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Dataquest 
A Gartner Group Company 251 River Oaks Parkway, San Jose, CA 95134-1913 

(408) 468-8000 Fax (408) 954-1780 
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February 1996 

Dear Dataquest Client, 

By now, you should have received the 1996 Dataquest research program binders 
for filing 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, 

Jeffrey A. Byrne 
Vice President 
Worldwide Marketing 
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Partnering to 
Provide Solutions 

EMBEDDED MICROCOMPONENTS 
WORLDWIDE 
Datacjuest's Enibedded Microcomponents Worldmde program provides a thorough 
understanding of the trends, issues, players, and products that drive the markets for micro
processors, microcontrollers, digital signal processors, and peripherals designed for embedded 
applications. To provide a more complete picture of the total microcomponents market, top-
level market data on microprocessors used in computational applications are also included. 

As a client, you have direct 
access to experienced 
anedysts who can provide 
insights and advice on 
market dyneimics, 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 
tciilor the program to meet 
the unique needs of your 
organization. 

Electronic Delivery 

A variety of electronic 
delivery options, known 
collectively as Dataquest on 
the Desktop, 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 offers extensive 
primary research and 
consulting services. 

Market Coverage 

m!!lSf\ 

Want more 
information 
about 
Dataquest? 

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

1-800-328-29S4 

Dataquest separates micro-
component use into two 
broad application 
categories: computing and 
embedded systems. 

The microcomponent in an 
embedded system 
performs one set of 
operations as determined 
by code provided by the 
OEM, based on the type of 
equipment it is in. Its 
function is programmed in 
ROM or possibly on disk, 
but the equipment user has 
no direct method of 
reprogramming the 
processor. 

All microcontrollers and 
DSPs go into embedded 

applications, as do many 
microprocessors—this 
program will cover all 
three product types. 

Application Categories 

The primary application 
segments for embedded 
microcomponents in 
electronic equipment are: 

• Embedded data 
processing 

• Communications 

• Industried control 

• Consumer products 

• Transportation 

• Military/civil aerospace 

Market Statistics 

Dataquest's market statistics 
and growth projections have 
been indispensable tools for 
product managers and 
strategic planners for more 
than two decades. 

Market estimates and 
forecasts are provided for the 
following categories: 

• Microprocessors 
- Embedded processors 
- Computational 

processors 
• Microcontrollers 

- 4-bit 
- 8-bit 
- 16-bit and larger 

• Digital signal processors 

PC-Processor Coverage- C/iente heauily involved in the PC industry, or closely watching the 
central processor of personal computers, workstations, and servers should consider the greater detail to 
he found in Dataquest's Semiconductor Directions in PCs & PC Multimedia program. 

Dataquest 
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EMBEDDED MICROCOMPONENTS WORLDWIDE 

Perspectives Dataquest Perspectives present analysis and commentary on key technologies, 
companies, market opportunities, trends, and issues in the microcomponents market. 
A minimum of six Perspectives will be published on an event-driven basis throughout 
the year, as well as two Datatjuest Predicts. Scheduled Perspectives for 1996 include: 

Product Analysis: Eveduations of significant new microprocessor, microcontroller, 
and digital signal processing products and architectures, and comments on their 
positions and prospects for success. 

Event-driven 

Applications: Review of specific embedded applications with an assessment of the 
market's products, vendors, OEMs, size and forecast, influences, and standards. The 
opportunities for vendors and microcomponents to serve these markets will be given. 
Potential applications for 1996 include set-top boxes, automotive, and digital video. 

TTiree Issues per Year 

Embedded Architectures: Review of microcomponent architectures which are 
dominant in embedded applications, analysis of their strengths and weaknesses, 
assessment of the primary vendors' strategies, and projections of their future 
directions. 

Available in the Second Quarter 1996 

Competitive Analysis: Analysis of the strategies, products, strengths and challenges 
of key compeinies that are shaping the industry. 

Available in the Fourth Quarter 1996 

Market Trends Market Trends and Forecast: Regional and worldwide revenue projections for 
microprocessors, microcontrollers, £ind programmable DSPs. Clients will receive the 
following two reports: 

Embedded Microprocessor Market Trends and 
Forecast 

Microcontroller and DSP Market Trends and 
Forecast 

Available in May 1996 

Available in August 1996 

Market Statistics 

Electronic News 

Microcomponents Market Share: Annual, regional, and worldwide market share 
and unit shipments by comp>any for microprocessors, microcontrollers, programmable 
DSPs, and microperipherals (top-line data only). Clients will receive the following 
three reports: 

• Detailed Microprocessor Market Share Available in May 1996 

• Detailed Microcontroller Market Share Available in May 1996 

• Microcomponents Market Share Available in June 1996 

Dataquest Alerts: Event-driven news and analysis, delivered by fax, giving a concise 
overview of significant, fast-breaking events in the industry. 

Event-driven Faxes 

The DQ Monday Report: Weekly news and commentary on semiconductor industry 
events with a monthly snapshot of semiconductor pricing for 25 key semiconductors in 
6 regions. Clients may wish to subscribe to this newsletter for a broad view of the 
industry. 

Available Weekly via Electronic Mail 

OataQuest 
A Gartner Group Company 

Corporate Headquarters 
251 River Oaks Partwvay 
San Jose, CA 95134-1913 
United States 
Phone: 1-406-«68«X10 
Fax; 1-408-954-1780 
Fax-Back: 1«XJ328-2954 and f 

®1996 Dataquest 

Boston Area 
Nine Technology Dtive 
PO Boic5093 
Westlxxough. MA 01581-5093 
United States 
Phone: 1.50&«71«SS 
Fax 1«)8-871.6262 

United Kingdom 
Holmets Farm Way 
High Wycombe 
Buckinghamshire 
HP124XH 
United Kingdom 
Phone: +441494422722 
Fax +441494422 742 

Asia/Pacific 
7/F China Underwriters Centre 
88 Gkxjcester Road 
WanChai 
HongKrsng 
Phone: 8S2 2824 6168 
Fax 85228246138 

Japan 
Shinkawa Sanko Buikling 
ethFkxx 
1-3-17, Shinkawa 
Chuo-ku, Tokyo 104 

Phone: 81-3-556^0411 
Fax 81-aS56&0425 

Dataquest is a registered trademark of the A.C Nielsen Company 
Program Code: MCRaWW MKTG 1/96 (JOG) 
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December 1995 
Dear Dataquest CUent: 

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 aU 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 otu: market statistics and analysis electronically. We expect that our electronic products, 
known collectively as Dataquest on the Desktop, wiU play an increasing role in our ability to deUver 
information to you in a timely, efficient way. For your information, our electronic tools include: 

• Dataquest on Demand—Our monthly CD-ROM containing a roHtng 13 months of Dataquest's 
printed documents 

• MarketView — A data analysis tool containing many of Dataquest's market statistics databases 
• 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 
• Dataquest Interactive — Our Internet-based electronic deUvery 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 fiU 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 deUvery tools. 

Sincerely, 

Jeffrey A. Byrne 
Vice President, Worldwide Marketing 

http://www.dataquest.com
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Computer 
Systems and 
Peripherals 

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 Systems 
Client/Server Computing Worldwide 
Computer and Client/Server Systems Europe 
Servers Europe 
UNIX and Open Systems Europe 

Workstations 
Advanced Desktop and Workstation 

Computing Worldwide 
Workstations Europe 

Computer Storage 
Removable Storage Worldwide 
Optical Disk Drives Worldwide 
Optical Disk Drives Europe 
Rigid Disk Drives Worldwide 
• RAID Storage Systems Worldwide 
Rigid Disk Drives Europe 
Tape Drives Worldwide 
Tape Drives Europe 

Graphics 
Graphics and Displays Worldwide 

Personal Computing 
Personal Computers Worldwide 
Personal Computers Strategic Service Europe 
Personal Computers Asia/Pacific 
Mobile Computing Worldwide 
PC Distribution Channels Worldwide 
PC Distribution Channels Europe 
Desktop PC Technology Directions Worldwide 
Mobile PC Technology Directions Worldwide 
Personal Computers Central and Eastern Europe 

Quarterly Statistics 
Advanced Desktop and Workstation Quarterly Statistics 

Worldwide 
Workstation Quarterly Statistics Europe 
Server Quarterly Statistics North America 
Server Quarterly Statistics Europe 
PC Quarterly Statistics United States 
PC Quarterly Statistics Europe 
PC Quarterly Statistics ]apan 
PC Quarterly Statistics Asia/Pacific 
PC Quarterly Statistics Worldwide by Region 

Online, 
Multimedia, 
and Software 

Emerging Technologies 
Multimedia Worldwide 
Multimedia Europe (Module) 
Online Strategies Worldwide 
Online Strategies Europe (Module) 

Productivity/Development Tools 
Client/Server Software Worldwide 
Workgroup Computing Worldwide 
Workgroup Computing Europe (Module) 

Personal Computing Software Worldwide 
Personal Computing Software Europe (Module) 

Technical Applications 
AEC and GIS Applications Worldwide 
Electronic Design Automation (EDA) Worldwide 
Mecharucal CAD/CAM/CAE Worldzvide 
CAD/CAM/CAE/GIS Europe (Module) 
CAD/CAM/CAE Asia/Pacific (Module) 

Services Customer Services 
Customer ServiceTrends North America 
Customer Services and Management Trends 

Europe 
Professional Services 

Professional Service Trends North America 
• Systems Integration and Applications 

Development 
• Consulting and Education 
• Systems Management 
Vertical Market Opportunities North America 
Professional Services Europe 
• Systems Integration 

Dataquest 

• Consulting and Education 
• Systems Management 
Professional Services Vertical Meu-ket 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 
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Document 
Management 

Copiers 
Copiers North America 
Copiers Europe 

Facsimile 
Facsimile North America 

Printers 
Printers North America 

Printers Europe 
Colour Products Europe (Module) 
Printer Quarterly Statistics Europe 
Printer Distribution Channels Europe 
Printers Asia/Pacific 
Printer Quarterly Statistics Asia/Pacific 

Semiconductors Regional Markets 
Semiconductors Worldwide 
Semiconductors Europe 
Semiconductors Japan 
Semiconductors Asia/Pacific 
• China/Hong Kong 
• Taiwan 
• Korea 
• Singapore 

Devices 
ASICs Worldwide 
ASIC Applications Europe 
Memories Worldwide 
Memory Applications Europe 
Memory IC Quarterly Statistics Worldwide 
Embedded Microcomponents Worldwide 
Microcomponent Applications Europe 
DRAM Quarterly Supply/Demand Report 

User Issues 
Semiconductor Suppiy and Pricing Worldwide 

Application Markets 
Semiconductor Application Markets Worldwide 
Semiconductor Application Markets Europe 
Semiconductor Application Markets Asia/Pacific 
Communications Semiconductors & Applications WW 
Consumer Multimedia Semiconductors & Applications 

Worldwide 
Semiconductor Directions in PCs & PC Multimedia WW 
PC Teardown Analysis 
PC Watch Europe 
Electronic Equipment Production Monitor Europe 
Electronic Application Markets Europe — Automotive 
Electronic Apphcation Markets Europe — Cortununications 
Electronic Application Markets Europe —Consumer 
Electronic Application Markets Europe — EDP 

Manufacturing 
Semiconductor Equipment, Manufacturing, & Materials 

Worldwide 
LCD Industry Worldwide 
Semiconductor Contract Manufacturing Worldwide 

Telecom- Networking 
munications Networking Nortt America 

• Local Area Networks North America 
• Wide Area Networks North America 
• Modems North America 
Networking Europe 
• Asynchronous Transfer Mode Europe 
• ISDN Europe 
• Modeirjs Europe 
• Local Area Networks Europe 
• WANs Europe 
Quarterly Market Watch North America 
• Intelligent Hubs & Switches 
• Network Interface Cards 
Network Distribution Channels Europe 

Voice 
Voice Communications North America 
• Voice Processing North America 
• Computer-Integrated Telephony & 

Automatic Call Distributors North America 

• Premise Switching Systems North America 
Voice Communications Europe 
• Voice Processing Europe 
• Call Centres Europe 
• Telephones Europe 
• PBX/KTS Systems Europe 

Public 
Public Network Equipment & Services North America 
• Public Network Equipment North America 
• Public Network Services North America 
Public Network Equipment & Services Europe 
• Public Network Eqviipment Europe 
• Public Network Services Europe 

Personal 
Cellular Telephony Worldwide 
Personal Communications North America 
Personal Communications Europe 
• Infrastructure and Services Europe 
• Terminals Europe 
Personal Communications Distribution Europe 

Cross-
Technology 
Programs 

Technology Insights for: 
Financial Services 
Government Agencies 
Publishing, Media, and Consulting Firms 

IT Business Development for Financial Organizatior\s 
IS and Purchasing Organizations 
IT Supporting Industries 

Emerging IT 
Markets 

Central and Eastern Europe 
Personal Computers 
Telecommunications 

Latin America 
Personal Computers 
Printers 

Asia/Pacific 
IT Market Insight Asia/Pacific 
Personal Computers Asia/Pacific & Quarterly Statistics 
Printers Asia/Pacific & Quarterly Statistics 
Professional Service Trends Asia/Pacific 
• Country-level reports on Asia/Pacific IT markets 

Dataquest 
A Gartner Group Company 

Corporate Headquarters 
251 River Oaks Parkway 
San Jose, CA 95134-1913 
United States 
Phone: 1-408-46&«X)0 
Fax: 1-408-954-1780 
Fax-on-Demand; Dial 1-80(W28-2954 
and press 4 (Limited to North America) 

©1996 Dataquest Incorporated 

Boston Area 
Nine Technology Drive 
PO 80x5093 
Wfeslborough, MA 01581-5093 
United States 
Phone: 1-508-871-5555 
Fax: 1-508^71-6262 

UnHsd Kingdom 
Holmers Farm Way 
High Wycombe. Buddnghamshire 
HP124XH 
United Kingdom 
Phone: +441494422 722 
Fax: +44 1494422742 

Tokyo 
Shinkawa Sanko Building 
6th Floor 
1-3-17, Shinkawa 
Chuo-ku. Tokyo 104 
Japan 
Phone: 81-3«66-0411 
Fax: 81-3-S5660425 

Dataquest is a registered trademark of the AC. Nielsen Company 
Program Code: NONE-WW MKTG 1/96 (PSB) 
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Dataquest 
Invitational 
Computer 
Conferences 

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 

Europe 

Japan 

January 24 

January 30 

February 20 

March 7 

April 1-2 

April 1 * 

May 6-7 

May 13-14 

June 26-27 

July 1 * 

September 25-26 * 

October 24-25 

December 1 * 

January 24 

May 22-23 

September 10 

May 13-14 

September 10-12 

December 6 

Capitalizing on the Wireless Phenomenon 

Dataquest Predicts 

Dataquest Predicts 

Channel Trends Conference 

ServiceTrends Conference 

Mining the Internet 

Personal Computer Conference 

Copier Conference 

Storage Track Conference 

SEMICON/West 

Multimedia 

Semiconductors '96 

Mining the Internet 

Computer Storage 

Semiconductors '96 

Computer Storage 

Semiconductors '96 

Computers and Peripherals 

Telecommunications 

San Jose, Calif onvia 

Boston, Massachusetts 

San Jose, California 

San Jose, California 

Orlando, Florida 

Boston, Massachusetts 

San Jose, California 

Boston, Massachusetts 

Monterey, California 

San Francisco, CaUfomia 

San Jose, California 

Palm Desert, California 

San Jose, California 

Munich, Germany 

Frankfurt, Germany 

London, England 

Tokyo, Japan 

Tokyo, Japan 

Tokyo, Japan 

December 1 * 

December 1 * 

December 1 * 

December 1 * 

December 1 * 

December 1 * 

March 5 

April 10 

April 24 

September 24 

April 1 

May 21 

October 30 

November 6 

Asia/Pacific Series 

Asia/Pacific Series 

Asia/Pacific Series 
Asia/Pacific Series 

Asia/Pacific Series 

Asia/Pacific Series 

Dataquest Storage Solutions Series -

Dataquest Storage Solutions Series • 

Dataquest Storage Solutions Series • 

Dataquest Storage Solutions Series • 

Mediterranean Series 

Mediterranean Series 

Mediterranean Series 

Mediterranean Series 

•USA 

•USA 

•USA 

•USA 

Tokyo, Japan 

Seoul, Korea 

Beijing, PRC 

Shanghai, PRC 

Xi'an, PRC 

Guangzhou, PRC 

San Jose, California 

Irvine, California 

Nashua, New Hampshire 

Newton, Massachusetts 

Dubai, UAE 

Athens, Greece 

Tel Aviv, Israel 

Istanbul, Turkey 

* Date tentative/may change 

Dataquest 
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Dataquest 
Invitational 
Computer 
Conferences 
(continued) 

Want more 
information 
about 
Dataquest? 

Place your request 
by calling our 
Fax-on-Demand 

system at 
1-800-328-2954 

January 17 

January 23 

January 30 

February 1 

June 10 

June 12 

June 21 

June 25 

J u l y l 

September 1 

September 5 

September 11 

September 19 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

February 19 

February 22 

April 11 

April 30 

May 1 

May 9 

May 14 

May 21 

November 1 * 

November 1 * 

November 1 * 

November 1 * 

November 1 * 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Dataquest Storage Solutions Series-Europe 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

South Africa Series 

South Africa Series 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

LINK Series - North America 

Paris, France 

Munich, Germany 

Milan, Italy 

Rome, Italy 

Budapest, Hungary 

Prague, Czech Republic 

St. Petersburg, Russia 

Moscow, Russia 

Warsaw, Poland 

Amsterdam, HoUand 

Stockholm, Sweden 

London, England 

Frankfurt, Germany 

Caracas, Venezuela 

Mexico City, Mexico 

Sao Paulo, Brazil 

Buenos Aires, Argentina 

Santiago, Chile 

Bogota, Columbia 

Lima, Peru 

Capetown, South Africa 

Johaimesburg, South Africa 

Orlando, Florida 

Austin, Texas 

Philadelphia, Pennsylvania 

Charlotte, North Carolina 

Denver, Colorado 

Portland, Oregon 

Montreal, Quebec 

Ottawa, Ontario 

Calgary, Alberta 

Vancouver, BC 

Toronto, Ontario 

*Date tentative/may change 

Dataquest 
A Gartner GrouD Company 

Corporate Headquaiteis 
251 River Oaks Partway 
San Jose. CA 95134-1913 
United States 
Ptxxie: 1-408-(68-8000 
Fax: 1-408-954-1780 
Fax-on-Demand: Dial 1-800528-2954 
and press 4 (Limited to North America) 

®1996 Dataquest Incorporated 

United Kingdom 
Holmers Farm V\fay 
High Wycombe, 
Budonghamshire 
HP124XH 
United Kingdom 
Phone: +441494 422 722 
Fax: -HM1494 422 742 

Boston Area 
Nine Technology Drive 
PC. Box 5093 
WestlJorough, MA 01581-5093 
United States 
Phone: 1-S08-871-555S 
Fax: 1-508-871-6262 

France 
Immeuble Defense Bergeres 
345, avenue Geoiges 
Clemenoeau 
TSA 40002 
92882 - Nanterre CTC Cedex 9 
France 
Phone: +33141351300 
Fax: +33141351313 

Gennany 
Kronstadter Stiasse 9 
81677 Mundien 
Deutschland 
Phone: +49899309090 
Fax: +49899303277 

Asia/PacHic 
7/F China Undervwiters 
Centre 
88 Gloucester Road 
WanChai 
Hong Kong 
Phone: 85228246168 
Fax: 85228246138 

Japan 
Shinkawa Sanko Building 
6thFk)or 
1-3-17, Shinkawa 
ChuoJflj, Tokyo 104 
Japan 
Phone: 81-3-5566-0411 
Fax: 81-3-5566-0425 

Israel 
Phone: +97 2 9 926 111 
Fax: +97 29 925 791 

Haly 
Phone: +39 2 24 40 539 
Fax: +3922624400 

South Africa 
Phone: +27 11 468 1084/7 
Fax: +27114681241 

Spain 
Phone: +34 1 57 13 804 
Fax: +341 5714 266 

Dataquest is a registered trademark of the A.C. Nielsen Company 
Program Code: DQGE-WW MKTG 1/96 (PSB) 
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To: 
Leticia Martinez 

Co.: 

City:. San Jose, California Country:. 

Dataquest Incorporated 

U.S.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 

Country 

State/Province 

Postal/Zip Code 

Telephone Fax 

Total number of Electronic News binders needed: 

DataQuest 
251 River Oaks Parkway San Jose, CA 95134-1913 



EMBEDDED MICROCOMPONENTS WORLDWIDE 1996 
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"Digital" Dominates the News at the 1996 Winter Consumer 
Electronics Show 

Searching for the Best of All Possible DSP Worlds 

Microchip Technology on the Move 

Japan's Embedded Microcomponent Market: Promise and 
Challenge 

Good News: Microprocessor Market to Grow 18 Percent per 
Year through the Year 2000 

Deeply Embedding Microprocessors with DRAM--A Great 
Marriage 

Microcomponents Showcased at Electronica in Spite of 
Declining Semiconductor Support 

Digital Signal Processors--A Brilliant Light in an Overcast 
Year 

Semiconductor Five-Year Forecast Trends--Spring 1996 

Microprocessor Forecast and Embedded Microprocessor 
Trends through the Year 2000 

The Microcontroller Forecast--A Mixed Bag, Then Back on 
the Track 

Regional Microcomponent Revenue Forecast through the 
Millennium: A Cool Front Passing 

Microcomponent Market Definitions 

1995 Microcomponent Market Share 

1995 Microcontroller Market Share and Shipments 

1995 Microprocessor Market Share and Shipments 
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Texas Instruments Resets DSP Targets 

Texas Instruments unveiled a new high-end digital signal processor (DSP) in the first week of 
February that will reset all of the targets for the high end of digital signal processing. The new 
chip should assure the company of the highest performance available from a monolithic DSP. The 
sophisticated architecture implements some advanced techniques that allow the software to 
squeeze the greatest performance out of the chip. The 200-MHz clocking frequency and multiple 
processing components pump up the performance so that one chip can handle the work of many 
older DSPs. Applications like communications infrastructure, pooled modems, and remote access 
servers can suck up as much DSP horsepower as anyone can throw at them. With a price under 
$100, Tl is ensuring that this will get a lot of attention from the biggest DSP applications. 

This new chip is very impressive: brand, spanking new architecture with imheard-of performance, 
higher-level software to support it, and a price far lower than one might expect. The architecture 
raises many of the old RISC versus CISC arguments, now in the DSP world, but overall, the 
performance and capability appear to be far and above what is otherwise available. 

MIPS in CISC versus RISC 

The peak speed is stated as 1,600 MIPS on the new TMS320C6x family. That's a number that 
hasn't been seen in MIPS ratings for any type of processor. When discussing DSPs, MIPS usually 
refers to DSP instructions that perform a multitude of operations equivalent to three to eight times 
the work done by normal CISC and RISC processor instructions. Even among DSP manufacturers, 
some profess instruction sets that do more in each individual stroke than the other guy. In much 
the same way that RISC vendors coiint their simpler instructions, Tl's 1,600 MIPS rating is 
counting smaller steps (sometimes referred to as operations) as the instruction. Indeed, in the TI 
part, the programmer has access to and great control of each of these smaller instructions. 
Nonetheless, it w^ould be difficult to argue that the more complete instructions outstrip the 15 to 
20 times rating difference between the new TI chip and the others. 

To get its high performance, Texas Instruments took a radical approach to the design, borrowing 
concepts that have been gaining popularity in the high-performance microprocessor world. The 
'C6x uses a very long instruction w^ord (VLIW) architecture (cleverly called "VelociTI") to control 
8-, 16-, or 32-bit data down two different paths, each with four functional units. These arithmetic 
logic imits (ALUs), shifters, multipliers, and data movers can be individually controlled by a 
portion of the VLIW, and each can be conditionally exercised with every clock pulse. The RISC-
like chip is essentially a 16-bit fixed-point DSP with 16-bit multiplies and 40-bit shifts and adds 

# 

February 3,1997 ©1997 Dataquest 



MCRO-WW-DA-9701 Embedded Microcomponents Worldwide 

(floating point, in the future). The program code is fetched in 256-bit swaths, while data routes 
around on two 32-bit buses coming from four separate data spaces. Addresses are 32 bits long 
and, if fuUy utilized, might help sagging DRAM markets (4 gig of 256-bit words is 2^° or IO12 
[quadrillion] bits —it's like the U.S. national debt counted in the old Italian lira). 

Assembly Code Good, Compiler Code Better 

Management of the algorithm through the eight functional units is best left to the sophisticated C 
compiler that Texas Instruments is offering with the 'C6x. Although most ("real men") DSP 
programmers revel in the fine tuning of their algorithms' core loops in assembly language, with 
intimate knowledge of the DSP's structure, Texas Instruments beUeves this new power tool 
should be entrusted to compilers. This seems like a prudent move for those trying to get a product 
out before the market has been claimed. The compiler was designed along with the chip 
architecture, and the new assembly-language optimizer is intended to maximize the advantage 
afforded by access to those smaller functional units. If a shifter is not going to be used during a 
cycle for task two, it might be used to ready data for task three or to tidy up the results of task 
one. The "real men" can still get in there and twiddle the machine code, but most of the work wiU 
already have been done by the development tools, which are proposed to have three times the 
efficiency of previous compilers. 

Features 

The first of the family is the TMS320C6201. The core DSP processor is supplemented with a 
2Kx256 program cache/memory, 0.5Mb of data RAM, an external memory interface (synchronous 
and burst DRAM with refresh and SRAM), host port, two-channel direct memory access (DMA), 
two enhanced serial ports for T l / E l interfacing, two 32-bit timers, oscillator, and pow^er 
management circuitry. It runs on 2.5V at an astonishing 200 MHz through five layers of metal in a 
0.25|j, process (O.lSfj- in the future) and handles 3.3V input/output . Samples without the timers 
and serial ports are available now, with the full 'C6201 to be available second quarter 1997 in its 
352-lead ball grid array at a price of $96 in quantities of 25,000. 

Outlook 

There is little doubt that this is a blazing DSP, faster than any other. Wisely, Tl has supplied 
sophisticated development software to manage the programming of the parallel processing 
elements to which it has given access. Automatic control is desirable in nuclear power plants. 
Applications where multiple DSPs are needed just to get the needed performance or to duplicate 
operations for multiple channels should be impressed with Tl's showing this chip's capability to 
cut the DSP bill in half while finding a four to fifteen times improvement in the channel-handling 
capability of the DSP. Texas Instruments continues its leadership role in DSP. 

Watch for additional information in an Embedded Microcomponents Worldwide Perspective 
(MCRO-WW-DP-9703, to be published in February). 

By Tom S tames 

# 

February 3,1997 ©1997 Dataquest 



9 Dataquest^ /^ ^ J? J^ 
251 River Oaks Parkway • San Jose • CA • 95134-1913 • Phone 408-468-8000 • Fax 408-954-1780 

Samsung Licenses Digital's Alpha Technology: 
Third Time's a Charm? 

Earlier this week, Digital Equipment Corporation and Samsung Electronics Co. Ltd. announced that Samsung has 
licensed Digital's Alpha microprocessor technology and has worldwide rights to market, sell, and distribute Alpha 
microprocessors. The companies suggested that Samsung will produce its first Alpha chips in 1997. 
Samsung has already entered into a licensing agreement with Advanced RISC Machines for its ARM 
microprocessor and last month announced that it intends to license Sun Microsystems' PicoJava processor as well. 
The ARM and PicoJava efforts both focus on the embedded microprocessor (MPU) applications market, one where 
Samsung's size and capacity greatly increase the likelihood of success. These factors play a much smaller role in 
determining the likely success of processors aimed at the computational market. 
This agreement represents Samsung's third attempt to enter the computational microprocessor market via licensing 
arrangements. Its earlier attempts, with Intergraph's CLIPPER in 1989 and Hewlett-Packard's PA-RISC in 1992, 
both ended in failure. In this Alert, Dataquest reviews what Digital and Samsung have to gain from this alliance, 
and what they are doing to avoid a repeat of the earlier missteps. 
In its prior efforts with Intergraph and Hewlett-Packard, Samsung licensed "also-ran" architectures that had failed 
to gain acceptance beyond a narrow user community and that therefore attracted relatively small bases of 
applications software. The availability of applications software has proven to be the barrier to mass-market 
acceptance for all architectures except x86, 68000, and PowerPC. The CLIPPER and PA-RISC products depended 
on UNIX-based software environments; in 25 years of trying, UNIX has never been able to capture more than a 
small fraction of the overall computer market. The earlier ill-fated ventures also gave Samsung valuable lessons in 
the difference between selling "commodity" semiconductors like DRAMs and proprietary chips like 
microprocessors; the latter require a far more sophisticated sales and support structure. 
This time around, Samsung is licensing the second most popular architecture in the small but rapidly growing 
Windows NT market that already exceeds the UNIX market as measured by unit shipments. Further, Digital (alone 
among non-x86 MPU vendors) has recognized the need to run the installed base of x86 software and provides a 
new translation facility (FX!32) that lets customers run all x86/Windows NT applications at acceptable levels of 
performance. FX!32 will be distributed as a standard part of this summer's Windows NT 4.0 release but runs only 
on Alpha-based systems. The net of all this is that this time Samsung needs to focus on delivering a competitive 
chip but should not have to put too much effort into creating demand for the environment surrounding that chip. 
Instead, it can leave the demand creation to Bill Gates, who has demonstrated some ability in this regard in prior 
ventures. This is a big advantage. 

Samsung indicates that its initial efforts will focus on high-end Windows NT/Alpha products. Digital's sales of 
Alpha-based servers have been aided immeasurably by the high performance levels 64-bit database applications 
achieve when executing on multigigabyte configurations. Given the 32MB memory granularity possible with 
current 64Mb DRAM technology, such servers must look very tempting to a company like Samsung. The company 
also indicates that it sees a market for Alpha chips in its consumer and communications product lines. This seems 
like more of a stretch—cell phones need to transmit at 800 MHz, but it is hard to imagine why they need to 
compute at 400 MHz. 
This agreement also gives Samsung access to Digital's semiconductor manufacturing technology. Although it is 
certainly no slouch in this area (Samsung is shipping production versions of its 64Mb DRAM and sampling 
versions of a 256Mb device), DRAM manufacturing processes differ from those used for logic devices in many key 
regards. DRAMs require only two interconnect layers, while advanced MPUs need four or five; adding these extra 
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layers has proven difficult for many producers, and the technology to do this cannot be purchased off the shelf. 
Digital developed a respectable salicide process, along with the chemical mechanical polishing (CMP) skills 
needed to implement three-layer and four-layer metal interconnect schemes. Samsung can use Digital's experience 
in this area to jump-start its own programs. 
Digital certainly gains as well from this alliance. Although its Alpha architecture usually holds one of the top two 
positions with regard to computational performance, it lags with regard to market share and lags even more with 
regard to strategic partnerships. Few vendors can succeed on their own in today's rapidly evolving markets and 
technology. Until now. Digital has had to provide virtually all the muscle with regard to Alpha's architecture, 
production, and systems marketing. Once Samsung gets up to speed, we would expect it to share many of these 
burdens with Digital. Looking even further down the road, one can foresee a manufacturing partnership that allows 
Samsung and Digital to share the huge costs of moving to 0.28-micron process technology. 

By Nathan Brookwood 
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Worldwide Microcomponents Market Grew 33 Percent to 
$34.3 Billion in 1995 

Dataquest's preliminary look at the 1995 microcomponents market, which includes 
microprocessors, microcontrollers, microperipherals, and digital signal processors, shows the 
market to have grown to $34.3 biUion, a 33 percent increase in revenue over 1994. This 
remarkable microcomponents growth outpaced last year's 29.7 percent growth and was 
surpassed this year only by the incredible 66 percent growth experienced in the memory 
market. Overall semiconductor consiunption grew 40 percent in 1995. Last year, memory 
suppliers generally grew faster than broadHne semiconductor suppUers concentrating in 
microcomponents. 

Microprocessors and digital signal processors (DSPs) made small, almost imperceptible, gains 
in share against the microperipherals and microcontroller market segments. Similarly, vendors 
based in Europe and Asia/Pacific appear to have gained slightly in this category at the expense 
of vendors in Japan. It would be risky to read too much into such shifts before the publication 
of final market share figures later this spring. Table 1 shows the 1995 market shares by product 
category, as compared with 1994 shares, and Table 2 shows market share by vendor region of 
origin. 

