200 NA NA 450.00 450.00 NA 400.00 400.09 350.00 300.00 362.50
Pentlum Pro-166C NA NA 600.00 600.00 NA 600.00 600.00 600.00 600.00 600.00
Pentium Pro-180 NA NA 470.00 400.00 NA 350.00 325.00 325.00 325.00 331.25
Pentium Pro-200 NA NA 550.00 500.00 NA 475.00 450.00 450.00 400.00 443.75
PowerPC 601-66 105.00 80.00 68.00 60.00 78.25 55.00 55.00 55.00 55.00 55.00
PowerPC 601-80 125.00 95.00 85.00 80.00 96.25 70.00 70.00 70.00 70.00 70.00
PowerPC 601-100 155.00 140.00 90.00 90.60 118.75 85.00 85.00 85.00 85.00 85.00
PowerPC 603-80 105.00 95.00 80.00 75.00 88.75 61.00 61.00 61.00 61.00 61.00

NA = Not available
Notes: Priclng excludes accessary parts like floating point and memory management,

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

Thesa prices are intanded for use as guidelines.
Source: Dataquest {Septermber 1996)
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Table 4

Estimated Long-Range Microprocessor Price Trends—North American Bookings
(Volume: 8-, 16-, and 32-Bit—25,000 per Year; Dollars)

(Package: 8/16-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

1996 1997 1998 1999 2000

Product Year Year Year Year Year
68EC020-25 PQFP 9.00 8.G0 8.00 8.00 8.00
68EC030-25 PQFP 21.00 19.00 19.00 19.00 15.00
68040-25 63.75 25.00 25.00 25.00 25.00
68LC040-25 CQFP 184 3875 25.00 25.00 25.00 25.00
80486DX2-66 37.75 24.00 24.00 24,00 24.00
80486DX4-75 61.25 35.00 35.00 35.00 35.00
Pentium-75 75.00 4250 40.00 40.00 40.00
Pentium-90 108.00 48.75 45.00 45.00 45.00
Pentium-100 65.00 60.00 60.00 60.00 60.00
Pentium-120 NA 85.00 70.00 70.00 70.00
Pentium-133 NA 93.75 75.00 75.00 75.00
Pentium-150 ; NA 135.00 100.00 90.00 90.00
Pentium-166 NA 175.00 120.00 108.00 108.00
Pentium-200 NA 362.50 255.00 230.00 207.00
Pentium Pro-166C NA 600.00 480.00 432.00 388.80
Pentium Prc-180 NA 331.25 295.00 283.00 . 27100
Pentium Pro-200 NA 443.75 384.00 369.00 354.00
PowerPC 601-66 78.25 55.00 55.00 55.00 55.00
PowerPC 601-80 96.25 70.00 70.00 70.00 70.00
PowerPC 601-100 118.75 85.00 85.00 85.00 85.00
PowerPC 603-80 88.75 61.00 61.00 61.00 61.00

NA = Not available

Notes: Pricing excludes accessory parts like fioating point and memory management.

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

Source: Dataquest (Septermnber 1996)
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Table 5

Estimated DRAM Price Trends—North American Bookings (Contract Volume; U.S. Dollars)*

1996 1996 1997 1997 Lead Time
Product 1 Q2 Q3 04 Year Q1 Q2 Q3 Q4 Year (Weeks)
1Mbx1 DRAM 70-80ns (DIP/SO) 334 312 274 239 289 236 234 232 231 233 2-6
256Kx4 DRAM 60ns SOJ 3.18 299 246 232 274 230 229 227 22 228 2-6
4Mbx1 DRAM 70ns SOJ 949 535 375 307 542 304 295 294 292 296 2-6
1Mbx4 DRAM 60ns SOJ FFM 828 461 313 305 477 290 283 281 278 283 2-6
1Mbxd DRAM 60ns SOJ EDO 829 492 313 304 484 290 281 279 274 281 2-6
S12Kx8 DRAM 70ns 9.10 550 413 3.05 544 288 288 286 285 287 2-6
256Kx16 DRAM 70ns SOJ 8.78 588 401 3.63 558 346 346 346 344 346 2-6
4Mbx 4 DRAM 70ns SOJ 300 mil 37.89 18.00 1250 10.75 1979 950 925 905 898 9.20 2-6
1Mbx16 DRAM 60ns TSOP 300 mil FPM 36.17 17.83 1133 1045 1895 946 920 905 895 917 2-6
IMbx16 DRAM 60ns TSOP 300 mil EDO 36.17 1783 11.33 1043 1894 942 918 900 B892 913 2-6
2Mbx8 DRAM 60ns TSOP 300 mil 3256 2063 1165 1075 1890 1000 961 939 909 952 2-6
1Mbx2 SIMM 2 (IMbx4) +1 (1Mbx1) 21.25 1495 956 9.05 1370 872 856 850 843 855 2-6
4Mbx9 SIMM 2 {(dMbx4) +1 (4Mbx1) 73.25 4099 2961 25.76 4240 2323 2271 2229 2214 2259 2-6
1Mbx36 SIMM 9 (1Mbx4) 90.00 4339 3010 2938 4822 2803 2740 2722 2695 2740 2-6
IMbx32 SIMM 8 (1Mbxd) 69.46 3865 2683 2619 4028 2499 2443 2427 2403 2443 2-6
1Mbx32 SIMM 2 (1Mbx16) 58.70 3753 2452 2276 3588 2078 2026 199 1976 20.19 2-6
2Mn32 SIMM 16 (IMbx4}) 114.00 75.64 5201 50.73 7310 4833 4721 4689 4641 4721 2-6
2Mbx32 SIMM 4 (1Mbx16) 114.54 7332 4731 43.79 69.74 3983 3879 3819 3779 3865 2-6
2Mbx36 SIMM 18 (1Mbxd) 180.00 8486 5827 5683 9499 5413 5287 5251 5197 5287 2-6
2Mbx36 SIMM 4 (IMbx16) +2 (1Mbxd) 176.50 8248 5351 4983 9%0.58 4557 4439 4375 4329 425 2-6
256Kx4 VRAM 70ns SOJ 6.00 600 585 560 586 550 543 541 538 543 2-6
128KxB VRAM 70ns SOJ 6.25 625 600 590 610 585 581 580 577 581 2-6
256Kx16 VRAM 70ns SOP 21.20 1693 1300 1200 1578 150 11.00 1100 1096 11.12 2-6

*Gonfract volume s at Jeast 100,000 per order, except for VRAMSs,
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volurne discount. These prices are intended

for use as guidelines.
Source: Dataquest (September 1996)
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Table 6
Estimated Long-Range DRAM Price Trends—North American Bookings
(Contract Volume; U.S. Dollars)*

1996 1997 1998 1999 2000
Product Year Year Year Year Year
1Mbx1 DRAM 70-80ns (DIP/SOJ) 2.89 233 203 1.93 1.83
256Kx4 DRAM 60ns SOJ 274 2.28 2.00 1.90 1.80
4Mbx1 DRAM 70ns SOJ 542 296 2.59 246 233
IMbx4 DRAM 60ns SOJ FPM 4.77 2.83 247 2.35 223
IMbx4 DRAM 60ns SOJ EDO 4.84 2.81 246 233 222
512Kx8 DRAM 70ns 544 2.87 2.52 2.39 227
256Kx16 DRAM 70ns SOJ 5.58 3.46 3.04 2.89 2.75
4Mbx 4 DRAM 70ns SOJ 300 mil 19.79 9.20 7.96 7.57 7.19
1Mbx16 DRAM 60ns TSOP 300 mil FPM 18.95 9.17 7.96 7.57 7.19
1Mbx1é DRAM 60ns TSOP 300 mil EDO 18.94 9.13 7.92 7.52 7.15
2Mbx8 DRAM 60ns TSOP 300 mil 18.90 9.52 8.26 7.85 7.46
1Mbx9 SIMM 2 (1Mbx4) +1 (1Mbx1) 13.70 8.55 7.48 7.11 6.75
4Mbx9 SIMM 2 (4Mbx4) +1 (dMbx1) 4240 22.59 19.62 18.63 17.70
1Mbx36 SIMM 9 (1Mbx4) 48.22 27.40 23.95 22.76 21.62
1Mbx32 SIMM 8 (1Mbx4) 40.28 2443 21.36 20.29 19.28
1Mbx32 SIMM 2 (1Mbx16) 35.88 20.19 17.56 16.69 15.85
2Mbx32 SIMM 16 (1Mbx4) 73.10 4721 41.26 39.20 37.24
2Mbx32 SIMM 4 (AIMbx16) 69.74 38.65 33.61 31.93 30.33
2Mbx36 SIMM 18 (1Mbx4) 94.99 52.87 46.21 43.90 41.70
2Mbx36 SIMM 4 (1Mbx16) +2 (1Mbx4) 50.58 4425 38.50 36.58 34.75
256Kxd4 VRAM 70ns SOJ 586 543 4.76 4.19 3.69
128Kx8 VRAM 70ns SOJ 6.10 5.81 5.10 4.49 3.95
256Kx16 VRAM 70ns SOP 15.78 11.12 9.68 8.52 7.50

*Contract volurme is at least 100,000 per order, except for VRAMs.

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

Source; Dataquest (September 1996)

SPSG-WW-MS-9604 ©1996 Dataquest September 23, 1996
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Table 7

Estimated Static RAM Price Trends—North American Bookings

(Volume: Slow SRAM/50,000 per Year; Fast SRAM—20,000 per Year; Package: PDIP; Dollars)

1996 1996 1997 1997  Lead Time
Product N Q2 Q3 Qs Year o1 Q2 Q3 Q4 Year (Weeks)
16Kx4 35ns 287 2.73 2.66 2.60 272 2,58 252 248 242 2.50 2
8Kx8 25ns 207 1.95 1.57 1.50 1.77 1.50 1.50 1.75 1.75 1.63 2
8Kx8 100-120ns 1.95 1.85 1.54 145 1.70 1.46 146 1.48 1.48 147 2
64K x4 10ns 8.00 7.00 7.00 6.50 713 7.00 7.00 7.00 7.00 7.00 6
64K x4 25ns 3.68 2.50 275 2.88 295 275 275 2,67 267 271 6
32Kx8 12ns 375 2.33 234 25 273 2.29 216 2.19 212 219 5
32Kx2 12ns Burst 200 7.00 3.00 450 5.88 4.00 3.75 3.50 3.50 3.69 6
32K x 8, 15ns, 5V 233 1.95 1.73 1.84 1.96 175 1.73 1.89 1.89 1.82 5
32K x 8, 15ns, 3.3V 2.75 2,22 1.60 147 201 1.55 147 1.7¢ 1.70 1.60 5
32Kx8 25ns 230 2.08 155 1.40 183 1.73 1.73 1.84 1.84 1.79 5
32Kx8 70-100ns SOJ 2.62 247 2.10 203 231 1.93 191 1.39 1.84 1.89 3
64Kx8 12ns Burst 24.00 21.50 19.00 17.50 20.50 1490 14.20 14.13 13.25 14.12 4
256Kx4 20ns 14.33 12.14 10.92 9.95 11.84 9.15 8.80 8.05 7.75 8.44 6
128K x 8 15ns 14.63 13.57 10.38 1044 12.25 9.67 917 8.58 821 891 5
128K x 8 20ns 14.13 12.32 998 10.03 11.61 9.31 8.76 8.22 7.85 8.53 . 5
128Kx8 25ns 13.13 12.07 9.79 9.79 11.19 9.10 8.63 8.06 772 8.38 5
128Kx8 70-100ns SOJ 7.18 6.21 5.83 549 6.17 5.30 515 5.06 497 512 3
32Kx32 15ns, 3.3V PQFP 10.89 6.10 4.80 4.88 6.67 494 4.69 4.58 425 4.61 6
32Kx32 8ns 3.3V PBSynch 14.00 4.50 490 4.08 6.87 3.76 3.56 331 318 3.45 6

Note: Actual negotiated markel prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume discount. These prices are intended

for use as price guidelines.
Source: Dataquest (Seplember 1996)
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Table 8

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

1996 1997 1998 1999 2000
Product Year Year Year Year Year
16Kx4 35ns 2.72 250 2.30 2.18 207
8Kx8 25ns 1.77 1.63 1.66 158 1.50
8Kx8 100-120ns 1.70 1.47 1.41 1.34 1.27
64Kx4 10ns 7.13 7.00 6.65 6.32 6.00
64K x4 25ns 295 271 253 241 2.29
32Kx8 12ns 273 219 2.01 1.91 1.82
32Kx9 12ns Burst 5.88 3.69 333 316 3.00
32K x 8, 15ns, 5V 1.96 1.82 1.80 1.71 1.62
32K x 8, 15ns, 3.3V 201 1.60 1.62 153 1.46
32Kx8 25ns 183 1.79 1.75 1.66 1.58
32Kx8 70-100ns SO 231 1.89 1.75 1.66 1.58
64Kx8 12ns Burst 20.50 14.12 12.59 1196 11.36
256Kx4 20ns 11.84 8.44 7.36 6.99 6.64
128K x 8 15ns 12.25 891 7.80 7.41 7.04
128K x 8 20ns 11.61 853 746 7.08 6.73
128Kx8 25ns 11.19 8.38 7.34 697 6.62
128Kx8 70-100ns SOJ 6.17 5.12 472 449 426
32Kx32 15ms, 3.3V PQFP 6.67 461 4.04 3.84 3.64
32Kx32 8ns 3.3V PBSynch 6.87 345 3.02 2.87 273