Table 1 

Worldwide Microcomponent Market Revenue —Preliminary (Millions of U.S. 
Dollars) 

Market Segment 

Microprocessors 
Microcontrollers 
Microperipherals 
DSPs 
All Microcomponents 

1994 Market 
Share ('yii) 

44.2 
29.1 
22.7 
4.0 

100.0 

1995 Market 
Share (%) 

45.0 
28.7 
21.6 
4.7 

100.0 

1994 
Revenue 

11,436 
7,517 
5,885 
1,030 

25,868 

1995 
Revenue 

15,431 
9,860 
7,406 
1,608 

34,305 

Growth (%) 
1994-1995 

35 
31 
26 
S6 
33 

Source; Dat^quest, January 1996 
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Digital Signal Processors—A Brilliant Light in an Overcast Year 
Abstract: Digital signal processors (DSPs) are wonders of embedded microcomponents that 
adapt and control real-world, real-time signals with the consistency and precision that 
digital electronics can afford. With the boon in communications that will continue well into 
the new millennium, DSPs, which are at the heart of most electronic communications, will 
outshine most other semiconductor categories in terms of growth—in a tough 1996, as well 
as in the foreseeable future. This review presents forecast data and highlights some of the 
participants in the programmable DSP market. 
By Tom Stames 

A Spot of Growth in Gloomy Semiconductors 
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Generally, semiconductors in 1996 have had a gloomy year, with 
anticipation of a 9 percent drop in revenue compared with 1995. DRAMs led 
the decline by taking a beating on prices while having to keep production 
volumes up. Embedded microcomponents in general are slightly positive, 
with the microprocessors going into the CPU slot in the PC continuing on a 
high teens growth curve. A second, even higher growth area in 
microcomponents is the digital signal processor (DSP). In fact, DSPs may 
have the highest growth in 1996 of any major semiconductor category. These 
remarkable products will show a 33.2 percent growth in 1996 compared to 
their 1995 revenue, which in itself was a whopping 62 percent improvement. 
The next four years are expected to continue to drive a dependable 30 
percent growth rate for DSPs. There are relatively few vendors of these 
highly specialized processors, although elements of digital signal processing 
can be found in many products of other classifications. 

Military applications drove presemiconductor development investigation of 
DSPs, but communications have driven the blossoming of DSP in the last 
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decade. The use of DSP will continue to expand in the near future with 
applications in many other areas picking up the benefits of digital signal 
processing. With the constant emphasis on higher quality and faster 
transmission of voice, audio, picture, and video, the DSP is only just starting 
to show its face in the world. 

Digital Signai Processing 

Appiications 

Electrical signals that represent real-world, time-dependent events, such as 
sound, light, and vibration, can be captured or generated. These signals can 
then be filtered, mixed, and manipulated using complex mathematical 
transformations to improve, isolate, or alter the original event. This is 
considered signal processing. Signal processing can also generate or 
synthesize sound and images that have their source in electronics rather than 
the real world. 

Voice signals can be compressed so that they consume less time or 
transmission bandwidth. Then they can be more efficiently transmitted long 
distances where eventually they are decompressed to almost the original 
voice sounds with unnoticeable degradation of the sound quality. This 
process may involve the removal of portions of the original sound that is 
imperceptible, masked, or insignificant to the listener, which can be 
determined with a thorough understanding of all aspects of the natural 
transmission of the signal, the human hearing mechanism and process, and 
the intention of the signal. This is one example of signal processing. 

This signal processing can be performed different ways, but in the last two 
decades, digital processing of the signal has gained favor over analog 
processing, given digital's better stability and greater precision, coupled with 
the DSP chip's ever-increasing performance and ever-decreasing cost. 

The mathematical algorithms used in digital signal processing vary, 
depending on the use of the signal information, but the concept is similar for 
all uses. Directional information may be important in video game sound, but 
not in telephone transmissions. The intensity of some frequencies can be 
minimized or readily reconstructed without noticeable degradation. 
Telephone conversation requires speaker recognition and distinguishable 
words, but nowhere near the fidelity of the soothing classical music coming 
over the stereo audio gear. Speech requires real-time processing, but 
prerecorded video can take a week to encode, as long as its reproduction is 
essentially instantaneous. 

DSPs typically interface with the natural world and the signals found there, 
or are wrestling with complex signals to put more information in less space 
and time, and often are involved in both. The most common application of 
DSPs is in telecommunications. This includes data and voice 
communications. In the transmission portion of telecommunications, it 
doesn't matter what the bits represent—data, sound, or images—they simply 
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need to be pushed down the wire (or fiber) and pulled off the wire 
accurately. In the original signal encoding and the eventual decoding, it is 
very important whether the signal represents data, voice, music, seismic 
information, still images, or moving pictures so that the terminating 
equipment can properly present the data. 

The amount of digitized and transmitted information over the telephone 
network has grown phenomenally in recent years, with the boom in the use 
of telephony for commerce, information and data, and the tremendous 
growth of the computer communications via networks and modems. The 
enormous growth of cellular phones, especially digital cellular phones such 
as the Global System for Mobile Communications (GSM) in Europe, has 
contributed to the growth in DSPs. In digital cellular, DSPs perform voice 
coding in the handset, in addition to running the modem transmitting over 
the channel frequency in the handset as well as again in the base stations. 

The huge growth of data commurucations out the back of the PC and over 
the telephone system has made the high-speed modem market blossom. The 
use of DSPs in the higher-speed modems has been an attractive market for 
the chips. The recent explosion on the World Wide Web has driven the need 
for even higher-speed modems in an insatiable demand for faster data. The 
result is greater and greater demands on the DSP, and higher and higher 
volume for the modems, with the replacement market obsoleting modems in 
spite of the fact that they are only a year or two old. It is no wonder that the 
DSP business is shining so brightly. These aren't just promises and visions of 
technology looking for optimistic future markets. This is reality—it's 
history—and it's going to continue. 

There are two primary categories of DSPs: fixed-point (which would be 
called "integer" in most processors) and floating-point. Fixed-point DSPs 
t)rpically utilize 16-bit data (though 20- and 24-bit data is used for higher 
resolution) to operate on most audio and motion processing. Floating-point 
DSPs have a dynamic range factor included in their 32 bits of data and so can 
better handle processing on visual images. In the overall market, 95 percent 
of the DSP revenue goes to fixed-point applications, even though prices on 
floating-point DSPs can be three to seven times higher. But these djmamics 
are changing as digitized images and motion pictures will emerge in the next 
few years. 

The Programmable Digital Signal Processor Market 
The year 1995 was a big one for programmable DSPs. The total consumption 
for programmable DSPs grew 62.1 percent to $1.67 billion. Only four major 
vendors served 86 percent of this market: Texas Instruments, AT&T (now 
Lucent Technologies), Motorola, and Analog Devices (see Table 1 and Figure 
1). Two facts stand out about this group of companies—they are all based in 
the United States, and only Motorola is a significant microprocessor or 
microcontroller vendor. Some Japanese microcomponent vendors and Zilog 
have relatively small market presence in DSPs to make up the balance of the 
$1.67 billion business. 
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Table 1 
1995 Digital Signal Processor Vendor Revenue 
(Millions of U.S. Dollars) 

Texas Instruments 

AT&T 

Motorola 

Analog Devices 

Zilog 

NEC 

Fujitsu 

Toshiba 

Hitachi 

IBM 

Sanyo 

GEC Plessey 

Matsushita 

OKI 

Total 

Revenue 

635 

510 

178 

117 

75 

49 

46 

28 

13 

10 

10 

7 

5 

3 

1,686 

Market Share 
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Source: Oataquest (December 1996) 

Figure 1 
Market Share of the Major Digital Signal Processor Vendors 
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As shown in Figure 2, about one-third of the DSPs are consumed in the 
Americas and one-third in Europe, with the final third evenly split between 
Japan and Asia/Pacific. Europe shows stronger in DSPs than it does for most 
semiconductors in part because of its early adaptation of GSM. This cellular 
telephone system is digital and requires digital signal processing for both the 
channel modem and to encode and decode the voice signal in the handset, 
generally resulting in two DSPs per cellular phone. Additionally, some very 
high-performance DSPs are back in the base stations handling their end of 
the transmission. When a conversation takes place over a GSM cellular 
system, six different DSPs could be running full bore to keep the 
conversation going. Every time the participants move to a new cell, another 
DSP would swap out in the base stations to keep up with the movement. 
And the cell phone users have probably never heard of a DSP. 

Figure 2 
Regional Consumption of Digital Signal Processors 

Source: Dataquest (December 1996) 

The Primary DSP Vendors 
Each of the four primary programmable DSP vendors has a different 
company profile. TI is a major semiconductor vendor that has DSPs as its 
driving leading-edge logic product. Lucent (more so in the past as the larger 
AT&T) and Motorola are more vertical companies feeding a sigruficant 
portion of their output to their internal system groups. Analog Devices is a 
smaller semiconductor vendor with a total company focus on DSP and its 
related technologies. A closer look at these four major DSP vendors follows. 
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Texas Instruments 
Texas Instruments was the first to bring a monolithic DSP to the general 
marketplace in 1982, and has held a commanding lead over competitors ever 
since. TI has a broad range of programmable DSPs in the popular 320 series, 
ranging from imder-$5 TMS320C200 16-bit DSPs to its C80 series of parallel 
processing floating-point DSPs that can produce over two billion operations 
a second. 

Texas Instruments is a major semiconductor manufacturer and it is 
dedicated to digital signal processing like no other. TI has a moderate 
microcontroller business that is highly focused on the automotive market. In 
microprocessors, TI has dated many lovely women, but has never stayed 
married for very long. Last year, its 486 business faded to the background as 
the demand for 486s was overtaken by the Pentium. Most recently, it has 
engaged with Advanced RISC Machines Ltd. to market some Thumb-based 
microprocessors. 

But for the size semiconductor manufacturer that TI is, it has had very little 
in the micro business—except for digital signal processors—and there TI is 
big. TI realized the significance of digital signal processing early on and 
foresaw the growth potential of DSP. This is unusual because TI does not 
have an internal equipment group that would consume any significant 
quantity of these highly specialized chips. The company must have also 
realized that to remain a major semiconductor vendor, it had to have a 
significant position in a sophisticated logic product line and its MPUs and 
MCUs weren't providing that. TI put its head down and methodically put its 
mind to dominating in DSP. 

Texas Instruments has seven or eight product families to cover almost any 
price, performance, or feature need for a DSP. Each family has many 
different members, available in a number of speeds, with different memory 
configurations, and with varied peripherals. TI has 16-bit fixed-point DSPs, 
and 32-bit floating-point DSPs, and a program of customizable DSPs where a 
customer can select the right combination of DSP core processor, memory, 
peripherals, and package for a particular application. When the industry was 
booming and it was a suppliers' market, TI's focused efforts kept its on-time 
deliveries well above its competitors, earrung long-term relations with its 
customers and winning some new ones from the other guys. 

This year, Texas Instruments brought out flash ROM-based DSPs, 
announced an AV7000 series to handle the decoding of digital video for 
set-top boxes in a single chip (which also incorporates the ARM processor), 
introduced a DSP designed to control motors (large air conditioning motors 
or small disk drive motors), and purchased Tartan Inc., a third-party tool 
developer specializing in C and C++ compilers for DSPs. 

Recently Tom Engibous, TI president and chief executive officer, has re-
emphasized the corporation's strategic direction as being that of providing 
DSP solutions, with "solutions" referring to the total package, including the 
analog front ends, software to program the DSPs, and a thorough 
tinderstanding of the application that the DSP will be runrung. This is the 
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culmination of TI elevating its DSP success to be strategically more 
important to the entire corporation in recent years. TI is building a new fab 
in Dallas (DMOS 6), which will be primarily building DSPs on the 10,000 
8-inch wafers it will initially produce a month. That's commitment! 

Dataquest expects Texas Instruments to continue to dominate the market in 
DSP, relinquishing little of its 38 percent market share. 

Lucent Technologies 
AT&T and the BeU System were commurucations giants. Telecommuni
cations was the rich market that nurtured the exotic signal processing theory 
into digital signal processing technology and products. AT&T had been 
designing digital signal processors of various sorts for many years to 
support its internal telecommunications, with many products being offered 
on the merchant market. This year AT&T spun off Lucent Technologies, with 
the microelectronics group comprised largely of the former AT&T 
Microelectionics. 

AT&T's background and experience in all facets of digital signal processing 
is impressive. It should be, as DSP is a fundamental element of the telephone 
transmission system, present and future. Lucent inherited a great deal of this 
knowledge and certainly would know who to talk to for the rest. Lucent has 
very good analog and linear circuits to complement its DSP capability, and a 
thorough understanding of the standards, algorithms, and software that 
drive the DSP in telecommunications. 

Lucent supplies most of the DSP chips to other Lucent organizations, AT&T 
comparues and former organizations, and Baby Bells, but does not have all of 
those companies' DSP business. Lucent also has had a very effective 
program marketing its DSPs on the open market. Lucent focuses on major 
customers who will be leaders in their industry. Lucent's greatest success has 
been in the subscriber end of the cellular telephone market, but also are used 
on the network side. It currently focuses on PC multimedia, which includes 
products targeting high-speed modems, and consumer products with low-
cost DSPs going into digital answering machines. Lucent also has a stake in 
DSPs in the disk storage market with some new products directed toward 
that voluminous market. 

Lucent's DSP1600 family of programmable DSPs are 16-bit fixed-point 
(integer) digital signal processors designed primarily for one application or 
another in telecommunications. Lucent's 32-bit DSPs aren't seen much, but 
floating-point DSP is typically used for image processing rather than sound, 
and video doesn't seem to align much with Lucent's strategic direction. 
Customized or ASIC versions of DSP chips are available from Lucent for 
customers needing just the right combination of core MCU, DSP, 
peripherals, and memory. 

Motorola 
Motorola joined the DSP business arovmd 1984 with an extended approach 
to DSP. Rather than the 16-bit data size that typifies commtmications signal 
processing. Motorola sought an advantage with a 24-bit data t5^pe. The extra 
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8 bits give Motorola's DSP56000 products the ability to operate on audio 
signals that are superior to what the human ear can distinguish, rather than 
the more limited 16-bit range that is only good enough so that a person can 
recognize the words and the person speaking on the other end of the phone. 
Although this makes Motorola's DSPs ideal for high-fidelity audio gear and 
true-to-life audio reproduction, as is found in the soundtrack of a movie, this 
market is small relative to the telecommunications business. 

Even as PCs have been using digital signal processing to produce audio, 
much of this has been to liven up video games with beeps, bops, and booms 
(which 8-bit sound could handle). "Multimedia" has so far meant listening to 
a scratchy recording of JFK encouraging the Americans to go to the moon. 
For a PC to act as a telephone device (it needed to do no better than the 
original equipment). Thus, the 24-bit DSPs have a more limited market, even 
though they offer superior quality. Indeed, Motorola has recently 
reconfigured some of its 24-bit products to perform more like 16-bit DSPs 
(for more information, see the Dataquest Perspective "Searching for the Best 
of All Possible DSP Worlds," MCRO-WW-DP-9602). 

Motorola did add a 16-bit DSP line a little later on, but has only a handful of 
options available, and has struggled to win external designs with it against 
the more focused competitors. Even designs within Motorola's own 
communications equipment groups do not appear to be assured, as 
essentially all of the other three DSP majors proudly announce their design-
wins in Motorola cellular and pager operations. Motorola also has a 32-bit 
floating-point DSP96000 offering, but has laid low on emphasizing it in 
recent years. Motorola will have trouble holding on to its No. 3 position this 
year. 

Analog Devices 
The company name of Analog Devices is actually a good clue to the drive 
they have in DSPs. The critical function that most DSPs perform is to detect, 
shape, or enhance the analog signals that are present in the world around us. 
Analog Devices (ADI) grew up working with the precise control of analog 
signals, originally in the linear and analog world, and then the digital 
representations of them with analog-to-digital converters (ADC). Moving to 
the processing of those signals was a natural for Analog Devices, so that the 
company can provide more than just the signal acquisition function. 

Analog Devices is dedicated to the entire signal processing system from data 
acquisition to conversion, to signal processing and algorithms, to control or 
output. As a billion-dollar company. Analog Devices is the smallest of the 
four companies highlighted here, and the one most dependent on its success 
in DSP, with about a quarter of its revenue coming from various forms of 
digital signal processing. This should provide the company great motivation 
to continue in its success. 

For the DSP chips. Analog Devices markets a wide selection in its 
ADSP-2100 products. These DSPs operate on 16-bit fixed-point (integer) data 
but utilize 24-bit wide instructions. As with Motorola, the extra-wide 
instructions make a greater variety of operations available, resulting in fewer 
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instructions to perform a given function, which ADI proclaims makes its 
"MIPS" more powerful than 16-bit competitors. There is some penalty to pay 
for this wider instruction word with minor increases in die size and a more 
complex external memory system to accommodate the wider program store. 
Analog Devices also has a fairly new 21 cps family of "concurrent" signal 
processors that make use of additional parallelism to more quickly operate 
on multiple pieces of data. 

Analog Devices' SHARC (Super Harvard Architecture Computer) floating
point DSPs challenge the highest-performance DSPs with their parallel 
processing capability and their huge (2Mb) memory on-chip. In spite of 
some industry beliefs that there isn't much demand in the floating-point 
arena. Analog Devices has found this to be a very lucrative business with 
applications flocking to their door that need all the DSP MIPS they can get 
and that like loads of programming or data space. 

Recently, Analog Devices licensed Hitachi's H8 microcontroller architecture 
for integration with ADI's DSPs for things like cellular telephones. ADI also 
has announced participation in a joint fab in Washington state to increase its 
capacity for producing DSPs. 

Outlook 
The outlook for DSP is very bright indeed. Even though digital signal 
processing assistance is becoming available in microcontrollers, 
microprocessors, peripheral circuits, and ASICs, the programmable DSP will 
continue to play a vital, continuing, and growing part of many new 
applications. This will result in a very large growth in DSP sales (see Table 2) 
in all regions, averaging a 32 percent compound annual growth rate (CAGR) 
through the year 2000, and reaching $6.7 billion worldwide. This compares 
to the entire semiconductor industry's forecast CAGR of only 13.9 percent. 
Admittedly, DSPs are only 1 percent of the total semiconductor revenue 
right now, but by the new millennium DSPs will double to be 2.3 percent of 
all semiconductors, so their impact in electronics will be significant. 

The digital signal processing industiy has been given a low profile in recent 
years while they quietly developed their exotic products, jockeying for some 
turf, and making significant progress in some key industries. But the 

Table 2 
Digital Signal Processor Regional Consumption Forecast (Mil l ions of U.S. Dollars) 

Worldwide 

Americas 

Japan 

Europe 

Asia/Pacific 

1994 

1,030 

421 

166 

305 

138 

1995 

1,669 

595 

274 

548 

252 

1996 

2,223 

803 

350 

685 

385 

1997 

3,004 

1,130 

459 

874 

541 

1998 

3,978 

1,540 

590 

1,120 

728 

1999 

5,187 

2,030 

740 

1,480 

937 

2000 

6,700 

2,650 

920 

1,920 

1,210 

CAGR (%) 
1995-2000 

32.0 

34.8 

27.4 

28.5 

36.9 
Source: Dataquest (December 1996) 
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phenomenal success that products using DSPs have had in recent years has 
given DSPs a new level of recognition. Even though these products are 
"embedded" and the users rarely care what makes them tick, at some point 
they are popular enough that people are looking under the hood to find out. 

Plus, now that the PC is so popular, but actually running out of things to do 
with all its performance, many more minds are looking for ways of 
expanding the PC's use. The recent "media engines" and multimedia 
extensions to the processors that run the PC and workstations are bringing 
additional light to digital signal processing, though they don't often use that 
term. Indeed, the fact that Intel, Sun, and others are starting to be interested 
in DSP techniques, oddly adds credence to what TI, AT&T, Analog Devices, 
and Motorola knew all along—that DSPs can provide an exciting level of 
capability to interfacing with the natural world in which we live and want to 
control. 

The forecast for DSPs is very promising, in part because the technology is 
well-proven in today's applications and not just a lot of pipe dreams. The 
dreams are there as well, and will evolve as all futures do. Dataquest is 
forecasting a very aggressive growth in programmable DSPs, and some 
tempering of that could come later if the explosive growth in 
communications and PCs hits a wall, but right now that is not foreseen. 
DSPs look like a very bright light in our future, and a lively business for the 
vendors who have tackled the products. 
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Abstract: The Electronica 1996 show, recently held in Munich, proved to have a cornucopia 
of new devices on view. Two areas in which there were a considerable number of new 
product introductions were microcontrollers and digital signal processors. Within both 
categories, there were general-purpose devices and core-derived application-specific 
standard products highlighting today's modular design methodology. This Perspective gives 
details of some of the more significant and interesting of these devices, both in the general-
purpose application field and those addressing specific application problems. 
ByJoeD'Elia 

It's a somber reflection that the 1996 Electronica show, held in Munich, 
Germany, from November 12 through 15, is one of the last, if not the last, of 
the old-fashioned megashows focused on the electronic components 
industry. Another consideration is that this will be the last Electronica as we 
know it. The next time around, Electronica 1998 will be sporting a brand-new 
face as it moves to a custom-built showground on the site of Munich's old 
Rheim airport. 

Although the show was busy, it is clear that major semiconductor companies 
continue to abandon it, with several more abstaining or downgrading their 
presence to a nominal representation on a distributor's stand. Among those 
not in their traditional places were LSI Logic, Hyundai, IBM, Altera, and 
Digital Equipment Corporation. Whether these companies chose to stay 
away because of budget constraints in a down year or whether they have 
decided that the show no longer satisfies their needs as they focus their 
attention on selling systems solutions rather than mere components is 
debatable. Certainly both reasoris have been put forward, but the most 
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worrying to the organizers must be the latter—this will continue to become a 
more compelling reason in the future as systems on silicon become the norm. 

This report focuses on developments in the microcomponent arena and is 
the author's view of significant products launched or highlighted at the 
show. As always in these cases, it does not purport to be a complete 
representation of the show activities, only of those that caught our eye. 

Microcomponents from Many Vendors 
As always, there were many new additions to existing product families. Of 
particular interest in the European market were the number of new 
controller area network-enabled (CAN-enabled) derivatives of existing 
architectures from Siemens, Mitsubishi, and Motorola. Digital signal 
processor (DSP) and RISC cores were on offer from a variety of companies, 
one of the most interesting being the CoolRisc 88 from Centre Suisse 
d'Electonique et de Microtechnique SA (CSEM). This has an architecture and 
instruction set optimized for low-power applications, enabling the claim of a 
5,000 MlPS/watt rating when running from a 3V supply. Another 
interesting device is the Hj^erstone El-32, which is a 32-bit processor that 
integrates DSP functionality in a RISC architecture. This core has been 
licensed by LG Semicon and is aimed at the telecommunications and data 
communications markets, where the combination of DSP and a performance 
MPU is often required. 

Devices that specifically caught our attention are described below and are 
from a diverse range of suppliers, covering both general-purpose and 
application-specific devices. 

Analog Devices inc. 
Analog Devices was featuring its new ADMC330 single-chip motor-
controlling DSP. This is the first single-chip implementation of an AC motor 
controller using a DSP core as the main control block. Using Analog Devices' 
ADSP-2171 fixed-point DSP core, the device can run at 20 MHz and employs 
24-bit instructions and 16-bit data. The device is aimed at high-volume 
applications such as washing machines and as such provides all the 
functionality to allow a complete control unit to be built with no other 
controller. Among its features are seven analog input channels and a 12-bit 
three-phase pulse-width modulation (PWM) generator. Should more 
functionality be required in a more upmarket application, then the device 
provides comprehensive commvmications channels to link to a control 
processor. Solidly aimed at the high-volume applications, the ADMC330 is 
priced at about $10 in quantities of 50,000. 

Atmel Corporation 
Atmel went over the top at Electronica by announcing two new families of 
RISC microcontrollers plus various additions to its existing AT89 family of 
8-bit microcontrollers (MCUs). The two new families are the AT90 family of 
8-bit devices and the AT91 family of 16-bit devices. The interesting thing 
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about both of these families of devices is that both originate in Europe, with 
the AT90 designed in Norway and the AT91 in France. 

AT90 AVR is Atmel's attempt to bring 8-bit MCU architecture into the 1990s. 
The device is a true register-based RISC architecture optimized to run C 
language programs with fast context switching so that it can run multiple 
threads. Features include 32 8-bit registers, and most instructions are a 
single-cycle, scalable design, which maintains code compatibility. Currently 
implemented in Atmel's 0.8-micron flash process, the devices can run at a 
maximum of 20 MHz. Optimized for running C, the devices should be able 
to run more compact code faster than competing 8-bit architectures, which 
date back 20 years in design. 

The AT91 is a 16/32-bit microcontroller based on Advanced RISC Machine 
Ltd.'s ARM7TDMI core. This core is renowned for its extremely small size 
and its use of the Thumb's compressed 16-bit instruction set as well as the 
normal 32-bit ARM instruction set. As with all other ARM cores, it is also 
very frugal in its power consumption, making the AT91 devices extremely 
useful in portable, low-cost applications. As a key player in the flash and 
EEPROM market, Atmel will bring devices out of the chute with both types 
of memory incorporated as well as the normal complement of ROM and 
RAM. The devices use a higWy modularized approach to integration, with 
the memory and core separated from the peripherals by the Advanced 
Microcontroller Bus Architecture (AMBA) bus. This enables derivatives to be 
introduced rapidly, as peripherals can easily be added or removed from the 
AMBA bus without impacting the main part of the device. 

The on-chip flash and EEPROM memories are in-system programmable 
(ISP) using the industry-standard SPI bus, allowing the capability to 
dowriload new software versions in the field or to use special test programs 
at final test before loading the final system software. The use of two 
instruction sets allows the optimization of code for either maximum 
performance or maximuni code density. All on-chip memories are organized 
as 32-bit words and store either one ARM instruction or two Thumb 
instructions. 

Fujitsu Ltd. 
Another product designed in Europe is Fujitsu's Whispers Generic Control 
Processor, which is an integrated signal-processing system based on a 16-bit 
fixed-point DSP core that has all the analog peripherals on board to do 
analog-in-to-analog-out signal processing. The device is designed to replace 
complex analog filter functions through digital filtering techniques. Because 
of the low latency and extremely low power consumption, it is ideally suited 
for ambient noise reduction applications in mobile communications systems 
such as telephone handsets. Other feedback-based systems that depend on 
low latency in the feedback signal are ideal candidates for the Whisper 
device. Examples of this are high-speed motor control and phase-locked 
loops. 
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Mitsubishi Corporation 
One of the more interesting new entries to the 16-bit MCU market is 
Mitsubishi's M16C family, which is a totally new design optimized for high-
level language programming and high-speed processing, with integral 
electromagnetic interference (EMI) reduction circuitry and ROM program 
correction. This latter capability is a first for Mitsubishi and allows the user 
to correct up to two software bugs after going to mask. The M16C employs 
an address-matching interrupt that redirects program execution to bypass 
the faulty code, thereby minimizing debug time and avoiding the need for 
running a new mask, in many cases. 

Other features include two interchangeable instruction sets optimized for 
either speed or functionality, sophisticated bit manipulation, and a large 
number of instructions that execute in a single cycle. The combination of 
these features allows the M16C to reduce code size to about half that of RISC 
devices while matching their performance. 

iVlotorola inc. 
Motorola launched two significant derivatives of its existing microcontroller 
and microprocessor families. Both are aimed at the automotive marketplace, 
although each addresses very different requirements. The more interesting 
of the two is the 68HC805PV8. This 8-bit device incorporates Motorola's new 
Seamless Silicon Systems (S3) technology, which eliminates the need for 
external protective devices in the harsh automotive environment. First, the 
device has high-voltage and high-ciurent protection on chip, which enables 
the devices to withstand automotive line voltages of 16V and load dump of 
40V. This, together with a built-in 5V regulator, means that the device can be 
coupled directly to the car's wiring harness and battery without the external 
protection normally needed. 

A common application of this class of controller is in power window 
mechanisms, where in the past the controller and associated protection 
components were mounted on a separate board near the window lift motor. 
With this new device, the controller can now be mounted directly in the 
motor, minimizing system cost by removing extra wiring harnesses. As well 
as having 8KB of flash memory, the device has 192 bytes of RAM and 128 
bytes of EEPROM. ROM-based versions will follow in late 1997. The 5V 
regulator has high- and low-voltage resets, plus being able to source 20mA 
to external devices. The peripheral complement on this device is truly 
impressive and includes a single-channel high-speed PWM, a six-channel 8-
bit analog-to-digital converter (ADC), and a five-channel 16mA contact 
monitor, plus a two-channel 3-ohm line-side relay driver. 

On the 32-bit front. Motorola has added CAN capability to its 68300 family 
of integrated devices. The first of these to incorporate Motorola's TouCAN 
module is the 68376. The 68376 is targeted at automotive applications such 
as automotive diagnostics, power train control, and other high-performance 
distributed control applications where the CAN capability is a necessity. The 
device is also targeted at the industrial market, where it is expected to find 
applications in automated manufacturing systems, banking machines, 
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industrial control, and data logging systems. Key features of this device 
apart from the CAN module are the Time Processor Unit (TPU), which is an 
on-chip coprocessor with a microengine dedicated to complex timing tasks, 
the Configurable Timer Module (CTM) with various timers and PWM 
chaimels, the Queued Serial Module (QSM) enhanced serial communications 
interface, and the 10-bit Queued ADC (QADC). 

Sharp Electronics Corporation 
Sharp also announced an ARM-based product, the LH77790 integrated 
processor. This product is based on the 32-bit ARM7DI core and is very 
specifically targeted to portable electronic devices, such as portable data 
acquisition terminals, bar code readers, portable oscilloscopes, global 
positioning systems (GPS), mobile communications devices, and personal 
digital assistants (PDAs). To this end, the ARM7DI core has been 
surrounded by a comprehensive selection of suitable peripherals. Among 
these are a monochrome LCD controller with 1024 x 2048 pixel resolution, 
three universal asynchronous receiver/transinitters (UARTs), three PWM 
charmels, hardware watchdog timer, infrared interface supporting 
IrDA/DASK protocols, 2KB onboard cache plus a separate 2KB SRAM, and 
a comprehensive complement of input/output (I/O) ports. As it is targeted 
at portable applications, the LH77790 has a comprehensive power 
management uiut that allows software control of the clock frequency from 
halt to full speed. A choice of 5V or 3.3V power supplies allows the choice of 
maximum speed or maximum efficiency. 

Siemens AG 
Siemens launched the first three members of the SAB-C161 family of low-
cost 16-bit microcontrollers. Using a derivative of the C166 RISC-like core, 
the new family is aimed at the high-end consumer, computer peripherals, 
communications, and industrial control markets. Siemens intends to develop 
a new 16-bit market where 8-bit units are at their limits of address range or 
processor and peripheral performance envelope. To do this, the company is 
aggressively pricing the devices to compete with existing 8-bit devices and 
has quoted a $3 price for high-volume applications. Although aimed at low-
cost, competitive applications, the CI 61 does not skimp on features and 
manages to combine high processor performance (up to 8 MIPS) with high 
peripheral functionality and ervhanced I/O subsystems. 

As well as providing comprehensive hardware and software support 
through the current extensive set of tool partners Siemens is also making 
available a low-cost starter kit. Priced at DM 299, this includes evaluation 
hardware and software with compiler, monitor, assembler, and debugger, 
among others. 

Texas Instruments Inc. 
Texas Instruments had its usual plethora of DSP devices on display, but 
buried among all the standard parts was the TMS320AV7000 device family, 
which integrates all the network-independent processing power needed to 
manufacture a set-top box in one device. The device integrates an ARM 
7TDMI core with its dual instruction sets, plus MPEG-2 video and MPEG 
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audio decoders, an advanced graphics accelerator, and a comprehensive set 
of interfaces to external peripherals and memory. Also included is an lEEE-
1394 interface for connecting the set-top box to other devices, such as a PC, 
or in future to provide direct digital video connectivity to digital televisions 
or video recorders and printers. Apart from the high functionality offered, 
one of the biggest differentiating features of these devices is the rich level of 
graphics formats supported. The device is offered with two versions of the 
Transport Packet modules: the TMS320AV7100, which is designed for digital 
satellite systems, and the TMS320AV7110, which is designed to support 
digital video broadcast. 

Toshiba Corporation 
The Automotive System LSI Department at Toshiba was exhibiting an 
interesting device that, while aimed specifically at in-car navigation systems, 
could also be used in PDAs and video games. The R3903F is based on 
Toshiba's R3900 MIPS core, which is an R3000A enhanced device for use in 
embedded applicatioris. As well as all the usual timers, serial I/O, parallel 
I/O, and other peripherals needed for a complete system, the R3903F also 
has a complete graphics display controller, including color palette and DAC 
on board. The high level of integration on this device reduces a navigation 
system to the GPS front end plus the R3903F and three memory devices. 