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service,
and volurme discount. These prices are intended for use as price guidelines.
Source: Datagquest (September 1996)

SPSG-WW-MS-9604 ©1996 Dataquest September 23, 1996
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Table 10

Estimated Long-Range ROM Price Trends—North American Bookings
(Speed/Package: <1Mb Density—150ns and Above, 28-pin PDIP; 22Mb Density--—
200ns and Above, 32-pin PDIP) (Volume: 50,000 per Year; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
128Kx8 1.91 1.70 1.60 1.60 1.70
64Kx16 2.00 2.00 2.00 2.00 215
256Kx8 225 225 2.25 2.40 240
512Kx8 3.20 2.80 2.50 250 250
256Kx16" 3.20 2.80 2.50 2,50 2.50
1Mbx8* 435 3.83 3.50 3.40 3.30
1IMbx16 7.11 510 3.80 3.70 3.60
2Mbx8 7.11 478 3.80 3.70 3.60

;256Kx16 ROM: 150ns and above; 40-pin PDIP

1Mbx8 ROM: 150ns and above; 32-pin SOP

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

Source: Dataguest (September 1996)

SPSG-WW-MS-9604 ©1996 Dataquest September 23, 1996
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North American Semiconductor Price Outiook: 15

Table 12
Estimated Long-Range EPROM Price Trends—North American Bookings
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed:

150ns and Above; Dollars)
1996 T 1997 1998 1999 2000
Product Year Year Year Year Year
32Kx8 2.03 219 1.90 2.00 2.00
64K %8 2.18 2.30 2.40 2.50 2.50
128Kx8 284 2,60 2.75 295 295
256Kx8 435 410 4.00 3.75 375
128Kx16 6.70 6.60 450 4.20 4.00
512Kx8 7.20 6.55 6.20 6.00 5.80
256Kx16 10.88 999 8.25 8.00 7.80

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service,
and volume discount. These prices are intended for use as price guidelines.
Source: Dataquest (September 1996)

SPSG-WW-MS-9604 ©1996 Dataquest September 23, 1996
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Table 13

Estimated Flash Memory Price Trends—North American Bookings

(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars)

1996 1996 1997 1997 Lead Time
Product o Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year (Weeks)
64Kx8 PDIP/PLCC 3.96 3.50 3.20 .00 342 290 2.80 2.70 2.60 2.75 4
64Kx8 TSOP 420 375 345 3.2 3.66 3.15 3.05 295 2.85 3.00 4
128Kx8 PDIP/PLCC 3.80 3.50 3.00 2.85 3.29 275 2.65 255 2.50 2.61 24
128Kx38 TSOFP 12V 4.00 3.70 3.22 300 348 295 285 273 2.70 2381 24
128Kx8 TSOP 5V 6.08 570 5.35 505 5.54 4.20 4.00 3.80 3.70 393 2
256Kx8 TSOP 12V 940 6.75 6.38 6.13 717 6.00 575 5.60 540 5.69 2-4
256Kx8 TSOP/5V 9.80 7.30 7.50 6.50 6.27 6.05 5.70 5.40 5.10 5.56 2-4
512Kx8 PDIP/PLCC 13.00 11.50 8.43 7.68 10.15 6.25 5.60 5.30 5.00 5.54 24
512Kx8 TSOP 12V " 14.00 11.30 8.00 7.90 10.30 7.00 6.73 6.59 6.41 6.68 24
512Kx8 TSOP /5V 14.50 11.50 9.65 8.90 11.14 6.55 590 5.60 5.30 584 24
1Mbx8 TSOP/12V 17.00 11.00 10.50 10.32 12.21 10.15 9.89 9.76 941 9.80 2-4
1Mbx8 TSOP/5V 18.38 1435 12.00 11.25 13.99 10.70 10.15 9.50 8.88 9281 24
2Mbx8 TSQP/12V 37.00 35.75 25.11 2141 2982 18.27 17.81 17.00 1643 17.38 2-4
2Mbx8 TSOP/5V 34.80 29.33 26.50 21.75 28.10 19.00 17.90 17.00 16.13 17.51 2-4

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

for use as guidelines.
Source: Dataquest {September 1996)
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North American Semiconductor Price Outlook: 17

Table 14

Estimated Long-Range Flash Memory Price Trends—North American Bookings

(12 Volts; Volume: 10,000 per Year; Speed: 150ns; Dollars)

1996 1997 1998 1999 2000

Product Year Year Year Year Year
64Kx8 PDIP/PLCC 342 275 2.34 211 1.90
64Kx8 TSOP 3.66 3.00 257 2.31 2.08
128Kx8 PDIP/PLCC 3.29 2.61 225 2.03 1.82
128Kx8 TSOP 12V 3.48 281 243 219 1.97
128Kx8 TSOP 5V 5.54 3.93 3.33 3.00 2.70
256Kx8 TSOP 12V 7.17 5.69 4.86 4.37 3.94
256Kx8 TSOP/5V 6.27 5.56 4.59 413 372
512Kx8 PDIP/PLCC 9.24 5.54 4.50 4.05 3.89
512Kx8 TSOP 12V 10,15 6.68 5.77 5.19 498
512Kx8 TSOP/5V 10.30 5.84 4.77 4. 412
1Mbx8 TSOP/12V 12.21 9.80 847 7.88 7.80
1Mbx8 TSOP /5V 13.99 9.81 7.95 743 7.36
2Mbx8 TSOP/12V 29.82 17.38 14.79 14.34 13.77
2Mbx8 TSOP/5V 28.10 17.51 14.51 14.08 13.51

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

Source: Dataguest (September 1996)
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Table 15

Estimated Gate Array Pricing—North American Production Bookings
(Volume: 20,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype; Millicents per Gate)

10-29.99K Gates 30-59.99K Gates 60-99.99K Gates Lead Time
Gate Count Technology 1996 1997 1998 1996 1997 1998 1996 1997 1998 (Weeks)
CMOS (Average) Production:
1.0 Micron 38.00 31.00 27.00 36.00 30.00 26.00 35.00 28.00 25.00 6-12
0.8 Micron 3200 2700 2300 2600 2300 2000 2800 2300 19.00 6-12
0.6/0.5 Micron 2900 2500 2100 2200 1800 1600 2100 1700 1500 612
0.3 Micron NR NR NR NR NR NR 2200 1600 1400 6-12
Péototypes:
NRE CMOS Average Charge ($K) 4500 4400 4400 5500 5400 5200 7500 7400  73.00 2-8
100-299.99K Gates 230K Gates
Gate Count Technolo&y 1996 1997 1998 1996 1997 1998 Lead Time (Weeks)
CMOS (Average) Production:
1.0 Micron NR NR NR NR NR NR 6-12
0.8 Micron 3000 2400 21.00 NR NR NR 6-12
0.6/0.5 Micron 2300 1800 1600 2500 2000 17.00 6-12
0.3 Micron 2400 1700 1500 26.00 1900 16.00 6-12
Prototypes:
NRE CMOS Average Charge ($K) 10900 10700 10600 12500 12300 120.00 28
NR = Not relevant

Notes: The actual NRE charge may vary from these because of device amortizalion, testing, intellectual property rights, and other factors.

Actual negoliated market prices may vary from these prices because of manulacturer-specific factors such as intellectual properly rights, aliances, service, package types,
and volume discourt, These prices are intended for use as price guidelines. For volumes of 100k units or greater, discount the above prices by a further 40 percent to 60 percent.
For high-dansity solutions and a volurme of greater than 150,000 units or for low-censily solutions with volumes greater than 500 units, CBICs may be more cost-effective

than gate arrays.
Source; Dataquest (September 1986)

:]8

apimppop Buoud pue Addng J0RnpuodlLles



F096-SN-MM-9SdS

1sanbejeq 96619

9661 ‘€Z Jequiadsg

- -_— -—
Table 16
Estimated CBIC Pricing—North American Production Bookings
(Volume: 20,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype; Millicents per Gate)
10-29.99K Gates 30-59.99K Gates 60-99.99K Gates Lead Time
Gate Count Technology 1996 1997 1998 1996 1997 1998 1996 1997 1998 (Weeks)
CMOS Production:
1.0 Micron 4600 3700 3000 4100 3300 28.00 39.00 31.00 27.00 7-13
0.8 Micron 3900 3100 2600 3000 2400 21.00 31.00 2500 21.00 7-13
0.6/0.5 Micron 33.00 2600 2200 2600 2100 18.00 2500 2000 17.00 7-13
0.3 Micron NR NR NR NR NR NR 2500 1900 15.00 NR
Prototypes:
NRE CMOS Average Charge ($K) 7000 6800 67.00 7300 7200 72.00 8400 8300 83.00 48
100-299K Gates 2300K Gates
Gate Count Technology 1996 1997 1998 1996 1997 1998 Lead Time (Weeks)
CMOS5 Production:
1.0 Micron NR NR NR NR NR NR 6-12
0.8 Micron 33.00 2600 22.00 NR NR NR 6-12
0.6/0.5 Micron 2700 2200 1900 3000 2400 2100 6-12
0.3 Micron 27.00 2100 17.00 2800 2200 1900 6-12
Prototypes:
NRE CMOS Average Charge ($K) 133.00 133.00 13200 165.00 163.00 161.00 2-8

NR = Not relevant

Notes: The actual NRE charge may vary from thege because of device amontization, testing, Inteliectual property rights, and other factors.
Actual negotiated market prices may vary fom these prices because of manufacturer-specific factors such as intellectual property rights, aliances, service, package types, and volume

discount. These prices are intended for use as price guidefines. For volumes of 100k unils or grealer, discount the above prices by a lurther 40 percent to 60 percent.

For high-density solulions and a volume of greater than 150,000 units or for low-density solations with volumes greater than 500 units, CBICs may be mare cost-efleclive

than gate arvays.
Sowce: Dataquest (September 1956)
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Methodology and Sources

This document provides information on and forecasts for the North
American bookings prices of more than 200 semiconductor devices.
Dataquest collects price information on a quarterly basis from North
American suppliers and major buyers of these products. North American
bookings price information is analyzed by Semiconductor Supply and
Pricing Worldwide (SPSG) program analysts for consistency and recon-
ciliation. The information finally is rationalized with worldwide billings
price data in association with product analysts, resulting in the current
forecast. This document includes associated long-range forecasts.

For SPSG clients that use the SPSG online service, the prices presented
here correlate with the quarterly and long-range price tables dated

June 1996 in the SPSG online service. For additional product coverage
and more detailed product specifications, please refer to those sources.

Price Variations

Actual negotiated market prices may vary from these prices because of

manufacturer-specific factors such as product quality, special features,

service, delivery performance, volume discount, or other factors that

may enhance or detract from the value of a company’s product. These
' prices are intended for use as price guidelines.
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4 Semiconductor Supply and Pricing Worldwide

Table 2
Estimated Long-Range Standard Logic Price Trends—North American Bookings
(Volume: 100,000 Year; Package: PLCC; Dollars)

1996 _ 1997 1998 1999 2000
Product Year Year Year Year Year
7415 TTL
741500 0.14 0.13 0.13 0.13 012
741574 0.17 0.16 015 0.15 0.14
7415138 0.18 0.17 .15 0.15 0.14
7415244 0.25 024 0.24 0.24 0.24
74AC TTL
74AC00 0.18 0.17 0.17 017 017
74AC74 022 0.21 021 0.21 0.21
74AC138 0.32 0.31 0.30 0.30 0.30
74AC244 0.4 042 0.40 0.40 0.40
74F TTL
74500 0.14 0.14 0.14 0.13 013
74F74 0.16 0.15 0.15 0.15 0.14
74F138 0.19 0.18 0.18 0.18 0.17
74F244 0.24 023 023 0.23 023
74HC CMOS
74HC00 0.13 012 012 0.12 012
74HC74 0.17 0.16 0.16 0.16 0.16
74HC138 0.19 0.18 0.18 0.18 0.18
74H(C244 0.25 023 023 0.23 0.23
74ALS TTL
74ALS00 0.1 0.16 0.16 0.16 0.16
74A1S74 0.19 0.18 0.18 0.18 0.18
74A1.5138 0.26 0.23 0.23 0.23 023
74A1.5244 0.35 0.30 0.30 0.30 0.30
74A5 TTL
74A500 0.19 0.19 0.19 0.19 0.18
74A574 0.20 0.19 0.19 0.19 0.19
74A8138 042 0.40 0.40 0.40 0.38
74A58244 0.66 0.63 0.63 0.61 0.61
74BC*
74BC00 0.23 021 0.21 0.21 021
74BC244 0.55 0.53 0.53 0.53 0.51
74BC373 0.57 055 0.55 0.55 0.53
74ACT244 0.45 043 0.43 0.43 0.40
74ACT245 0.48 046 046 046 0.44
74ABT244 0.60 0.58 0.58 0.56 0.56
74ABT245 0.65 063 0.63 0.61 0.59
*Pricing for 74BC excludes 74BCT.

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

Source: Dataquest (June 1996) .

SPSG-WW-M5-96038 ©1996 Dataquest June 17, 1996
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Table 3 (Continued)

Estimated Microprocessor Price Trends—North Ameri¢an Bookings

(Volume: 8-, 16-, and 32-Bit—25,000 per Year; Dollars)

(Package: 8/16-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

1995 1996 1996 1997 1997 Lead Time
Product Q4 Q1 Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year {Weeks)
R44005C-75 515.00 450.00 41000 375.00 325.00 39000 29500 250.00 21000 18500 235.00 26
SPARC-25 4500 39.00 3500 35.00 35.00 36.00 30.00 3000 3000 3000 30.00 2-6
80960CA-25 5500 5000 5000 4500  45.00 4750 4000 40.00 40.00 4000 40.00 2-6

*Estimated but not by survey

®pricing excludes accessory parts like floating point and memory management.

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

Sowrce: Dalaquest (June 1996)
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North American Semiconductor Price Outlook: Third Quarter 7

Table 4 _

Estimated Long-Range Microprocessor Price Trends—North American Bookings
(Volume: 8-, 16-, and 32-Bit—25,000 per Year; Dollars)

(Package: 8/16-Bit Devices—PDIP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
68EC000-16 PLCC 5.00 5.00 4.50 NA NA
68020-16 PQFP 16.75 15.00 15.00 Na NA
68EC020-16 PQFP 8.75 8.00 7.00 NA NA
68EC020-25 PQFP 9.00 8.00 7.00 NA NA
68EC030-25 PQFP 21.00 19.00 17.00 NA NaA
68040-25 78.75 60.00 50.00 NA NA
68L.C040-25 CQFP 184 38.75 25.00 NA NA NA
386SL-25 PQFP 26,00 25.00 NA NA NA
AM386-40 PQFP* 19.25 18.00 NA NA NA
804865X-25 PQFP 25.00 20.00 NA NA NA
80486DX-33 POFP 41.25 25,00 NA NA NA
80486DX-50 56.75 31.00 NA NA NA
80486DX2-50 POFP 29.00 20.00 NA NA NA
80486DX2-66 39.25 25.00 NA NA NA
80486DX4-75 71.25 47.50 NA NA NA
Pentium-75 87.50 65.00 55.00 NA NA
Pentium-90 123.00 75.00 60.00 NA NA
Pentium-100 127.25 75.00 50.00 NA NA
PowerPC-601-66 81.25 60.00 45.00 NA NA
PowerPC-601-80 98.75 80.00 70.00 NA NA
PowerPC-601-100 170.00 90.00 80.00 70.00 NA
Power PC 603-80 90.00 60.00 NA NA NA
29000-25 38.75 30.00 NA NA NA
88100-25° 36.00 30.00 NA NA NA
R40005C-50 301.25 166.25 115.00 ‘NA NA
R44005C-75 390.00 235.00 185.00 NA NA
SPARC-25" 36.00 30.00 NA NA NA
80960} A-25 47.50 40.00 NA NA NA
PA = Not available
Estimated but not by survey
2 Pricing excludes accessory parts like floating point and memory management.
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service,
and volume discount. These prices are intended for use as guidelines.
Source: Dataquest (June 1996)
SPSG-WW-MS-9603 ©1996 Dataquest June 17, 1996
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Table 5

Estimated DRAM Price Trends—North American Bookings

(Contract Volume; U.S. Dollars)*

1995 1996 1996 1997 1997 Lead Time
Product Q4 Q1 02 Q3 4 Year Q1 Q2 Q3 Q4 Year (Weeks)
1Mbx1 DRAM 70-80ns (DIP/SO)) 3.76 3.46 3.24 3.21 324 3.29 iqa 345 3.58 3.57 3.50 2-6
256Kx4 DRAM 60ns SOJ 3.80 3.46 3.24 KW 325 3.29 34 348 3.59 361 3.53 2-6
4Mbx1 DRAM 70ns SO 12.33 9.39 5.75 550 525 647 500 4.80 4.65 4.30 4.69 2-6
1Mbx4 DRAM 60ns SOJ, FP'M 12.13 8.98 5.50 5.25 5.00 618 480 459 435 395 442 2-6
1Mbx4 DRAM 60ns SOJ, EDO 12.13 9.00 5.50 525 5.00 6.19 4.80 459 435 395 442 2-6
512Kx8 DRAM 70ns 15.10 9.10 6.90 6.50 6.20 718 6.06 570 525 5.00 5.50 2-6
256Kx16 DRAM 70ns 50] 14.69 9.55 7.15 6.90 6.60 7.55 6.45 6.30 6.06 5.70 6.13 2-6
4Mbx4 DRAM 70ns SOJ, 300 mil 4780 3250 2300 2100 1925 2394 18.00 1650 1550 1475 16.19 2-6
IMbx16 DRAM 60ns TSOP, 300 mil, FPM 5320 3250 2300 2100 1925 2394 1800 1650 1550 1475 16.19 246
1Mbx16 DRAM 60ns TSOP, 300 mil, EDO 5350 3250 2300 2100 1925 2394 1800 1650 1550 1475 16.19 2-6
2Mbx8 DRAM 60ns TSOP, 300 mil 5108 32175 2300 2135 1925 2384 1825 1700 1600 15.00 1656 2-6
IMbx9 SIMM 2(1Mbx4}+1{1Mbx1) 3255 2125 1495 1439 1390 1612 1366 1326 1286 1204 1296 2-6
40bx9 SIMM 2(4Mbx4)+1(dMbx1) 11250 9463 5434 4988 4594 61.19 4305 3969 3743 3549 3892 2-6
1Mbx36 SIMM 9(1Mbx4) 118.74 81.25 5198 4961 4725 5752 4536 4338 41.11 3733 41.79 2-6
1Mbx32 SIMM 8(1Mbx4} 107.50 8091 4620 4410 4200 5330 4032 3856 3654 33.18 3715 2-6
1Mbx32 SIMM 2(IMbx16) 11400 81.39 4830 4410 4043 5355 3780 3465 3255 3098 3399 2-6
2Mbx32 SIMM 16(1Mbx4) 214.00 160.70 8663 8269 7875 9745 7560 7229 6851 6221 6965 2-6
2Mb32 SIMM 4(1Mbx16) 20653 161.08 9660 8820 8085 10668 7560 6930 6510 6195 6799 2-6
2Mbx36 SIMM 18(1Mbx4) 233.67 193.94 10395 99.23 9450 12290 9.72 8675 8222 7466 8359 2-6
2Mbx36 SIMM 4{1Mbx16)+2(iMbx4) 223.80 17650 108.15 9923 9135 11881 8568 7894 7424 7025 7727 26
256Kx4 VRAM 70ns SOJ 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 2-6
128Kx8 VRAM 70ns SOJ 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 2-6
256Kx16 VRAM 70ns SOP 2425 2120 1880 18.00 1750 1888 16.60 1550 1480 1390 1520 26

*Contract volume = At least 100,000 per order, except VRAMS
Note: Actual negoliated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume discount. These prices are intended

for use as guidefines.
Sowce: Dataquest (June 1995)
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North American Semiconductor Price Outlook: Third Quarter 8
Table 6

Estimated Long-Range DRAM Price Trends—North American Bookings

(Contract Volume; U.S. Dollars)*
Product 1996 1997 1598 1999 2000
IMbx1 DRAM 70-80ns (DIP /SO 329 3.50 3.60 3.60 3.60
256Kx4 DRAM 60ns SQOJ 329 3.53 3.62 3.65 3.65
4Mbx1 DRAM 70ns 5Oj 6.47 4.69 422 3.80 342
IMbx4 DRAM 60ns SO], FPM 6.18 4.42 3.98 3.58 3.22
1Mbx4 DRAM é0ns SOJ, EDO 6.19 4.42 3.98 3.58 3.22
512Kx8 DRAM 70ns 7.18 5.50 495 446 4.01
256Kx16 DRAM 70ns SOJ 7.55 6.13 551 496 4.47
4Mbxd DRAM 70ns SOJ, 300 mil 23.94 16.19 14.57 13.11 11.80
1Mbx16 DRAM é0ns TSOP, 300 mil, FPM 23.94 16.19 1457 13.11 11.80
1Mbx16 DRAM 60ns TSOP, 300 mil, EDO 23.94 16.19 14.57 13.11 11.80
2Mbx8 DRAM 60ns TSOP, 300 mil 25.37 16.56 14.91 13.42 12.07
1Mbx9 SIMM 2(1Mbx4)+1(1Mbx1) 16,12 12.96 11.66 10.50 9.45
4Mbx9 SEMM 2(4Mbx4)+1(4Mbx1) 61.19 38.92 35.02 31.52 28.37
1IMbx36 SIMM 9(1Mbx4) 57.52 41.79 37.61 33.85 3047
1IMbx32 SIMM 8(1Mbx4) 53.30 37.15 33.43 30.00 27.08
1Mbx32 SIMM 2(1Mbx16) 53.55 33.99 30.59 27.53 24.78
2Mbx32 SIMM 16(1Mbx4) 9745 69.65 62.69 56.42 50.78
2Mbx32 SIMM 4(1Mbx16) 106.68 67.99 61.19 55.07 49.56
2Mbx36 SIMM 18(1Mbx4) 122.90 83.59 7523 67.70 60.93
2Mbx36 SIMM 4(1Mbx16)+2(1Mbx4) 11881 77.27 69.55 62.59 56.33
256Kx4 VRAM 70ns 5OJ 6.00 6.00 540 486 4.37
128Kx8 VRAM 70ns SOJ 6.25 6.25 5.63 5.06 4.56
256Kx16 VRAM 70ns SOP 18.88 15.20 14.42 1298 11.68
*Contract volume = At least 100,000 per order, except VRAMS

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

and volume discount. These prices are intended for use as guidelines.
Source: Dataquest (June 1996}
SPSG-WW-MS-9603 ©1996 Dataquest June 17, 1996
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Table 7

Estimated Static RAM Price Trends—North American Bookings
(Volume: Slow SRAM, 50,000 per Year; Fast SRAM, 20,000 per Year)

(Package: PDIP; Dollars)
1995 1996 1996 1997 1997 Lead Time
Product Q4 0] Q2 Q3 Q4 Year Q1 Q2 Q3 o4 Year (Weeks)
16Kx4 35n8 290 2.87 273 2.66 2.60 2.72 2.58 2.52 248 242 2.50 4-8
8Kx8 25ns 275 2.35 235 2.35 235 235 2.25 2.25 225 2.25 225 4-8
8Kx8 100-120ns 1.85 1.75 1.65 1.65 1.65 1.68 1.55 1.55 1.50 1.50 1.53 4-8
64Kx4 10ns 10.00 8.00 7.00 7.00 6.00 7.00 6.00 6.00 5.00 5.00 5.50 48
64K x4 25ns 4.50 4.35 425 415 4.05 420 400 3.90 380 3.70 385 4-8
32Kx8 12ns 6.10 525 4.75 425 3.75 4.50 3.00 2.50 2.50 2.25 2.56 4-8
32Kx9 12ns Burst 13.00 9.00 7.00 475 4.50 6.31 4.00 3.75 3.50 3.50 3.69 48
32Kx8, 15ns, 5V 3.50 2.90 2.75 2.55 225 261 2.00 2.07 207 2.07 2.05 4-8
32Kx8, 15ns, 3.3V 4,00 3.25 295 270 2.40 2.83 2.40 240 240 2.40 2.40 4-8
32Kx8 25ns .65 2.60 2.50 2.05 2.00 2.29 200 2.00 2.00 2.00 2.00 4-8
32Kx8 70-100ns SOQJ 3.40 275 2.60 2.40 225 2.50 215 210 2.10 200 2.09 24
64Kx18 12ns Burst 3500 2700 2400 2200 2000 2325 18.00 1700 1600 1400 1625 48
256Kx4 20ns 18.00 16.50 14.42 13.00 12.25 14.04 11.25 11.00 10.25 10.00 10.63 4-8
128Kx8, 15ns 2000 1650 1588  13.33 1233 14.51 1150 1100 1050 1000 1075 2-4
128Kx8 20ns 1800 1600 1413 1267 1183  13.66 1117 1067 1017 967 1042 48
128Kx8 25ns 1650 1467 1364 1200 1113 1286 1056  10.13 9.69 9.29 9.92 2-4
128Kx8 70-100ns SQJ 8.25 7.90 6.96 6.71 6.17 6.94 6.05 5.80 573 5.63 5.80 24
32Kx32 15ns, 3.3V PQFP 2400 1433 7.15 6.50 6.25 8.56 6.00 5.50 5.00 450 525 2-4