Dataquest Perspective 
With the 16-bit-plus segment of the MCU market growing the fastest, it is 
not surprising that most of the new product introductioiis in the MCU 
segment at Electronica were of the 16- and 32-bit variety. This segment of the 
market is still wide open and has few constraints that make customers 
automatically select a 16-bit implementation of the MCU in their existing 8-
bit applications. Many programs are now so complex that assembled code is 
no longer practical, and C compilers are used to get the product out on time. 
Without having to support legacy code, designers are free to look at new 
controllers using the best architecture, giving the optimum 
price/performance for their current application. With the code being written 
in C, and therefore portable, and with most families of devices being 
supported on various third-party development tools, designers are not 
committed to sticking with their newly chosen architecture for the next 
project should an alternative architecture give a better return. This factor has 
meant that a clear leader has not yet emerged among the existing 16/32-bit 
MCU devices and that there is still room for new products, as those 
showcased at Electronica demonstrated. 

Although the 16-bit-plus MCU market is the fastest growing, the 8-bit 
market is still the biggest. The players in this field are well known, including 
Motorola, NEC, Siemens, Hitachi, Microchip, and Philips. While these 
vendors have continued innovating in this market, it has been mainly on the 
basis of adding more variants of a particular family, extending the 
performance envelope to keep devices competitive, adding flash/EEPROM 
on board, and other such tweaking of established architectures, some of 
which date back to the late 1970s. With this background, it was refreshing to 
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see Atmel introduce a new 8-bit RISC architecture based on meeting today's 
needs, such as chip optimization to execute compiled C, and with no 
carryover of baggage from previous device families. Motorola's extension of 
its venerable 68HC05 family is also exciting, as the various protection 
features plus high drive capabilities will give this device family a well-
needed midlife enhancement that will enable it to remain the low-end 
workhorse of the automotive and other industries. 
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Technology Analysis 

Deeply Embedding Microprocessors with DRAM—A Great 
Marriage 

Abstract: 68000-based core processors and peripherals zvill soon be available together with 
dynamic RAM on the same piece of silicon, ushering in a new era for integrated processors. 
The most popular embedded architecture will be peed from the constraints placed on the 
primary component of the memory system that typically feeds it, allowing the embedded 
application designers to further distinguish themselves from the PC engineers. There are 
many interesting aspects of this combination of technologies, companies, and products that 
could change the way embedded application designers think about their system 
configuration. 
By Tom Stames 

Typical Embedded System Design and Memory Selection 
The design of the traditional embedded electronic system involves choosing 
a microprocessor from the selection available in the architecture that best 
accommodates the particular type of product being built, be it a laser printer, 
a set-top box, or a palm-size communicator. The best combination of 

^ peripheral circuits is determined by the interfaces, inputs, and outputs that 
the new product will make use of. Some serial communications, parallel 
input/output (I/O), timers, and direct memory access (DMA) peripherals 
might be picked. 
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The memory system must be configured to feed the instructions into the 
processor and to supply data to the programs at run time. The memory 
might consist of semiconductor products like read only memory (ROM) or it 
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may involve a disk drive in larger systems. Static random-access memory 
(SRAM) will be used for the fastest parts of the memory system, especially in 
caches, but in most systems the largest portion of semiconductor memory 
will be dynamic random-access memory (DRAM). DRAM has the best 
combination of a low cost per bit with very good (but not the best) 
performance. This combination and selection of memory allows a cost-
effective product to be built without serious compromise in performance. 
Traditionally the large DRAM memory has been a separate set of chips from 
the processor (see Figure 1), partly to give flexibility to the system designer 
to select the appropriate quantity of memory for the application, and partly 
to allow vendors to optimize the manufacture of the processor independent 
from the manufacture of the memory chips. DRAMs have been driven to 
constantly put the greatest number of bits possible on the chip for a price, 
now sitting at 16Mb, and this isn't always the best for embedded 
applications. (Note: Mb indicates megabits while MB indicates megabytes of 
memory.) 

The PC's Influence on Memory 
In recent years, the enormous popularity of the personal computer (PC) has 
caused the PC to become the primary driving force in the design, 
configuration, and sale of DRAMs. DRAMs are designed to provide an 
interface to the PC processor that will maximize the performance of the 
processor. When the 200-MHz Pentium Pro goes to memory, it doesn't want 
to be slowed down waiting for data. Extremely wide data paths with burst 
capabilities have been backed up with fast cache memories so that once the 
processor does go through the wait, it gets a truckload of data when it finally 
starts showing up. The depth of the memory chip is selected to be as big as 
possible considering the bit width, on an even power of two (2"), that pushes 
the current technology to the optimum point. In 1996, this is moving to 2Mb 
by eight DRAMs. Eight of these are used in parallel to get the 64-bit wide 
data paths to the processor/cache. Doubling, tripling, and quadrupling the 
sets of DRAM feed the seemingly insatiable appetite of the PC or 
workstation with 32,48, and 64MB of memory. 

PCs consume huge quantities of DRAMs in today's markets. Entire fabs are 
dedicated to cranking out nothing but DRAMs to get the lowest cost. The 
yields in the fab for the precise combination of speed, grade, and 
configuration (width and depth) at a point in time determines the ' > 
manufacturing cost of that DRAM. The ability to match that DRAM with the 
key central processor in PCs (and some nontechnical things called demand 
and competition) determines the selling price and ultimately the profit 
margin of the DRAM. The folks in the fab try to move the "sweet spot" of 
their processes to get the highest quantity of the most desirable speed and 
configuration of DRAM. Sometimes they lead the market, and sometimes 
they are behind the real demand. ) 

PC central processors and many embedded processors have outpaced 
memory chips in terms of performance. Fine-tuning a processor memory 
interface with dock speeds of the processor versus nanoseconds of access 
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Figure 1 
System Organization with and without Same-Chip DRAM-MPUs 
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time in the memory is a careful balancing act where the engineer is trying to 
optimize performance for cost. A memory with access times that are just a 
little bit slower than the processor needs will incur a big penalty waiting for 
the next time the processor can take the data. It is similar to trying to get to a 
wedding on an airplane. If you just miss one plane's departure, you will 
have to wait until the next flight before you can continue, and you're bound 
to be late for the wedding, incurring the wrath of the bride and the in-laws. 

The size of the most-available DRAM is driven by the PC market, of late. As 
the PC industry wants a higher speed or different configuration of DRAM, 
the people in the fab push for better yields on that specific part. Pricing is 
adjusted to generate demand for less desirable speeds and configurations 
that may be more readily manufactured to maximize the revenue of the total 
fab output. Woe be the poor embedded systems engineer who designed in a 
set of DRAMs that was popular with the PC designers a whole year ago. 
Once it is overrun and abandoned by the time-compressed PC junkies, 
manufacturing of the desired DRAM is left to scant few vendors limiting 
availability and halting enhancements. With competition reduced, price 
becomes what the market will bear, and the price begins to rise. System cost 
reduction or performance enhancement over time is limited by the fixed 
pricing and the static access times on the DRAM. 
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Frustrations of Embedded Design 
Many embedded applications do not need the great quantity of memory that 
can be assembled in a minimal set of DRAMs. Take the example of the 
2Mbx8 DRAMs fitted to a 32-bit wide embedded processor illustrated in 
Figure 2. Four of these chips are put side by side to feed 32 bits to the 
processor. This makes a minimal system of 2Mbx32 which yields an 8MB 
memory system. This is a huge bank of memory for most embedded 
applications, and it is only the minimum, determined by the width and 
depth of the individual memory chips. Going back to the wedding, what 
happens if the hotels only have guest rooms intended for four people? The 
individuals and couples wanting to spend the night have to pay for rooms 
with more space than they need. The embedded system designer figures out 
ways of using the excessive memory, but doesn't get the full value out of it. 
The couple attending the wedding might share their extra bed space, but 
they get Uncle Bob snoring through the night. Both situations are less 
desirable since they are matching the needs to the available resources rather 
than finding the resources to fit the needs. 

The granularity of PC DRAM systems is typically much larger than what is 
needed in the embedded world. The embedded application designer has a 
choice of going to older, slower DRAMs to get a more appropriate size, but 
the price per bit for earlier generations of DRAM is significantly higher. If 
the embedded application needs only a wee bit more memory, the next 
increment of DRAM is in the same 8MB chunk. The family-of-five attending 
the wedding has to pay for two four-people rooms at the hotel. The cost of 
the memory system in an electronic product is not trivial, and running the 
price up in large increments can break a product's cost structure. Usually the 
product programmer is told to figure out how to make the system work in 
the smaller increment of memory, much as the family-of-five just takes a 
single hotel room and makes Junior sleep on the floor. The programmer and 
the kid on the pallet are equally happy. 

Another alternative would be for the system designer to use a wider 16Mb 
DRAM which would shrink the minimum system size and granularity. 
However, only Toshiba offers a 16Mb DRAM that is 32 bits wide, which 
would offer the designer a 2MB granularity. 

Use Of SRAM 
Static RAM has the advantage of being significantly faster than DRAM (15nS 
versus 60nS), but does so at a very high cost. On a standalone SRAM chip, 
four transistors make up the typical SRAM memory cell, while six transistors 
are needed for the SRAM cell that is processed on the same chip as logic 
circuits like microprocessors. But just a single transistor makes up the 
DRAM cell in a DRAM chip—a four- or sixfold improvement. The higher 
packing density of DRAM is what provides a price advantage over SRAM. 

When one looks at adding memory to processor chips, fast SRAM is 
attractive for caches, in part because it can be easily fabricated in the same 
process lines as the processor logic. If too much SRAM is put in a system 
then the father of the bride will complain about the cost of the wedding. 
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Figure 2 
Minimum Memory System and Granularity Allowed by DRAM Choice 
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Source: Dataquest (November 1996) 

DRAM, on the other hand, strives so hard for ever-lower cost with its high 
density that it uses very different techniques through the production line 
than what logic circuits use. The large caches put on the highest performance 
RISC processors dedicate the greater part of their die size to putting in 
caches that range from 64KB to 128KB (512Kb to 1Mb), which is large for 
SRAM, but small compared to available DRAM chips. If DRAM cells could 
be used, the density of this memory could quadruple. 

These issues as well as topics of bandwidth, throughput, power 
consumption, transmission line effects, pin count, reliability, and board 
space have burdened the microprocessor designer as well as the embedded 
system designer for years. The two main issues boil down to memory chip 
organization and the width of the processor-memory interface. If the 
processor and the DRAM could reside on the same piece of silicon, it would 
open up many new possibilities in system design, improving both cost and 
performance of the final system. Enter Mitsubishi. 

Mitsubishi's DRAIVI and the First MPU-with-DRAM Chip 
Mitsubishi has been a significant player in the DRAM memory market for 
some years now. In 1995 it was the No. 9 supplier of DRAM to the world 
with over 5 percent market share (see Table 1). Mitsubishi has been sampling 
the larger 64Mb EDO DRAM and is looking for success in this next 
generation of DRAMs, which is expected to bear fruit in 1998. Mitsubishi has 
also been developing some exotic application-specific memories such as their 
CD-RAM, which blends cache SRAM and DRAM, and 3D-RAM, which adds 
special acceleration hardware to the cache and DRAM to speed up video 
graphic operations. 
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Table 1 
Mitsubishi's Factory Revenue from Worldwide Shipments of 
Dynamic RAM (Millions of U.S. Dollars) 

1991 1992 1993 1994 1995 

DRAM 515 628 930 1,372 2,201 
Source: Dataquest (November 1996) 

In March 1996, Mitsubishi armounced a product with a new RISC processor 
deeply embedded in a DRAM chip. The M32R/D contains a proprietary 32-
bit RISC core with a 2KB cache memory and 2MB of DRAM on chip. Data 
and instructions can be transferred between the caches and the on-chip 
DRAM over a 128-bit wide data bus at a rate up to IGB/sec. This eliminates 
over 60 percent of the time it would take to make these accesses over a 32-bit 
wide external bus. Transfers of 128 bits over an external 128-bit bus would be 
ludicrous in most systems today because of the high pin count, current 
spikes, and minimum memory configuration that would be necessary to 
accommodate it. However, when the M32R/D goes to external memory, it 
does so over a more economical 16-bit bus at moderate rates while allowing 
very fast transfers between the on-chip memories to keep the processor well 
fed. This effectively gives the M32R/D a two-level (L2) cache with the 
second level containing a whopping 2MB of data or instructions. 

But the M32R/D is a brand-new microprocessor architecture. New processor 
architectures take a long time to establish themselves, and history shows 
them to have a high failure rate. There are numerous issues of support, 
documentation, knowledgeable programmers, interested customers, legacy, 
and many other issues that can suffocate a new architecture in the highly 
competitive microprocessor world. Would an embedded system designer 
use the M32R/D even if it comes with the 2MB of DRAM on chip, and is 
perfect for the specific application? The best technical solution does not 
always (in fact rarely) win the day. All of those other issues come in to play 
and often supersede the technical merits. The M32R/D appears to be gaiiung 
some special design-wins and has demonstrated execution of the Java 
programming language, but is currently a relatively unknown architecture. 

The design of the M32R/D is well thought out with consideration for the 
advantage it has with its sizable on-chip DRAM, perhaps the beginning of 
what system and chip designers should be considering in their system 
layout. 

Mitsubishi made a second, very important achievement in developing the 
M32R/D. It made a DRAM cell that can be processed on the same wafer, 
with much the same steps, as a typical logic (MPU or ASIC) production line, 
and it's as small as those that run in the usual fabs dedicated to processing 
DRAM (for the same process geometries). This is a very valuable technology. 
DRAM, as a library element available to microprocessor, microcontroller, or 
customer-designed ASIC developers, opens a whole new world of 
opportunities. Maybe Motorola would be interested in this. 
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Motorola's Established 68000 Family 
Motorola's 68000 architecture is the leading microprocessor architecture for 
applications outside of DOS-based PCs. Last year, like many years before, 
the 68000 family was the No. 1 microprocessor architecture in embedded 
applications. Table 2 shows Motorola's 68000 family revenue over the past 
five years (the declining numbers are due to the changeover from the 68000 
processors to the PowerPC in the Macintosh computers—not embedded 
applications). 

Table 2 
Motorola's Factory Revenue from Worldwide Shipments of 32-Bit 
Microprocessors (Millions of U.S. Dollars) 

32-Bit CISC (68000-Family) 

1991 
363 

1992 
428 

1993 

685 

1994 

561 

1995 

479 
Source: Dataquest (November 1996) 

In the embedded microprocessor world, one of the most critical decision 
factors is a processor's support products that help an OEM design the 
microprocessor into its end products. The history and market share of a 
microprocessor determines just how much support may be available, 
whether it is development tools and languages or simply the ability of the 
OEM to hire qualified programmers with an intimate knowledge of the 
architecture. Motorola's 68000 has a huge advantage here. 

Integrating microprocessors with a selection of peripheral circuits is another 
crucial factor for success in the embedded marketplace. Motorola has a 
variety of 68000 family-integrated processors to address a number of 
markets. Motorola has refined the 68000 architecture for embedded 
applications and customization, culminating in its ColdFire fanuly of 
products. ColdFire processors will run most of the original 68000 family 
code, but are streamlined to run it much faster. Plus, the ColdFire chips 
integrate peripherals along with the core processor. The formfitting of the 
right match of processor performance and peripherals for a particular 
application is one of the key differentiators in today's processor market, and 
Motorola's earlier 68300 products have a strong position there. 

One element missing in Motorola and everyone else's bag of tricks for 
integrated processors has been a good DRAM module. The problem has 
been the mismatch in the silicon fabrication processes used for normal 
DRAMs and that used for microprocessors. Maybe they should talk to 
Mitsubishi. 

Two Companies Engage to Get Things Really Rolling 
In early 1996, Mitsubishi and Motorola got together to compare notes. In 
October, they announced their intention to work together to put 
microprocessor cores together with DRAM on a single chip. In the 
arrangement. Motorola will give their 68EC000 and the ColdFire core 
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processors to Mitsubishi for use in customer-specific ASICs. In return, 
Mitsubishi will give Motorola their logic-processed-DRAM technology for 
use in integrated microprocessors and ASIC-type products as well as giving 
Motorola access to their new M32R processor core. Both companies are 
expected to market products with the 68EC000, ColdFire, and M32R core 
processor integrated with a set of peripheral circuits and an appropriate 
quantity of DRAM on a single piece of silicon. Mitsubishi may produce 
customer-specific devices, while Motorola may also produce standard 
products as a result of the exchange. 

This is an exciting engagement for both Mitsubishi and Motorola, and the 
industry as well. It will change the way engineers design their electronic 
products. Now, engineers can get their hands on not just a processor and 
some peripherals but they can also bolt large (or small) quantities of DRAM 
onto their own unique chip— ĵust the right size of DRAM. There are many 
advantages: fewer chips, fewer solder joints, smaller packages, lower power 
corisumption, less excess. Plus they can use their favorite processor 
architecture with all the support and tools that they're used to. This is an 
idea that could really take off. 

If an application needed a fast 68000 processor and about half a megabyte of 
memory. Motorola or Mitsubishi could combine a ColdFire core processor, 
some peripheral circuits, and 512KB of DRAM on the chip. If additional 
performance was needed, a special hardware accelerator could be added (for 
example, for graphics or signal processing). Perhaps a 48-bit memory 
interface would speed up the accelerator, because that's closer to the natural 
size of the data operands, then the DRAM could be organized as 48 bits wide 
(refer to Figure 1). If some massively parallel operations were to take place 
and the data would be held in a large buffer, a 256-bit wide bus could 
connect a 256-bit wide DRAM block to the parallel accelerator. If the buffer 
needed to be a little bigger than 1MB, an additional 128KB block could be 
added with minimal die size increase. With on-chip memory there is much 
greater flexibility for adding memory or organizing the memory in the best 
way for the application, without doubling the cost of the expanded or 
reorganized memory, as might happen with external DRAM. 

Applications of DRAIVI MPUs 
Motorola was drawn to this arrangement through its new Imaging and 
Storage Division, made up largely of its earlier 68000 product groups. For 
years 68000 products have run the laser printer sitting alongside personal 
computers. In fact, they were integral to the birth of the entire desktop 
printer industry and nurtured the maturing of that infant industry. Most 
laser printers ship with about 1MB of memory on the formatter board, 
although they can use another 1MB to 2MB to accelerate PostScript 
processing. A laser printer can't be sold for $400 if it has $100 of memory in 
it—they have lots of metal and motors and fancy engines in the bill of 
material as well. If the formatter card had a new MPU-with-DRAM chip on it 
that included a half a megabyte of memory, the base model laser printer 
would have a controller that was smaller and less expensive. Additional 
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imaging products that could make use of DRAM embedded with an MPU 
include Internet terminals, digital cameras, and scanners. 

Many disk and tape drives use the 68000 architecture. Cost and integration 
are key factors in the selection of the processor for mass storage, two areas 
where Motorola does well. A disk drive needs some memory for buffering 
data, but doesn't need 2MB for that. Disk drives are under such price 
pressure that any savings in cost can be a big highlight in their end market 
or on their accountant's face. 

Set-top boxes and multimedia processing systems are other applications that 
can benefit from the DRAM MPU. In these systems, high-performance 
memory systems are needed to keep up with the continuous flow of video 
and audio data, yet cost is an important factor, too. When a cable or 
telephone company has to pay for a box to be left at the customer premise, 
they will be far happier for that box to cost $400 rather than $500. Satellite 
receivers have shown to have a reasonable sales elasticity when the price for 
the base unit is lowered. 

Other types of applications that could benefit from the DRAM MPU include 
those where space or power consumption are a concern. Personal digital 
assistants (PDAs) have struggled to meet their full potential, but are still a 
hot item. Battery life, capability, and size or form factors are all very key to 
the acceptance of these highly portable devices. People continue to look at 
expanded uses of cellular phones, pagers, and portable Web browsers that 
could also use thrifty, reasonable-size memory bolted to their processor. 

The Power of Pins on the Package 
DRAM MPUs have an advantage in power consumption as well as board 
space. A noticeable number of pins on an embedded processor are dedicated 
to I/O. Many of these are associated with the on-chip peripheral circuits on 
integrated processors and microcontrollers. But, like a microcontroller, if 
external accesses to memory are eliminated or minimized, then the number 
of pins on the package can be greatly reduced. Even if the pins are there, if 
they are rarely used, they can share their time with other functions (like 
peripherals) or at least save power by not being exercised. A bus used for 
accessing external peripherals would generally do just fine with eight data 
pins and eight or 12 address lines—far fewer than the 32 + 32 that are 
usually dedicated to the memory buses. 

Any time electrical signals must be driven from one chip to another, quite a 
bit of current is consumed. It multiplies linearly as the number of signals 
increases, and is worst when the signals must be driven to an array of chips 
as is typical with memories. A processor with enough on-chip DRAM 
doesn't need all the extra pins and power (battery drain) that are required for 
external memory accesses. 

With every high-speed switched signal driven across a circuit board comes 
electrical noise. Higher voltage swings and longer traces make it worse. This 
noise is not only noticeable, but must be contained to meet FCC and similar 
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regulatory agency standards. Eliminating or minimizing the distribution of 
signals off-chip will greatly reduce the noise they generate. When the DRAM 
is all on-chip, much lower voltage swings move data over much shorter and 
smaller spaces to accomplish the same work, minimizing power 
consumption and noise. 

Nothing is free, of course. Fewer pins can affect testing of these chips. As it 
is, all of the tests typically done on DRAM would need to be performed on 
the embedded DRAM. Having fewer pins to access the DRAM could 
dramatically slow down the test procedure, and test time is extremely 
valuable (longer test time = greater cost). Also, all of the functionality of the 
microprocessor and peripheral circuits must be verified, and that will take its 
share of test time. Overall, one would expect test time to be about the same 
as or slightly longer than the sum of the time to test the standalone 
equivalent MPU and to test a similar-size DRAM. 

The Value Proposition—Can Two Live as Ciieaply as One? 
The price competitiveness of the new DRAM MPUs may need some 
rationalization, and so could be a harder sell. The prime reason DRAMs are 
processed separately from logic is because this results in a much lower cost 
for the DRAM. Incredible volume on a single product is what drives the cost 
out of standalone DRAMs. Every time that volume is cut in half by adding 
another type of DRAM to the production, it impacts the cost of the original 
When the DRAM is part of an MPU, especially when the MPU is customized 
for an application or customer, the volume of that MPU is severely limited 
compared to the standalone DRAM, and its cost cannot be as competitive. 

Many applications that are not as constrained may be happy to pay for 
blocks of memory that may be excessive, but allow for sloppier software to 
be used, or that have room for growth or new features over time. With the 
model of the PC, many programmers and products have become used to 
staking out more room than is needed because the memory manager was set 
up for powers of two, or just to make sure the space is there if they end up 
wanting it. Sleeping alone in a hotel room that is made for four isn't 
unpleasant, and can even be considered luxurious. It's certainly more 
comfortable than having to contend with too little room. 

Pricing of DRAM MPUs could be tricky and may go through some 
transitions early on. The year 1996 showed everyone that standalone DRAM 
prices can go down quite radically. Most of the price decline is going to come 
out of the profits of the vendors in these circumstances, and much of the 
drop will bring DRAM down to the price curve that most semiconductors 
must live on an5rway. Such drops do make standalone DRAM far more 
attractive in cost. A designer might not mind wasting half a DRAM if it costs 
half as much as it did last year; however, the boss might and that price can 
rocket back up just as quickly. 

The 64Mb question is: "What value will the OEM place on a DRAM MPU?" 
Will it be the price of a DRAM + the price of the processor? Will it be the 
price of a DRAM + 20 percent for the processor? Will it be the price of the 

MCRO-WW-DP-9606 ©1996 Dataquest December 9,1996 



Embedded Microcomponents Worldwide 1_1_ 

processor + three times more for the amount of the die taken up by the 
DRAM? Will it be the price of an equivalent size ASIC? Will the price change 
in step with the changes in the price of standalone DRAM? At introduction 
halfway through the 1996 DRAM price crash, the M32R/D was priced at $65 
in 10,000-piece quantities for mid-1997 delivery. Well-integrated 68000 
products without significant memory on them typically sell for well under 
$25. The vendors of these DRAM MPUs must establish in the mind of their 
users a proper value of the technology, intellectual property, convenience, 
and conservation embodied in their products. Otherwise they will suffer 
from having the customer set its value as a simple multiplier of the transistor 
count, which would rob the vendors of the products' true value. 

Each Partner Is Better after the Marriage 
Mitsubishi has a healthy DRAM business, a healthy microcontroller 
business, and a small microprocessor business. Mitsubishi is a Japanese 
company with natural connections with the Japanese OEMs. Motorola has a 
healthy microprocessor business and a robust microcontroller business. 
Motorola's 1.5 percent of the DRAM market is supplied through a joint 
venture with Toshiba. Mitsubishi developed a competitive DRAM cell that 
can be processed on the logic fab lines and proved it in with its combination 
DRAM-MPU chip. Motorola has the No. 1 integrated MPU architecture for 
embedded systems, but has no DRAM module. The two companies get 
married with the intention of producing beautiful children, though not 
necessarily together. 

Mitsubishi gains access to a very successful, established microprocessor 
architecture. It can make chips with the 68EC000 or the ColdFire core 
processor on them along with peripheral modules and as much DRAM as a 
customer wants (up to the manufacturable die size) and sell customized 
products to its customers. Japanese OEMs might feel more comfortable 
working on a customized microcomponent with a company close at hand, 
providing strong local support. Mitsubishi will pursue their desired markets 
and customers that they serve well with other products. 

Motorola has a significant new piece in its integration puzzle. Already 
Motorola can combine 68000,68020, and ColdFire core processors with 
caches and a variety of peripheral modules, some of which contain processor 
elements themselves. Now it can also offer the M32R/D core processor, 
although that is not expected to have a strong calling. More importantly, 
Motorola will now be able to add just the right amount of DRAM onto those 
chips so the system designer doesn't have to buy any separate DRAM chips. 
Motorola can offer these as catalog parts, or make them especially for a 
particular customer or market. (The DRAM technology cannot be used by 
Motorola's memory chip operations.) Each company may or may not find 
competition directly from the other at their customers. 

Both companies have the opportunity to further capitalize on the new 
technology. Mitsubishi is ahead of Motorola in taking advantage of the on-
chip memory as it already designed the M32R/D to improve its throughput 
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using a very wide bus between the caches and the DRAM. The next step 
could be to open up the processor architecture to take advantage of the very 
wide buses that are now possible. For years, DSPs have been designed with 
parallel memory structures to maximize their processing of unique data 
types and algorithms. With multimedia and video data peaking over the 
horizon, large quantities of even wide on-chip data types could be more 
quickly processed by specially designed processors or accelerators. Perhaps 
the 68000 architecture could gain another step of performance with more 
parallel processing of its instructions and data, yet still retain valuable 
compatibility. These issues, which the designers at Motorola and Mitsubishi 
need to study and act upon, raise interesting possibilities. 

Of course, OEMs win, too. With appropriate unit volumes, a customer can 
configure their own special integrated processor that optimizes the data size, 
bus width, memory size, performance, power consumption, and price for 
their particular application. Customers can request that Mitsubishi or 
Motorola pull the part together and manufacture it, whichever provides the 
best options. Maybe one of them will have an off-the-shelf part that fits the 
bill. Either way the OEM can open its mind a bit more now and fine-tune its 
system design using customized DRAM MPUs to meet its specific 
application needs. 

It's a New Way to Design 
The announcement by Mitsubishi and Motorola adds new excitement to the 
concept of deeply embedding a microprocessor in DRAM, and greatly 
improves its chances for success. Mitsubishi and Motorola are actually 
breaking the mold of how engineers can think about system design, giving 
them a better selection of parts with which to build their equipment. Each 
company now has lots of memory to put on its customized MPUs. There will 
be refinements in the processor interfaces, the semiconductor processes, and 
the way the OEM designs systems, now that some traditional bottlenecks 
and constraints are removed from the designers' path. Watch for interesting 
developments in the next few years from vendors with MPUs with on-chip 
DRAM and from OEMs using them creatively to enhance their system 
designs. 
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Abstract: Dataquest has updated its microprocessor forecast through the year 2000. This 
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detailed forecasts. Dataquest will also hold a telebriefing on October 21 at 11:00 a.m. PDT 
to further discuss the microprocessor forecast. Details on the telebriefing will follow. 
By Nathan Brookwood and Tom Stames 

Dataquest's detailed microprocessor forecast through the year 2000 has been 
updated and released to clients of the Embedded Microcomponents 
Worldwide program as Microprocessor Forecast and Embedded Microprocessor 
Trends through the Year 2000 (MCRO-WW-MT-9602) and to clients of the 
Semiconductor Directions in PCs and PC Multimedia Worldwide program 
as Compute Microprocessor Market Trends and Forecast (PSAM-WW-MT-9604). 

The good news is that we anticipate that this segment will show continual 
growth in unit shipments and sales for each of the next five years and 
anticipate no downturns in either unit shipments or sales in the foreseeable 
future. Microprocessor sales will grow slightly faster than the overall 
semiconductor market during this period and will account for $0.10 out of 
every $1 spent on semiconductors in the year 2000, up from $0,094 today. 
MPU sales will total $29 billion at the turn of the century, up from $14.3 
billion in 1995. Table 1 provides Dataquest's estimates for the size of the 
microprocessor market, measured in both units and revenue, from 1994 to 
the year 2000. 
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Table 1 
Microprocessor Units and Revenue 

Units (K) 

ASP ($) 

Revenue ($) 

1994 

191,437 

61 

11,603,980 

1995 

236,066 

61 

14,465,398 

1996 

249,858 

69 

17,123,198 

1997 

278,955 

74 

20,643,664 

1998 

318,077 

77 
24,611,221 

1999 

362,700 

80 

29,022,426 

CAGR(%) 
2000 1995-2000 

417,529 12 

81 6 

33,690,948 18 
Source: Dataquest (October 1996) 

Dataquest measures the processor market by CISC and RISC architectures 
and also by computational and embedded applications. The computational 
CISC segment accounted for 80 percent of all microprocessor revenue in 1995 
but only 28 percent of the units and included 486, Pentium, Pentium Pro, 
and Pentium clones from Advanced Micro Devices, Cyrix, IBM, and Texas 
Instruments. The good news is that Dataquest expects this segment to 
continue as the most profitable single category in the entire semiconductor 
market. We anticipate that it will grow by 19 percent per year from $11.5 
billion in 1995 to $29 billion by the year 2000. A pot of gold awaits any 
vendor able to achieve success in this market. The bad news is that a dragon 
named Intel stands watch over this pot of gold, and any contender must first 
defeat, or at least distract, the dragon before removing any of the gold. This 
has proven to be a formidable task. 

The computational RISC market rewarded successful participants with above-
average selling prices and gross margins, but it was far smaller than the 
compute CISC category and only accounted for 2 percent of MPU units and 
8 percent of MPU revenue in 1995. Dataquest anticipates only modest 
growth in revenue, from $1.1 billion to $1.5 billion, in this category over the 
next five years. The good news is that the average selling prices (ASPs) in 
this category ($227 in 1995) actually exceeded ASPs in the corresponding 
CISC category, at $173. The bad news is that ASPs are falling for the RISC 
category and rising for the CISC compute devices. Dataquest anticipates that 
these ASPs will meet in 1998 at about $195. More bad news: Although this 
category has grown rapidly over the past three years, as Apple transitioned 
its Macintosh base from the 68000 CISC architecture to the PowerPC RISC 
design, growth will slow following the completion of this trarvsition in 1996. 
Even more bad news: Although the Intel dragon resides in the CISC 
segment, smoke and ashes from its fiery breath occasionally drift into this 
sector and may inadvertently affect the health of its participants. 

The embedded CISC market consisted of a variety of low-end x86 and 68000 
devices and accounted for 142.3 million units, the majority (60 percent) of all 
1995 MPU unit shipments. ASPs in this segment were far lower than in 
computational applications; consequently, this large unit volume 
represented only 8 percent of microprocessor revenue. Motorola dominates 
this segment with countless varieties of its 68000-based products, sold with 
and without integrated peripherals, that address a wide range of cost, 
performance, and functionality requirements. The good news is that 
Dataquest expects revenue in this segment to grow slightly faster than that 
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of the embedded RISC segment, from $1.16 billion in 1995 to almost $2 
billion in five years, on a 13 percent growth (per year) in unit shipments. 