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

for use as guidelines,
Source: Dalagquest {June 1996)
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Table 8

Estimated Long-Range Static RAM Price Trends—North American Bookings
(Volume: Slow SRAM, 50,000 per Year; Fast SRAM, 20,000 per Year)

(Package: PDIP; Dollars)
1596 1997 1998 1999 2000
Product Year Year Year Year Year
16Kx4 35ns 272 250 2.50 2.60 270
8Kx8 25ns 2.35 225 225 230 2.50
8Kx8 100-120ns 1.68 1.53 1.75 2.00 2.20
64Kx4 10ns 7.00 5.50 475 4.75 5.00
64Kx4 25ns 4.20 3.85 3.75 3.75 3.75
32Kx8 12ns 4.50 2.56 250 250 2,50
32Kx9 12ns Burst 6.31 3.69 3.50 3.50 3.50
32Kx8, 15ns, 5V 261 205 2.00 200 2.00
32Kx8, 15ns, 3.3V 2.83 240 220 2.10 2.00
32Kx8 25ns 229 200 2.00 200 200
32Kx8 70-100ns SOJ 250 200 2.05 2.05 2.05
64Kx18 12ns Burst 23.25 16.25 14.00 12.00 10.00
256Kx4 20ns i4.04 10.63 8.33 6.55 5.00
128Kx8, 15ns 1451 10.75 7.85 5.85 5.00
128Kx8 20ns 13.66 10.42 842 6.25 540
128Kx8 25ns 12.86 9.92 829 6.20 5.35
128Kx8 70-100ns SOJ 6.94 5.80 512 5.00 5.00
32Kx32 15ns, 3.3V PQFP 8.56 5.25 5.00 5.00 5.00

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

Source: Dataquest (June 1996)

SPSG-WW-MS-9603

©1996 Dataquest

June 17, 1996
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Table 9

Estimated ROM Price Trends—North American Bookings

(Speed/Package: <IMb Density—150ns and Above, 28-Pin PDIP; 22Mb Density—200ns and Above, 32-Pin PDIP)

(Volume: 50,000 per Year; Dollars)

1995 1996 1996 1997 1997 Lead Time
Product Q4 Q1 Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year (Weeks)
128Kx8 ROM 1.95 195 1.90 190 1.90 191 1.80 170 1.70 1.60 1.70 4-8
64Kx16 ROM 2.10 2.00 2.00 2.00 2.00 2.00 2.00 2.00 200 2.00 2.00 4-8
256Kx8 ROM 2.60 225 225 225 225 225 2.25 225 2.25 2.25 2.25 48
512Kx8 ROM 3.50 3.20 3.20 3.20 3.20 3.20 3.10 290 2.70 2.50 2.80 48
256Kx16 ROM' 350 3.20 320 3.20 3.20 3.20 3.10 290 2.70 2.50 2.80 4-8
1Mbx8 ROM® 5.00 4.50 440 430 4.20 4.35 4.1¢ 4,00 3.70 3.50 3.83 4-8
1Mbx16 ROM 7.80 7.29 7.15 7.00 7.00 7.11 6.00 5.20 410 3.80 5.10 4-8
2Mbx8 ROM 7.80 7.29 7.15 7.00 7.00 7.11 6.00 5.20 4.10 3.80 478 4-8

'256Kx16 ROM: 150ns and above, 40-pin PDIP
21Mbx8 ROM: 150ns and above, 32-pin SOP

Note: Actua! negotiated market prices may vary from these prices because of marudacturer-specific factors such as quality, service, and volume discount. These prices are intended

for use as quidelines.
Source: Dataguest (June 1996)
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Table 10

Estimated Long-Range ROM Price Trends—North American Bookings
(Speed/Package: <1IMb Density——150ns and Above, 28-Pin PDIP; >22Mb
Density—200ns and Above, 32-Pin PDIP)

(Volume: 50,000 per Year; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
128Kx8 ROM 1.91 1.70 1.60 1.60 1.70
64Kx16 ROM 2.00 2.00 2.00 2.00 2.15
256Kx8 ROM 2.25 2.25 2.25 2.40 2.40
512Kx8 ROM 3.20 2.80 2.50 2.50 2.50
256Kx16 ROM' 3.20 2.80 2.50 250 2.50
1Mbx8 ROM* 4.35 3.83 3.50 3.40 3.30
1Mbx16 ROM 7.11 5.10 3.80 3.70 3.60
2Mbx8 ROM 7.11 4.78 3.80 3.70 3.60

'256Kx16 ROM: 150ns and above, 40-pin PDIP

2{Mbx8 ROM: 150ns and above, 32-pin SOP

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

Source: Dataquest (June 1996)

SPSG-WW-MS-9603 ©199 Dataquest June 17, 1996
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Table 11

Estimated EPROM Price Trends—North American Bookings

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

1995 1996 1996 1997 1997 Lead Time
Product 04 (8] Q2 Q3 04 Year 01 Q2 Q3 04 Year {Weeks)
32Kx8 EPROM 1.88 1.95 1.95 210 2.10 203 214 217 2.20 225 2.19 48
64Kx8 EPROM 2.05 215 2.15 220 2.20 218 2.30 230 230 230 230 4-8
128Kx8 EPRCM 290 3.00 2.80 280 275 284 2.65 2.65 2.55 2.55 2.60 4-8
256Kx8 EPROM 485 4.70 4.30 4.20 420 435 420 410 410 400 410 48
128Kx16 EPROM 6.80 6.70 6.70 6.70 6.70 6.70 6.60 6.60 6.60 6.60 6.60 4-8
512Kx8 EPROM 8.30 7.60 7.30 7.05 6.85 7.20 6.75 6.60 6.50 6.35 6.55 4-8
256Kx16 EPROM 11.45 11.20 10.90 10.75 10.65 10.88 10.28 10.03 990 9.75 999 48

Note: Actual negotlated market prices may vary from these prices because of manufaclurer-specific factors such as quality, service, and volume discount. These prices are intended

for use as guidelines.
Source: Dataquest (June 1996)
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Table 12
Estimated Long-Range EPROM Price Trends—North American Bookings
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed: 150ns and Above;
Dollars)
1996 1997 1998 1999 2000
Product Year Year Year Year Year
32Kx8 EPROM 2.03 219 1.90 2.00 2.00
64Kx8 EPROM 218 2.30 240 250 250
128Kx8 EFROM 284 2.60 2.75 295 295
256Kx8 EPROM 435 410 4.00 3.75 3.75
128Kx16 EPROM 6.70 6.60 4.50 420 4.00
512Kx8 EPROM 7.20 6.55 6.20 6.00 5.80
256Kx16 EPROM 10.88 9.99 8.25 8.00 7.80

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

Source: Dataquest (June 1996}

SPSG-WW-MS-9603

©1996 Dataquest
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Table 13

Estimated Flash Memory Price Trends—North American Bookings

(12V; Volume: 10,000 per Year; Speed: 150ns; Dollars)

1995 1996 1996 1997 1997  Lead Time
Product Q4 Q1 Q2 Q3 04 Year Q1 Q2 Q3 Q4 Year (Weeks)
64Kx8, PDIP/PLCC 3.95 395 a7 3.60 3.50 370 3.40 3.30 3.20 3.00 323 4-8
64Kx8, TSOP 420 420 3.80 3.60 3.50 340 3.40 3.30 3.20 3.00 3.25 48
128Kx8, PDIP/PLCC 4739 427 3.65 3.40 3.30 3.65 3.20 3.1 3.00 290 3.05 43
128Kx8, TSOPF, 12V 461 448 437 393 3.82 4.15 3.65 3.57 3.44 3.44 3.53 4-8
128Kx8, TSOP, 5V 6.12 5.80 525 4.95 4.75 5.19 4.60 450 4,40 4.30 445 4-8
256Kx8, TSOP, 12V 10.15 8.98 8.75 8.62 847 871 8.02 7.55 7.26 6.88 743 8
256Kx8, TSOF, 5V 10.74 9.80 940 9.20 9.10 9.38 8.70 8.20 7.90 7.52 8.08 8
512Kx8, PDIP/PLCC 7.50 7.00 6.50 6.00 580 6.33 5.60 5.40 525 5.20 5.36 48
512K>8, TSOF. 12V 13.15 12.60 12.50 11.80 11.50 12.10 1110 10.65 9.85 9.30 10.23 8
512Kx8, TSOP, 5V 15.90 14.50 14.30 13.90 12.75 13.86 12.10 11.80 10.50 16.00 11.10 6-8
1MbxB TSOP, 12V 18.00 17.00 16.50 16.50 15.90 16.58 15.75 15.00 14.60 13.75 14.78 6-8
1Mbx8 TSOP, 5V 23.10 20.60 19.55 18.80 18.25 19.30 16.60 15.45 14.51 13.65 15.05 6-8
2Mbx8 TSOP, 12V 39.00 37.00 35.75 3450 30.50 34.44 28.15 25.30 23.95 22.70 25.03 6-8
2Mbx8 TSOP, 5V 45.00 40.00 39.10 36.50 33.50 37.28 31.60 28.90 24.70 23.20 27.10 6-8

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

for use as guidelines.
Source: Dataquest (June 1996)
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Table 14

Estimated Long-Range Flash Memory Price Trends—North American Bookings

(12V; Volume: 10,000 per Year; Speed: 150ns; Dollars)

1996 1997 1998 1999 2000

Product Year Year Year Year Year
64Kx8, PDIP/PLCC 3.70 3.23 3.00 2,50 2.50
64Kx8, TSOP 3.40 3.25 3.00 2.50 2.50
128Kx8, PDIP/PLCC 3.65 3.05 275 275 2.50
128Kx8, TSOP, 12V 4.15 3.53 2.80 2.60 2.50
128Kx8, TSOF, 5V 519 445 4.00 3.65 275
256Kx8, TSOP, 12V 8.71 7.43 525 4.00 3.50
256Kx8, TSOPF, 5V 9.38 8.08 6.50 4.25 3.80
512Kx8, PDIP/PLCC 6.33 5.36 4.20 3.75 3.60
512Kx8, TSOP, 12V 12.10 10.23 7.20 5.00 3.75
512Kx8, TSOP, 5V 13.86 11.10 8.50 6.25 525
1Mbx8 TSOP, 12V 16.58 14.78 12.00 9.00 6.50
1Mbx8 TSOF, 5V 19.30 15.05 12.00 9.00 6.50
2Mbx8 TSOP, 12V 3444 25.03 17.00 12.00 9.00
2Mbx8 TSOP, 5V 37.28 27,10 17.00 12.00 9.00

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

Source: Dataquest (June 1996)

SPSG-WW-MS-0603

©1996 Dataquest
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Table 15

Estimated Gate Array Pricing—North American Production Bookings (Millicents per Gate)
(Package: CMOS—84-Pin PLCC for <10K Gates, 160-Pin PQFP for 10K-29.9K Gates, 208-Pin PQFP for >30K Gates)

(Volume: 10,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype)
(Includes Standard Commercial Test and Excludes Special Test)

599K Gates 10-19.99K Gates Lead Time

Gate Count Technology 1996 1997 1998 1996 1997 1998 {Weeks)

CMQOS Production:
1.0 Micron 50.00 48.00 46.00 42.00 39.00 36.00 8-10
0.8 Micron 39.00 36.00 34.00 39.00 36.00 33.00 8-10
0.6/0.5 Micron 44.00 42.00 39.00 39.00 36.00 32.00 8-10
0.3 Micron NA NA NA NA NA NA NA

NRE Charges ($1,000)

CMOS5 Prototypes:
1.0 Micron 25.00 2500 25.00 43.00 43.00 43.00 6-8
0.8 Micron 29.00 29.00 29.00 40.00 40.00 38.00 5-8
0.6/0.5 Micron 31.00 30.00 29,00 39.00 39.00 38.00 6-8
0.3 Micron NA NA NA NA NA NA NA

20-29.99K Gates 30-59.9K Gates 60-100K Gates Lead Time

Gate Count Technolog_y_ 1996 1997 1998 1996 1997 1998 1996 1997 1998 (Weeks)

CMOS Production:
1.0 Micron 43.00 41.00 38.00 45.00 43.00 40.00 43.00 41.60 40.00 810
0.8 Micron 35.00 31.00 28.00 33.00 31.00 3000 35.00 31.00 28.00 810
0.6/0.5 Micron 34.00 31.00 27.00 28.00 27.00 25.00 29.00 27.00 26.00 8-10
0.3 Micron NA NA NA NA NA NA 30.00 25.00 23.00 8-10

NRE Charges ($1,000)

CMOS Prototypes:
1.0 Micron 52.00 52.00 52.00 59.00 59.00 59.00 80.00 80.00 80.00 6-8
0.8 Micron 50.00 50.00 50.00 57.00 57.00 57.00 75.00 75.00 75.00 6-8
0.6/0.5 Micron 45.00 45.00 45.00 5500 55.00 55.00 75.00 75.00 75.00 6-8
0.3 Micron NA NA NA NA NA NA 80.00 80.00 80.00 6-8