Dataquest expects the embedded RISC market to grow dramatically from 22.2 
million units valued at $650 million in 1995 to 65.8 million units worth $1.3 
billion by the turn of the century. This growth will be driven by a need for 
increased computing power in a variety of everyday devices, from 
automobile engines, which might soon be measured in mips rather than 
horsepower, to video games, office machines, and a never-ending variety of 
handheld devices and mobile communicators. In 1995 and again in 1996, 
Dataquest expects video games to consume the lion's share of these devices, 
and this will drive the proliferation of the MlPS-architecture-compatible 
devices that are used in the Nintendo 64 and Sony PlayStation. The bad 
news is that the video game market has proven a fickle one, and an 
architecture's success in one game generation has yet to lead to a successful 
follow-on design around the same chip architecture. Unlike computational 
vendors that are, in effect, wedded to their chip suppliers, game vendors 
tend to play around. 

Two Forecasts Are Better than One 
In 1996, Dataquest divided its former microcomponents program into two 
programs. The new Semiconductor Directions in PCs and PC Multimedia 
Worldwide program addresses all the major semiconductor categories that 
contribute to contemporary PCs, including microprocessors, graphics, audio, 
and core logic devices. Embedded Microcomponents Worldwide addresses 
products of interest within embedded (that is, noncomputational) 
applications, including embedded microprocessors, microcontrollers, 
programmable digital signal processors, and microperipherals. These 
changes mirror the evolution of the microprocessor market, where vendors 
that once could ship the same devices into both computational and 
embedded applications must now design more specialized devices more 
closely tailored to the needs of the intended application segment. These 
changes allow Dataquest to create separate forecasts for microprocessor 
usage in these separate market segments, in which divergent forces and 
issues affect future sales. 

Compute Microprocessor Forecast 
Dataquest forecasts that the computational microprocessor market will grow 
at a compound rate of 19 percent, from 71.6 million units worth $12.7 billion 
in 1995 to 155.5 million imits valued at $30.5 billion at the turn of the 
century. Compute microprocessors will garner over 90 percent of 
microprocessor revenue, although they accovmt for less than half of unit 
shipments. Nice work if you can get it, but remember to watch out for the 
fire-breathing Intel dragon. Our computational forecast reflects the following 
key assumptions: 

• Worldwide personal computer shipments will increase from 60 million, 
as measured by Dataquest in 1995, to 130 million in 2000. 
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• New applications will continue to drive dem.and for higher-performance 
systems, with most users upgrading their systems every two to three 
years. The concept that demand for increased computing performance is 
essentially insatiable is central to the continued growth of the market. 

u Average selling prices (ASPs) for compute microprocessors will continue 
to inch upward as these devices incorporate more of the functions 
previously handled by separate chips within the computing system. 

• A major shift from Pentium-based systems to Pentium Pro-based 
systems will begin in 1997 and continue for at least two years. 

'• Intel will introduce its P7 (Merced) design late in 1998, but this product 
will not proliferate until early in the next decade. 

• The so-called "network computer" will end up having only limited 
markets and will not seriously impact PC market growth during the 
forecast period. 

• The Apple Macintosh line will grow more slowly than the overall market 
and will lose market share as current customers defect to a Wintel 
platform while fewer Wintel customers migrate to Macintosh. 

• UNIX-based systems from Sun Microsystems, Silicon Graphics Inc., and 
IBM will grow more slowly than the overall market and will lose market 
share as current customers defect to a Wintel platform while fewer 
Wintel customers migrate to UNIX platforms. 

Embedded Microprocessor Forecast 
Dataquest forecasts that the embedded microprocessor market will grow at a 
compound rate of 12 percent, from 165 million units worth $1.8 billion in 
1995 to 262 million xmits valued at $3.2 bilUon at the turn of the century. The 
68000 family will continue as the dominant architecture in embedded 
systems. UrUike the compute segment, which is effectively closed to new 
participants, the embedded market still contains opportunities for vendors 
that can offer an architecttire that satisfies basic general reqmrements and 
features that provide superior support in specific applications. Our 
embedded forecast reflects the following key assumptions: 

• The inventory correction and general slowdown in the embedded 
marketplace seen in early 1996 turns around in the second half and 
returns to "normal" buying levels. 

• The x86 may emerge as a more significant architecture in embedded 
applications because of a carry-over effect from its utter dominance of the 
PC industry. 

• The PowerPC architecture, driven by IBM and, more narrowly, by 
Motorola, experiences rapid growth in embedded applications. 

• The RISC architectures that grew rapidly as a result of their use in video 
games v^U continue to grow, albeit at a lower rate, and will achieve 
additional significant design-vydns, even if the primary customer jumps 
to another architecture for a next-generation game. 
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At least some emerging or as-yet-unproven markets and applications, 
including personal digital assistants, digital cameras, and set-top boxes, 
will achieve commercial success and drive unit volume growth in the 
latter part of the decade. 
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Market Analysis 

Japan's Embedded Microcomponent Market: Promise and 
Challenge 

Abstract: MOS microcomponents are designed into a wide variety of consumer, peripheral, 
and communications applications. Many of these applications are designed in Japan, and 
Japanese vendors do an excellent job of serving them. This article analyzes the five largest 
Japanese suppliers of microcomponents and discusses recent market trends. 
By Satoru Oyama 

The Embedded MOS Microcomponent Market and Applications 
Some of the major application markets for embedded microcomponents are 
consumer equipment, led by audio and video equipment; computer periph
erals, including storage and printers; and communications equipment such 
as telephones. With few exceptions, MOS microcomponents used for this 
equipment are dominated by low-end 4-bit and 8-bit microcontrollers 
(MCUs) in Japan, and the marketing channels are founded on long-term 
business relationships between vendors and users. Because new entrants 
are rarely seen, MCU manufacturers inhabit a fairly comfortable market
place where market share changes slowly. 

Now, however, the growth center is shifting to the high-end segment, led 
by 16-bit and 32-bit devices. This market is still in an early stage of develop
ment, and market share constantly changes and there are frequent new 
entrants, in contrast to the calmness in the low-end segment. Also, high-end 
MCU implementation is no longer limited to the conventional single-chip 
configuration with internal ROM (a true microcontroller), and an increasing 
number of embedded microprocessors (MPUs) do not use ROM. Most 
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commercially available 32-bit products are embedded MPU implementa
tions, largely because of the need for accommodating an increasing size of 
embedded software running on the microcomponents. Software programs 
greater in size, ranging between 100KB and 500KB or more, are not easy to 
store in internal ROM without a significant increase in chip size and cost. 
Also, fixing large programs on the ROM leads to disadvantages in debug
ging, maintenance, and delivery schedules. 

Japan's embedded MOS microcomponents market (MCUs and MPUs) is 
analyzed by bit size in the following sections. 

The 4-Bit Market 
The 4-bit MCU market is nearly monopolized by Japanese companies, with 
a minimal share being held by Korean companies. Moreover, it is increas
ingly concentrated in a handful of Japanese vendors, including NEC, 
because it is difficult to improve production efficiency for 4-bit MCUs for 
embedded software, and functional erihancement on the system side is 
prompting a demand shift to 8-bit products. In the future, 4-bit MCUs will 
be consumed mainly in a limited number of applications, including remote 
control units, calculators, and some household appliances (such as white 
goods). 

The 8-Bit Maricet 
Demand for 8-bit MCUs, which previously faced a declining trend, is now 
expanding rapidly. The 8-bit segment is a gravity center of &ie worldwide 
MCU market and is largest in terms of unit shipments, revenue, and num
ber of participants. The market is, in effect, furtiier partitioned into low-end 
products that accommodate upward demand shift from the 4-bit segment 
and high-end products that are one step below 16-bit products. In any case, 
competitive advantage is governed by the production and supply capacities 
of manufacturers. Traditionally, Motorola has been the market leader with 
a 30 percent share, but accelerated market expansion similar to that experi
enced by DRAMs has caused market share to move from a state of concen
tration to dispersion. 

The 16-Bit liflaricet 
The growth rate of the 16-bit MCU market is about to outpace the 8-bit 
market's rate. Conventionally, the 16-bit device has been consumed mainly 
by rigid disk drives, with Intel leading most of the market. Since last year, 
however, the market has gone through a structural change and has become 
a battleground for several companies, including Japanese suppliers. Boom
ing production of cellular phones has undoubtedly contributed to this. 
Increasingly, upgrades from the high-end 8-bit segment for PC peripherals 
and consumer equipment are spurring the market. 

The 32-Bit iVIaricet 
Still small, this market is notable for the emergence of embedded 32-bit 
microcomponents. Some application markets, including page printers and 
automotive engine controllers, have been early adopters of these parts. 
Demand for image processing applications in the consumer market, includ
ing video game systems, digital still cameras, and automotive navigation 
systems, has recently been on the rise. Although some of these applications 
can be accommodated in on-chip ROM, most favor the flexibility and larger 
memory spaces available from 32-bit microprocessor configurations. 
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These markets share a common element, the extremely heavy emphasis 
on software development and ASIC design environments, compared with 
smaller embedded microcomponents. The need for expertise in system 
design prohibits microcomponent manufacturers from relying solely on 
product specifications as the differentiating factor. This market in Japan is 
led by Hitachi, which has established leadership in high-end microcompo
nents, and LSI Logic, a leading ASIC supplier, indicating that the 32-bit 
microcomponent core in the ASIC development environment is becoming 
one of the survival tools for this market. 

Comparative Analysis of tlie Big Five Japanese Vendors 
The worldwide microcomponents market seems to be the realm of Intel, 
which essentially dominates the PC MPU market. Looking at the embedded 
microcomponent market reveals a different picture, however: Japanese 
companies hold a majority of worldwide market share. The Japanese mar
ket is the largest in size and sets the pace for the rest of the world. Figures 1 
through 4 compare leading Japanese suppliers' unit shipments of embed
ded microcomponents by bit size. Five leading Japanese companies, NEC, 
Hitachi, Mitsubishi, Toshiba, and Fujitsu, are analyzed in the following sec
tions, with a focus on their microcomponents strategies. 

Figure 1 
Worldwide Shipments of 4-Bit Microcomponents in 1995 
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Figure 2 
Worldwide Shipments of 8-Bit Microcomponents in 1995 
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Figure 3 
Worldwide Shipments of 16-Bit Microcomponents in 1995 
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Figure 4 
Worldwide Shipments of 32-Bit Microcomponents in 1995 
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NEC 
NEC is the leading vendor among Japanese competitors, both in terms of 
unit shipments and revenue. It boasts 4-bit shipments of over 300 million 
units, for 30 percent or more of the worldwide market, but it shows some 
weaknesses in the 16-bit or higher segment. 

Until 1993, NEC was far ahead of other Japanese companies in the 16-bit 
market. However, the company continued to rely on a single application 
market—rigid disk drives, accounting for more than 60 percent of the 
total—and failed to explore new market opportunities. NEC is now in the 
third place, after Hitachi and Mitsubishi Electric, in unit shipments of 16-bit 
parts. 

In the 32-bit segment, the company allowed Hitachi to take the lead. 
Because both companies have taken steps to enter the video game market, 
targeting image processing applications, NEC must follow in Hitachi's foot
steps for the time being. What will determine success in the 32-bit market is 
the ability to implement a strategy to integrate individual microcomponent 
technology with design of peripheral features in the ASIC environment. 
NEC, which leads the worldwide ASIC market, stands a good chance of 
succeeding. 

Hitachi 
Compared with NEC and Mitsubishi, Hitachi is a relative newcomer in the 
microcomponents business, which is reflected in the company's larger pro
portion of high-end products. 

Hitachi's microcomponents business recorded dramatic growth in 1994. 
Shipments of 16-bit products grew fivefold compared with the previous 
year, mainly going to the cellular phone market. Hitachi pulled ahead of 
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NEC to become the largest supplier among Japanese companies. It was 
quick to start volume shipments of 32-bit products—video game systems 
were the major market—and became the largest vendor worldwide in 
embedded versions. In 1995, Hitachi expanded its application markets for 
32-bit MCUs to other image processing areas, including car navigation sys
tems and digital still cameras. 

Hitachi is a company that is steadily becoming more entrenched in the 
worldwide market, and it is difficult to find a significant weakness except 
for ASIC technology. The company needs to quickly reinforce a develop
ment environment for ASICs that add peripheral features to image process
ing equipment, its major target market. 

Mitsubishi Electric 
Mitsubishi Electric, like NEC, has been a bellwether of the Japanese micro-
components market. It always led NEC in unit shipments of 8-bit products, 
with strength in audiovisual equipment, particularly in video equipment. 

The company has achieved notably rapid growth of 16-bit shipments in two 
years. After lagging behind Hitachi in 1994, it exceeded this powerful com
petitor in unit shipments in 1995 and gained the top position. In the pro
cess, applications expanded from the conventional market—rigid disk 
drives and other electronic data processing (EDP) equipment—to include 
video and other consumer equipment. 

However, the company is well behind Hitachi and NEC in the 32-bit market 
and is struggling to catch up with them. While Mitsubishi Electric's two 
competitors have a springboard for volume production, the video game 
market, Mitsubishi Electric has yet to find a principal application market it 
can count on. Unless target application markets are narrowed down, the 
company will be unable to select a core strategy for the ASIC environment. 
Given these circumstances, Mitsubishi Electric will probably struggle for a 
while. 

Tosliiba 
Toshiba's nucrocomponents business is characterized by a high proportion 
of low-end products, including 4-bit and 8-bit parts. Its cumulative ship
ments of 4-bit MCUs amount to more than 400 million units, although unit 
shipments are declining owing to a demand shift to 8-bit products tiiat 
occurred in 1995. 

Toshiba's dominant position in the low-end segment contrasts strongly 
with its low profile in the high-end segment, where it trails NEC, Hitachi, 
and Mitsubishi by a great margin. This is because of the company's lack of 
penetration in any of the major application markets for 16-bit microcompo
nents, including rigid disk drives and other storage, air conditioners, auto
motive engine controllers, and, more recently, cellular phones and video 
equipment. Again, it is a clear case of losing strategic focus in these areas. 

- A strategic focus for Toshiba in the high-end market must lie in integrating 
microcomponent expertise with ASIC technology. Although Toshiba is a 
second-tier vendor in the microcomponent business, it ranks high in the 
ASIC arena. A major challenge will be to redirect its solutions for system-
based ASICs to compensate for its weakness in individual microcomponent 
product offerings. 
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Fujitsu 
Like Toshiba, Fujitsu is in the less exalted position of second-tier supplier in 
the microcomponents market. It differs from Toshiba, however, in that its 
product portfolio is weighted toward the high-end segment. Notably, it 
slashed 4-bit shipments in 1995 and embarked on a high-end shift, boosting 
16-bit products by more than four times the previous year's shipments. A 
major application is storage, including rigid disk drives and CD-ROM 
drives, indicating successful selection of strategic markets. 

The company rightly focused on the page printer market for its 32-bit 
MCUs, at once securing a leading position agairist NEC and Hitachi. 
However, these two competitors quickly caught up by capitalizing on the 
fast-growing video game market, leaving Fujitsu far behind in growth rate. 

Nevertheless, the company's formidable strength in the ASIC business will 
be a powerful tool in its exploration of new 32-bit markets. The key to fight
ing back against NEC and Hitachi will be effective product differentiation. 

Dataquest Perspective 
Clearly, there are two important points for MOS microcomponents manu
facturers to bear in mind if they are to sustain growth. 

First, product strategy in the 16-bit or higher segment is very important. As 
noted, the image processing market will create rapidly growing demand for 
32-bit products, and that demand is largely found in the Japanese market. 
Japanese companies must establish a product strategy, taking into account 
aitical factors—for example, which area they should target in joint devel
opment with which system manufacturer, which features wiU be required 
around microcomponents, and what should be done to enable the design of 
such peripheral features in the ASIC envirorunent. 

Second, a global market strategy will be vital. So far, tacit boundaries have 
been drawn between Japanese microcomponent manufacturers and Euro
pean and U.S. companies. Japanese companies specialized in the Japanese 
market and the consumer market, while European and U.S. companies 
have to a great extent focused on their local markets, electronic data pro
cessing, and communications. The main reason for this territorial separa
tion was the importance of technical support, especially of MCUs that 
house custom ROMs. This made it difficult for microcomponent companies 
to design a global strategy, unlike DRAM suppliers. As a result, strong 
localization tended to become the norm. 

The embedded microcomponents market, prompted by robust demand 
centered around 8-bit or higher products, is entering the era of more intense 
global competition seen in other markets. There are numerous system man
ufacturers in the fast-growing Asia/Pacific market longing for a supply of 
microcomponents with good technical support. Dataquest believes that 
Japanese manufacturers, which tend to equate "overseas marketing" with 
"memory exports," as well as non-Japanese vendors will need an effective 
overseas strategy for nucrocomponent products to get their share of this 
promising market. 
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Vendor Analysis 

Microchip Teclinoiogy on tlie Move 
Abstract: in a few short years, Microchip Technology has become a significant participant 
in the $6.4 billion 8-bit microcontroller business. This was accomplished with some careful 
assessment of the marketplace and reflection on its unique set of capabilities, followed by 
proper execution of its plan to capitalize on neglected market niches. In this Perspective, 
Dataquest evaluates the very low end of Microchip's MCU products and the company's 
recent expansion into ASIC offerings. 
By Tom Stames ^ ^ 

Microchip Technology Inc. earned $189 million of its $285 million corporate 
revenue in fiscal year 1995 from sales of its microcontrollers (MCUs). 
Microchip's MCUs are unusual in that they are largely programmable 
individually by the customer and generally sell for under $4 each. Even so, 
Microchip is still ranked No. 10 in revenue in the 8-bit microcontroller 
market, dodging the steps of such giants as Motorola, NEC, and the 8051 
contingent. Its serial EEPROM business quietly makes up most of the rest of 
Microchip's revenue. But Microchip is not standing still and continues to 
carve itself out a slightly bigger piece of the pie. 

Microchip Technology built its business from a unique angle. Buy an older, 
underutilized fab. Keep the production overhead low by using well-wrung-
out process technology. Combine the technologies and products that are 
your strengths. Look where the big vendors are not looking. Deliver product 
when others cannot. Minimize the customers' time to market. Stay focused. 

Recently Microchip made some new moves relating to microcontrollers. Let's 
look at Microchip's new extension into 8-pin MCUs and a new venture in 
ASICs. Each of these charts new territory, both for Microchip and for the 
industry. 
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Opening New Markets with an 8-Pin Microcontroller 
Everyone has heard of 8-bit microcontrollers. Now there are 8-pin 
microcontrollers. That's not a misprint, but an entirely new level of MCU. 
Late in May, Microchip Technology announced the first of its tiny new 8-pin, 
8-bit microcontrollers. Like all the company's microcontrollers, which go by 
the designation "PIC," these new MCUs use a RISC processor at their heart 
that is compatible with their entire product line. This one uses Microchip's 
most common, 12-bit instruction word. The two versions announced include 
512 words or 1,024 words of one-time programmable (OTP) EPROM and 25 
bytes or 41 bytes of data RAM, a timer, and a direct LED drive. The 
PIC12C508 and 509 run at 4 MHz using an on-chip oscillator (no crystal is 
necessary, which would consume pins and add cost) and draw less than 
2mA. But most remarkably, the parts contain only eight pins. With two 
dedicated to power and ground, this leaves six pins for input/output (I/O). 

Count the Pins on the Fingers of One Hand (Almost) 
What can be done with only six I/O lines? The question is best answered by 
opening the horizon with a different question: Could those who have not 
even heard of an I/O line use some simple, if powerful, intelligence in their 
toasters, hair dryers, battery chargers, and so on? Don't just think about the 
high end of these product lines, which might be designed for the person 
with everything, but the large middle section, where electrical or 
electromechanical methods have traditionally been used. This is not the top-
of-the-line dishwasher or clothes washer where an extra $100 will provide an 
LED display that constantly reads "Status OK." These are the $5 to $25 
products that collect in the bathroom, the kitchen, and the garage. They 
make great gifts. They are made in great quantities. They are remote 
controls, lighting controls, security sensors, and just plain switches. If it has 
electricity in it, one day these new MCUs might well control it. 

What can be done with just six I/O lines? "Just enough" is the answer. Just 
enough to make it useful. Just enough to make it interesting. Just enough to 
make it simpler than putting together a PLD, ASIC, or pile of TTL. Not 
enough to make it expensive. 

Does a dollar sound reasonable? The price for 50,000 of them is under a 
dollar. Microchip will be opening up some completely new markets with the 
12C508/9 and stealing some business from traditional 4-bit MCUs. But 
opening new markets is what gives vigor to an industry, especially when the 
market is at the low end of the spectrum. Here, extremely large volumes can 
be tapped, and price is a driving factor. This is where mature, well-
understood markets exist, which can be revitalized by adding features and 
convenience empowered by technologies such as microcontrollers. 

But even the idea of an 8-pin MCU is bold. Most vendors push toward the 
upper end of the business, looking for profitability. They look at how their 
customers are using their product line and try to figure out how to get more 
of the system functions into their chips. Then they can ask for more money 
for expanded chips because they are providing more of the needed 
functioiis. To provide the least functionality is a different twist, but then it 
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has a different pttrpose—^to open more applications, simpler applications, or 
high-volume applications into the realm of products using microcontrollers. 
The price is going to be much lower, and the old adage "make it up in 
volume" really comes into play here. That is an approach with which 
Microchip is comfortable—it has made its volume in many markets already. 
Microchip actually ranks No. 5 in terms of volume for 8-bit MCUs. The 
company has found that there are a lot of designers looking for a powerful 
MCU core processor with less-sophisticated peripheral circuits. 

Getting the design-in can also be a problem in totally new markets. The 
system designer has to be aware of the possibility of using an MCU where 
previously there was none. Advertising, articles, and a lot of feet on the 
pavement can help there. Microchip already sells far more of its products 
through distributors than most vendors, and distribution is the channel that 
calls on the smaller accoimts. Smaller often means low-dollar accounts, low 
dollar because they do not buy much semiconductor product. This is exactly 
the area that the 8-pin MCU is looking for. Yesterday: only wires. 
Tomorrow: all the wires plus a small MCU. Zero dollars becomes nice 
dollars, and Microchip is successful. 

Microchip is in an excellent position to package 8-pin MCUs successfully, as 
well. Microchip has shipped truckloads of serial EEPROMs for the past 
several years—^with almost all of these in 8-pin packages. It has learned how 
to mass-produce these tiny (by microprocessor standards) packages at a very 
low cost. It has the handlers, marking, and packing equipment to deal with 
the small-body parts. And it has the cost structure to make it profitable. 
Other vendors have large investments in high-pin-count assembly and test 
equipment and might not be too keen to wheel in some small-package 
equipment. With Microchip, it's almost a natural. 

The beauty of the 8-pin MCU is that it is so simple, so small, and so cheap 
that it will find its way into applications that have not previously used 
MCUs, opening new business at the bottom end of the market and growing 
the base of PIC microcontroller users. Microchip is well positioned to be 
successful here. 

Microchip Adds ASIC Technology 
Microchip Technology announced late in June that it would purchase ASIC 
Technical Solutions. JMicrochip, the Chandler, Arizona-based serial EEPROM 
and microcontroller vendor, will pick up ATS' QuickASIC arrays, which 
provide a short time-to-market transition from field-programmable gate 
arrays (FPGAs) to an application-specific integrated circuit (ASIC), with 
substantial cost savings. In the near future. Microchip's MCU cores could be 
available in the (QuickASIC for greater systems integration. 

ASICs Made Easy—$tep 1 
FPGAs have been used by designers for years to collect an assortment of 
random logic and gates (usually 5,000 to 10,000 total). These typically glue 
together a system's larger microprocessor, memory, peripherals, and bus 
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interface chips or perform specific functions (perhaps the bus interface itself) 
that are not otherwise available. The interconnects within the FPGA's gates 
can be established, or "blown," by the engineer as the design is tested. As 
errors are revealed, a new FPGA is programmed and inserted into the board 
being debugged for further analysis. This is a fast, convenient means of 
making corrections in the early stages of product development. However, as 
the board moves to the production environment, the cost of the highly 
programmable FPGA no longer can be justified as the design becomes more 
stable and higher volumes are desired. 

But jumping to a mask-programmed gate array or an ASIC requires a more 
intimate relationship between the vendor and the designer and a delay 
measured in many weeks for production of the customized ASICs. ATS has 
dramatically shortened this time. Rather than having large minimum 
quantities for mask ASIC orders, ATS can take orders for very small 
quantities (under 1,000) of a customer's pattern and run it through wafer fab. 
Rather than having an entire lot of wafers dedicated to a single pattern, ATS 
can put the patterns of many different customers or many different designs 
on each wafer, greatly reducing the volume needed for any one by itself. As 
a fabless company, San Jose, California-based ATS used to go to overseas 
foundries to fabricate the wafers. 

Microchip Technology will be a boon to the QuickASIC technique in two key 
ways. Microchip is a U.S.-based semiconductor house with (fairly 
inexpensive) fabs in the Phoenix area. The old ATS built its business with a 
six-week turnaround time for the QuickASICs, which could be half of what 
most ASIC vendors can do. As Microchip, with its own in-house, motivated 
fabs and contending only with other Microchip products for fab space, 
QuickASICs are expected to be crariked out in as little as three weeks, 
making QuickASIC even quicker. Also, with Microchip Technology's greater 
resources and recognition, QuickASIC should enjoy a wider audience and 
resulting higher-volume business, which in turn generates lower costs. 

Add One Part Micro—Step 2 
Now, what if an MCU core processor were available in the ASIC? A designer 
could assemble a prototype product with an off-the-shelf Microchip OTP 
MCU and use an FPGA to btiild additional interfaces and a unique 
peripheral circuit. Through the development stages, there will be a few 
FPGAs blown and trashed as the hardware is shaken down and a few OTP 
MCUs burned and tossed as the software setties in. All of this can take place 
while the customer deals only with a distributor, having essentially no 
relationship with the vendor. Then, as the boss insists on putting a product 
into dealers' hands, the hardware may have stabilized enough to move the 
FPGA to a QuickASIC. Since the QuickASIC can be turned around in less 
than a month, it will not take too many of the expensive FPGAs in the initial 
production of the product before the lower-cost ASIC can supplant it. The 
software seems to take more time to debug and can continue for quite some 
time with OTP-based MCU programming, giving plenty of flexibility for 
minor modifications of the code at a moderate cost premium. 
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At some point, as the MCU code stabilizes, the logic in the FPGA-ASIC can 
be combined with the MCU, and a QuickASIC can be produced that is 
composed of the custom logic as well as the MCU. This might have OTP 
ROM or mask ROM, again depending on the stability of the program code. 
Here, the customer moves closer to the vendor to assure that the customized 
ASICs have the right patterns and are delivered to the desired schedule. The 
resulting ASIC should cost less, occupy less space, have fewer solder joints, 
and be more reliable than a separate MCU and an ASIC or, certainly, an 
MCU and a cupful of TTL. 

Where Will This Take Microchip? 
Microchip Technology's PIC families of microcontrollers have quietly 
established themselves as serious contenders in the MCU business, moving 
up to No. 10 in terms of revenue in the hotly contested 8-bit MCU market, 
the largest segment of MCUs. Microchip's foray into OTP microcontrollers 
has set more than a few vendors reeling from mask ROM or flash MCU 
sales. Microchip has established itself in MCUs as a very low-cost 8-bit 
vendor, addressing a piece of the market in which traditional 8-bit vendors 
have difficulty making money and in which the 4-bit architectures carmot 
measure up. 

The availability of a core microprocessor that can be used in a lower-cost 
ASIC can be a significant factor in the selection of the processor architecture. 
This effectively weds the designer to the vendor of the architecture, which 
gives some additional leverage for added value and a higher price and 
provides incentive to remain with the same vendor. It can add noticeably to 
the acceptance of the processor architecture, a critical factor in the long-term 
success of the architecture. Because an MCU typically uses a fairly small 
quantity of program code, it might be easier to change the design to another 
architecture under pressure from another, aggressive vendor, than it is for a 
microprocessor-based system. Combining the core controller with a 
customized ASIC is one more handle with which a vendor can hold onto its 
customers. 

Acquiring an ASIC technology is one thing. If the processes are fairly easily 
transferable to Microchip's fabs, there should be few start-up problems. 
Having an MCU process, with its inherent analog component, plus having 
an EPROM technology and getting both of those onto the same process with 
an ASIC is not necessarily simple. However, ASICs of this size (under 
100,000 gates) are not in the tiniest geometry and so have a better chance of 
accepting EPROM, MCU, and analog processing steps than a shiny new 
Pentium might. Certainly, Microchip carefully reviewed the technology 
match before embarking down this path. And, indeed, the QuickASIC 
acquisition should be considered a success even without the MCU angle, 
although the possibilities are not as interesting. 

But technology is only part of the equation. The ASIC business is new and 
different for Microchip Technology. It is hazardous when a company sees 
some green grass in a pasture sowed with a different crop. There can be 
pitfalls and unforeseen challenges in the new product area that may be 
discovered only when the company is in the thick of it. Many companies fail 
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altogether under these circumstances. IBM got out of the telephone business 
almost as quickly as AT&T got out of the computer business. Success in one 
business does not assure success in another business, even a closely related 
one. Microchip will need to be vigilant to keep this new venture from 
detracting from its established businesses. 

The microprocessor, microcontroller, and DSP business tends toward more 
customization—where the customer defines the product. An ASIC is 
completely defined by the customer. For its future. Microchip is going to 
need ASIC technology. Now is a good time for Microchip to get a foot in this 
door, learn the ropes, and set a plan in motion. This appears to be what it is 
doing. 

ATS had sales of just under $4 million in 1995, primarily from the sale of 
QuickASICs. Microchip expects to ramp this business up to $15 million by 
1998, with revenue doubling in subsequent years. With ATS' revenue being 
2 percent of Microchip's, it will hardly be noticed on Microchip's income 
statement for a while, and, it is hoped, ATS will not be detrimental to 
Microchip's expense column. However, ATS should help give Microchip an 
important piece of technology that will take it into the future. 

Microchip has carefully sought underserved portions of the semiconductor 
marketplace and brought its special expertise and its low cost structure to 
bear on these willing markets. The concept of using a one-time 
programmable MCU rather than a mask ROM MCU addresses a market that 
must be nimble and quick to respond to changes and does it for a price 
better than that of EPROM or flash, although more than that of mask ROM. 
This has opened up a very successful business for Microchip. The concept of 
moving a designer very quickly from expensive but very programmable 
FPGAs to a much more cost-effective ASIC, without requiring high 
minimum volumes and nonrecurring engineering (NRE) costs, looks as 
though it addresses the same nimble type of market. Putting these two 
products together should prove to be a very powerful combination, and may 
cause other chip vendors to once again rethink their strategies. 
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Searching for the Best of All Possible DSP Worlds 
Abstract: Motorola has given birth to three new families of DSPs in the last nine months, 
all directed toward different aspects of communications. This document evaluates 
Motorola's unique approaches to the 56300,56600, and 56800 architectures and provides 
some general comments on DSP bit sizes. 
By Tom Stames 

Motorola's New Approach to Digital Cellular and Combination MCU/DSPs 
Like other digital signal processor (DSP) vendors. Motorola has separate 
DSPs to operate on 16 bits or 32 bits of data. But Motorola is best known for 
its unusual 24-bit DSPs, which are excellent for audio applicatioiis. The 
longer fixed-point data accommodates digital representations of fine audio 
signals, which permit all human-audible sound to be reproduced and 
manipulated with high fidelity. 16-bit data is good enough for reproducing 
voice, but disappointing for music. More is better, but also more expensive. 
So 16-bit DSPs, found in the large majority of applications, are used in voice-
grade functions like telephone transmissions, answering machines, and voice 
recorders. Good digital musical reproduction and synthesis (for instruments) 
need the added resolution and range afforded in the 24-bit DSPs. Good video 
reproduction goes for the floating-point version of DSP, typically performed 
on 32-bit DSPs. Motorola is essentially the only manufacturer of 24-bit DSPs, 
although some 20-bit DSPs are available that provide adequate resolution for 
music. 

Until last fall. Motorola offered its 56100 family of products performing 16-
bit DSP, the 56000 family for 24-bit DSP, and the 96002 for 32-bit floating
point DSP. Since autumn, it has introduced the 56800, which is a new 
architecture blending 16-bit DSP with complete microcontroller (MCU) 
DataQuest 
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functionality, the 56300 family as the high-end 24-bit DSP, and the derivative 
56600 family, which directs the 24-bit DSP instructions to perform strictly on 
16-bit data. Table 1 illustrates the major distinctions between Motorola's DSP 
families. Each of these families typically has only a few parts in it (plus 
package and speed variations), with the original 56000 products having the 
most with six, and the 32-bit having only the fairly old DSP96002. The 
discussion that follows highlights the newer families' purpose and outlook. 

h-
t 

Table 1 

Motorola DSP Product Family Comparisons 

Family 

Type 

ALU Operation 

Cydes per 
Instruction 
Instruction Length 

Data Type 

Data Width 
Program Memory 

X-Data Memory 

Y-Data Memory 

External 
Address/Data 
Lines 

DMA Controller 

Host Interface 

Serial 
Commu nications 

Timers 

Codec 

Performance (DSP 
mips) 

1 Price Range 

56100 

16-bit DSP 

16 X 16 + 40 
-> 40 bits 

2 

16 bits 

Fixed-point 

16 bits 

Large ROM' 

Large ROM7 
Large RAM 

None 

16/16 

None 
General 

3 

1 

Sigma-Delta 

30 mips 

$20 

56800 

16-bit 
DSP/MCU 

16 X 16 + 40 
-> 40 bits 

MCU 
instructions 
(68HCll-like) 
2 

16 bits 
Fixed-point 

16 bits 
Small RAM 

Small RAM 

None 

16/16 

None 

General 

3 

1 

None 

30 mips 

$10 

56000 

24-bit DSP 

24 X 24 + 56 
—> 56 bits 

2 

24 bits 

Fixed-point 

24 bits 

Small RAM' 

Small RAM 

Small RAM 

24/24 

None 

General 

3 

1 

None 

33 mips 

$25 

56300 

24-bit DSP 

24 X 24 + 56 
-> 56 bits 

1 

24 bits 

Fixed-point 

24 bits 

Small RAM 

Small RAM 

Small RAM 

24/24 

6 charmels 
General and 
PCI 

3 

Triple 

None 

66 mips 

$50 

56600 

24/16-bit DSP 

16 x 16 + 40 
-^ 40 bits 

1 

24 bits 
Fixed-point 

16 bits 
Large ROM, 
small cache 
Small RAM 

Small RAM 

24/16 

None 

General 

2 

Triple 

None 

60 mips 

$25 

96000 

32-bit DSP 

32 X 32 + 96 
-^ 96 bits 

2 

32 bits 
Floating-point 

32 bits 
Small RAM 

Small RAM/ 
SmaU ROM 

Small RAM/ 
Small ROM 

32/32 and 
32/32 

None 

General 

3 

1 

None 

20 mips 

$90 
Notes: 
PCI = Peripheral Component Interconnect 
Large refers to >7K words of ROM or >3K words of RAM 
'Small Program RAM and Large Data RAM version also available 
^Large Program ROM and Large Data ROM versions also available 
Source; Dataquest (May 1996) 
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A Merging of the MCU with the DSP 
Late in February, Motorola announced a new DSP chip family targeted for 
low-end areas of the communications market: digital messaging (pagers), 
radio frequency (RF) modems, and digital answering machines, as well as 
AC motor and servo controllers. The new 16-bit 56800 architecture runs 
traditional DSP instructions as well as MCU instructions. Voltaire might 
refer to this new family as the best of both worlds, the very high speed, real
time DSP world and the bit-manipulating, I/O-focused MCU world. In fact, 
in typical applications, most DSP chips sit alongside master MCUs. A single 
chip to do both functions will permit the elimination of one of these 
components, greatly reducing board space, power consumption, cost, and 
interconnects. The new architecture was designed from the ground up with a 
full complement of DSP instructions, as well as the system management, 
control, and bit-manipulation instructions that MCUs excel in, plus a few 
tricks borrowed from full microprocessor architectures. 

The 56800 DSPs are a combination of Motorola's 56100 DSP family, the 
68HC11 microcontroller family, and some 68000 microprocessor ideas—each 
a well-proven architecture in its own right. This is not just a slap-on-a-few-
MCU-functions approach. Rather, new instructions, addressing modes, 
register handling, stack manipulation, and barrel shifters are built right in to 
the basic arithmetic logic unit (ALU), address generator, and bus interface. 
Significant evaluation of the execution of both DSP and MCU code was used, 
along with careful analysis of C language compilers, to tailor the architecture 
so that C programs, DSP algorithms, and assembly-language control 
routines all run very efficiently on the chips, compelling Motorola to 
proclaim that a mips-to-mips comparison will not properly benchmark the 
architecture the way an application-to-application comparison would. 
Careful attention to transistors wasting electricity and lower 3V supply 
voltage allows the completely new design to drop power consumption 
significantly. This, along with the higher efficiency of the architecture, 
should allow applications to run a long time on only a few batteries. 

The 56800 architecture comes out of Motorola's DSP Division, so it will look 
and act most like a DSP and in fact would be an unlikely candidate for 
applications not running DSP algorithms. But by including the MCU 
operations in the original concept for the architecture, the MCU functionality 
should rival most general MCU processors. This is a far more integrated, 
and therefore more effective, approach than that of many MCUs that profess 
DSP capability by simply adding a multiply-accumulate (MAC) instruction 
or accelerator. Similarly, the poorly named Native Signal Processing (NSP) 
concepts (use the regular MPU to do DSP operations in its ample spare time) 
is like hammering in a nail with a screwdriver. The big RISC machines strap 
on a separate processing element to do DSP or image processing, corisuming 
many transistors, dollars, and amps or providing limited DSP functionality. 

Motorola has enough experience in processor, controller, and digital signal 
processing architectures to know the right things to put into a good, efficient 
combination chip. The greater Motorola certainly knows a few things about 
cellular telephony and paging, which are highly dependent on DSPs, MCUs, 
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and batteries. Thus, the lineage of the 56800 DSP family couldn't be any 
better. For applications where good controller capability is needed with true 
DSP functionality and performance, the 56800 could be a really good fit and 
run off a battery. 

A RAM and a ROM-based part should be available in 1996 with a 
complement of memory, two serial peripheral interfaces, a serial 
synchronous interface, three 16-bit timers, and 16 to 32 I/O lines. The first 
3V part was to sample in the first quarter, and volume quantities will be 
available later for under $10, delivering up to 20 DSP mips and consuming 
down to 1 mA/mips. 

For Telepliony: A 24-Bit DSP Doing tlie Work of a 16-Bit DSP, and a More 
Powerful 24-Bit DSP 

Late in May, Motorola armounced a new DSP that performs processing on 16 
bits of data while using instruction words that are 24 bits wide. The new 
56600 family is a modification of the fully 24-bit 56300 product family 
introduced in September 1995. The 56600 family is a "Ix" DSP, executing one 
DSP instruction for every clock cycle, which puts it in the class with the 
highest single-ALU DSP. The data ALU is 16 bits wide with two 40-bit 
accumulators. A 40-bit barrel shifter can reduce time for parsing data 
streams. The DSP can access 64K words of program, X-data, and Y-data 
memory space (each) over separate buses when the memory is on-chip. A 
variety of tj^ical DSP peripherals make up the balance of the single-chip 
DSPs. 

The first part in the family is a predominantly ROM-based DSP56602 with 
sizable quantities of program and X- and Y-data memory, as shown in Table 
2. A small piece of program RAM is handy for patch code or branch tables to 
more extensive program modifications. The peripherals on the DSP56602 are 
the same as the DSP56301, but without the direct memory access (DMA) 
controller and a couple of serial interfaces. The DSP56602 is a static design 
and can be clocked by its PLL at 60 MHz running at its 2.7V rating, 
delivering 60 mips (DSP mips) of performance. 

In telephony, where the network was designed to transmit only voices, 16-
bit DSPs are all that is needed to make the conversation intelligible and allow 
the listener to identify the party at the other end of the line. Motorola has 
some 16-bit DSPs, but the primary ones for the telephone industry (56100) 
are based on the now 10-year-old 56000 architecture. The new 56300 
architecture runs much the same instruction set as the previous 24-bit 56000 
architecture; it just does it twice as fast with a lot less current. High-end 
fixed-point DSPs like the DSP56301 have twice the performance of their 
predecessors, primarily because of the newer execution unit that can 
complete each instruction, especially the MAC operation, in a single clock, 
rather than the previous two. Plus, the 56300 instructions are very powerful, 
taking advantage of the variety afforded by their encoding into 24-bit 
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instruction words rather than the 16-bit instruction words typically found in 
"16-bit" DSPs. Motorola believes its DSP instructions do 

Table 2 

Feature Comparison of Motorola DSPs for Telecommunications 

Product 

Type 
ALU Operation 

Cycles per Instruction 

Instruction Length 

Data Type 

Data Width 
Program Memory 

X-Data Memory 

Y-Data Memory 

External Address/ Data 
Lines 

DMA Controller 

Host Interface 

Serial Communications 
Interface 

Synchronous Serial 
Interface 

Timers 
Codec 

Debug Port 

Oscillator 

Performance (DSP mips) 

Price Range 

Frequency 

Voltage 

Power Consumption 
Package 

Available 

DSP56166 

16-bit DSP 

16 X16 + 40 
- ) 40 bits 
2 

16 bits 
Fixed-point 

16 bits 

8K' X 16 ROM 

256 X16 RAM 

4K X16 ROM 

4K X 16 RAM 

None 

16/16 

None 
General 

1 

2 reduced 

1 

Sigma-Delta 

Yes 
PLL 

30 mips 

-$20 

60 MHz 

5V 

3.5 mA/mips 
80-pin TQFP 

1992? 

DSP56301 

24-bit DSP 

24 X 24 + 56 
-^ 56 bits 

1 

24 bits 
Fixed-point 

24 bits 

2.5K x 24 RAM 
IK X 24 cache 

2K X 24 RAM 

2Kx24RAM 

24/24 

6 channels 

General and PCI 

1 

2 enhanced 

Triple 

None 

Yes 

PLL 

66 mips 

$48 
(lOOK units) 

66 MHz 
(80 coming) 

3.3V 
(1.8 coming) 

1.4 mA/mips 

208-pin TQFP 

04/95 

DSP56602 

24/16-bit DSP 

16 X16 + 40 
-^ 40 bits 

1 

24 bits 
Fixed-point 

16 bits 
24K X 24 ROM 

512 X 24 RAM 

6K X16 ROM 

4K X16 RAM 
6K X 16 ROM 

4K X 16 RAM 

24/16 

None 

General 

None 

2 reduced 

Triple 

None 

Yes 

PLL 

60 mips 

$25 
(lOOK units) 

60 MHz 

2.7V 
(1.8 coming) 

0.85 mA/mips 

144-pin TQFP 

Q2/96 
Notes: 
PCI = Peripheral Component Interconnect 
PLL = Phase-Locked Loop Oscillator 
'2K Program RAM with 4K data RAM version also available 
Source: Dataquest (May 1996) 

up to 40 percent more work than other DSPs and that the "mips rating" 
underrates its product. 
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DSP mips cannot be correlated well with VAX mips or other more familiar 
microprocessor ratings. With a single-DSP instruction, as many as six 
operations can take place, including fetching an instruction, fetching two 
pieces of data, multiplying them, adding the product to an accumulator, 
incrementing three pointers, testing a condition, and branching. No Pentium 
can do as much. DSP mips typically refer to the number of DSP instructions 
that can execute in a microsecond. Essentially all instructions in a DSP 
execute in the same amount of time (which is very RISC-like.) 

But the 56300 uses 24-bit-wide data—8 bits more than needed in 
telecommunications. In fact, the extra bits add perceptible error into 
standard algorithms that are fine-tuned for 16-bit data, because they do not 
round to numbers with the same result. The 56300 designers added a "16-bit 
exact" rounding option to their 24-bit arithmetic operations to provide results 
identical to a normal 16-bit machine, making operation precise in the critical 
16-bit-oriented telephony algorithms. Very clever. So now, the fast, efficient 
24-bit DSP machine can handle the cellular base station requirements. 

The DSP56301 is a top-of-the-line DSP from Motorola, bringing the highest 
level of performance to bear on applications such as digital cellular base 
stations, where dozens of cellular transmissions must be maintained at once. 
High performance at an attractive cost is the key factor in these designs. 
Nestled in a building or, in some cases, a good-size box, base stations have 
the luxury of being plugged into the wall. Power consumption is important 
from the aspect of the associated heat dissipation, which can burden 
enclosed boxes or rooms, more than on actual current draw. 

The 56600 family is made from the new 56300 family, but tailored for the 
subscriber end of digital cellular: the cellular phone. The handset has only 
itself to be concerned with, but it must run as long as possible from a battery, 
and the overall size and weight of the phone should be minimized. In the 
GSM handsets popular in Europe, there is only one channel transmission to 
work on, but there is also the voice encoding and decoding to handle. Earlier 
versions of digital handsets used separate DSPs for the channel modem and 
the vocoder, plus an MCU for the system management and call processing. 
These two 30-ish mips DSPs can now be replaced with a single DSP like the 
DSP56602, with its very high performance. 

But the whole reason for using a cellular is to be "untethered" and portable, 
so the smallest battery possible is desired, and the power consumption of 
key components like the DSP is critical. This flies in the face of performance, 
but the ever-amazing electronics prevails. On a clock-by-clock basis, only 
those portions of the 56300 and 56600's execution unit, memory, and 
peripherals that are needed are powered, conserving precious battery power. 
On the DSP56602, removing unnecessary peripheral circuits and trimming 
out circuitry associated with the additional 8 data bits coupled with the low 
supply voltage bring the power rating of the DSP56602 well below the 1mA-
per-mips mark. (In some ways the DSP zealots have a jump on the processor 
folks. Rather than just quoting a wattage rating, they focus more on how 
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much battery juice is needed to get a measured amount of work done, with 
mA/mips.) The lower supply voltage also reduces the requirements of the 
battery, with the DSP56602 destined for a 1.8V version. 

Pros and Cons of Mixing 24 Bits and 16 Bits 
But why use 24-bit-wide instructions on 16-bit data? Other implementations 
use 16-bit instructions for 16-bit data and happen to be very convenient for 
most microprocessor architectures. DSP designs like Motorola's, however, 
use a triple Harvard architecture. This uses three separate buses to access 
three separate memory spaces (one for instructions and two for data) 
simultaneously to speed the DSP operatioris for their critical real-time 
performance. (Motorola's original 16-bit architecture, the 56100, had a 
program memory space and only one data space.) With this layout, the bit 
width of the program and the data is immaterial. There is no added 

. efficiency for having all buses the same width. 

On the other hand, what are the advantages of the wider instruction width? 
The more bits in the instruction, the more variety available to each 
instruction. The greater the variety, the more efficiently the program can do 
its work, timewise. The cost? Wider instructions take up more space 
(horizontally) in memory. It is difficult to really pin down how much more 
this costs, but at least there is a perception that it must cost more to have all 
those other bits around. In reality, it may only add a few hundred mils to a 
ten-thousand-square-mil die, which becomes indistinguishable from 
differences because of other features in the part. 

Why did Motorola take this approach? Because its 56300 architecture was the 
one that was closest to delivering the performance and 75 percent of the 
other desirable features for digital cellular handset applications. The 
modifications to come up with the 56600 were far easier to make than the 
effort to start from the ground up or to modify the 56100 or 56800 parts. 

Will the 16-bit data with 24-bit instructions work? There is no fundamental 
reason why it will not. It's unusual, but if the price is low enough ($25 is 
close, but not a shoe-in), and the other features are right, this part will have 
success in the very active digital cellular market, as well as other applicatioiis 
looking for very high DSP performance with 16-bit resolution and a tight 
power budget. 

Motorola still sets the pace on tiny feature-packed cellular phones, but 
Nokia, Ericsson, and others took a bite out of its market share in 1995. 
Motorola's DSPs also face heavy competition in the cellular phone market 
from Texas Instruments and AT&T. Innovative DSPs, working closely with 
potential customers, and aggressive marketing will be required to maintain a 
significant presence in this highly competitive marketplace. Now with the 
DSP56301, Motorola has a very powerful DSP to handle more charmels in 
the cellular base station. With the DSP56602, it has a 16-bit DSP with the 
performance to accommodate the entire DSP function of a digital cellular 
handset in a compact size and to do it while extending the battery life—all at 
an attractive price. 
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Market Analysis 

"Digital" Dominates the News at the 1996 Winter Consumer 
Electronics Show 

AbStrSCt: Solid sales of multimedia PCs into the U.S. home market made the statistics on 
consumer electronics sale reported by the Consumer Electronics Manufacturers Association 
look good for the 1995 holiday season, but, otherwise, consumer electronics sales were slow. 
Retailers came to the 1996 Winter Consumer Electronics Show eager for new products that 
hold the potential to draw customers back to their stores in 1996. Manufacturers rolled out 
products and promotions that conveyed a clear message: The key for increasing sales is 
spelled D-I-G-I-T-A-L. This document provides information and analysis on the most 
significant product announcements and demonstrations at the 1996 Winter Consumer 
Electronics Show. 
By Tom Stames and Dale Ford 

Consumer Electronics IVIanufacturers Present a Vision of a Digital Future 
More than 97,000 attended the 1996 International Winter Consumer Elec
tronics Show (CES), held in Las Vegas from January 5 through 8. The Winter 
CES is the premier event for the consumer electronics industry's largest 
annual consumer electronics trade show, bringing together the highest con
centration of manufacturers of consumer electronics with buyers, retailers, 
and other decision makers. This year, more than 1,800 exhibitors showed 
their products on over 1 million square feet of floor space. 

Attendance at the 1996 Winter CES was significantly lower than in 1995 
because of the withdrawal from the show of the major video game compa
nies like Sega and Nintendo. The most visible video game company at tiie 
show was Fox Interactive, and it does not intend to return for the 1997 
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show. The video game companies launched their own show in Los Angeles 
during 1995. This new trade show, called Electronics Entertainment Expo 
(E3), is dedicated to the video game industry and will be held again May 16 
through 18 at the Los Angeles Convention Center. 

The CES is sponsored by the Consumer Electronics Manufacturers Associa
tion (CEMA), a sector of the Electronic Industries Association (EIA). 
According to CEMA, an estimated 750 facilities in the United States manu
facture or assemble consumer electronics products, employing an estimated 
180,000 people. Another 3.4 million people, with total wages estimated at 
$56 billion, are employed in the more than 130,000 stores that sell these 
products to the consumer. However, CEMA casts a wide net in defining 
consumer electronics. Its definition includes products such as PCs and 
cellular phones sold into the home, along with traditional consumer 
products such as TVs, VCRs, boom boxes, and cameras. 

Solid sales of multimedia PCs into the U.S. home market made the U.S. 
statistics look good for the 1995 holiday season, but, otherwise, consumer 
electronics sales were slow. Retailers came to the show eager for new prod
ucts that hold the potential to draw customers back to their stores in 1996. 
Consumer electronics manufacturers came to the show with products and 
promotions that conveyed a clear message: The key for increasing future 
sales is spelled d-i-g-i-t-a-1. 

DVD Steals the Spotlight (Just Don't Ask What It Stands For) 
So what was the hottest consiuner electronics products at this year's CES? 
\A^thout a doubt, digital video disc (DVD) players stole the show as almost 
a dozen of the world's major consumer electronics companies introduced, 
with a lot of fanfare, energy, and expense, either prototypes or plans to pro
duce DVD players. The activity at tiie show surrounding DVD players, by 
both the manufacturers and the buyers, was truly astounding. After a 
disappointing Christmas season for retailers of traditional consumer elec
tronics products, many hopes are being placed on this product. With the 
promotional efforts that are plaruied, consumers wiU soon be adding "DVD" 
to their household vocabulary. The following companies have jumped on 
the DVD bandwagon: 

• Toshiba 

• Sony 

• Philips 

• Matsushita 

• Pioneer 

• Samsung 

• LG Electronics 

• Thomson 

• Onkyo 

• Zenith 

• Mitsubishi 
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It should be remembered that both Sony and Toshiba were demonstrating 
DVD technology at the 1995 Winter CES. (Toshiba's demonstrations were 
behind closed doors.) Throughout 1995, the industry watched closely as 
intense competition was played out between two formats. Super Density 
(SD) and Multimedia CD (MMCD). Nobody wanted to see a repeat of the 
format wars that had hindered the early growth of other consumer electron
ics markets, and the two camps were finally pushed into negotiations on a 
common standard. The announcement of a final DVD specification allowed 
manufacturers to roll out their products with confidence at the 1996 Winter 
CES. If agreement had not been reached it could have been a gloomy show. 
However, the groundwork has been laid, and now the race to the market 
is on. 

An interesting side note to the final DVD specification is that the term 
"DVD" was left undefined in the final agreement. Because of the potential 
application of DVD technology in products targeted at multiple markets, 
including the video playback market and the PC market, the major compa
nies decided they did not want to define DVD as "digital video disc." Left 
with a term begging for a definition, the industry appears to be adopting 
the name "digital versatile disc." 

Toshiba led the pack with the earliest armouncements of product plans. It 
intends to bring its SD-1006 and SD-3006 to market by early September at 
prices of $599 and $699. (All prices given in this document are manufactur
ers' suggested retail prices.) Figure 1 shows the SD-3006 player. These play
ers are targeted at the video playback market. A version of DVD has also 
been developed for PC storage called DVD-ROM, but the focus of the Win
ter CES was on the video playback market. Sony, Thomson, and Philips 
were other major players outlining product introductions for the fourth 
quarter of 1996. Matsushita/Panasonic was holding only closed-door dis
cussions with selected retailers about their plains. Pioneer, which has been 
the standard bearer for Laser Disc (LD) technology, was showing a hybrid 
product that could play both LD and DVD. The best prospect for the suc
cess of this t5q3e of product is in the Asia/Pacific and Japanese markets, 
where LD has experienced stronger acceptance. It is also notable that 
Korean companies such as LG Electronics and Samsimg were promoting 
plans for product introductions in late 1996 or early 1997. 

Although early promises were made of introducing DVD players at a $499 
price point, it was also expected that this target would be difficult to reach, 
so Toshiba's prices were not a surprise. However, Thomson still vows to 
reach $499 with its introductory product. It is not clear how it will do this in 
light of its manufacturing agreement with Matsushita. It was armounced at 
the show that Matsushita will supply DVD players to Thomson for sale 
around the world and, in return, Thomson will provide Matsushita with 
DSS home satellite systems for sale under the Panasonic brand in the 
United States. Sometime after 1996, both companies will begin to manufac
ture their own products in each of these categories. 

Some of the early predictions by manufacturers for the success of DVD 
might be called optimistic. In fact, some of them might be called wildly 
optimistic. Their projections of 2.5 million to 3 million shipments in the first 
year would make the early shipments of the highly successful Direct Broad
cast Satellite (DBS) systems look small in comparison. Other manufacturers 
were trying to be more cautious in their forecasts, not wanting to let the 

MCRO-WW-DP-9601 ©1996 Dataquest February 12,1996 



Embedded Microcomponents Worldwide 

Figure 1 
DVD System 

Source: Toshiba 

hype set unrealistic expectations that, if unmet, could lead to a major let
down and fallout among critical supporters. A coordinated launch of this 
product is being orchestrated. Major Hollywood studios are preparing to 
release between 250 and 400 movie titles in the DVD format this fall. 
Dataquest does expect the DVD to be a highly successful product that will 
benefit from the combined support of manufacturers, retailers, and soft
ware providers. Preliminary projections of DVD unit shipments into the 
video playback market call for 60,000 units to be shipped in 1996, with sales 
accelerating rapidly to 2.5 million units in 1998. Dataquest's Consumer 
Multimedia Semiconductors and Applications Worldwide program will be 
publishing an in-depth analysis of DVD in the first quarter of 1996 that will 
provide more detailed information and a final forecast on this exciting 
product. 

DBS Systems Celebrate the Past and Look to the Future 
In second place in the hot product race were direct broadcast satellite (DBS) 
systems introduced by several manufacturers. 

DSS 
At the show, Thomson Consumer Electronics announced that it has shipped 
a total of 1.8 million Digital Satellite Systems (DSS) to dealers in its first 
18 months of production. There were 600,000 units shipped in 1994, and an 
additional 1.2 million units shipped in 1995 under both the RCA and GE 
brand names. In December 1995, sales of DSS averaged 5,000 units per day. 
About 25 percent of DBS subscribers dropped their cable TV subscription in 
favor of DBS services. Thomson also announced that its factory inventory 
stands at less than one week. Its total manufacturing capacity is now 2 mil
lion units annually. 
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Thomson unveiled its second-generation DSS receivers at the Winter CES. 
Thomson now has three systems with the RCA brand: the DS7430RA top-
of-the-line system for multiroom operation, the DS4430RA deluxe single-
room system, and the entry-level DS3330RA system. These new models will 
begin shipping to dealers on January 15,1996. At the end of January, Thom
son will also have a DSS with its ProScan brand on it. Thomson plans to 
design a DSS receiver as a PC add-in card sometime in 1996. 

Pay TV services for DSS are split between two different program suppliers, 
DirecTV and U.S. Satellite Broadcasting (USSB). DirecTV is owned by GM 
Hughes Electronics. USSB is owned by Hubbard Broadcasting Inc. News 
Datacom provides the conditional access service for both DirecTV and 
USSB. 

During the 'VÂ nter CES keynote speeches, Joe Clayton, executive vice presi
dent of Thomson Consumer Electronics, said that there would be 11 differ
ent brands of DSS by the end of 1996 and two completely new DBS systems 
(AlphaStar by Tee-Comm and Digital Sky Highway—DISH—^Network by 
EchoStar). At the VN n̂ter CES, Uniden vmveiled its DSS receiver, the Uniden 
UDS 200. Uniden has been a leader in integrated receiver-decoders (IRDs) 
for the C-band satellite market. Table 1 shows manufacturers that have or 
plan to have DSS-compatible receivers. Figure 2 shows Sony's DSS system. 
DSS is now available at over 20,000 retail points of sale. Best Western plans 
to begin offering DirecTV in its hotel rooms in January 1996. 

Table 1 
Manufacturers of DSS-Compatible Receivers 

Manufacturer 

Thomson Consumer Electronics (RCA) 

Sony Electronics Inc. 

Thomson (GE Brand) 

Hughes Network Systems 

Uniden America Corporation 

Toshiba America Consumer Products Inc. 

Samsimg Electronics Co. Ltd. 

Sanyo Electric Co. Ltd. 

Daewoo Electronics Co. 

Matsushita (Panasonic and Quasar Brands) 

Thomson (RCA ProScan Brand) 

Introduction Date 

June 1994 

Jtme 1995 

September 1995 

Early 1996 

Mid-1996 

Mid-1996 

June 1996 

Jime 1996 

June 1996 

Jime 1996 

1996 

Source: Dataquest (January 1996) 
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Figure 2 
The Sony DSS System 

Source: Sony 

Primestar at the Winter CES 
On January 5,1996, Primestar Partners L.P. announced its 1 millionth 
subscriber. This milestone occurred 17 months after its national launch. 
Primestar claims to have a 45 percent share of the DBS market, which, by its 
estimates, would put the total number of DBS subscribers at just over 2 mil
lion. Primestar is owned by a consortium of cable operators, led by Tele-
Communications Inc. wifh a 22 percent share. General Instrument manufac
tures the hardware for Primestar. The Digicipher-I video decoder and the 
audio chip for the Primestar receiver are made by Motorola. 

Primestar plans to spend $150 million in advertising in 1996. The highlight 
of the campaign is two TV spots airing during the Super Bowl on January 
28—one during the pregame show and the otiier during the game itself. 
Primestar is also sponsoring the American Red Cross with a donation of 
$1 million and has announced its intention of serving hotels through an 
alliance with LodgeNet Entertainment Corporation. 

Comparing Primestar and DSS 
The street price for DSS has dropped to $499. This is for the first-generation 
RCA or GE brand with a $100 manufacturer's rebate from Thomson Con
sumer Electronics. The first-generation standalone receiver (without a dish) 
has dropped to a street price of $405 (including Thomson's $50 manufac
turer's rebate). Primestar's customer-premises equipment remains the 
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property of Primestar. With DSS, customers can choose to install the equip
ment themselves with a kit costing $70 or choose professional installation 
costing $150 to $200. Primestar offers no choice—professional installation is 
required at a rate of $150 to $200. 

Pay TV services for DSS are split between two program suppliers, DirecTV 
and USSB, whereas Primestar is the sole programming supplier for its 
system. DirecTV has more channel capacity fiian Primestar. Primestar has 
10 pay-per-view channels and DirecTV has 60. Also, DirecTV has 28 digital 
music channels and Primestar has only 14. 

EchoStar's New DISH Network 
EchoStar Communications Corporation of Englewood, Colorado, success
fully launched its first direct broadcast satellite, EchoStar-I, on December 
28,1995. The satellite, a series 7000 satellite from Lockheed Martin Corpora
tion, was launched from China Great Wall Industry Corporation's launch 
facility in Xichang, China. The satellite's final location will be at 119 degrees 
west longitude to provide 75 channels of programming for EchoStar's DISH 
Television Network by mid-February. EchoStar plans to launch a second 
satellite next year that will increase its capacity to 150 chaimels. 

EchoStar's DBS system uses an 18-inch dish just like the RCA system. The 
basic receiver and dish system has a price of $599. However, consumers also 
have the option of renting the hardware for $10 per month, added to the 
cost of the programming package. EchoStar hopes to become the low-cost 
DBS service provider, with 40 basic channels starting at $19.99 per month. 
The EchoStar receiver uses MPEG-2 compression and is fuUy compatible 
with the Digital Video Broadcast (DVB) standard. EchoStar has chosen Elec
tronic Data Systems of Piano, Texas, to provide customer service cmd sales 
support. 

EchoStar began making C-band satellite dishes in 1980. In 1995, the com
pany's financial results suffered from the decline of the bigger dishes. 

AlphaStar 
AlphaStar Digital Television is a new home satellite system scheduled to 
begin late in the first quarter of 1996 for the U.S. and Canadian markets. The 
programjning services are provided by AlphaStar Television Network Inc. 
in the United States and ExpressVu Inc. in Canada. The hardware is avail
able now from Tee-Comm Electroiucs Inc. On August 21,1995, AlphaStar 
announced that Samsung Electro-Mechanics Company would also be 
manufacturing hardware systems. 

The AlphaStar system uses a dish that is either 24 inches, 30 inches, or 
39 inches in diameter. The Star Trak 1000 digital receiver uses TV/Com 
International's Compression NetWORKS system architecture, which is fully 
DVB-compliant and uses MPEG-2 compression and Viterbi forward error 
correction. Similar to DSS, the Star Trak receiver has a built-in 2400-baud 
telephone modem for ordering programming and an ISO 7816 smart card 
with three levels of security. "Hie receiver can accept satellite signals in 
either the C-band or the Ku-band. Unlike DSS, the Star Trak receiver does 
not allow for S-video output. The DirectStar satellite dish is being made by 
V\^negard Company of Burlington, Iowa. The system costs $1,099 in 
Canada. There will also be a lease-to-own option available. 
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ExpressVu received a service license from the Canadian Radio-Television 
and Telecommunications Commission on December 20,1995. To serve 
Canada with almost 100 channels of video and audio programming, 
ExpressVu has reserved transponder space on Telesat's Anik El satellite. 
ExpressVu plans to provide an entry-level service for as little as $7.95 per 
month. For the U.S. market, AlphaStar Television Network will use 14 tran
sponders on AT&T's Telstar 402R satellite, which was launched on Septem
ber 24,1995. AlphaStar has chosen Turner Vision in Bluefield, West Virginia, 
to provide call center services. 

Camcorders 

Common Digital Format Paves tlie Way for a New Generation 
JVC introduced the world's smallest and lightest camcorder at the Winter 
CES, perfect for James Bond. JVC's GR-DVl digital camcorder uses the new 
digital video cassette (DVC) format, which is now apparently going by just 
"DV." RCA debuted an identical model that it is sourcing from JVC. The 
RCA model niunber is CC900D. The JVC and RCA DVC camcorders will be 
available in the spring. Figure 3 shows the new JVC GR-DVl digital 
camcorder. 

It looks as if standards may still be in flux with these cameras, but the JVC/ 
RCA models used a mini-DV cassette containing 30 minutes or 60 minutes 
of 1/4-inch tape. The cassette is about half the size of an 8mm tape. With a 
weight of only a pound (0.45 kg) and a very rectangular form of 1-3/4 x 
3-1/2 X 5 3/4 inches (43 x 148 x 88mm), the camcorder is significantly 
smaller than its smallest analog cousins. A 3.6v lithium ion battery about 
the size of an AA battery runs the camcorder. 