NA = Not available

Notas: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume discount. These prices are intended

for use as guidelines, Volume prices: For 100,000 units or greater, digcount the above prices by 30 percent to 40 percent.
Source: Dataquest {June 1956)
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Table 16
Estimated CBIC Pricing—North American Production Bookings (Millicents per G

ate)

{Package: CMOS—84-Pin PLCC for <10K Gates, 160-Pin PQFP for 10K-29.9K Gates, 208-Pin PQFP for >30K Gates)

(Volume: 10,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype)
{Includes Standard Commercial Test and Excludes Special Test)

5-9.99K Gates 10-19.99K Gates Lead Time

Gate Count Technology 1996 1997 1998 1996 1997 1998 (Weeks)

CMOS Production:
1.0 Micron 54.00 52.00 50.00 46.00 42.00 38.00 8-10
0.8 Micron 41.00 39.00 36.00 40.00 36.00 33.00 8-10
0.6/0.5 Micron 46.00 44.00 42.00 41.00 37.00 33.00 8-10
0.3 Micron NA NA NA NA NA NA NA

NRE Charges ($1,000)

CMQOS Prototypes:
1.0 Micron 46.00 46.00 46.00 67.00 65.00 65.00 12-18
0.8 Micron 51.00 51.00 51.00 67.00 65.00 65.00 9-18
0.6/0.5 Micron 57.00 57.00 57.00 73.00 72.00 71.00 14-21
0.3 Micron NA NA NA NA NA NA NA

20-29.99K Gates 30-59.9K Gates 60-100K Gates Lead Time

Gate Count Technology 1996 1997 1998 1996 1997 1998 1996 1997 1998 (Weeks)

CMOS Production:
1.0 Micron 53.00 51.00 50.00 54.00 52.00 50.00 56.00 54.00 52.00 8-10
0.8 Micron 37.00 35.00 33.00 37.00 34.00 32,00 41.00 37.00 34.00 8-10
0.6/0.5 Micron 36.00 33.00 3200 33.00 31.00 29.00 31.00 29.00 28.00 8-10
0.3 Micron NA NA NA NA NA NA 32.00 28.00 26.00 8-10

NRE Charges ($1,000)

CMOS ) Prototypes:
1.0 Micron 70.00 70.00 70.00 75.00 75.00 75.00 95.00 95.00 95.00 6-10
0.8 Micron 70.00 70,00 70.00 75.00 75.00 74.00 90.00 90.00 90.00 4-7
0.6/0.5 Micron 70.00 70,00 70.00 75.00 73.00 70.00 90.00 90.00 96.00 57
0.3 Micron NA NA NA NA NA NA 95.00 95.00 95.00 6-8

NA = Not available '

Note: Actual negoliated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume discount. These prices are intended

for use as guidelines.
Source: Dataquest (June 1996}
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North American Semiconductor Price OQutlook: Third Quarter 2
Table 18
Estimated Long-Range CMOS PLD Price per Unit—North American Bookings
(Volume: 10,000 per Year; Package: PDIP or PLCC; Dollars)
1996 1997 1998 1999 2000
Pin Count Speed” (ns) Year Year Year Year Year
<20
6.1-7.5 213 2.00 2.00 2.00 2.00
7.6-10.0 1.28 1.13 1.10 1.10 1.10
10.1-14.99 114 103 1.00 1.00 1.00
15 - <25 0.65 0.65 0.65 0.65 0.65
225 0.65 0.65 0.65 0.65 0.65
24
6.1-7.5 2.78 263 2.60 2.60 2.60
7.6-10.0 210 1.81 1.75 1.75 1.75
10.1-14.99 1.50 136 1.35 1.35 1.35
15- <25 090 0.90 0.90 0.90 0.90
225 0.75 0.75 0.75 0.75 0.75
24 (22V10)
6.1-7.5 5.91 540 5.30 5.30 5.30
7.6-10.0 333 3.15 3.10 3.10 3.10
15- <25 226 2.20 220 2.20 2.20
225 131 1.20 1.30 1.30 1.30

*Nanosecond spaed is the TPD for the comnbinatorial device.
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service,
and volume discount. These prices are intended for use as guidelines,

Source: Dataquest (June 1996)
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| North American Semiconductor Price Outlook:
. Second Quarier 1996 ———————————

Methodology and Sources

This document provides information on and forecasts for the North
American bookings prices of more than 200 semiconductor devices.
Dataquest collects price information on a quarterly basis from North
American suppliers and major buyers of these products. North American
bookings price information is analyzed by Semiconductor Supply and
Pricing Worldwide (SPSG) program analysts for consistency and recon-
ciliation. The information finally is rationalized with worldwide billings
price data in association with product analysts, resulting in the current
forecast. This document includes associated long-range forecasts.

For SPSG clients that use the SPSG online service, the prices presented
here correlate with the quarterly and long-range price tables dated
September 1995 in the SPSG online service. For additional product
coverage and more detailed product specifications, please refer to those
sources,

Price Variations

Actual negotiated market prices may vary from these prices because of

manufacturer-specific factors such as product quality, special features,

service, delivery performance, volume discount, or other factors that
. may enhance or detract from the value of a company’s product. These

prices are intended for use as price guidelines.

SPSG-WW-MS-9601 ©1996 Dataquest 1



Semniconductor Supply and Pricing Worldwide

{penunuo))
80 i A1} 6€0 ov'0 0¥0 50 0 150 o 10 170 50 WISTVPL
8-0 0€'0 620 0£0 0€0 I€£0 €0 €0 €0 €0 €0 Z€0 BEISTVPL
§-0 0Z'0 610 0Z0 0Z0 10 170 120 10 120 120 120 PLSTVL
§-0 410 9D 10 FAN) JAN) 810 810 81°0 810 810 810 00S1VYL
1LL S1VHL
8-0 870 820 870 820 870 620 620 620 620 620 00 PIOHPL
8-0 0T0 0Z0 0Z0 0z0 0z0 1Z0 170 120 12°0 120 120 8EIDHYL
8-0 810 81°0 810 810 80 81°0 810 810 810 810 610 $LOHYL
80 910 910 910 910 910 910 910 910 910 910 810 00DHPL
SOWD DH¥Z
8-0 CTAl) gz0 Al §T0 9z'0 970 9z'0 920 9Z'0 90 9z'0 PdvL
8-0 610 610 610 610 610 610 610 610 A 0z0 120 BELAPL
8-0 910 Sr0 910 910 91°0 410 JAN] 10 JAN) LU0 JANT) 74 74
80 i £ K1) P10 $L0 P10 L0 $L0 L0 PLO PO P10 G10 004%2
LLL ¥4
8-0 50 0%0 50 &0 €0 =i 21 SP0 % 41 GF0 S0 ar 0 WZOVEL
80 1€0 0€0 1€0 €0 €0 £€0 £€0 €60 £€'0 €0 €60 SEIDVFL
80 w0 wo wo wo €00 €20 €20 €T0 €0 £T0 €20 BPLOVYL
8-0 810 8170 610 610 610 61°0 610 610 610 610 00 00DVYL
1LL DVEL
8-0 gz0 ST0 9Z'0 970 920 920 920 92’0 920 970 920 WISH.
8-0 10 10 10 LI0 10 810 810 810 810 810 810 SEISWL
80 910 ST'0 910 910 9170 10 410 L10 FANT) L0 910 PLISTWL
80 PLO €10 ¥1°0 ¥10 P10 SI'0 S1'0 SI'0 ¢I'0 610 S0 005 1.
ILL ST
(5q93p) Tedx ¥O €0 70 10 Ieax PO €0 0 | 18] PO pnpoij
awL  Z66L L661 9661 9661 G661
pea]

(stefioQ (DD11d 28expeg ‘Ieax 000°00T PWN[OA) SSUDjo0g WEDLIDWY YHON—SPUSIL, DU 1807 prepur)s pajewnsy
1 21qvL.

March 18, 1996

©1996 Dataquest

SPSG-WW-MS-9601



{as8i youEW) 1senbejeq sanog

seunepIinG aoud sB 8sn Jo} pepuaiu aue saocud esay)

JUNQJSIP SLUNJOA PUR ‘901AUBS AEnb se yons sioyey opsads-1oanoeinupi J0 8snedaq saoud ssall wo)) Auea few seoud jerBWw pejeijobau [enjoy aj0N
EOfYL PUe L@ybs Saphioxa Oav./ 1o} bupyd,

North American Semiconductor Price Qutlook: Second Quarter 1996

8-9 80  ¥O 870 8¥0 050 190 190 160 150 150 150 SPCIDVYL
8-9 SPo ¥wo o0 o 90 ¥0 Ly FA A\ Lo ¥ v FLLOVEL
8-0 650 850 650 650 090 190 190 190 19°0 190 196 €LEDATL
80 8970 840 8460 850 890 650 650 650 690 690 650 Weoavs
80 i7A] ¥CO ¥ i 740 ¥T0 €co YA STo AL 7| azo 000a%2
» 874
80 690 690 690 690 0L0 120 1£0 140 1£'0 120 1£0 ¥PIsvEL
80 o L A1) i S¥o 9%0 A A\ FA R A A vo v A¥0 8eISVPL
80 00 610 0To 10 120 (44 0 o [4Al) [4A ] w0 VLSVYL
8-0 AL 0Cc0 020 A l] 120 120 120 120 120 10 | rAl 1154574
TLLSVFL
(99M) Teax O 0 0 10 Tedx, 174) £0 0 10 v0 pnpoid
awmil, /661 L661 9661 9661 S661
pea]
(STeIIod O1d 28edpry 1edx 000°001 :PWN0A) SSUD[00g WEILDWY YMON—SPUIILL MU 218077 piepuels pajewnsy
(penunuo)) [ 3qeL

March 18, 1996

@199 Dataquest

SPSG-WW-MS-0601



4 Ssmiconductor Supply and Pricing Worldwide

Table 2

Estimated Long-Range Standard Logic Price Trends—North American Bookings
(Volume: 100,000 Year; Package PLCC; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
7415 TTL
74L500 015 0.14 0.13 0.13 0.13
741574 0.17 0.16 0.15 0.15 0.15
7415138 0.18 0.17 0.17 0.17 0.17
7415244 0.26 0.25 0.26 0.26 0.26
74AC TTL
74AC00 0.1% 0.18 0.19 0.19 0.1¢
74AC74 0.23 0.22 0.21 0.21 0.21
74AC138 033 0.31 0.30 0.30 030
74AC244 0.45 0.41 0.40 0.40 0.40
74F TTL
74F00 0.14 0.14 0.14 0.13 0.13
74F74 0.17 0.16 015 0.15 0.15
74F138 0.19 0.19 0.19 0.19 0.19
74F244 0.26 0.25 0.25 0.25 025
74HC CMOS
74HC00 0.16 0.16 014 0.14 0.14
74HC74 0.18 0.18 0.18 0.18 0.18
74HC138 0.21 0.20 0.20 0.20 020
74HC244 0.29 0.28 027 0.27 027
74A1S TTL
74ALS00 0.18 0.17 0.16 0.16 0.16
74ALS74 021 0.20 020 0.20 0.20
74ALS138 032 0.30 0.30 0.30 030
74A15244 041 0.40 0.38 0.38 038
74AS TTL
74A500 0.21 0.20 0.20 0.20 0.20
74A574 022 0.20 0.20 0.20 0.20
74A5138 047 0.45 045 0.45 045
74AS244 0.71 0.69 0.69 0.65 0.65
74BC*
74BCO0 0.25 (.24 024 0.22 022
74BC244 059 0.58 0.57 0.55 0.55
74BC373 0.61 0.59 0.59 0.57 0.57
74ACT244 047 045 045 0.44 044
74ACT245 051 0.43 0.48 0.45 0.45

*Priing for 74BC excludes 74ABT, 74BCT.
Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service,
and volume discount.
These prices are intended for use as price guidelines.
Source: Dataquest {(March 1996) .

{Continued)
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Table 3

Estimated Microprocessor Price Trends—North American Bookings
(Volume: 8-Bit, 16-Bit, and 32-Bit—25,000 per Year; Dollars)
(Package: 8-Bit/16-Bit Devices—PDIPP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

Lead
1995 1996 19%6 1997 1997 Time
Product Q4 ol Q2 Q3 Q4 Year Q1 Q2 Q3 4 Year (Weeks)
68EC000-16 PLCC 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 500 5.00 4-6
68020-16 PQFP 18.50 17.50 17.50 17.50 17.50 17.50 15.00 15.00 15.00 15.00 15.00 4-6
68EC020-16 PQFP 950 8.75 8.75 8.75 8.75 8.75 8.00 8.00 8.00 8.00 8.00 4-6
68EC(20-25 PQFP 10.00 9.00 9.00 9.00 9.00 3.00 8.00 8.00 8.00 8.00 8.00 4-6
68EC030-25 PQFP 23.00 21.00 21.00 21.00 21.00 2100 19.00 19.00 19.00 19.00 19.00 4-6
68040-25 140.00  105.00  90.00 80.00 70.00 8625 6000 6000 6000 60.00 60.00 46
68LC040-25 COQFP 184 65.00 55.00  48.00 £0.00 35.00 44.50 29.00 29.00 29.00 29.00 29.00 4-6
38651.-25 PQFP 40.00 29.00 29.00 29.00 29,00 29.00 2500  25.00 25.00 25.00 25.00 4-6
AM386-40 PQFP' 22.00 20.00 20.00 20.00 2000 2000 18.00 18.00 18.00 18.00 18.00 4-6
804865X-25 PQFP 35.00 30.00 25.00 2500 2500 26.25 2000 2000 20.00 20.00 20.00 4-6
80486DX-33 PQFP 65.00 55.00  45.00 35.00 30.00 4125 2500 25.00 25.00 25.00 25.00 4-6
80486DX-50 95.00 80.00 65.00 5000 4000 5875 3500 3500 3500 3500 3500 4-6
80486DX2-50 PQFP 49.00 41.00 32.00 25.00 20.00 29.50 2000 2000 20.00 20.60 20.00 4-6
8048610X2-66 65.00 55.00 45.00 3500 3000 4125 2500 2500 2500 2500  25.00 46
804861X4-75 100.00 90.00 80.00 7000  60.00 7500 5500 5500 5500 5500  55.00 4-6
Pentium-66 134.00 100.00 90.00 90.00 90.00 9250 70.00 70.00 70.00 70.00 70.00 4-8
Pentium-75 150.00 100.00 90.00 90.00 9000  92.50 70.00 70.00 70.00 70.00 70.00 4-3
Pentium-9%0 22500 18200 13800 10500 10500 132.50 90.00 90.00 90.00 90.00 90.00 4-8
Pentium-100 281.00 199.00 15000 12500 12500 14975 11500 11500 11500 11500 115.00 4-8
PowerPC 601-66 111.00  105.00 90.00 90,00 9000  93.75 70.00 7000 7000 70.00 70.00 4-8
PowerPC 601-80 159.00 12500 105.00 95.00 9000 10375 90.00 90.00 90.00 90.00 90.00 48
PowerPC 601-100 27300 23500 19500 150.00 12000 17500 120,00 12000 12000 120.00 120.00 4-8
Power IPC 603-80 108.00  105.00 95.00 85.00 77.00 90.50 60.00 6000 6000  60.00 60.00 48
29000-25° 4900  45.00 42,00 39.00 3500 4025 3500 3500  35.00 35.00 35.00 4-6
{Continued)
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Table 3 (Continued)

Estimated Microprocessor Price Trends—North American Bookings

{Volume: 8-Bit, 16-Bit, and 32-Bit—25,000 per Year; Dollars)

(Package: 8-Bit/16-Bit Devices—PDIPP; 32-Bit Devices—Ceramic PGA; Exceptions Noted)

Lead

1995 1996 1996 1997 1997 Time

Product Q4 Qi Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year (Weeks)
88100-25 40.00 39.00 39.00 39.00 39.00 39.00 35.00 35.00 35.00 35.00 35.00 4-6
R40005C-50 37500 360.00 34500 330.00 32000 33875 30000 22500 17000 125.00 205.00 48
R44005C-75 51500 47500 45000 42000 395.00 43500 37000 35000 32000 29500 33375 4-8
SPARC-25" 45.00 42.00 42.00 4200 42.00 42.00 35.00 35.00 35.00 35.00 35.00 4-6
80960CA-25 55.00 50.00 50.00 4500 45.00 47.50 40.00 40.00 40.00 4000  40.00 4-6

‘Estimated, but not by survey

*Pricing excludes accessory parts fike floating point and memory management.

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

Source: Dataguest (March 1996)
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Table 4

Estimated Long-Range Microprocessor Price Trends—North American Bookings
(Volume: 8-Bit, 16-Bit, and 32-Bit—25,000 Year; Dollars)

(Package: 8-Bit/16-Bit Devices—PDIPP; 32-Bit Devices—Ceramic PGA;

Exceptions Noted)

1996 1997 1998 1999 2000

Product Year Year Year Year Year
68EC000-16 PLCC 5.00 5.00 4.50 NA Na
68020-16 POFP 17.50 15.00 15.00 NA Na
68EC020-16 PQFP 8.75 8.00 7.00 NA NA
68EC020-25 PQFFP 9.00 8.00 7.00 NA NA
68EC030-25 PQFP 21.00 19.00 17.00 NA NA
68040-25 86.25 60.00 50.00 NA NA
68LC040-25 CQFP 184 44.50 29.00 NA NA NA
386SL-25 PQFP 29.00 25.00 NA NA NA
AM386-40 PQFP' 20,00 18.00 NA NA NA
804865X-25 PQFP 26.25 20.00 NA NA NA
80486DX-33 PQFP 41.25 25.00 NA NA NA
80486DX-50 58.75 35.00 NA NA NA
80486DX2-50 PQFP 29.50 20.00 NA NA . NA
80486DX2-66 41.25 25,00 NA NA NA
80486DX4-75 75.00 55.00 50.00 NA NA
Pentium-66 92.50 70.00 60.00 NA NA
Pentium-75 92.50 70.00 60.00 NA NA
Pentium-90 132.50 90.00 70.00 NA NA
Pentium-100 149.75 115.00 100.00 70.00 50.00
PowerPC-601-66 93.75 70.00 50.00 NA NA
PowerPC-601-80 103.75 90.00 85.00 75.00 NA
PowerPC-601-100 175.00 120.00 99.00 85.00 75.00
Power PC 603-80 80.50 60,00 50.00 NA NA
29000-25 40.25 35.00 NA NA NA
88100-25° 39.00 35.00 NA NA NA
R40005C-50 338.75 205.00 155.00 120.00 99.00
R44005C-75 435.00 333.75 295.00 235.00 192.00
SPARC-25° 42.00 35.00 NA NA NA
80960CA-25 47.50 40.00 NA NA NA
NA = Not available

'Estimated, but not by survey

*Pricing excludes accessory parts like fioating point and memory management.

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

and volurme discount.

These prices are intended for use as guidelines.

Source: Dataquest {(March 1956)
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Table 5
Estimated DRAM Price Trends—North American Bookings (Contract Volume; U.S. Dollars)*
- Lead
1995 1996 1996 1997 1997 Time
Product Q4 9] Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year (Weeks)
1Mbx1 DRAM 70 80ns (DIP/SOJ) 377 344 34 344 34 34 345 345 345 345 345 4-8
256Kbx4 DRAM 60ns SQJ 380 343 345 349 350 347 360 361 363 365 3.62 4-8
4Mbx1 DRAM 70ns 50] 1233 845 761 684 616 726 58 55 528 502 543 4-8
1Mbx4 DRAM 60ns SOJ FPM 1226 850 765 689 620 731 589 559 531 505 546 4-8
1Mbx4 DRAM 60ns SOJ EDO 12,13 855 770 6.93 6.23 7.35 592 5.63 534 508 5.49 4-8
51ZKbx8 DRAM 70ns 15.10 8.81 7.93 714 6.42 7.57 6.10 5.80 551 523 5.66 10-12
256Kbx16 DRAM 70ns 50] 1469 1000 900 810 729 860 693 658 625 594 642 4-8
AMbxd DRAM 70ns SOJ 300 mil 46.50 3342 3008 27.07 2436 2873 2315 2199 2089 1984 2147 8-12
1Mbx16 DRAM 60ns TSOP 300 mil FPM 5320 3443 3098 2788 2510 29.60 2384 2265 2152 2044 2211 6-12
1Mbx16 DRAM 60ns TSOP 300 mil EDO 5350 3463 3116 2805 2524 2977 2398 2278 2164 205 2224 8-12
2Mbx8 DRAM 60ns TSOP 300mil 5108 3450 3105 2795 2515 2966 2389 2270 2156 2049 2216 8-12
1Mbx9 SIMM 2 (1Mbx4) + 1 (IMbx1) 32558 2115 1939 1781 1638 18.68 1575 1514 1456 1401 1487 4-8
4Mbx9 SIMM 2 (4Mbx4) + 1 (dMbx1) 1600 829 7617 7013 6461 7347 6251 60.18 5797 5592 59.14 8-12
1Mbx36 SIMM 9 (1Mbx4) 11874 7926 7133 6420 57.78 6814 5489 5215 4954 4706 50.91 6-12
1Mbx32 SIMM 8 (1Mbx4) 107.50 7045 6341 5707 5136 6057 4879 4635 4403 4183 4525 4-8
1Mbx32 SIMM 2 (1Mbx16) 11400 7133 6420 5778 5200 6133 4940 4693 4458 4236 4582 6-12
2Mbx32 SIMM 16 (1Mbx4) 214.00 14364 12928 11635 104.71 12349 9948 9450 89.78 8529 9226 8-12
2Mbx32 SIMM 4 (1Mbx16) 206.53 14544 130.8% 117.80 10602 12504 10072 9569 9090 8636 93.42 8-12
2Mbx36 SIMM 18 (1Mbx4) 23367 16160 14544 13089 117.80 13893 11191 10632 101.00 9595 103.80 4-8
2Mbx36 SIMM 4 (1IMbx16) + 2 (1Mt 22380 16028 14425 129.83 11684 137.80 11100 10545 100.18 9517 102.95 6-12
(Continued)
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Table 5 (Continued)

Estimated DRAM Price Trends—North American Bookings (Contract Volume; U.S. Dollars)*
Lead
1995 1996 1996 1997 1997 Time
Product Q4 Q1 Q2 Q3 Q4  Year Q1 Q2 03 Q4 Year {(Weeks)
256Kbx4 VRAM 70ns S50] 600 600 600 600 600 600 600 600 600 600 600 8-12
128Kbx8 VRAM 70ns SOJ 625 625 625 625 625 625 625 625 625 625 625 8-12
256Kbx16 VRAM 70ns SOP 2425 2300 2025 1950 1800 2019 1720 1660 1550 1480 16.03 8-12

*Contract volume = At least 100,000 per order, except VRAMSs

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

Source: Dataquest (March 1996)
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Table 6

Estimated Long-Range DRAM Price Trends—North American Bookings
(Contract Volume; U.S. Dollars)*

Product 1996 1997 1998 1999 2000
1Mbx1 DRAM 70 80ns (DIP/SOJ) 3.4 3.45 3.42 3.38 3.35
256Kbx4 DRAM 60ns SOJ 3.47 3.62 3.59 3.55 3.51
4Mbx1 DRAM 70ns SOJ 7.26 543 4.88 440 3.96
1Mbx4 DRAM 60ns SOJ FPM 7.31 5.46 491 442 3.98
IMbx4 DRAM é0ns SO] EDO 7.35 5.49 494 445 4.00
512Kbx8 DRAM 70ns 7.57 5.66 5.09 458 4.13
256Kbx16 DRAM 70ns SOj 8.60 6.42 5.78 5.20 4.68
4Mbx4 DRAM 70ns SOJ 300 mil 28.73 2147 i7.17 13.74 11.68
1Mbx16 DRAM 60ns TSOP 300 mil FPM 29.60 2711 17.69 1415 12.03
1Mbx16 DRAM 60ns TSOP 300 mil EDO 29.77 22,24 17.79 14.23 12,10
2Mbx8 DRAM 60ns TSOP 300mil 29.66 2216 17.73 14.18 12.06
IMbx9 SIMM 2 (1Mbx4) + 1 (IMbx1) 18.68 14.87 13.70 12.65 11.70
4Mbx9 SIMM 2 (4Mbx4} + 1 (4Mbx1) 7347 59.14 50.15 4293 38.53
1Mbx36 SIMM 9 (1Mbx4} 68.14 50.91 45.82 41.24 37.11
1Mbx32 SIMM 8 (1Mbx4) 60.57 45.25 40.73 36.65 32.99
1Mbx32 SIMM 2 (IMbx16) 61.33 45.82 36.65 29.32 2493
2Mbx32 SIMM 16 (1Mbx4) 123.49 92.26 83.04 74.73 67.26
2Mbx32 SIMM 4 (1Mbx16} 125.04 93.42 74.73 59.79 50.82
2Mbx36 SIMM 18 (1Mbx4} 138.93 103.80 93.42 . 8407 75.67
2Mbx36 SIMM 4 (IMbx16) + 2 (1IMbx4) 137.80 102.95 83.49 67.81 58.10
256Kbx4 VRAM 70ns SOJ 6.00 6.00 5.40 4.86 4.37
128Kbx8 VRAM 70ns SOJ 6.25 6.25 5.63 5.06 4.56
256Kbx16 VRAM 70ns SOP 20.19 16.03 14.42 12.98 11.68

*Contract volume = At least 100,000 per order, except VRAMs

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

These prices are intended for use as guidelines.