Figure 3 
The JVC GR-DVl Digital Camcorder 
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The GR-DVl has one 570,000-pixel, 1/3-inch charge-coupled device (CCD) 
that can pick out images in 1 lux of light. It has a digital image stabilizer 
that works extremely well, even when the lOx optical zoom and the lOOx 
digital zoom are enabled. The DV format allows for a 500-line image, which 
betters S-VHS and Hi-8 by 20 percent and can produce a 16:9 or standard 
ratio image. However, the camcorder does not have a digital output and can 
transmit images only at S-video resolution. 

So what's really digital? The image is digitized and compressed using dis
crete cosine transforms and variable length coding with an in-frame com
pression rate of 25 Mbps. The audio is pulse code modulated digital stereo, 
sampled at 48 kHz in a two-charmel, 16-bit mode, or at 32 kHz in a four-
channel, 12-bit mode. Each frame is incredibly sharp and can be edited, 
spliced, dubbed, and cut many times without sound or picture degradation. 

The camcorder can be used to take digital still photographs, too, even in a 
timed sequence, and stores over 4,000 images on a tape, each digitally pure. 
The camera can be connected directly to a TV for playback. It also comes 
with a docking station for fancy editing. Besides the 12 digital special effects 
and 18 scene transitions available in the camera, the docldng station brings 
editing capabilities up to professional standards. It adds time-code stamp
ing, audio dubbing, and the ability to rearrange up to eight scenes at a time, 
along with a selection of effects and transitions. A Joint Level Interface 
Protocol (JLIP) in the docking station allows for sophisticated linking and 
control of the camcorder with a variety of audiovisual equipment and 
computers. 

Although these digital camcorders are not an everyday consumer item, for 
the low-budget professional, serious amateur, or the gadget whiz with a lit
tle extra cash and some imagination, they are an impressive marvel. The 
size and weight are small enough to make it easy to leave this camcorder 
behind on a bus. But they are expensive. According to the EIA, the average 
selling price (ASP) for consumer camcorders in 1995 was $610. In Japain, tiie 
Ministry of Finance pegs that ASP at $482. Of course, these ASPs are the 
selling prices from manufacturers to dealers. An additional 33 percent can 
be added for the retailers' margin. Dataquest conducted a retail price survey 
in February 1995 and found name brand camcorders as low as $450 street 
price. The upper limit for the consumer market is $1,500. Prosumers will 
typically choose a Hi-8, S-VHS, or S-VHS-C model with one CCD for any
where between $1,200 and $2,500. The industrial and broadcast markets 
choose cameras and camcorders in the $2,500-to-$100,000 range. 

In addition to the JVC/RCA introduction, Sony, Panasonic, and Sharp digi
tal camcorders were also presented at the show. Table 2 summarizes some 
of the information presented on these products. Hitachi also revealed its 
plans to introduce a digital camcorder that would not use DV cassettes but 
instead would use an entirely tapeless format. This pocket-size camcorder 
will be able to store 3,000 still frames and interface with a PC for editing 
and storage. Introduction is planned for the second half of 1996. 

MCRO-WW-DP-9601 ©1996 Dataquest February 12,1996 



10 Embedded Microcomponente Worldwide 

Table 2 
Digital Camcorder Introductions 

Model 

JVCGR-DVl 

RCA CC-900B 

Sony DCR-VXIOOO 

Sony DCR-VX700 

Panasonic PV-DVIOOO 

Sharp VL-DH-5000 

Features 

Single 570,000-pixel CCD, digital image 
stabilizer, editing functions 

Single-CCD, editing functions 

Three-CCD imaging with 410,000 pixels 
per CCD, Super SteadyShot stabiliza
tion, and IEEE 1394 interface for 
editing/dubbing 

Similar to DCR-VXIOOO, except for single 
410,0G0-pixel CCD 

Three-CCD imaging with 270,000 pixels 
per CCD, Digital Electronic Image Stabi
lizer, Digital Photo-Shot for still frames, 
and 16:9 recording mode 

Three-CCD imaging with 410,000 pixels 
per CCD; 5-inch LCD color monitor 

Price ($) 

2,995 

2,999 

4,199 

2,999 

4,199 

4,595 

Availability 

April 1996 

March or April 1996 

Now 

Now 

Now 

May 1996 

Source: Dataquest (January 1996) 

An Eye on Canon's Camcorder 
Canon's feature products were its latest analog camcorders, with sophisti
cated eye-tracking circuitry. In these, an infrared light shines at the retina of 
the eye pressed against the viewfinder. After two calibration tests, the cir
cuitry can then do an excellent job of following the eye's movements. This is 
most useful for identifying the object in the picture most critical to the 
focus, lighting, and color. This technique results in a very precise focusing 
in spite of the fact that nearer, farther, or larger objects appear in the view-
finder or that a chain link fence, net, window, or cable appears in front of 
the desirable image. The desired focal point does not have to be in the cen
ter of the picture, nor does it have to be motionless. The result is qviite 
impressive. However, too long a glance at a less-desirable portion of the 
viewfinder image will cause refocusing on the new object. Of course. Canon 
then went wild and made it so that the eye movement could be used to 
select features within the camera, such as zoom and fade. This resulted in 
significant distraction from the primary purpose of having the eye in the 
eyepiece: following the objects in motion. It also tends to cause unnecessary 
strain on eyes being asked to do fairly unnatural things. A little more dex
terity in the fingertips would provide the same functionality in a normal 
camcorder. The eye-movement-tracking capability has possibilities in many 
other applications, such as computer input alternatives. Some lessons in 
human behavior could be gained from such a device. 

Say "Cheese" to Digital Cameras 
Casio leads the developing digital camera field. The strength of the Casio 
brand, access through Casio sales channels, handy camera size, and selec
tion meant that Casio's QV-10 model stayed in high demand and limited 
supply from its U.S. initial shipping date of September 1995. Casio started 
producing 3,000 cameras per month in March 1995 cind boosted its monthly 
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output to 10,000 units per month in September as its camera became one of 
the most popular models on the market. By the end of 1995, the company 
had invested another ¥300 million to expand production capacity to 30,000 
units per month. 

The 96 images that can be stored, the 1.3-inch color LCD monitor, and the 
ability to delete undesired shots in the camera add up to valuable in-the-
field efficiencies offered by Casio's original QV-10 digital camera. Con
nected to a PC or Mac, the QV-10 allows photographs and computer-gener
ated graphics to be downloaded into the camera for a small, portable 
presentation system. Electronic images can be output to PCs or directly to a 
TV. An ink jet color printer produces acceptable hard copies of the photos, 
although these are not "suitable for framing." In fall 1996, a color printer, the 
QG-100, will produce higher-density, color, 2-inch-to-3-inch hard copies 
that look a little more like a Polaroid. But, for $350, the QG-100 has a far 
more limited use than a similarly priced Hewlett-Packard ink jet printer. 

Casio showed an improved model of the camera, dubbed the QV-30, at the 
V\^nter CES (see Figure 4). It expects to begin shipping this $1,000 camera in 
April 1996. Slightly larger than the QV-10, the lens can be made 46mm 
wide-angle or 105mm telephoto for more versatility. The resolution of the 
image is 300 lines, compared with the 200 lines of ihe QV-10, and the new 
model has a larger, 2.5-inch TFT LCD. An agreement with Adobe will make 
available a consumerized version of Photoshop called PhotoDeluxe, which 
will allow images transferred to a PC to be enhanced, manipulated, and 
cropped. The images can then be integrated with greeting cards, calendars, 
and other personal items. 

Figure 4 
Casio's New Model QV-30 Digital Camera 

Source: Casio 
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Ricoh also showed its entry into the digital camera business. Although the 
Ricoh camera offers impressive features, it appeared that its designers had 
not seen the Casio model before putting this product together. The Ricoh 
RDC-1 will hold up to 492 still images in the biggest flash EPROM, but 
requires a PC to delete pictures. Some additional capabilities were available 
in the camera, such as a protocol to upload images to a remote PC over an 
add-on modem. The lens is equivalent to a 50mm-to-150mm lens, but the 
LCD screen was a cumbersome add-on rather than being molded into the 
back of the unit, as is Casio's. It, too, will have a small printer accessory and 
Photoshop-type PC software, perhaps included. Ricoh does have the ability 
to capture 10 seconds of audio with each photo, or to record up to 20 sec
onds of motion with sound, with each frame a complete compressed image. 
However, with U.S. availability in the spring and a big $1,800 price, Ricoh 
seems to be going for a higher-end, some-assembly-required market, and it 
is not likely to have Casio on the ropes soon. 

The Casio cameras and the Ricoh have similar internal designs. Each uses a 
Hitachi SH-1 microcontroller in the camera, rurming 14 MHz out of code in 
the 64KB on-chip ROM, with 0.5MB DRAM for working space. The proces
sor is aided by an individually developed ASIC that performs digital image 
compression. Ricoh uses P'EG as its image compression definition and 
consumes twice as much memory to store the data as Casio. However, the 
Ricoh can perform its compression fast enough to store 30 images per sec
ond continuously. Littie real image enhancement takes place in the camera, 
as the processors primarily take what comes in off the CCD, set up the com
pression, and organize the bits in the flash EPROM. A digital camera by 
Sierra uses a MIPS microprocessor and actually performs digital signal pro
cessing (DSP) functions on the image to balance, correct, and erUiance the 
image in the camera. Casio uses 2MB flash memory to hold 96 images, 
while Ricoh uses 2MB, 8MB, or 24MB of flash in a PCMCIA-type removable 
cartridge to store up to 492 stills. 

Chinon has also been a major manufacturer of digital cameras, producing 
digital still cameras for U.S. makers on an OEM basis since 1992. It manu
factures cameras for Apple, Kodak, and Logitech. In December 1995, it 
armounced two new cameras under its own brand name, the ES-1000 and 
ES-3000. The ES-1000 is priced at $499 and will begin U.S. shipments in 
February 1996. The higher-end ES-3000 model is similar in size to a palm
corder and offers 3x zoom, with the highest-resolution image being 640 x 
480 pixels. Storage capacity ranges from five images at 640 x 480 resolution 
to 40 images at 320 x 240 resolution in the internal 1MB of memory. Capac
ity can be increased with an optional flash memory card of 2MB, 4MB, 8MB, 
and 16MB. The 16MB card allows 689 images to be stored at 320 x 240 reso
lution. One of the main disadvantages of tihis product is the absence of a 
built-in or add-on display module. Images must be ported to a PC for view
ing. Chinon has annoimced that it will triple its monthly production capac
ity from the 20,000 units per month it is estimated to have reached in 
December 1995. 

Today, digital cameras are most popular with professionals such as insur
ance companies and real estate agents (who apparently are also besieged as 
the target markets for personal digital assistants), who may prefer the 
instant image and easy integration with a computer file or simply want an 
easy way to show a house. However, to the pleasant surprise of 
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manufacturers, consumers are also beginning to purchase digital cameras 
and driving a stronger-than-expected market. The merger of the camera 
and a computer represents the easiest way to get photographs into a PC. 
Images can be transferred to the hard drive of a computer, where they can 
be viewed, edited, or added to documents. While the images created by 
digital cameras are inferior to the quality achieved by traditional film cam
eras, the image that can be captured in a PC through a digital camera is 
superior to the method of using a scanner to transfer a photo into a com
puter. The picture quality of the latest digital cameras is comparable to 
S-VHS or Hi-8 video images. Even with prices ranging from $500 to $1,800, 
Casio expects overall market sales of digital cameras to be four times higher 
in 1996 than in 1995. 

What's on the Tube Tonight? 
From the first day of television programming, viewers have been asking 
what there is to watch. TV listings in local papers satisfied some people's 
needs, and, in the United States, TV Guide, a separate magazine including 
listings, satisfied others. But television has changed drastically in the last 
decade, and the means of keeping up with programming is changing, as 
well. The VCR changed the viewing habits of tiie public, but a recent U.S. 
survey showed that one-third of VCR owners did not know how to record a 
TV show when they were not home. Now the program listings can be found 
on the TV itself, and recording a program on the VCR is finally easy. 

There are many systems on the market in the United States that provide 
television program information electronically and simplify the use of the 
TV and VCR. VCR Plus started the process five years ago by giving users a 
means of programming their VCRs with a single six-digit code found in the 
printed TV listings, without having to program the channel, date, time, and 
duration separately. A VCR that supports VCR Plus will then record the 
right channel at the right time. A normal VCR can also take advantage of 
VCR Plus using a special remote control unit that will send the right signals 
to the VCR to perform the recording designated by the six-digit code. But 
that is now old hat. 

Video Guide 
Radio Shack has been advertising the \^deo Guide, which is provided by a 
company called Video Guide. The system is available at other major retail
ers. Video Guide is interested in the installed base of already-purchased 
TVs and VCRs. As the latest entry into the market, it may want to provide 
the best set of features. It uses a small $100 unit near the TV/VCR in con
junction with an extremely simple remote control, which essentially can 
replace the remote control for most TVs and VCRs. For $50 a year. Video 
Guide distributes one week's worth of TV programming over a paging 
network in each region. The receiver intercepts the TV signal (on channel 
three) and can display upcoming programming on the screen. 

Video Guide has the nicest-looking display of the three approaches (see 
Figure 5), with its fancy graphics even looking good on smaller TV screens. 
Browsing the on-screen programming guide is helped by alphabetical list
ings and some search capability. It is easy to find aU of the showings of "The 
Outer Limits" for the next week to be sure none are missed or to find all pro
grams in the sports category. Video Guide even keeps up with a subscriber's 
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Figure 5 
Video Guide Unit 

most watched channels and prioritizes them in the listings. Once the 
wanted program is highlighted, pushing a button will cause the TV to tune 
it in if it is being shov^m at the time. If it is not being shown, pushing 
another button will schedule it to be recorded later by the VCR. A tiny 
wired "repeater" infrared link placed on the VCR assures that a desired pro
gram will be recorded properly. 

Through Video Guide, not only is TV programming available over the air
waves, but for up to $50 a year more, a sports newswire and a news and 
weather listing can be obtained. These text-based services are quite handy, 
allowing the subscriber to scan headlines and get more detail and even to 
jump to the ball game in progress if it is showing on one of the available 
channels. The sports information keeps up with the score, quarter, and 
events—an advantage of using a paging transmission rather than TV chan
nel space. With the public's ever-increasing appetite for sports and news 
(baseball strikes and politics notwithstanding, and with Olympic games 
and the O.J. Simpson trial whetting appetites), these extra services could 
offer a significant edge over other systems. 

The Video Guide system uses a Motorola 68EC000 processor in the main 
chassis and a Microchip Technology microcontroller in the remote control. 
The services are provided by Video Guide over the paging network, and 
regional information is included in the TV, news, and sports data provided. 
Since its release in early November, an average of 1,000 systems a day have 
been sold, with a nice boost from holiday sales. With a little more word-of-
mouth advertising and promotion, this number should grow substantially. 

B6070a 

Source: Video Guide 
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StarSight 
An earlier version of the TV program guide came from StarSight. StarSight 
focused its attention on the new-TV and new-VCR markets, although Mag
na vox has a standalone StarSight receiver for aftermarket opportimities. A 
StarSight receiver could add $35 to the cost of a TV or VCR and add $100 to 
the unit's selling price, plus a $50 annual subscription. When included with 
the TV or VCR, the only evidence of the circuit is a few extra buttons on the 
remote control. StarSight taps into the listings of TV Guide magazine, bring
ing that extra edge to its service. However, only TV program listings are 
provided, without the news and sports information available from Video 
Guide. Also, the receiver gets its data in the background of the local PBS 
affiliate broadcast, so for up-to-the-minute updates of news, sports, or 
weather, the PBS channel must be tuned in. StarSight does provide seven 
days of programming, expanded descriptions, category selection, and high-
light-and-see/record capabilities. 

StarSight's text on the TV screen has all the appeal of the Courier typewriter 
tjrpeface with a little color highlighting, but it should be legible on any TV 
screen. The StarSight system does overlay the text on the TV program being 
watched—a benefit for the viewer who just can't stand missing a second of 
the program. 

StarSight has been on the market for about a year. It has support from 
14 major TV/VCR manufacturers, although relatively few TVs or VCRs 
today are shipped with StarSight. Thomson, with its GE, RCA, and ProScan 
brands in the United States, has invested $25 million in the company, so it is 
backing StarSight at a different level. The StarSight system uses specially 
designed chips from ZUog to receive the listings and place them on the TV 
screen. 

A Baby Brother? 
Gemstar, maker of VCR Plus+, has now introduced TV Guide Plus+. TV 
Guide Plus+ is offered as a free service after a properly equipped television 
or VCR is purchased. American Broadcasting Company (ABC) affiliates 
broadcast the electronic program guide to local broadcast areas, possibly 
covering a greater range than PBS or paging systems. The service also taps 
directly into listings of the "trusted" printed TV Guide. The simple dot 
matrix text display on the screen shows only two days of complete pro
gramming, although some listings show a longer period. A video window 
allows viewing of the current channel, some real-time information is possi
ble, and VCR Plus+ has been turned into a one-button recording feature, 
but TV Guide Plus+ looks like the simplest form of electronic program list
ing. TV Guide Plus+ is primarily designed for inclusion in the TV or VCR. 
Magnavox is promoting TV Guide Plus+ in some of its TVs and VCRs, 
although other models sport StarSight. 

Historical Reference 
These systems for distributing TV programming, news, weather, sports, 
and information are reminiscent of the Teletext service that has been avail
able in Great Britain since the early 1980s. This system started as an acces
sory to the TV but soon was incorporated into the set. An extra £100 (about 
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$100 in the early 1980s, now about $75) would buy a TV fitted with Teletext 
circuitry. The service was free in Great Britain, where advertising was found 
on only two of the four available channels and was generally regarded with 
disdain. Hundreds of "pages" of text were available to the user, providing 
news stories, weather, sports, air traffic information, and listings for pro
grams. Subtitles for the hearing-in^paired viewer were also transmitted 
over Teletext. 

The British eagerly accepted this information system when only four TV 
channels were broadcast with almost no variation across the country and a 
hundred quid was a lot of money to most people. The textual information 
came over the transmission during the vertical blanking interval (as is done 
in many current systems), but this means the subtitles for the hearing-
impaired do not record on a VCR. The desired information was brought up 
on the TV screen by entering the page number on the remote control. The 
system is still in place, and approximately 70 percent of TVs in Great Britain 
have Teletext. Some advances have been made in the service, simplifying 
navigation through the pages, but it does not provide a simplified link to 
the VCR. 

It is not clear why a Teletext-type system never took hold earlier in the 
United States. Perhaps one of these new systems will have long-term 
success. Whether more than one v^U survive may be a test of standards, 
features, and marketing. Table 3 shows a comparison of TV program listing 
systems. 

Table 3 
Comparison of Electronic TV Program Listing Systems 

System 

Video Guide 

StarSight 

TV Guide 
Plus+ 

VCR Plus+ 

Teletext 

Number of 
Days of 
Listings 

7 

7 

2 

7 

1 

Added 
Price ($) 

100 

103 

50 

40 

75 

Annual 
Service 
Charge ($) 

50 

50 

Inrcc 

Free 

Free 

Broadcast 
Medium 

Paging 

PBS 

ABC 

Newspaper 

BBC 

Integration 
With TV or 
VCR 

External 

Internal/ 
external 

Internal 

Internal/ 
external 

Internal 

Notes 

Modem display, 
real-time sports 
and news available 

Shows video 

No charge for 
service 

Requires print 
media six-digit 
code 

Closed captioning 

Source: Dataquest (January 1996) 
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Voice Recording Systems 
There were plenty of exhibitors showing voice recording systems, such as 
digital answering machines, digital voice recorders, and novelty recorders. 
For instance. Motorola was showing its new Tenor voice pager, which is 
capable of receiving voice messages through a pager network. The device 
can record up to four minutes of messages. 

Parrot RCS S. A., a French company headquartered in Paris, was showing its 
new Parrot Speech Recognition Organizer. The Parrot Organizer combines a 
voice recorder and a phone directory that can be accessed with speech 
recognition. The product also features an automatic phone dialer and an 
optioned interface to either a Macintosh or PC-compatible computer. The 
Organizer is assembled by IBM and retails for $279 in the United States. 

The heart of the Parrot Organizer is a customized Texas Ir\struments TMS 
320 C52 DSP at 40 MHz, capable of 20 mips. The DSP integrates Parrot's 
proprietary speech recognition software. The Organizer has 256KB of RAM 
and 256KB of ROM for voice prompts in five different languages. ^Nitil com
pression, the Parrot Organizer is capable of 14 minutes of recording time at 
2,400 bps. The Organizer also includes an ASIC for managing the energy 
and real-time clock that was designed and developed by Parrot and manu
factured by Fujitsu. The Parrot Orgaruzer is completely designed in 3.3V 
CMOS technology and runs on four AAA batteries. 

Voice It Worldwide Inc. was showing its new Family Message Center, a dig
ital note recorder with four separate channels for multiple users. The Mes
sage Center has a suggested retail price of $119. Voice It was also showing 
its extended line of Personal Note Recorders, the VT-40, VT-90, VT-180, and 
VT-240. The numbers indicate the seconds of recording time at the slowest 
recording speed. Voice It's Personal Note Recorders offer three 
different recording speeds, which allows the user a trade-off between 
recording time and audio quality. The recordings are always played back at 
the speed of normal speech. Figure 6 shows Voice It's VT-240 Personal Note 
Recorder. 

The Flashback Digital Recorder from Norris Communications Corporation 
won a Popular Science Award in November of 1994. The product was fea
tured in Popular Science's Best of What's New issue in the Audio and Video 
category. Tlie Flashback features interchangeable memory cartridges called 
SoundClips that contain flash memory chips from Intel. Cartridges are 
available with 18 minutes or 36 minutes of recording time (a 72-minute 
version is also planned). The Flashback nms on two AA batteries. The 
product also features playback at three different speeds, with automatic 
pitch adjustment. The Flashback with one 36-minute cartridge lists for $249. 

On November 10,1995, Norris announced its intention to sell its Flashback 
technology to other OEMs. Norris also introduced its new SovmdLink 
adapter. TTie SoundLink is a single-piece PCMCIA t3^e II card that is essen
tially a PC docking port for Flashback SoimdClips. Another product, intro
duced on November 13,1995, was the Norris Flashfile System (NFS). The 
NFS is a development tool and file manager application program interface 
designed for other companies using flash memory in bofli primary and sec
ondary storage applications. The NFS is a complete flash memory manager 
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Figure 6 
The Voice It VT-240 Personal Note Recorder 

Source: Voice It 

with an MS-DOS redirector that takes only 13KB of ROM and 300 bytes of 
RAM to implement. 

The 18-minute SoundClip contair^s 1MB of flash from Intel; the 36-minute 
version contains 2MB. The Flashback Digital Recorder also contains 512KB 
of DRAM used as a temporary buffer for compression and pitch adjustment 
during playback. The DRAM part used is a Micron 70ns lMx4. Other iden
tifiable parts inside the Flashback included a 32Kx8 EPROM from Atmel, a 
codec from Oki, and a shift register from Harris. 

Voice Recording Ciiips 
The following five chip companies exhibited at this year's Winter CES: 

• AT&T Microelectronics 

• DSP Group Inc. 

• Integrated Storage Devices 

• National Semiconductor 

• Zilog 

All of these companies were showing chips designed for voice recording 
applications. National Semiconductor was previewing a 4MB serial flash 
part and voice processor chipset that it plans to introduce in the first quarter 
of 1996. The remaining four companies wiU be reviewed in detail in an 
upcoming Dataquest document. 
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Additional Sliow Highiights and Notes 
An exhaustive report of all the new product introductions and develop
ments at the Winter CES is not possible here. However, the following items 
demand at least a brief description. 

Compaq and Fislier Price invent the $2,000 Toy 
Although the PC may have been accused of being nothing more than an 
expensive toy in the past, Compaq and Fisher Price have teamed up to cre
ate an innovative product that truly does turn a multimedia PC into a toy. 
This new product has drawn on the strengths of both companies to produce 
one of the more creative approaches to the home education/entertainment 
market. The Wonder Tools product line was designed for children from ages 
3 to 7 and includes three categories: interactive computer toys, preschool-
appropriate peripherals, and standalone software titles for children and 
families. The first products introduced at the \^^nter CES were the Wonder 
Tools Cruiser and Software, an innovative driving console and CD-ROM 
software that create an interactive experience for children (see Figure 7), 
and The Wonder Tools Keyboard, a keyboard with oversized keys, a mouse, 
and activity software that makes the computer easier and more fun to use 
for children. These products are designed to be used with any Windows-
based PC and are scheduled to be available in the United States during the 
second half of 1996. 

Figure 7 
The Compaq/Fisher Price Wonder Tools System 

Source: Compaq/Fisher Price 
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Binaura Steps Up to Challenge Spatializer and Q-Sound 
Spatializer Audio Laboratories and Q-Sovind have been among the most 
recognized names in the world of 3-D or enhanced audio products for the 
multimedia PC. Although multimedia PCs have been the platform for early 
applications of this technology, the market for this type of product is much 
larger than just PCs. In theory, any electronics product that reproduces 
sound is a target for enhanced audio technology. At the Winter CES, Spatial
izer introduced its HTMS-2510 stereo surround sound system for the con
sumer market. By plugging an HTMS-2510 in line with TVs, stereos, and 
VCRs, consumers can bring 3-D surround sound capability into their 
homes. However, a more significant development in this area may have 
come from a company called Binaura that demonstrated its technology in a 
motor home outside the convention center. 

Binaura has already announced major design-wins for its patented audio 
enhancement technology with Creative Labs and Diamond Multimedia. 
The Soundblaster and 3-D multimedia accelerator products introduced by 
Creative Labs and Diamond Multimedia in 1995 incorporated its technol
ogy. Binaura claims that it already has five licensees of its technology and 
expects the total to increase to 13 or 15 soon. Discussions with company 
executives indicate that Binaura is positioned to capture over 70 percent of 
the multimedia upgrade kit market in 1996. 

At the Winter CES, the company was demonstrating a very simple, inex
pensive box with a pair of speakers driven by a portable CD player. The 
sound enhancement was impressive when applied to both stereophonic 
and monophonic signals. The Binaura system is implemented with discrete 
components: one quadraphonic operational amplifier, one quadraphonic 
multiplexer, 20 resistors, and four capacitors. It plans to offer an ASIC ver
sion of the circuit in the first half of 1996. Its goal is to be a leader in audio 
enhancement technologies for consumer electronics, video games, automo
tive sound, home entertainment, and multimedia computing markets. Look 
for significant market developments from this small, aggressive company 
during 1996. 

Sony Hopes Price Cuts Will Stimulate U.S. MiniDisc Sales 
Sony announced a reduction in the price of its play-only MiniDisc (MD) 
portable to $199 with the introduction of its MZ-E40. This model is sched
uled to begin U.S. shipments in July and would replace an earlier model 
with a suggested retail price of $349 (an average street price of $299). Sony 
claims to have sold 1.5 million car, home, and portable MD players world
wide, but the steep price has created a major barrier to its success in the U.S. 
market. The new model features a 10-second memory buffer and seven 
hours of playback on two AA batteries, compared with a three-second 
buffer and five hours of playing time on the previous model. Sharp has also 
begun to manufacture MiniDisc products, which it was showing at CES. 

IEEE 1394 Begins to Make Inroads into the Consumer World 
For over a year, the proponents of the IEEE 1394 standard have been pro
moting it as the future consumer electronics network. Evidence of progress 
in penetrating the consumer electronics world was seen at the Winter CES. 
The most notable products that included IEEE 1394 communications capa
bility were Sony's digital camcorders. However, the marketing of IEEE 1394 
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appears to be an uphill battle still. The most frequent response when vari
ous representatives were asked if their product included an IEEE 1394 port 
was a blank stare. When pressed on the issue, most representatives were 
either uninformed or unconvinced of the merits of an IEEE 1394 port. 
Although Sony's incorporation of this port in its camcorders is encouraging, 
the day when this capability is a standard feature would appear to be 
distant. 

Afraid Of the Dark? 
Although ITT's Night Quest product line has essentially no semiconductor 
content, the company did have one of the more intriguing products in the 
consumer's price range. ITT was showing its rught vision monoculars and 
binoculars for the consumer market at the Winter CES. With technology 
developed (and paid for) for the military, these second- and third-genera
tion viewers turn complete darkness into green daylight. Indoors, with 
imperceptible light, or outdoors, in starlight (not moonlight), these viewers 
show detail of everything, with nothing hiding in the shadows. 

Night vision glasses such as these have been seen in spy movies and mili
tary exercises, but now are available for as little as $800, not the $5,000-to-
$10,000 price range seen in military surplus catalogs. The company claims 
that these are far more sensitive than those used by the Russian military. 

Last year, ITT sold these monoculars/binoculars successfully to the marine 
market, where they aid sigiuficantiy in night boating. I l l is now bringing 
the glasses to a broader sporting goods market for use by hunters, campers, 
hikers, and others to see prowlers, animals, trails, lost people, and things 
that go bump in the night. These are slightiy infrared-sensitive but do not 
depend on infrared for imaging (an infrared flashlight is offered for supple
mental lighting). 

The image on all models is amazingly clear and detailed. There is basically 
no magnification, so the field of view is maximized (52 degrees), and 2x and 
3x lens attachments are available. Most models even float, so consumers 
won't lose their investment overboard, although cinother Night Viewer 
might be needed to see the first one bobbing along in the dark. The lowest 
cost model, the Night Quest 100, is a monocular weighing only 10 oz. 

Summary 
Wiitx DBS, MD, DVC, and DVD, the home digital revolution is in full swing. 
V\̂ th the transition to digital, Dataquest expects that the value of semicon
ductors going into consumer electronics will grow from $22 billion in 1995 
to $46 billion by 2000. (Note that this does not include the semiconductor 
market opportimity in home appliance/convenience products.) As shown 
in Figure 8, new digital products and digital enhancements to current con
sumer products will drive the growth in the consumer semiconductor mar
ket in the future. The digital products introduced at the 1996 Winter CES 
give added credence to this forecast. 
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Figure 8 

Consumer Semiconductor Market Forecast; Digital Will Drive the Growth in Chips 

Source: Dataquest (January 1996) 

Dataquest has launched a new program. Consumer Multimedia Semicon
ductors and Applications Worldwide, that will provide in-depth, detailed 
market research and analysis on the consumer electronics market and 
the semiconductor market driven by products and technologies such as 
those described in this document. Also watch the Embedded Micro-
components Service for more on the impact of consumer electronics on 
microcomponents. 
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Chapter 1 

Overview 
Microcomponents comprise four categories of metal-oxide semiconduc
tors (MOS): microprocessors (MPUs), microcontrollers (MCUs), program
mable digital signal processors (DSPs), and microperipherals (MPRs). This 
report presents Dataquest's forecast for this very important market over 
the next five years. The forecast is backed by extensive research and in-
depth analysis of product characteristics, market dynamics, and end 
equipment. Forecasts of revenue through the year 2000 are given for the 
categories of MPUs, MCUs, DSPs, and microperipherals. Projections for 
the Americas, Japan, Europe, and Asia/Pacific regions are presented by 
category. 

Greater detail of the microprocessor forecast is available in Dataquest's 
document Microprocessor Forecast and Embedded Microprocessor Trends 
through the Year 2000 (MCRO-WW-MT-9602, September 23,1996), witii 
more on the computational portion detailed in Dataquest's document 
Compute Microprocessor Market Trends and Forecast (PSAM-WW-MT-9604, 
September 2,1996). Greater detail of the microcontroller forecast is avail
able in Dataquest's document The Microcontroller Forecast—A Mixed Bag 
and Then Back on the Track (MCRO-WW-MT-9603, September 23,1996). 
Additional information on the DSP market can be found in "Digital Signal 
Processors—A Brilliant Light in an Overcast Year" (MCRO-WW-DP-9608, 
December 16,1996). 

Definitions of terms are in Appendix A, and exchange rates used for this 
document can be found in Appendix B. 

Highlights of the Forecast 

MCRO-WW-MT-9604 

Microcomponents perform complex functions that are vital to the applica
tion into which they are designed. Although similar functions could be 
performed by somewhat similar circuits, there is usually quite a bit of 
investment tied up in the original microcomponent chosen for the applica
tion, and this is not quickly disposed of. Because microcomponents are 
not, therefore, commodities, they are less influenced by some of the 
dramatic swings in the general semiconductor marketplace and especially 
in those semiconductors that are true commodities. 

Dataquest is forecasting semiconductors overall to lose more than 9 per
cent of their 1995 revenue in 1996, led by the dramatic decline in DRAM 
pricing. On the contrary, worldwide revenue for microcomponents should 
close out 1996 at over $39 billion, 13 percent higher than 1995, driven 
mostly by the x86 processors going into personal computers. Microproces
sors lead the category with 13.8 percent growth over 1995. 