Source: Dataguest {March 1996}

SPSG-WW-MS-9601 ©1996 Dataquest March 18, 1996
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Table 7
Estimated Static RAM Price Trends—North American Bookings
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year) (Package: PDIP; Dollars)

Lead

1995 1996 1996 1997 1997 Time

Product Q4 Q1 Q2 Q3 Q4  Year 01 Q2 Q3 04  Year (Weeks)
16Kbx4 35ns 2.90 2.87 273 2.66 2.60 2.72 258 252 248 242 2.50 8-10
8Kbx8 25ns 2.75 2.35 2.35 235 235 2.35 2.25 225 225 225 225 8-10
8Kbx8 100 120ns 1.85 1.90 1.90 1.90 1.90 1.90 200 2.00 2.00 200 200 8-10
64Kbx4 10ns 10.00 9.00 9.00 8.00 8.00 8.50 7.00 7.00 6.00 6.00 6.50 12
64Kbx4 2518 450 450 450 4.50 450 450 425 425 4.25 425 425 12
32Kbx8 12ns 6.10 5.10 5.05 485 4.65 491 425 4.00 3.50 3.25 3.75 12
32Kbx9 12ns Burst 13.00 1200 1050 9.25 875 1013 8.10 7.00 590 5.20 6.55 12
32Kbx8 15ns, 5V 3.50 3.85 3.65 345 325 3.55 3.00 3.00 3.00 3.00 3.00 12
32Kbx8 15ns, 3.3V 4.00 3.75 3.50 325 3.00 3.38 3.00 3.00 3.00 3.00 3.00 12
32Kbx8 25ns 3.65 3.08 3.08 3.03 3.03 3.05 2.65 265 265 2.65 2.65 12
32Kbx8 70 100ns 50} 3.40 3.35 3.25 3.15 3.05 3.20 2.68 263 253 253 2.59 8-10
64Kbx18 12ns Burst 3500 3300 3150 2950 2730 3033 2570 2410 2320 2240 2385 12
256Kbx4 20ns 1800 1600 1575 1525 1525 1556 1400 1400 1325 1325 1363 12
128Kbx8 15ns 2150 2020 1950 1850 1850 1918 1725 1725 1650 1600 1675 12
128Kbx8 20ns 1800 1600 1600 1525 1525 1563 1480 1440 1400 1350 1418 12
128Kbx8 25ns 1650 1620 1620 1550 1550 1585 1500 1460 1430 1380 1443 12
128Kbx8 70 100ns SO 825 8.20 7.60 7.40 7.15 7.59 6.95 6.75 6.50 6.35 6.64 12
32Kbx32 15ns, 3.3V PQFP 2400 1467 1200 1117 11.00 1221 1075 1000 9.88 9.75 1009 8-10

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume discount.
These prices are intended for use as price guldelines. ’
Source: Dataquest (March 1996)
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Table 8
Estimated Long-Range Static RAM Price Trends—North American Bookings
(Volume: Slow SRAM/50,000 per Year; Fast SRAM/20,000 per Year)

(Package: PDIP; Dollars)
1996 1997 1998 1999 2000
Product Year Year Year Year Year
16Kbx4 35ns 272 250 250 2.60 2.70
8Kbx8 25ns 235 225 225 230 250
8Kbx8 100 120ns 1.90 2.00 2.20 240 2.60
64Kbx4 10ns 8.50 6.50 5.25 4.75 475
64Kbx4 25ns 450 425 4.00 4.00 4.00
32Kbx$ 12ns 491 3.75 3.30 3.00 3.00
32Kbx9 12ns Burst 10.13 6.55 5.50 5.50 5.50
32Kbx8 15ns, 5V 3.55 3.00 3.00 3.00 3.00
32Kbx8 15ns, 3.3V 3.38 3.00 3.00 3.00 3.00
32Kbx8 25ns 3.05 2.65 2.50 250 2.50
32Kbx8 79 100ns SOJ 3.20 259 2.25 225 225
64Kbx18 12ns Burst 30.33 23.85 21.00 19.00 17.00
256Kbx4 20ns 15.56 13.63 11.25 833 6.55
128Kbx8 15ns 19.18 16.75 13.57 10.61 7.85
128Kbx8 20ns . 15.63 14.18 13.65 11.24 8.42
128Kbx3 25ns 15.85 1443 10.55 829 6.20
128Kbx8 70 100ns SO 7.59 6.64 512 5.00 5.00
32Kbx32 15ns, 3.3V PQFP 12.21 10.09 7.80 6.20 5.50

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

These prices are intended for use as price guidelines.

Source: Dataquest (March 1986)

SPSG-WW-MS-3601 ©1996 Dataguest March 18, 1996
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Table 9

Estimated ROM Price Trends—North American Bookings (Speed/Package:

<1IMb Density—150ns and Above; 28-Pin PDIP >2Mb Density—200ns and Above;
32-Pin PDIP) (Volume: 50,000 per Year; Dollars)

1995 1996 1996 1997 1997 Lead Time
Product Q4 | Q2 Q3 Q4 Year Q1 Qz Q3 Q4 Year (Weeks)
128Kbx8 ROM 1.95 2.00 1.90 1.90 1.80 1.90 1.80 1.70 1.70 1.60 170 8-12
64Kbx16 ROM 2.1 2.08 2.05 2.05 2.05 2.06 2.05 205 2.05 2.05 2.05 8-12
256Kbx8 ROM 26 2.55 2.50 2.45 240 2.48 2.40 240 240 240 240 8-12
512Kbx8 ROM 35 35 3.40 3.30 3.30 3.38 3.10 2.90 2,70 2.50 2.80 8-12
256Kbx16 ROM* 35 3.50 3.40 3.30 3.30 3.38 3.30 3.20 3.20 3.10 3.20 8-12
1Mbx8 ROM’ 5.00 475 4.62 4.48 435 455 420 410 4.00 3.70 4.00 8-12
1Mbx16 ROM 7.80 7.59 7.44 7.25 7.16 7.36 6.50 5.80 520 4.10 540 8-12
2Mbx8 ROM 7.80 7.59 7.44 7.25 7.16 7.36 6.50 5.80 5.20 410 5.40 8-12

'256Kbx 16 ROM: 150ns and above; 40-pin PDIP
"1Mbx8 ROM: 150ns and above; 32-pin SOP

Note: Actual negoliated market prices may vary from thesa prices because of manufacturer-specific factors such as quality, service, and volume discount.

These prices are imended for use as price guidelines.
Source: Dataquest (March 1996)
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Table 10

Estimated Long-Range ROM Price Trends—North American Bookings .
(Speed/Package: <1IMb Density—150ns and Above; 28-Pin PDIP >2Mb Density—

200ns and Above; 32-Pin PDIP) (Volume: 50,000 per Year; Dollars)

1996 1997 1998 1999 . 2000
Product Year Year Year Year Year
128Kbx8 ROM 1.90 1.70 1.60 1.60 1.60
64Kbx16 ROM 2.06 2.05 2.05 2.15 2.25
256Kbx8 ROM 248 2.40 2.40 245 2.50
512Kbx8 ROM 338 2.80 2.50 2.50 2.50
256Kbx16 ROM’ 3.38 3.20 2.55 2.45 245
1Mbx8 ROM* 4.55 4.00 4.00 3.50 3.50
IMbx16 ROM 7.36 5.40 498 4.52 4.50
2Mbx8 ROM 7.36 5.40 498 452 4.50

'256Kbx16 ROM: 150ns and above; 40-pin PDIP

*1Mbx8 ROM: 150ns and above; 32-pin SOP

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

These prices are intended for use as price guidelines.

Source: Dataquest {(March 1996)

SPSG-WW-MS-9601 ©1996 Dataquest March 18, 1996
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Table 11
Estimated EPROM Price Trends—North American Bookings
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed: 150ns and Above; Dollars)

Lead

1995 1996 1996 1997 1997 Time

Product Q4 Q Q2 Q3 Q4 Year Q1 Q2 Q3 Q4  Year (Weeks)
32Kbx8 EPROM 1.88 1.93 1.93 2.04 204 1.99 214 217 2.20 2.25 2.19 48
64Kbx8 EPROM 2.05 2.15 2.15 220 220 2.18 230 230 230 230 230 48
128Kbx8 EPROM 2.90 2.90 2.80 2.80 275 281 265 265 255 255 260 410
256Kbx8 EPROM 4.85 4.85 4.80 4.80 480 481 4.80 480 470 470 475 410
128Kbx16 EPROM 6.80 6.80 6.80 6.80 6.80 6.80 670 670 670 670 670 4-10
512Kbx8 EPROM 8.30 8.30 8.30 8.10 8.10 8.20 790 775 760 745 768 4-10
256Kbx16 EPROM 11.45 11.20 11.20 10.85 10.85 11.03 10.28 1003 990 975 99 4-8

Note: Aclual negotiated market prices may vary from these prices because of manufacturer-specific factors such as quality, service, and volume discount.
These prices are intended for use as price guidelines.
Source: Dataquast (March 1996)
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Table 12
Estimated Long-Range EPROM Price Trends—North American Bookings
(Volume: 50,000 per Year; Package: Windowed CERDIP; Speed:

150ns and Above; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
32Kbx8 EPROM 1.99 2.19 1.90 200 2.00
64Kbx8 EPROM 2.18 2.30 240 250 2.50
128Kbx8 EPROM 2.81 2.60 2.75 295 2.95
256Kbx8 EPROM 481 4.75 4.30 4.25 420
128Kbx16 EPROM 6.80 6.70 4.55 446 4.40
512Kbx8 EPROM 8.20 7.68 6.35 6.35 6.35
256Kbx16 EPROM 11.03 9.99 825 8.15 8.10

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

These prices are intended for use as price guidelines.

Source: Dataquest (March 1996}

SPSG-WW-MS-9601 ©1996 Dataquest March 18, 1996
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Table 13
Estimated Flash Memory Price Trends—North American Bookings (12V; Volume: 10,000 per Year; Speed:
150ns; Dollars)
Lead
1995  199% 1996 1997 1997  Time
Product Q4 Q1 Q2 03 04 Year 10} | Q2 Q3 Q4 Year (Weeks)
64Kbx8 PDIP/PLCC 395 3.95 3.90 3.80 3.70 .84 3.60 3.50 3.40 3.30 3.45 4-8
64Kbx8 TSOP 4.20 4.20 4.20 4.10 4.00 413 3.90 3.70 3.50 3.30 3.60 4-8
128Kbx8, PDIP/PLCC 4.39 4.27 .79 374 3.64 3.86 348 3.40 3.28 3.28 3.36 4-8
128Kbx8 TSOP 12V 505 470 450 430 410 440 405 397 390 38 39 4-8
128Kbx8 TSOP 5V 6.12 5.83 5.63 540 540 5.56 5.35 5.30 5.00 495 5.15 8
256Kbx8 TSOP 12V 10.15 9.85 2.31 9.05 8.72 9.23 8.40 7.90 7.60 7.20 7.78 8
256Kbx8 TSOP 5V 1070 1053 1025 1015 995  10.22 9.30 8.60 8.20 7.80 8.48 68
512Kbx8 PDIP/PLCC 13.05 1250 1225 1180 1115 1193 1090 1015 9.40 8.50 9.74 8
512Kbx8 TSOP 12V 1315 1290 1260  12.05 11.75 1233 1130 1080 1005 955 1043 8
512Kbx8 TSOP 5V 1590 1550 1455 1360 1271 1409 1165 1100 1055 995  10.79 8
1Mbx8 TSOP 12V 1800 1755 1740 1700 1680 1719 1650 1545 1410 1300 1476 6-8
TMbx8 TSOP 5V 2310 2190 2005 1890 1790 19.69 1650 1545 1410 1300 1476 6-8
2Mbx8 TSOP 12V 4000 3900 3825 3610 3200 3634 2965 2680 2542 2420 2652 6-8
2Mbx8 TSQP 5V 4500 4125 3950 3800 3550 3856 3250 3000 2775 2525  28.88 6-8

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

These prices are interxled for use as gukishnes.
Source: Dataquest (March 1996)

9661 JOUEND Pu0ISg HOORNQ 304 JOIONPUONLLES UBDUSLLY LJION

Lt



18 Semiconductor Supply and Pricing Worldwide

Table 14
Estimated Long-Range Flash Memory Price Trends—North American Bookings
(12V; Volume: 10,000 per Year; Speed: 150ns; Dollars)

1996 1997 1998 1999 2000
Product Year Year Year Year Year
64Kbx8 PDIP/PLCC 3.84 345 3.00 2.50 2.50
64Kbx8 TSOP 413 3.60 3.00 2.50 2.50
128Kbx8 PDIP /PLCC 3.86 3.36 275 2.75 2.50
128Kbx8 TSOP, 12V 440 394 3.50 2.80 2.60
128Kbx8 TSOP, 5V 5.56 5.15 475 4.00 3.65
256Kbx8 TSOP, 12V 9.23 7.78 5.25 4.00 3.50
256Kbx8 TSOF, 5V 10.22 8.48 6.50 425 3.80
512Kbx8 PDIP/PLCC 11.93 9.74 650 5.00 3.75
512Kbx8 TSOP, 12V 12.33 10.43 7.20 5.00 3.75
512Kbx8 TSOF, 5V 14.09 10.79 8.50 6.25 5.25
IMbx8 TSOF, 12V 17.19 14.76 12.00 9.00 6.50
1Mbx8 TSOF, 5V 19.69 14.76 12.00 9.00 6.50
2Mbx8 TSOP, 12V 36.34 26.52 17.60 12.00 9.00
2Mbx8 TSOF, 5V 38.56 28.88 17.00 12.00 900

Note: Actual negotiated market prices may vary from thess prices because of manutacturer-specific factors such as quality, service,
and volume discount.
These prices are intended for use as guidelines.
Source: Datacpest (March 1896) .

SPSG-WW-MS-9601 ©1996 Dataquest March 13, 1996
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Table 15

Estimated Gate Array Pricing (5K fo 19.99K Gates)—North American Production Bookings (Millicents per Gate)
(Package: CMOS—84-Pin PLCC for <10K Gates, 160-Pin PQFP for 10K-29.9K, 208-Pin PQFP for >30K Gates)

(Volume: 10,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype)
(Includes Standard Commercial Test and Excludes Special Test)

5K-9.99K Gates

10K-19.99K Gates

Gate Count Technology 1996 1997 1998 1996 1997 1998 Lead Time (Weeks)
CMOS Production:
1.0 Micron 54 52 50 46 42 38 7-17
0.8 Micron 43 40 37 43 39 35 7-17
0.6 /0.5 Micron 19 46 43 43 39 35 12-20
0.3 Micron NA NA NA NA NA NA NA

NRE Charges ($1,000)

CMOS Prototypes:
1.0 Micron 25 25 25 43 43 43 27
0.8 Micron- 29 29 29 40 40 38 23
0.6 /0.5 Micron 3 30 29 NA NA NA NA
0.3 Micron NA NA NA NA NA NA NA

NA = Not available

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

These prices are intended for use as price guidelines.

Volume prices: For 100,000 units or greater, discount the above prices by 30 percent to 40 percent.

Source: Datagquest {(March 1996)
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Table 16

Estimated Gate Array Pricing (20K to 100K Gates)—North American Production Bookings (Millicents per Gate)
(Package: CMOS-84-Pin PLCC for <10K Gates, 160-Pin PQFP for 10K-29.9K Gates, 208-Pin PQFP for 230K Gates)

{Volume: 10,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype)

(Includes Standard Commercial Test and Excludes Special Test)

20K-29.9K Gates 30K-59.9K Gates 60K-100K Gates

Gate Count Technology 1996 1997 1998 1996 1997 1998 1996 1997 1998 Lead Time {Weeks)

CMO5 Production;
1.0 Micron 47 45 43 49 49 49 48 48 48 7-17
0.8 Micron 39 35 k]| 37 34 33 39 35 31 7-17
0.6 /0.5 Micron 38 kT 30 34 31 28 32 30 28 12-20
0.3 Micron NA NA NA NA NA NA 33 28 25 12-20

NRE Charges ($1,000)

CMOS Prototypes:
1.0 Micron 52 52 52 59 59 59 80 80 80 2-7
0.8 Micron 50 50 50 57 57 57 75 75 75 2-3
0.6 /05 Micron 45 45 45 55 55 55 75 75 75 4.7
0.3 Micron NA NA NA NA NA NA 50 80 80 58

NA = Not avallable

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

These prices are iltanded for use as price guidelines.
Voluma prices: For 100,000 units or greater, discount the above prices by 30 percent to 40 percent,
Sourca: Dataguest {(March 1996)
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Table 17

Estimated CBIC Pricing (5K to 19.99K Gates)—North American Production Bookings (Millicents per Gate)
{Package: CMOS—84-Pin PLCC for <10K Gates, 160-Pin PQFP for 10K-29.9K Gates, 208-Pin PQFP for 30K gates)
(Volume: 10,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype)

(Includes Standard Commercial Test and Excludes Special Test)

5K-9.99K Gates 10K-19.99K Gates

Gate Count Technology 1996 1997 1998 1996 1997 1998 Lead Time (Weeks)

CMQOS Production:
1.0 Micron 54 52 50 46 42 38 12-18
0.8 Micron 43 40 37 42 38 3 9-18
0.6 /0.5 Micron. 48 46 44 42 38 34 14-21
0.3 Micron NA NA NA NA NA NA NA

NRE Charges ($1,000)

CMOs Prototype:
1.0 Micron 46 46 46 67 67 67 69
0.8 Micron 51 51 51 67 67 67 57
0.6 /0.5 Micron 57 57 57 73 73 73 6-8
0.3 Micron NA NA NA NA NA NA NA

NA = Not available

Note: Actual negotiated market prices may vary from these prices because of manufacturer-specific tactors such as quality, service, and volume discount,
These prices ara intended for use as price guidelines.
Source: Dataquest (March 1996)
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Table 18

Estimated CBIC Pricing (20K to 100K Gates)—North American Production Bookings (Millicents per Gate)

(Package: CMOS—84-Pin PLCC for <10K Gates, 160-Pin PQFP for 10K-29.9K Gates, 208-Pin PQFP for >30K Gates)
(Volume: 10,000 Units; Based on Utilized Gates Only; NRE = Netlist to Prototype)
(Includes Standard Commercial Test and Excludes Special Test)

20K-29.99K Gates 30K-59.9K Gates 60-100K Gates

Gate Count Technology 1996 1997 1998 1996 1997 1998 1996 1997 1998 Lead Time (Weeks)

CMOS5 Production:
1.0 Micron 55 53 51 56 54 52 58 56 54 9-18
0.8 Micron 39 35 M 37 34 33 43 39 35 9-18
0.6 /0.5 Micron 37 34 33 33 31 29 31 30 29 14-20
0.3 Micron NA NA NA NA NA NA 3z 28 26 14-20

NRE Charges ($1,000)

CMOS Prototypes:
1.0 Micron 70 70 70 75 75 75 95 95 95 6-10
0.8 Micron 70 70 70 75 75 74 90 20 90 47
0.6 /0.5 Micron 70 70 70 85 84 77 9% 90 90 57
0.3 Micron NA NA NA NA NA NA 95 95 95 6-8

NA = Not available

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

Sowrce: Dataquest {March 1996}
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Table 20

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

1996 1997 1998 1999 2000
Pin Count Speed* (ns) Year Year Year Year Year
&20
6.1-7.5 220 2.10 210 2.00 2.00
7.6-10.0 1.21 1.15 1.15 1.10 1.10
10.1-14.99 1.36 125 1.25 1.35 1.35
15- <25 0.70 0.70 0.70 0.75 0.75
>=25 0.66 0.66 0.70 0.75 0.75
24
6.1-7.5 2.85 2.67 2.62 2.60 2.60
76-10.0 1.56 1.50 145 1.40 140
10.1-14.99 210 1.85 1.85 1.85 1.85
15- <25 0.90 0.91 091 0.91 0.91
>or=25 0.77 0.79 0.79 0.79 0.79
24 (22V1i0)
6.1-7.5 6.28 6.10 6.00 5.90 5.90
7.6-10.0 345 3.40 340 3.20 3.20
15- <25 2.60 270 270 2.80 2.80
>or=25 1.33 1.30 140 1.40 1.40

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

and volume price.
These prices are intended as guidelines.
Source: Dataquest (March 1996)
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Introduction

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

B 1993-1995 market share estimates
m 1994-1995 market share rankings

Worldwide market share estimates combine data from many countries,
each of which has a different and fluctuating exchange rate. Estimates
of non-U.S. market consumption or revenue are based on the average
exchange rate for the given year. Refer to the section titled “Exchange
Rates” for more information regarding these average rates. As a rule,
Dataquest’s estimates are calculated in local currencies and then con-
verted to U.S. dollars.

More detailed data on this market may be requested through Data-
quest’s client inquiry service. Qualitative analysis of this data is
provided in the Dataquest Perspectives.

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

Dataquest defines the semiconductor industry as the group of competing
companies primarily engaged in manufacturing semiconductors and
related solid-state devices, Important products of the semiconductor
industry include integrated circuits, discrete devices, and optoelectronics
devices.

For market share purposes, Dataquest defines the semiconductor market
according to the following functional segmentation scheme:;

Total Semiconductor (Including Hybrids)
Total Semiconductor (Excluding Hybrids)
Total Monolithic Integrated Circuit (Including Hybrids)
Total Monolithic Integrated Circuit (Excluding Hybrids)
Bipolar Digital IC
Bipolar Memory
Bipolar Logic
MQOS Digital IC
MOS Memory
MOS Microcomponent
MOS Logic
Monolithic Analog IC
Hybrid IC

©1986 Dataquest “+
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Definitions
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Discrete Semiconductor
Optoelectronic Semiconductor

This section lists the definitions that are used by Dataquest to present
the data in this document. For a complete listing of all semiconductor
market segments tracked by Dataquest, please refer to the Dataquest
Semiconductor Market Definitions Guide.

Product Definitions

Total Semiconductor (Total Monolithic Integrated Circuit + Total Discrete
+ Total Optoelectronic). Defined as an active semiconductor product

that contains semiconducting material (such as silicon, germanium, or
gallium arsenide, but excluding ceramics) and reacts dynamically to an
input signal, either by modifying its shape or adding energy to it. This
definition excludes standalone passive components, such as capacitors,
resistors, inductors, oscillators, crystals, transformers, and relays.

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

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

Bipolar Digital Memory. Defined as a bipolar digital semiconductor
product in which binary data is stored and electronically retrieved.
Includes ECL random-access memory (RAM), read-only memory (ROM),

. programmable ROM (PROM), last-in/first-out (LIFO) memory, and

first-in/ first-out (FIFO) memory. Not included are products made with
mixed bipolar CMOS {that is, BICMOS) with TTL or ECL outputs, which
are classified as MOS.

Bipolar Digital Logic (Bipolar Application-Specific IC + Bipolar Digital
Standard Logic + Other Bipolar Logic). Defined as a bipolar digital
semiconductor product in which more than 50 percent of the die area
performs logic functions. Excludes bipolar digital microcomponent 1Cs.

MOS Digital IC (MOS Digital Memory + MOS Digital Microcomponent
+ MOS Digital Logic). Defined as a monolithic semiconductor product in
which 100 percent of the die area performs digital functions, and, con-
currently, where any portion of the die area is manufactured using metal
oxide semiconductor (MOS) technology. A digital function is one in
which data-carrying signals vary in discrete values. Includes mixed tech-
nology manufacturing, such as BIMOS and BiCMOS, where there is
some MOS technology employed.

©1996 Dataquest April 29, 1996




Final 1995 Worliwide Semiconductor Market Share ' 3

SPSG-WW-MS-9602

MOS Digital Memory (DRAM + SRAM + EPROM + EEPROM + Flash
Memory + Mask ROM + Other MOS Digital Memory). Defined as a
MOS digital IC in which binary data is stored and electronically
retrieved.

MOS Digital Microcomponent IC (MOS Digital Microprocessor + MOS
Digital Microcontroller + MOS Digital Microperipheral + Programmable
Digital Signal Processor). Defined as a MOS digital IC that contains a
data processing unit or serves as an interface to such a unit.

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

Total Analog IC (Amplifier/Comparator IC + Voltage Regulator/
reference IC + Data Converter/Switch/Multiplexer IC + Interface IC +
Telecom IC + Disk Drive IC + Other Special-Function IC + Linear Array/
ASIC + Mixed-Signal ASIC + Total Special Consumer IC + Special
Automotive IC + Smart Power IC). An analog IC is a semiconductor
product that deals in the realm of electrical signal processing, power
control, or electrical drive capability. It is one in which some of the
inputs or outputs can be defined in terms of continuously or linearly
variable voltages, currents, or frequencies. Includes only monolithic
analog ICs manufactured using bipolar, MOS, or BiCMOS technologies.
A monolithic IC is a single die contained in a single package.

Hybrid Integrated Circuit. Defined as a semiconductor product consist-
ing of more than one die contained in a single package. A hybrid IC may
perform 100 percent linear, 100 percent digital, or mixed-signal (both
linear and digital) functions. Includes hybrid implementation of all
monolithic IC functions described in the following categories. Includes
all hybrid ICs manufactured using bipolar, MOS, or BiCMOS
technologies.

Total Discrete (Transistor + Diode + Thyristor + Other Discrete). A
discrete semiconductor is defined as a unit building block performing a
fundamental semiconductor function.

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

©1996 Dataquest Aprit 29, 1996
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Regional Definitions

Americas

North America: Includes Canada, Mexico, and the United States
(50 states)

South America

Central America

Japan
Japan is the only single-country region.

Europe, Africa, and the Middle East

Western Europe: Includes Austria, Belgium, Denmark, Eire (Ireland),
Finland, France, Germany (including former East Germany), Greece,
Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, the United Kingdom, and Rest of Western Europe
(Andorra, Cyprus, Gibraltar, Liechtenstein, Monaco, San Marino, Vatican
City, Iceland, Malta, and Turkey).

Eastern Europe: Includes Albania, Bulgaria, the Czech Republic and
Slovakia, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the
republics of the former Yugoslavia, and the republi