Embedded MPUs and MCUs are having a fairly flat year in 1996 but are 
on the positive side for growth and should improve in 1997, with fuU-
stiengtii growth returning in 1998 and beyond. DSPs will defy the trend 
and show the greatest growth rate (36 percent) in semiconductors in 1996. 
Unit volunie and revenue stayed strong in 1996 for DSPs because of the 
increasing use of DSPs, the unique makeup of the primary vendors of 
DSPs, and the strong demand for DSP end products that went unfulfilled 
in previous years because of chip shortages. MPRs will also show a 
respectable growth in 1996, being bolstered by the continued good 
demand for PCs and therefore the chipsets that go into them. 

©1996 Dataquest 1 
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Overall, the long-term outlook for aU microcomponents is very rosy, with 
a 20 percent compound annual growth rate (CAGR) anticipated for the 
last tiiree years of the forecast period. Intel is expected to maintain its com
manding lead with the main PC processor, but the rest of the vast embed
ded marketplace will see many new applications, architectures, standards, 
chips, combinations, and speeds appear to keep the industry fresh, 
vibrant, and full of opportunity. 

Weathering the Present 
Semiconductors in general surprised everyone in 1996. The weather had 
been so nice for so long that most of the industry had come to believe that 
the sunny skies would just never end. But the sun spots flared up in 
earnest, the semiconductor El Nino eventually changed its mood, the PC 
jet stream eased up and altered its course, and a nasty cold front swept 
over the landscape. The memory business took the brunt of the storm, 
with temperatures plunging 100 degrees in the process. Microcomponents 
took a chill but have been one of the more pleasant locales this fall. Yes, 
even Hawaii has its weather. Most semiconductors fell somewhere in 
between, with the larger-die products generally on the warmer side 
(except for the DRAMs, and DRAM seems to be being forced to the levels 
where it should have been aU along). 

It seems the more one delves into the detail of the environment, the more 
one finds that nobody completely missed the microcomponent storm. 
Some took a direct hit from a hurricane. Some have to face a long drought, 
while others had so much rain as to flood the rivers. The rain below means 
that there's heavy snowfall in the mountains, which can be good for those 
who run the ski resorts. But come spring, the melt is likely to flood the val
leys below—better reassess the dams. Some of the warmest climates aren't 
used to the cold, no matter how brief, and discover many accidents caused 
by unskilled drivers maneuvering on the icy roads that the city is ill-
equipped to clear. And for those who seem to have missed aU tiie weather, 
beware. There are stiU earthquakes, insect infestations, and range fires to 
disturb a peaceful existence. Each vendor can expect its own unique form 
of weather, as determined by the applications and regions it services, the 
products and prices it offers, the manufacturing and organizations it man
ages, and the people and finances it has. 

Mind you, this is not destruction, it is only some unpleasantness. If the 
autumn turns to winter or lasts too long, it will wear on the nerves, the 
spirit, and the pocketbook. Changes have to be made to deal with the 
weather. Pull out the heavy coats, put an extra blanket on the bed, put up 
the storm windows, and batten down the hatches. Keep a keen eye on that 
budget. Hail, constant rains, and freezes that occur out of season can mini
mize pe lds of the crops that have taken all year to nurture. The fixed 
assets have to be paid for, come rain or shine. 

There is naturally quite a bit of turbulence during such dramatic changes. 
Each company, market, and product family has its own weather to con
tend with. The best-prepared vendors are faring the best during the 
storms. Some vendors tiiat are tightly coupled to the PC industry are 
doing quite weU. Intel has a death grip on the CPU slot and has expertly 
managed its product mix and maximized its demand. Others are suffering 
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badly when their products do not make the grade, are poorly timed, or 
depend on a weak OEM or end product. Zip drives are booming; 
9600-baud modems are sold in garage sales (jumble sales). But there are 
other good industries, too. Automobiles continue to seU at a fairly steady 
pace and yet use more microcontrollers with each passing year. Cellular 
phones can be good business, but there are many changes under way and 
constant price pressure. 

When this period of turbulence is past, the vendors and OEMs in the elec
tronics industry should have a renewed dedication of purpose and more 
clearly focused goals. 

A Rosy Long-Term Outlook 
Microcomponents are actually faring rather well in the 1996 climate. 
Dataquest is forecasting semiconductors overall to lose over 9 percent of 
their 1995 revenue in 1996, led by the dramatic decline in DRAM pricing. 
DRAMs alone are forecast to drop $20 billion (46 percent) from their 
annual high in 1995. Revenue for microcomponents should close out 1996 
at 13 percent higher than 1995, driven most by the x86 processors going 
into personal computers. The Pentium seems to be a pretty hardy crop 
when sown in the PC fields. Most laboratory-grown varieties appear to be 
inferior when the going gets tough, and these crops seem to wither more 
quickly than the pure-bred version. Although it looks as if there is a slow
ing of the number of new people getting their hands on a PC (first-time 
buyers), there is a significant business in putting more PCs into the hands 
of those who already use them (additional computers for the home to sup
plement the office/original computer). The previous computers are being 
handed down to the children or relegated to more dedicated roles (World 
Wide Web, games, or finances). The upgrade market for the older comput
ers keeps a brisk industry going for memory, disk drives, modems, and 
sound cards, as well as software. 

The embedded microcomponent market comprises a tremendous variety 
of applications, from television remote controls to magnetic resonance 
imaging equipment. These markets are served by dozens of vendors of 
thousands of MPUs, MCUs, and DSPs, which are coded by millions of 
programmers to perform each individual application, with billions of 
units shipped every year. The broad base of embedded applications 
insulates the microcomponent industry from some of the drastic ups and 
downs of specific markets, while the number of new applications emerg
ing that use these programmable devices is constantly expanding. More 
and more applications use embedded MPUs, MCUs, and DSPs because of 
the need for better monitoring of processes, greater sophistication in the 
contiol of systems, simpler and more intuitive interfaces between man 
and machine, adaptation of constantly changing standards, and the drive 
to do more (that is, channels) with less (that is, bandwidth). 

The mix between off-the-shelf programmable devices (MPUs, MCUs, and 
DSPs), custom programmable devices, application-specific ICs (ASICs), 
and fixed-function peripheral circuits continues to chum. With every 
opportunity for the cost of a programmable device to be reduced by mov
ing to a dedicated microperipheral, there appear more new applications 
that are just crawling out of the laboratories where the protocols, usage, 
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interfaces, and form factors are in such a state of change as to require a 
very flexible and therefore programmable device at the helm. Some OEMs 
will use standard processors and controllers. Others prefer to "roll their 
own" and develop ASIC-based solutions. Still others have high enough 
volume to command uniquely integrated MPUs to perform the precise 
functions needed at a better price point. In digital electronics, there is 
definitely more than one way to "skin a cat." 

Over time, as a new product settles down and the market niatures, the 
functions are common enough and in high enough volume that they can 
be manufactured most inexpensively as microperipherals. Fax-modem 
chips and some cellular phone chips are examples of these. The personal 
computer industry has taken a bit of a different tack: PC chipsets, graphics 
chips, and audio chips are MPRs that emerged more as a collection of glue 
logic and dedicated functions to perform a set of operations according to 
some rapidly established standards and processor interfaces. These 
replace an ASIC or a "bag of parts" of transistor-transistor logic (TTL), 
rather than a programmable device. With the growth of the PC market, 
these PC peripherals have seen substantial activity and growth. MPEG 
decoder chips also fit in this profile, even though MPEG can be well 
accommodated in programmable devices; but the standard is fixed and 
the overhead of general programmable processors implementing the 
dedicated function is too wasteful to be justified in many circumstances. 

The distinction between MPUs, MCUs, DSPs, ASICs, MPRs, and memory 
continues to blur. Processors may be buried inside an MPR to ease the 
design of the MPR. Digital signal processing may be an integral part of 
an MPR's function. Some MPUs can be placed in the comer of a large 
memory device like a DRAM. MPU and MCU cores may be available as 
macros or hard blocks in an ASIC library. Multiply-accumulate (MAC) 
accelerators can be found on some MCUs and MPUs and in ASIC libraries. 
Peripherals integrated onto processors can look a lot like an MCU, but 
without the ROM. Dataquest is careful to distinguish among these compo
nents according to specific definitions that reflect generally accepted 
views, although they may differ from a particular vendor's product defini
tion. Dataquest's microcomponent definitions are detailed in Appendix A. 
Some examples of microcomponents and other semiconductors are illus
trated in Figure 1-1. 

Overall Forecast 
An overview of Dataquest's forecast of microcomponents by product type 
is given in Table 1-1. The market for all semiconductors in 1995 was 
$151.3 billion. This is expected to shrink in 1996 to just under $137 billion. 
The CAGR for the next five years should be 13.9 percent for all semicon
ductors. However, for the last three years of the millennium, semiconduc
tors are forecast to have a 23.4 percent CAGR. Microcomponents made up 
22.8 percent of all semiconductors sold in 1995, and this proportion will 
grow to over 27 percent by late 2000 (see Figure 1-2). Over $34.5 billion of 
microcomponents were sold in 1995, with growth tapering off a bit before 
rising at a CAGR of 19.8 percent starting in 1997, to reach $78.6 billion in 
the year 2000. Figure 1-3 compares the strong five-year CAGR for micro-
component families with all semiconductor products. 
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Figure 1-1 
Categorization of Microcomponents 

Semiconductors 

Microcomponents 

Computational 
MPU 

x86 (most) 

68K (few) 

PowerPC 

MIPS 

Others 

Embedded Microcomponents 

Embedded 
MPU 

x86 (some) 

68K (most) 

PowerPC (some) 

MIPS (some) 

SH-serles 

Others 

MCU 

(Many) 

DSP 

(Many) 

MPR 

(Many) 

Memories ASIC Others 

Dataquest's Embedded Microcomponents Worldwide Service Coverage 

Note: Compute microprocessors perform the central processing unit function of personal computers, workstations, and servers. 
Embedded microprocessors perform dedicated processing and controlling tasks as programmed by the OEM. 
Source: Dataquest (November 1996) 

Embedded microcomponents include those MPUs used in embedded 
systems and all MCUs, DSPs, and MPRs. Embedded microcomponents 
sell at one-tenth the price of computational processors but ship almost two 
orders of magnitude more units to attain 60 percent of the microcompo-
nent market revenue. 

The forecast of microcomponents going into the four regions, the 
Americas, Japan, Europe, and Asia/Pacific, can be found in Table 1-2. The 
Americas is the largest microcomponent market and is expected to grow 
faster than the average, as shown in Figure 1-4. Asia/Pacific should have 
the highest overall growth rate (see Figure 1-5), fueled by OEMs, includ
ing Japanese companies building their products in lower-cost plants and 
with lower-cost labor in the Far East, as well as by growth in electronics in 
Asian and Pacific rim countries. 

Further divisions of the revenue of microprocessors, microcontrollers, dig
ital signal processors, and microperipherals for the Americas, Japan, 
Europe, and Asia/Pacific regions and the rest of the world are forecast in 
later chapters of this document. 
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Table 1-1 
Worldwide Forecast of Microcomponent Revenue, by Product Family 
(Millions of Dollars) 

Total Worldwide Semiconductors 

Growth (%) 

Total Worldwide Micro components 

Growth (%) 

Percentage of Worldwide Semicon^vaStpfs 

Embedded Microcomponents 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microprocessors 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microcontroller s 

Growth {%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Digital Signal Processors 

Growth {%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microperipherals 

Growth {%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

1993 

85,514 

19,947 

23.3 

12,287 

61.6 

14.4 

8,783 

44.0 

10.3 

5,904 

29.6 

6.9 

679 

3.4 

0.8 

4,581 

23.0 

5.4 

1994 

110,513 

29.2 

26,408 

32.4 

23.9 

16,320 

32.8 

61.8 

14.8 

11,437 

30.2 

43.3 

10.3 

7,517 

27.3 

28.5 

6.8 

1,030 

51.7 

3.9 

0.9 

6,424 

40.2 

24.3 

5.8 

1995 

151,272 

36.9 

34,513 

30.7 

22.8 

22,052 

35.1 

63.9 

14.6 

14,279 

24.8 

41.4 

9.4 

10,249 

36.3 

29.7 

6.8 

1,669 

62.0 

4.8 

1.1 

8,316 

29.5 

24.1 

5.5 

1996 

136,977 

-9.4 

39,283 

13.8 

28.7 

24,023 

8.9 

61.2 

17.5 

17,130 

20.0 

43.6 

12.5 

10,640 

3.8 

27.1 

7.8 

2,223 

33.2 

5.7 

1;6 

9,290 

11.7 

23.6 

6.8 

1997 

154,605 

12.9 

45,674 

16.3 

29.5 

27,124 

12.9 

59.4 

17.5 

20,640 

20.5 

45.2 

13.4 

11,450 

7.6 

25.1 

7.4 

3,004 

35.1 

6.6 

1.9 

10,580 

13.9 

23.2 

6.8 

1998 

188,922 

22.2 

55,088 

20.6 

29.2 

32,818 

21.0 

59.6 

17.4 

24,650 

19.4 

44.7 

13.0 

13,810 

20.6 

25.1 

7.3 

3,978 

32.4 

7.2 

2.1 

12,650 

19.6 

23.0 

6.7 

19 

234,9 

2 

65,9 

1 

2 

39,6 

2 

6 

1 

29,0 

1 

44 

1 

16,5 

1 

25 

5,1 

3 

15,2 

2 

2 

Source: Dataquest (November 1996) 
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Figure 1-2 
Microcomponents as a Portion of All Semiconductor Revenue, 1995 and 2000 
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Figure 1-3 
Microcomponent Families' Compound Annual Growth Rates, 1995-2000 
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Table 1-2 
Revenue Forecast from Microcomponent Consumption in Each Region 
(Millioiu of Dollars) 

Total Worldwide Semiconductors 

Growth (%) 

Total Worldwide Microcomponents 

Growth (%) 

Percentage of Worldwide SemicorulHC^rs 

Americas 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Japan 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Europe, Africa, and Middle East 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Asia/Pacific 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Senniconductors 

1993 

85,514 

19,947 

23.3 

7,620 

38.2 

8.9 

3,987 

20.0 

4.7 

4,037 

20.2 

4.7 

4,303 

21.6 

5.0 

1994 

110,513 

29.2 

26,408 

32.4 

23.9 

9,839 

29.1 

37.3 

8.9 

5,603 

40.5 

21.2 

5.1 

5,408 

34.0 

20.5 

4.9 

5,558 

29.2 

21.0 

5.0 

1995 

151,272 

36.9 

34,513 

30.7 

22.8 

12,430 

26.3 

36.0 

8.2 

7,830 

39.7 

22.7 

5.2 

7,001 

29.5 

20.3 

4.6 

7,252 

30.5 

21.0 

4.8 

1996 

136,977 

-9.4 

39,283 

13.8 

28.7 

14,353 

15.5 

36.5 

10.5 

8,260 

5.5 

21.0 

6.0 

8,055 

15.1 

20.5 

5.9 

8,615 

18.8 

21.9 

6.3 

1997 

154,605 

12.9 

45,674 

16.3 

29.5 

17,270 

20.3 

37.8 

11.2 

9,369 

13.4 

20.5 

6.1 

8,924 

10.8 

19.5 

5.8 

10,111 

17.4 

22.1 

6.5 

1998 

188,922 

22.2 

55,088 

20.6 

29.2 

21,130 

22.4 

38.4 

11.2 

11,470 

22.4 

20.8 

6.1 

10,260 

15.0 

18.6 

5.4 

12,228 

20.9 

22.2 

6.5 

2 

Source: Dataquest (November 1996) 
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Figure 1-4 
Regional Distribution of Microcomponent and All Semiconductor Consumption, 1995 
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Source: Dataquest (November 1996) 

Figure 1-5 
Regional Microcomponent and Semiconductor Compound Annual Growth Rates, 
1995-2000 
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Chapter 2 

A Closer Look at the Microcomponent Product Families _ 
In this chapter, the forecast of microcomponents is broken into micropro
cessors, microcontrollers, programmable digital signal processors, and 
microperipherals, showing their distribution into the Americas, Japan, 
Europe, and Asia/Pacific regions. A section is dedicated to each product 
family: all microcomponents, microprocessors, microcontrollers, program
mable digital signal processors, and microperipherals. Within each 
section, the revenue forecast for the product family is given in tables and 
related figures contrasting the Americas, Japan, Europe, and Asia/Pacific. 

All numbers attributed to a region represent the revenue resulting fron\ 
consumption of the specified microcomponents in that region. 

Microcomponents 
The forecast of all microcomponent revenue (see Table 2-1) shows how 
microcomponents are expected to ship into each of the four geographic 
regions for the next five years. (Table 2-1 is a subset of Table 1-2.) 
Percentages are given for each region's microcomponent revenue as a 
portion of the worldwide revenue for all microcomponents and for total 
semiconductors. 

Figure 2-1 shows each region's microcomponent revenue as a portion of 
the worldwide microcomponent revenue. Figure 2-2 illustrates each 
region's microcomponent revenue. Figure 2-3 shows the change expected 
in the distribution of microcomponent revenue among the regions in 1995 
and the year 2000. Figure 2-4 compares the CAGR of microcomponent rev
enue for each region. 
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Table 2-1 
Revenue Forecast from Microcomponent Consumption in Each Region (Millions of Dollars) 

Total Worldwide Semiconductors 

Growth {%) 

Total Worldwide Microcomponents 

Growth (%) 

Percentage of Worldwide Semiconducto]^ 

Americas 

Growth (%) 

Percentage of Worldwide Microcomponerits 

Percentage of Worldwide Semiconductors 

Japan 
Growth (%) 

Percentage of Worldwide Microcomponents-

Percentage of Worldwide Semiconductors 

Europe, Africa, and Middle East 

Growth (%) 

Percentage of Worldwide Microcomponentg-

Percentage of Worldwide Semiconductors 

Asia/Pacific 

Growth [%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

1994 

110,513 

26,408 

23.9 

9,839 

37.3 

8.9 

5,603 

21.2 

5.1 

5,408 

20.5 

4.9 

5,558 

21.0 

5.0 

1995 

151,272 

36.9 

34,513 

30.7 

22.8 

12,430 

26.3 

36.0 

8.2 

7,830 

39.7 

22.7 

5.2 

7,001 

29.5 

20.3 

4.6 

7,252 

30.5 

21.0 

4.8 

1996 

136,977 

-9.4 

39,283 

13.8 

28.7 

14,353 

15.5 

36.5 

10.5 

8,260 

5.5 

21.0 

6.0 

8,055 

15.1 

20.5 

5.9 

8,615 

18.8 

21.9 

6.3 

1997 

154,605 

12.9 

45,674 

16.3 

29.5 

17,270 

20.3 

37.8 

11.2 

9,369 

13.4 

20.5 

6.1 

8,924 

10.8 

19.5 

5.8 

10,111 

17.4 

22.1 

6.5 

1998 

188,922 

22.2 

55,088 

20.6 

29.2 

21,130 

22.4 

38.4 

11.2 

11,470 

22.4 

20.8 

6.1 

10,260 

15.0 

18.6 

5.4 

12,228 

20.9 

22.2 

6.5 

1 

234 

65 

24 

14 

12 

14 

Source: Dataquest (November 1996) 
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Figure 2-1 
Microcomponent Revenue Forecast Showing Region of Consumption 
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Figure 2-2 
Regional Microcomponent Consumption Forecast 
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Figure 2-3 
Regional Distribution of Microcomponent Consumption Revenue, 1995 and 2000 
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Figure 2-4 
Regional Microcomponent Compound Annual Growth Rates, 1995-2000 
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A Closer Look at the Microcomponent Product Families 15 

Microprocessors 
The forecast of all microprocessor revenue is shown in Table 2-2 as micro
processors are expected to be consumed in each of the four geographic 
regions for the next five years. Percentages are given for each region's 
niicroprocessor revenue as a portion of the worldwide revenue from 
microprocessors, from microcomponents, and from all semiconductors. 
All figures are for microprocessors destined for both computational and 
embedded systems, RISC or CISC. 

Figure 2-5 shows each region's microprocessor revenue as a portion of the 
worldwide microprocessor revenue. Figure 2-6 illustrates each region's 
microprocessor revenue. Figure 2-7 shows the change expected in the dis
tribution of microprocessor revenue among the regions in 1995 and the 
year 2000. Figure 2-8 compares the CAGR of microprocessor revenue for 
each region. 

Greater detail of the microprocessor forecast is available in the Dataquest's 
documents Microprocessor Forecast and Embedded Microprocessor Trends 
through the Year 2000 (MCRO-WW-MT-9602, September 23,1996) and 
Compute Microprocessor Market Trends and Forecast (PSAM-WW-MT-9604, 
September 2,1996). They present forecasts and analysis of RISC and CISC 
and 8-bit, 16-bit, and 32-bit MPUs, as well as embedded and computa
tional applications. Processor architectures popular in embedded and 
computational applications are also reviewed, 

MCRO-WW-MT-9604 ©1996Dataquest December 16,1996 
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Table 2-2 
Revenue Forecast from Microprocessor Consumption in Each Region (Millions of Dollars) 

@ 
CO 
CO 
CJ) 

o 
cu 
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cu 

JO. 

o 
CD 
CJ 
CD 

3 
CT 

Total Worldwide Microprocessors 

Growth {%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Americas 

Growth {%) 

Percentage of Worldwide Microprocessors 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Japan 

Growth (%) 

Percentage of Worldwide Microprocessors 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Europe, Africa, and Middle East 

Growth (%) 

Percentage of Worldwide Microprocessors 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Asia/Pacific 

Growth (%) 

Percentage of Worldwide Microprocessors 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

1994 

11,437 

43.3 

10.3 

5,446 

47.6 

20.6 

4.9 

1,247 

10.9 

4.7 

1.1 

2,775 

24.3 

10.5 

2.5 

1,969 

17.2 

7.5 

1.8 

1995 

14,279 

24.8 

41.4 

9.4 

6,806 

25.0 

47.7 

19.7 

4.5 

1,690 

35.5 

11.8 

4.9 

1.1 

3,197 

15.2 

22.4 

9.3 

2.1 

2,586 

31.3 

18.1 

7.5 

1.7 

1996 

17,130 

20.0 

43.6 

12.5 

7,930 

16.5 

46.3 

20.2 

5.8 

2,200 

30.2 

12.8 

5.6 

1.6 

3,700 

15.7 

21.6 

9.4 

2.7 

3,300 

27.6 

19.3 

8.4 

2.4 

1997 

20,640 

20.5 

45.2 

13.4 

9,880 

24.6 

47.9 

21.6 

6.4 

2,580 

17.3 

12.5 

5.6 

1.7 

3,950 

6.8 

19.1 

8.6 

2.6 

4,230 

28.2 

20.5 

9.3 

2.7 

1998 

24,650 

19.4 

44.7 

13.0 

11,800 

19.4 

47.9 

21.4 

6.2 

3,310 

28.3 

13.4 

6.0 

1.8 

4,410 

11.6 

17.9 

8.0 

2.3 

5,130 

21.3 

20.8 

9.3 

2.7 

19 

29,0 

1 

44 

12 

13,5 

14 

4 

20 

5 

4,2 

2 

14 

5,1 

16 

17 

7 

2 

6,1 

20 

2 

9 

2 

Source: Dataquest (November 1996) 
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A Closer Look at the Microcomponent Product Families 17 

Figure 2-5 
Microprocessor Revenue Forecast Showing Region of Consumption 

Millions of Dollars 

35,000-

2000 

Source: Dataquest (November 1996) 

Figure 2-6 
Regional Microprocessor Consumption Forecast 
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Figure 2-7 
Regional Distribution of Microprocessor Consumption Revenue, 1995 and 2000 
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Source: Dataquest (November 1996) 

Figure 2-8 
Regional Microprocessor Compound Annual Growth Rates, 1995-2000 
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A Closer Look at the Microcomponent Product Families 19 

Microcontrollers 
The forecast of all microcontroller revenue (see Table 2-3) shows how 
microcontrollers are expected to be consumed in each of the four geo
graphic regions for the next five years. Each region's microcontroller reve
nue is given as a percentage of the worldwide revenue for 
microcontrollers, all microcomponents, and total semiconductors. 

Figure 2-9 shows each region's microcontroller revenue as a portion of 
worldwide microcontroller revenue. Figure 2-10 illustrates each region's 
microcontroller revenue. Figure 2-11 shows the change expected in the 
distribution of microcontroller revenue among the regions in 1995 and the 
year 2000. Figure 2-12 compares the CAGR of microcontroller revenue for 
each region. 

Greater detail on the microcontroller forecast is available in Dataquest's 
document The Microcontroller Forecast—A Mixed Bag, Then Back on the Track 
CMCRO-WW-MT-geOS, September 23,1996). It gives trends for 4-bit, 8-bit, 
and 16-bit and greater MCUs, as well as forecasts for MCUs in data pro
cessing, communications, industrial, consumer, civil aerospace, and trans
portation applications. 

MCRO-WW-MT-9604 ©1996 Dataquest December 16,1996 
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Table 2-3 
Revenue Forecast from Microcontroller Consumption in Each Region (Millions of Dollars) 

@ 
CO 
CO 

o> 
CO 
r-l-
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cr 
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CO 
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Total Worldwide Microcontrollers 

Growth {%) 

Percentage of WorJdwide Microcomponents 

Percentage of Worldwide Semiconductors 

Americas 

Growth {%) 

Percentage of Worldwide Microcontrollers 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Japan 
Growth (%) 

Percentage of Worldwide Microcontrollers 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Europe, Africa, and Middle East 

Growth (%) 

Percentage of Worldwide Microcontrollers 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Asia/Pacific 

Growth {%) 

Percentage of Worldwide Microcontrollers 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

1994 

7,517 

28.5 

6.8 

1,652 

22.0 

6.3 

1.5 

2,964 

39.4 

11.2 

2.7 

1,431 

19.0 

5.4 

1.3 

1,470 

19.6 

5.6 

1.3 

1995 

10,249 

36.3 

29.7 

6.8 

2,047 

23.9 

20.0 

5.9 

1.4 

4,140 

39.7 

40.4 

12.0 

2.7 

2,030 

41.9 

19.8 

5.9 

1.3 

2,032 

38.2 

19.8 

5.9 

1.3 

1996 

10,640 

3.8 

27.1 

7.8 

2,240 

9.4 

21.1 

5.7 

1.6 

3,930 

-5.1 

36.9 

10.0 

2.9 

2,300 

13.3 

21.6 

5.9 

1.7 

2,170 

6.8 

20.4 

5.5 

1.6 

1997 

11,450 

7.6 

25.1 

7.4 

2,380 

6.3 

20.8 

5.2 

1.5 

4,280 

8.9 

37.4 

9.4 

2.8 

2,550 

10.9 

22.3 

5.6 

1.6 

2,240 

3.2 

19.6 

4.9 

1.4 

1998 

13,810 

20.6 

25.1 

7.3 

3,120 

31.1 

22.6 

5.7 

1.7 

5,110 

19.4 

37.0 

9.3 

2.7 

2,920 

14.5 

21.1 

5.3 

1.5 

2,660 

18.8 

19.3 

4.8 

1.4 

19 

16,5 

19 

25 

7 

3,7 

19 

22 

5 

1 

6,1 

20 

37 

9 

2 

3,4 

19 

21 

5 

1 

3,1 

16 

18 

4 

1 

Source: Dataquest (November 1996) 
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Figure 2-9 
Microcontroller Revenue Forecast Showing Region of Consumption 

Millions of Dollars 
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Source: Dataquest (November 1996) 

Figure 2-10 
Regional Microcontroller Consumption Forecast 
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Source: Dataquest (November 1996) 
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Figure 2-11 
Regional Distribution of Microcontroller Consumption Revenue, 1995 and 2000 
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Figure 2-12 
Regional Microcontroller Compound Annual Growth Rates, 1995-2000 

Percent 
18-

16-1 

14 

12 

10-

8-

6 

4 

2 

0 

s 
m 
0 

• 
m 

Worldwide 

Americas 

Japan 

Europe 

Asia/Pacific 

seeass 

Source: Dataquest (November 1996) 

MCRO-WW-MT-9604 ©1996 Dataquest December 16,1996 



A Closer Look at the Microcomponent Product Families 23 

Digital Signal Processors 
The forecast of all programmable digital signal processor revenue (see 
Table 2-4) shows how DSPs are expected to be consumed in each of the 
four geographic regions for the next five years. Percentages are given for 
each region's digital signal processor revenue as a portion of the world
wide revenue for digital signal processors, all microcomponents, and total 
semiconductors. 

Figure 2-13 shows each region's programmable digital signal processor 
revenue as a portion of worldwide DSP revenue. Figure 2-14 illustrates 
each region's DSP revenue. Figure 2-15 shows the change expected in the 
distribution of DSP revenue among the regions in 1995 and the year 2000. 
Figure 2-16 compares the CAGR of DSP revenue for each region. The pri
mary contributors to DSP revenue continue to be the general-purpose 
DSPs from Texas Instruments, Lucent Technologies (formerly AT&T), 
Analog Devices, and Motorola. Additional information on the DSP m.ar-
ket can be found in "Digital Signal Processors—A Brilliant Light in an 
Overcast Year" (MCRO-WW-DP-9608, December 16,1996). 

MCRO-WW-MT-9604 ©1996 Dataquest December 16,1996 
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Table 2-4 
Revenue Forecast from Digital Signal Processor Consumption in Each Region (Millions of Dol 

Total Worldwide EMgital Signal Processors 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Americas 

Growth (%) 

Percentage of Worldwide Digital Signal Frocessfs^ 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Japan 

Growth (%) 

Percentage of Worldwide Digital Signal Procesgpi^ 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Europe, Africa, and Middle East 

Growth (%) 

Percentage of Worldwide Digital Signal Processors: 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Asia/Padfic 

Growth (%) 

Percentage of Worldwide Digital Signal ProcesSp^; 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

1994 

1,030 

3.9 

0.9 

421 

40.9 

1.6 

0.4 

166 

16.1 

0.6 

0.2 

305 

29.6 

1.2 

0.3 

138 

13.4 

0.5 

0.1 

1995 

1,669 

62.0 

4.8 

1.1 

595 

41.3 

35.7 

1.7 

0.4 

274 

65.1 

16.4 

0.8 

0.2 

548 

79.7 

32.8 

1.6 

0.4 

252 

82.6 

15.1 

0.7 

0.2 

1996 

2,223 

33.2 

5.7 

1.6 

803 

35.0 

36.1 

2.0 

0.6 

350 

27.7 

15.7 

0.9 

0.3 

685 

25.0 

30.8 

1.7 

0.5 

385 

52.8 

17.3 

1.0 

0.3 

1997 

3,004 

35.1 

6.6 

1.9 

1,130 

40.7 

37.6 

2.5 

0.7 

459 

31.1 

15.3 

1.0 

0.3 

874 

27.6 

29.1 

1.9 

0.6 

541 

40.5 

18.0 

1.2 

0.3 

1998 

3,978 

32.4 

7.2 

2.1 

1,540 

36.3 

38.7 

2.8 

0.8 

590 

28.5 

14.8 

1.1 

0.3 

1,120 

28.1 

28.2 

2.0 

0.6 

728 

34.6 

18.3 

1.3 

0.4 

5 

2 

Source: Dataquest (November 1996) 
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Figure 2-13 
Digital Signal Processor Revenue Forecast Showing Region of Consumption 

Millions of Dollars 

1994 1995 1996 1997 1998 1999 2000 

Source: Dataquest (November 1996) 

Figure 2-14 
Regional Digital Signal Processor Consumption Forecast 
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Figure 2-15 
Regional Distribution of Digital Signal Processor Consumption Revenue, 1995 and 2000 
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Figure 2-16 
Regional Digital Signal Processor Compound Annual Growth Rates, 1995-2000 
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Microperipherals 
The forecast of all microperipheral revenue (see Table 2-5) shows how 
microperipherals are expected to be consunied in each of the four geo
graphic regions for the next five years. Percentages are given for each 
region's MPR revenue as a portion of the worldwide revenue for MPRs, all 
microcomponents, and total semiconductors. 

Figure 2-17 shows each region's microperipheral revenue as a portion of 
worldwide microcontroller revenue. Figure 2-18 illustrates each region's 
MPR revenue. Figure 2-19 shows the change expected in the distribution 
of MPR revenue among the regions in 1995 and the year 2000. Figure 2-20 
compares the CAGR of MPR revenue for each region. 

> 
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o 
JD 
O 

CO 
o i o 

@ 
CO 
CO 
o> 
o 
K. 
cu 

O 
CD 
CJ 
CD 

3 

Table 2-5 
Revenue Forecast from Microperipheral Consumption in Each Region (Millions of Dollars) 

Total Worldwide Microperipheral 

Growth (%) 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Americas 

Growth {%) 

Percentage of Worldwide Microperipherals 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Japan 
Growth (7o) 

Percentage of Worldwide Microperipherals 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Europe, Africa, and Middle East 

Growth (%) 

Percentage of Worldwide Microperipherals 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Asia/Pacific 

Growth (%) 

Percentage of Worldwide Microperipherals 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

1994 

6,424 

24.3 

5.8 

2320 

36.1 

8.8 

2.1 

1,226 

19.1 

4.6 

1.1 

897 

14.0 

3.4 

0.8 

1,981 

30.8 

7.5 

1.8 

1995 

8,316 

29.5 

24.1 

5.5 

2,982 

28.5 

35.9 

8.6 

2.0 

1,726 

40.8 

20.8 

5.0 

1.1 

1,226 

36.7 

14.7 

3.6 

0.8 

2,382 

20.2 

28.6 

6.9 

1.6 

1996 

9,290 

11.7 

23.6 

6.8 

3,380 

13.3 

36.4 

8.6 

2.5 

1,780 

3.1 

19.2 

4.5 

1.3 

1,370 

11.7 

14.7 

3.5 

1.0 

2,760 

15.9 

29.7 

7.0 

2.0 

1997 

10,580 

13.9 

23.2 

6.8 

3,880 

14.8 

36.7 

8.5 

2.5 

2,050 

15.2 

19.4 

4.5 

1.3 

1,550 

13.1 

14.7 

3.4 

1.0 

3,100 

12.3 

29.3 

6.8 

2.0 

1998 

12,650 

19.6 

23.0 

6.7 

4,670 

20.4 

36.9 

8.5 

2.5 

2,460 

20.0 

19.4 

4.5 

1.3 

1,810 

16.8 

14.3 

3.3 

1.0 

3,710 

19.7 

29.3 

6.7 

2.0 

199 

15,25 

20 

23 

6 

5,63 

20 

36 

8 

2 

2,93 

19 

19 

4 

1 

2,16 

19 

14 

3 

0 

4,53 

22 

29 

6 

1 

Source: Dataquest (November 1996) 
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Figure 2-17 
Microperipheral Revenue Forecast Showing Region of Consumption 
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Figure 2-18 
Regional Microperipheral Consumption Forecast 
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Figure 2-19 
Regional Distribution of Microperipheral Consumption Revenue, 1995 and 2000 

m 
Q 

• 
El 

Americas 

Japan 

Europe 

Asia/Pacific 

1995 Worldwide Microperipherals: 
$8.3 Billion 

2000 Worldwide Microperipherals: 
$18.3 Billion 

Five-Year Growth: 120% 

Ma392 

Source: Dataquest (November 1996) 

Figure 2-20 
Regional Microperipheral Compound Annual Growth Rates, 1995-2000 
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Chapter 3 

The Growth of Microcomponents in 
Each Geographic Region ^^^^^ 

Microcomponents comprise microprocessors, microcontrollers, program
mable digital signal processors, and microperipherals. In this chapter, 
Dataquest forecasts through the end of this millennium how each geo
graphic region—the Americas, Japan, Europe, and Asia/Pacific—will 
consume microcomponents by product family. Within each section, the 
region's revenue forecast is given in tables and related figures highlighting 
MPUs, MCUs, programmable DSPs, and microperipherals. Num.bers for 
microprocessors include both computational and embedded products. 

All numbers attributed to a region represent the revenue resulting from 
consumption of the specified microcomponent in that region. 

Worldwide Microcomponents 
The revenue forecast for microcomponents sold throughout the world for 
the next five years is shown in Table 3-1 according to ttie product family: 
aU microprocessors, microcontrollers, programmable digital signal proces
sors, and microperipherals. (Table 3-1 is a subset of Table 1-1.) Percentages 
are given for each product family's worldwide revenue as a portion of the 
total semiconductor worldwide revenue. 

Figure 3-1 shows each product family's revenue as a portion of the entire 
microcomponent global revenue. Figure 3-2 shows each product family's 
revenue worldwide. Figure 3-3 illustrates how the microcomponent prod
uct mix will change worldwide from 1995 to the year 2000. Figure 3-4 
compares the CAGR expected from 1995 through 2000 for sales of each 
product family globally. 

I\/ICRO-WW-MT-9604 ©1996 Dataquest 31 
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Table 3-1 
Revenue Forecast of Microcomponents Consumed in the World, by Product Family (Millions of 

Total Semiconductors in the World 

Growth (%) 

Total Microcomponents in the World 

Growth {%) 

Percentage of Semiconductors in the Woprjd 

Micro pro cessors 

Growth (%) 

Percentage of Microcomponents in the World 

Percentage of Semiconductors in the World 

Microcontrollers 

Growth {%) 

Percentage of Microcomponents in the World 

Percentage of Semiconductors in the World 

Digital Signal Processors 

Growth (%) 

Percentage of Microcomponents in the World 

Percentage of Semiconductors in the World 

Microperipherals 

Growth (%) 

Percentage of Microcomponents in the World 

Percentage of Semiconductors in the World 

1994 

110,513 

26,408 

23.9 

11,437 

43.3 

10.3 

7,517 

28.5 

6.8 

1,030 

3.9 

0.9 

6,424 

24.3 

5.8 

1995 

151,272 

36.9 

34,513 

30.7 

22.8 

14,279 

24.8 

41.4 

9.4 

10,249 

36.3 

29.7 

6.8 

1,669 

62.0 

4.8 

1.1 

8,316 

29.5 

24.1 

5.5 

1996 

136,977 

-9.4 

39,283 

13.8 

28.7 

17,130 

20.0 

43.6 

12.5 

10,640 

3.8 

27.1 

7.8 

2,223 

33.2 

5.7 

1.6 

9,290 

11.7 

23.6 

6.8 

1997 

154,605 

12.9 

45,674 

16.3 

29.5 

20,640 

20.5 

45.2 

13.4 

11,450 

7.6 

25.1 

7.4 

3,004 

35.1 

6.6 

1.9 

10,580 

13.9 

23.2 

6.8 

1998 

188,922 

22.2 

55,088 

20.6 

29.2 

24,650 

19.4 

44.7 

13.0 

13,810 

20.6 

25.1 

7.3 

3,978 

32.4 

7.2 

2.1 

12,650 
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234,9 

2 

65,9 

1 

2 

29,0 

1 

44 

12 

16,5 

19 

25 

5,1 

30 

7 

2 

15,2 

20 

23 

6 

Source: Dataquest (November 1996) 

CO 
CO 
0 5 



The Growth of IVIicrocomponents in Each Geographic Region 33 

Figure 3-1 
The World's Microcomponent Consumption Forecast Showing Product Family Revenue 

Millions of Dollars 
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Figure 3-2 
The World's Microcomponent Product Consumption Forecast 
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Microprocessors 

Microcontrollers 

Digital Signal 
Processors 

Microperipherals 

1994 1995 1996 1997 1998 1999 2000 
9GB33S 

Source: Dataquest (November 1996) 

MCRO-WW-MT-9604 ©1996 Dataquest December 16,1996 



34 Embedded Microcomponents Wortdwide 

Figure 3-3 
The World's Microcomponent Product Split, by Revenue, 1995 and 2000 
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Figure 3-4 
The World's Microcomponent Products' Compound Aimual Growth Rates, 1995-2000 
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Americas 
The revenue forecast for microcomponents consumed in the Americas for 
the next five years is shown in Table 3-2 by the product family: all micro
processors, microcontrollers, programmable digital signal processors, and 
nucroperipherals. Percentages are given for the product family's revenue 
in the Americas as a portion of all microcomponents and total seniicon-
ductor revenue in the Americas. 

Figure 3-5 shows each product family's revenue as a portion of the entire 
microcomponent revenue in the Americas. Figure 3-6 shows each product 
family's revenue in the Americas. Figure 3-7 illustrates how the microcom
ponent product mix will change in the Americas from 1995 to the year 
2000. Figure 3-8 compares the CAGR expected from 1995 through 2000 
from consumption of each product family in the Americas. 
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Table 3-2 
Revenue Forecast of Microcomponents Consumed in the Americas, by Product Family (Million 

Total Semiconductors in Aittericas 

Growth (%) 

Percentage of Worldwide Semicondiictors 

Total Microcomponents in Americas 

Growth {%) 

Percentage of Semiconductors in Americas 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microprocessors 

Growth (%) 

Percentage of Microcomponents in Americajsi 

Percentage of Semiconductors in Americas 

Microcontrollers 

Growth (%) 

Percentage of Microcomponents in Americs^-

Percentage of Semiconductors in Americas 

Digital Signal Processors 

Growth (7..) 

Percentage of Microcomponents in Americas 

Percentage of Semiconductors in Americas 

Microperipherals 

Growth (%) 

Percentage of Microcomponents in Americas 

Percentage of Semiconductors in Americas 

1994 

35,773 

32.4 

9,839 

27.5 

37.3 

8.9 

5,446 

55.4 

15.2 

1,652 

16.8 

4.6 

421 

4.3 

1.2 

2,320 

23.6 

6.5 

1995 

48,354 

35.2 

32.0 

12,430 

26.3 

25.7 

36.0 

8.2 

6,806 

25.0 

54.8 

14.1 

2,047 

23.9 

16.5 

4.2 

595 

41.3 

4.8 

1.2 

2,982 

28.5 

24.0 

6.2 

1996 

44,177 

-8.6 

32.3 

14,353 

15.5 

32.5 

36.5 

10.5 

7,930 

16.5 

55.2 

18.0 

2,240 

9.4 

15.6 

5.1 

803 

35.0 

5.6 

1.8 

3,380 

13.3 

23.5 

in 

1997 

50,440 

14.2 

32.6 

17,270 

20.3 

34.2 

37.8 

11.2 

9,880 

24.6 

57.2 

19.6 

2,380 

6.3 

13.8 

4.7 

1,130 

40.7 

6.5 

2.2 

3,880 

14.8 

22.5 

in 

1998 

62,330 

23.6 

33.0 

21,130 

22.4 

33.9 

38.4 

11.2 

11,800 

19.4 

55.8 

18.9 

3,120 

31.1 

14.8 

5.0 

1,540 

36.3 

7.3 

2.5 

4,670 

20.4 

22.1 

7.5 

19 

79,2 

27 

33 

24,9 

17 

31 

37 

10 

13,5 

14 

54 

17 

3,7 

19 

15 

4 

2,0 

31 

8 

2 

5,6 

20 

22 

7 

Source: Dataquest (November 1996) 

CO 
CO 
05 



The Growth of Microcomponents in Each Geographic Region 37 

Figure 3-5 
The Americas' Microcomponent Consumption Forecast Showing Product Family 
Revenue 

Millions of Dollars 
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Figure 3-6 
The Americas' Microcomponent Product Consumption Forecast 
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Figure 3-7 
The Americas' Microcomponent Product Split, by Revenue, 1995 and 2000 
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Figure 3-8 
The Americas' Microcomponent Products' Compound Annual Growth Rates, 1995-2000 
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Japan 
The revenue forecast for microcomponents consumed in Japan for the next 
five years is shown in Table 3-3 by the product family: all microprocessors, 
microcontrollers, programmable digital signal processors, and micrope-
ripherals. Percentages are given for the product family's revenue in Japan 
as a portion of all microcomponents and total semiconductor revenue in 
the region. 

Figure 3-9 shows each product family's revenue as a portion of the entire 
microcomponent revenue in Japan. Figure 3-10 shows each product fam
ily's revenue in Japan. Figure 3-11 illustrates how the microcomponent 
product mix will change in Japan from 1995 to the year 2000. Figure 3-12 
compares the CAGR expected from 1995 through 2000 from consumption 
of each product family in Japan. 

l\/iCRO-WW-iV!T-9604 ©1996 Dataquest December 16,1996 
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Table 3-3 
Revenue Forecast of Microcomponents Consumed in Japan, by Product Family (Millions of Dol 

Total Semiconductors in Japan 

Growth (%) 

Percentage of Worldwide Semiconductors 

Total Microcomponents in Japan 

Growth {%) 

Percentage of Semiconductors in Japan 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microprocessors 

Growth (%) 

Percentage of Microcomponents in Japan 

Percentage of Semiconductors in Japan 

Microcontrollers 

Growth {%) 

Percentage of Microcomponents in Japaij 

Percentage of Semiconductors in Japan 

Digital Signal Processors 

Growth (%) 

Percentage of Microcomponents in Japan 

Percentage of Semiconductors in Japan 

Microp eripherals 

Growth {%) 

Percentage of Microcomponents in Japan 

Percentage of Semiconductors in Japan 

1994 

31,008 

28.1 

5,603 

18.1 

21.2 

5.1 

1,247 

22.3 

4.0 

2,964 

52.9 

9.6 

166 

3.0 

0.5 

1,226 

21.9 

4.0 

1995 

42,166 

36.0 

27.9 

7,830 

39.7 

18.6 

22.7 

5.2 

1,690 

35.5 

21.6 

4.0 

4,140 

39.7 

52.9 

9.8 

274 

65.1 

3.5 

0.6 

1,726 

40.8 

22.0 

4.1 

1996 

36,574 

-13.3 

26.7 

8,260 

5.5 

22.6 

21.0 

6.0 

2,200 

30.2 

26.6 

6.0 

3,930 

-5.1 

47.6 

10.7 

350 

27.7 

4.2 

1.0 

1,780 

3.1 

21.5 

4.9 

1997 

40,476 

10.7 

26.2 

9,369 

13.4 

23.1 

20.5 

6.1 

2,580 

17.3 

27.5 

6.4 

4,280 

8.9 

45.7 

10.6 

459 

31.1 

4.9 

1.1 

2,050 

15.2 

21.9 

5.1 

1998 

48,368 

19.5 

25.6 

11,470 

22.4 

23.7 

20.8 

6.1 

3,310 

28.3 

28.9 

6.8 

5,110 

19.4 

44.6 

10.6 

590 

28.5 

5.1 

1.2 

2,460 

20.0 

21.4 

5.1 

199 

58,84 

21 

25 

14,05 

22 

23 

21 

6. 

4,20 

26. 

29. 

7. 

6,18 

20 

44. 

10. 

74 

25. 

5. 

1. 

2,93 

19. 

20. 

5. 

Source: Dataquest (November 1996) 
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Figure 3-9 
Japan's Microcomponent Consumption Forecast Showing Product Family Revenue 

Millions of Dollars 
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Source: Dataquest (November 1996) 

Figure 3-10 
Japan's Microcomponent Product Consumption Forecast 
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Figure 3-11 
Japan's Microcomponent Product Split, by Revenue, 1995 and 2000 
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Figure 3-12 
Japan's Microcomponent Products' Compound Annual Growth Rates, 1995-2000 
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Europe, Africa, and Middle East 
The revenue forecast for microcomponents consumed in the Europe, 
Africa, and Middle East region for tihe next five years is shown in Table 3-4 
by the product family: all microprocessors, microcontrollers, programma
ble digital signal processors, and microperipherals. Percentages are given 
for the product family's revenue in the region as a portion of all microcom
ponents and total semiconductor revenue in the region. 

Figure 3-13 shows each product family's revenue as a portion of the entire 
microcomponent revenue in the Europe, Africa, and Middle East region. 
Figure 3-14 shows each product family's revenue in the Europe, Africa, 
and Middle East region. Figure 3-15 illustrates how the microcomponent 
product mix will change in the region from 1995 to the year 2000. Figure 3-
16 compares the CAGR expected from 1995 through 2000 from consump
tion of each product family in the region. 
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Table 3-4 
Revenue Forecast of Microcomponents Consumed in Europe, by Product Family (Millions of D 

Total Semiconductors in Europe 

Growth (%) 

Percentage of Worldwide Semiconductors 

Total Microcomponents in Europe 

Growth (%) 

Percentage of Semiconductors in Europe 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microprocessors 

Growth (%) 

Percentage of Microcomponents in Europe 

Percentage of Semiconductors in Europe 

Microcontrollers 

Growth {%) 

Percentage of Microcomponents in Europe 

Percentage of Semiconductors in Europe 

Digital Signal Processors 

Growth (%) 

Percentage of Microcomponents in Europe 

Percentage of Semiconductors in Europe 

Microperipherals 

Growth (%) 

Percentage of Microcomponents in Europe 

Percentage of Semiconductors in Europe 

1994 

20,900 

18.9 

5,408 

25.9 

20.5 

4.9 

2,775 

51.3 

13.3 

1,431 

26.5 

6.8 

305 

5.6 

1.5 

897 

16.6 

4.3 

1995 

28,336 

35.6 

18.7 

7,001 

29.5 

24.7 

20.3 

4.6 

3,197 

15.2 

45.7 

11.3 

2,030 

41.9 

29.0 

7.2 

548 

79.7 

7.8 

1.9 

1,226 

36.7 

17.5 

4.3 

1996 

27,136 

-4.2 

19.8 

8,055 

15.1 

29.7 

20.5 

5.9 

3,700 

15.7 

45.9 

13.6 

2,300 

13.3 

28.6 

8.5 

685 

25.0 

8.5 

2.5 

1,370 

11.7 

17.0 

5.0 

1997 

29,642 

9.2 

19.2 

8,924 

10.8 

30.1 

19.5 

5.8 

3,950 

6.8 

44.3 

13.3 

2,550 

10.9 

28.6 

8.6 

874 

27.6 

9.8 

2.9 

1,550 

13.1 

17.4 

5.2 

1998 

34,951 

17.9 

18.5 

10,260 

15.0 

29.4 

18.6 

5.4 

4,410 

11.6 

43.0 

12.6 

2,920 

14.5 

28.5 

8.4 

1,120 

28.1 

10.9 

3.2 

1,810 

16.8 

17.6 

5.2 

199 

42,22 

20 

18 

12,26 

19 

29 

18 

5 

5,14 

16 

41 

12 

3,48 

19 

28 

8 

1,48 

32 

12 

3 

2,16 

19 

17 

5 

Source: Dataquest (November 1996) 
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Figure 3-13 
Europe's Microcomponent Consumption Forecast Showing Product Family Revenue 

Millions of Dollars 
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Figure 3-14 
Europe's Microcomponent Product Consumption Forecast 
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Figure 3-15 
Europe's Microcomponent Product Split, by Revenue, 1995 and 2000 
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Figure 3-16 
Europe's Microcomponent Products' Compound Annual Growth Rates, 1995-2000 
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Asia/Pacific 
The revenue forecast for microcomponents consumed in the Asia/Pacific 
region for the next five years is shown in Table 3-5 by the product family: 
all microprocessors, microcontrollers, programmable digital signal proces
sors, and microperipherals. Percentages are given for the product family's 
revenue in Asia/Pacific as a portion of all microcomponents and total 
semiconductor revenue in Asia/Pacific. 

Figure 3-17 shows each product family's revenue as a portion of the entire 
microcomponent revenue in Asia/Pacific. Figure 3-18 shows each product 
family's revenue in Asia/Pacific. Figure 3-19 illustrates how the micro-
component product mix will change in Asia/Pacific from 1995 to the year 
2000. Figure 3-20 compares the CAGR expected from 1995 through 2000 
from consumption of each product family in the region. 
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Table 3-5 
Revenue Forecast of Microcomponents Consumed in Asia/Pacific, by Product Family (Millions 

Total Semiconductors in Asia/Pacific 

Growth (%) 

Percentage of Worldwide Semiconductors 

Total Microcomponents in Asia/Padfic 

Growth (%) 

Percentage of Semiconductors in Asta/Padfic 

Percentage of Worldwide Microcomponents 

Percentage of Worldwide Semiconductors 

Microprocessors 

Growth {%) 

Percentage of Microcomponents in Asia/ParifiG 

Percentage of Semiconductors in Asia/Padfic 

Microcontrollers 

Growth (7o) 

Percentage of Microcomponents in Asia/Pacific 

Percentage of Semiconductors in Asia/Padfic 

Digital Signal Processors 

Growth C%) 

Percentage of Microcomponents in Asia/Padfic: 

Percentage of Semiconductors in Asia/Padfic 

Microperipherals 

Growth (%) 

Percentage of Microcomponents in Asia/Pacific 

Percentage of Semiconductors in Asia/Pacific 

1994 

22,832 

20.7 

5,558 

24.3 

21.0 

5.0 

1,969 

35.4 

8.6 

1,470 

26.4 

6.4 

138 

2.5 

0.6 

1,981 

35.6 

8.7 

1995 

32,416 

42.0 

21.4 

7,252 

30.5 

22.4 

21.0 

4.8 

2,586 

31.3 

35.7 

8.0 

2,032 

38.2 

28.0 

6.3 

252 

82.6 

3.5 

0.8 

2,382 

20.2 

32.8 

7.3 

1996 

29,090 

-10.3 

21.2 

8,615 

18.8 

29.6 

21.9 

6.3 

3,300 

27.6 

38.3 

11.3 

2,170 

6.8 

25.2 

7.5 

385 

52.8 

4.5 

1.3 

2,760 

15.9 

32.0 

9.5 

1997 

34,047 

17.0 

22.0 

10,111 

17.4 

29.7 

22.1 

6.5 

4,230 

28.2 

41.8 

12.4 

2,240 

3.2 

22.2 

6.6 

541 

40.5 

5.4 

1.6 

3,100 

12.3 

30.7 

9.1 

1998 

43,273 

27.1 

22.9 

12,228 

20.9 

28.3 

22.2 

6.5 

5,130 

21.3 

42.0 

11.9 

2,660 

18.8 

21.8 

6.1 

728 

34.6 

6.0 

1.7 

3,710 

19.7 

30.3 

8.6 

54 

14 

6 

3 

4 

Source: Dataquest (November 1996) 
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Figure 3-17 
Asia/Pacific's Microcomponent Consumption Forecast Showing Product Family 
Revenue 
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Figure 3-18 
Asia/Pacific's Microcomponent Product Consumption Forecast 
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Figure 3-19 
Asia/Pacific's Microcomponent Product Split, by Revenue, 1995 and 2000 
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Figure 3-20 
Asia/Pacific's Microcomponent Products' Compound Annual Growth Rates, 1995-2000 
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Appendix A 

Definitions of Terms and Regions 

Terms 

Below are some definitions that will be helpful in understanding this doc
ument better. Note that the definitions of the regions changed somewhat 
in 1996. 

Microcomponent 
Microcomponents are a category of MOS digital integrated circuits (ICs) 
made up of the microprocessor (MPU), microcontroller (MCU), program
mable digital signal processor (DSP), and microperipheral (MPR) product 
families. 

Microprocessor (MPU) 
An MPU is a MOS digital integrated circuit that includes an instruction 
decoder, arithmetic logic unit (ALU), registers, and additional logic. It 
may contain instruction, data, or unified caches, memory management 
systems, and auxiliary ALUs for floating point and other special data 
types. An MPU's functions are determined by fetching and executing 
instructions and manipulating data held in registers, internal cache, or 
external memory. MPUs operate out of external memory systems t5^ically 
ranging from 1MB to 64MB of RAM and often backed by secondary mem
ory systems (like disks). More highly integrated versions of MPUs may 
contain on-chip peripherals, interface, and support circuits. The MPU 
category includes MPUs incorporating or originating from an ASIC 
design. MPUs are divided into complex-instruction-set-computer (CISC) 
or reduced-instruction-set computer (RISC) implementations having 8-bit, 
16-bit, or 32-bit and greater word width. MPUs are designed into compu
tational applications or into embedded applications. A similar term is 
processor. 

Microcontrolier (MCU) 
This is an IC similar to an MPU, with the primary exception being that it is 
designed to operate from on-chip program and data memory (not includ
ing cache memories). MCU devices must be available with on-chip pro
gram or data store. As an option, some MCU devices can be purchased 
without on-chip memory for use during the debug and development 
phase of the system. Peripherals may be included on chip to assist in 
sophisticated input, output, and control functions. The MCU category 
includes MCUs incorporating, or originating from, an ASIC design. 
Standalone digital signal processors are not included with MCUs. 
MCUs are divided into 4-bit, 8-bit, or 16-bit and greater word width. 
All MCUs are designed into embedded applications. A similar term is 
microcomputer. 

Digital Signal Processor (DSP) 
A DSP is a programmable MOS digital integrated circuit (IC) designed 
for standalone operation, consisting of a high-speed arithmetic unit (tj^i-
cally a multiplier-accumulator unit) designed to perform complex mathe-
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matical operations such as Fourier transforms in real time to generate, 
manipulate, or interpret digital representations of analog signals. Modem 
DSPs tjrpically access multiple pieces of data in different locations of on-
chip memory over separate data paths using specialized addressing 
modes. Most DSP functions, such as the multiply-and-accumulate func
tion, complete in a single instruction clock. DSPs usually include peripher
als, which may include analog circuits like analog-to-digital converters. 
DSPs tj^ically operate on 16 or 24 bits of fixed point data or 32 bits of 
floating point data, although Dataquest does not currently subdivide 
DSPs into these categories. DSPs that have no version that can be repro-
grammed by the user in assembly language or a higher-level language are 
not included but are classified as application-specific standard products 
(ASSP) or microperipherals. DSPs integrated on-chip with an independent 
microprocessor or microcontroller are classified as either an MPU or 
MCU, respectively. All DSPs are designed into embedded applications. A 
similar term is pDSP. 

Microperipheral (MPR) 
This is a MOS digital integrated circuit (IC) that serves as a dedicated logi
cal support function to a microprocessor or microcontroller in a system. 
Microperipherals are not programmable from assembly language, 
although tihey are often highly configurable by software or electrical 
signals. This definition includes MPRs comprising more than one device, 
such as PC or core logic chipsets. The MT'R category includes MPRs 
incorporating, or originating from, an ASIC design. MPRs might be imple
mented using microprocessor, microcontroller, or digital signal processing 
elements, although this is generally not evident to the user. 

Compound Annual Growth Rate (CAGR) 
This is a measure of the growth of an industry over time. A positive 
number indicates a growing niarket. It is associated with revenue unless 
noted as units or average selling price. A five-year span is usually 
reported (N = 5). The CAGR is defined as follows and usually expressed 
as a percentage: 

CAGR = 
iValue t = N 

ValuCf_ Q 
1 

Regions 

Americas 

North America 
Includes Canada, Mexico, and the United States (50 states) 

South America 

Central America 

Japan 
Japan is the only single-country region. 
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Europe, Africa, and Middle East 

Western Europe. Includes Austria, Belgium, Derunark, Eire (Ireland), 
Finland, France, Germ.any (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, Lithuaiua, Poland, Ron\ania, the 
republics of the former Yugoslavia, and the republics of the former USSR 
(Belarus, Russian Federation, Ukraine, Georgia, Moldova, Armenia, 
Azerbaijan, Kazakhstan, Uzbekistan, Tajikistan, Kyrgyzstan, and 
Turkmenistan). 

Africa 

Middle East 

Asia/Pacific 
Includes Asia/Pacific's newly industrialized economies (NIEs) and the 
rest of Asia/Pacific regions. NIEs include Hong Kong, Singapore, South 
Korea, and Taiwan. The rest of Asia/Pacific region includes Australia, 
Bangladesh, Cambodia, China, India, Indonesia, Laos, Malaysia, 
Maldives, Myanmar, Nepal, New Zealand, Pakistan, the Philippines, Sri 
Lanka, Thailand, and Vietnam. 
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Appendix B 

Exchange Rates 
Average annual exchange rates are used for revenue history as outlined in 
Table B-1; the 1996 "average" exchange rate is extended into the 1996-to-
2000 forecast horizon. Dataquest does not forecast exchange rates. In 
Dataquest's worldwide services, revenue is reported in equivalent U.S. 
doUars. 

Table B-1 
Exchange Rates (Foreign Currency per U.S. Dollar) 

Country 

European Union (ECU) 

France (Franc) 

Germany (Mark) 

Great Britain (Pound Sterling) 

Japan (Yen) 

1995 

0.77 

4.97 

1.43 

0.63 

93.90 

1996 

0.80 

5.10 

1.50 

0.65 

108.06 

1996 U.S. Dollar 
Appreciation (%) 

3.20 

2.69 

4.77 

2.47 

15.08 

Source: Dataquest (November 1996) 
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Chapter 1 
Overview 

Microcontrollers (MCUs) are the second of four primary categories of 
microcomponent semiconductors. This report presents Dataquest's analy
sis of the microcontroller market of 1995 as well as Dataquest's forecast for 
microcontrollers over the next five years. The forecast is backed by exten
sive research and in-depth analysis of product characteristics, market 
dynamics, and end equipment. Various breakdowns of the market are 
given for classifications of 4-bit, 8-bit, and 16-bit microcontrollers, with 
tables and graphs of revenues and unit shipments given, as well as the 
applications of those microcontrollers. Trends in the marketplace are ana
lyzed, along with the conditions that will influence their outcome. 

In 1995, microcontrollers had a banner year, growing over 35 percent. For 
MCUs, 1996 has been a real mixed bag. Each vendor has its own particular 
challenges and timing, depending on its product mix and its markets and 
customers. The year should close out wilii a 3.4 percent revenue growth 
for microcontrollers, with some lagging continuing into 1997. Overall, 
microcontrollers are expected to remain a strong, growing part of the 
microcomponent product mix with a growth rate returning to well over 20 
percent. In total revenue, 16-bit and larger MCUs will grow the most and 
show the greatest change, but 8-bit MCUs will continue to dominate the 
market well into the new millennitun. If the players can tolerate the 1996 
flatness, real prosperity will return in short order. Watch for a $20 billion 
business going out of the 20th century with over 20 percent growth. 

What Does It Look Like? 
As the groceries are being unloaded from the car, one of the bags drops 
and there's a crash. Inside the damp and broken bag, the contents are 
assessed. The canned goods are OK, but they smashed some nearby 
crackers. The bread got squeezed but soon regains its original shape. The 
jar of sauerkraut is broken and has destroyed the bottom of the sack, and 
the odor is starting to permeate everything else. Of course, there are the 
eggs, and the four that didn't break are covered with so much slop that the 
whole dozen is dispatched to the garbage. 

In 1996, the bag of microcontrollers took a fall. We know we're worse off, 
but after looking around in the bag, we determine that some things are 
OK, while others are a mess. The condition of any particular business 
will depend on the application, the industry, or the region. Whether the 
imcrumbled crackers go into the cupboard or the unscrambled eggs get 
washed off will depend on the commitment of the vendor to the product, 
the market, and the ease with which replacement groceries can be 
obtained. But we're going to have a meager supper tonight. 
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It is not much easier to determine why certain goods survived the fall than 
to determine exactly how the bag got dropped. After all, it wasn't the kids 
carrying them in, and that loose tennis shoe has been there for a while. 
Perhaps it's the same reason that there's insurance. The odds are that 
things are going to go bad every once in a while, no matter how good they 
look right now. 

The year 1995 was such a boom year that everyone was simply looking up. 
Perhaps an occasional glance down might have revealed some unexpected 
hazards. The phenomenal growth in the personal computer and commu
nications industries outstripped suppliers' abilities to serve their custom
ers' needs. Protectir^ their flanks and ignoring some basic business tenets, 
customers overordered and developed backup procedures to cover any 
shortages. Excess inventory was understood to be easy to bum off, and 
pricing didn't matter as much as supply. Vendors worked feverishly to 
build and recorvfigure fab, assembly, and test facilities to improve capacity 
to supply a seemingly insatiable market. 

When a flood of unused DRAM hit the market after PC sales slowed 
before Christmas, compound effects in the semiconductor supply and 
demand system turned the entire industry upside down. OEMs found too 
many PCs in the channel and on their docks. They stopped ordering chips 
to build PCs they didn't need to build. They pushed their subsystem sup
pliers to quit shipping the disk drives, monitors, and sound cards they 
didn't need. OEMs pushed their subsystem suppliers to slow down but to 
remain ready to ship more units on a moment's notice. Subsystem manu
facturers didn't want to hold too much inventory, so they pushed back on 
their chip suppliers to ship fewer chips but to be ready to restart supply at 
any time. 

Where do semiconductor suppliers have to turn? Stop turning the cranks 
in the fabs. Eventually they slow or stop building the new fabs. Stop 
ordering the new steppers and ion implanters. Delay the delivery of the 
testers. Rebalance the product mix in the fabs. Reestablish tight expense 
controls. People are affected. Applied Materials Inc. and other equipment 
suppliers are similarly affected. Dig in—it's going to be a tough year. 

How does this affect microcontrollers? Other segments get spooked by the 
well-publicized events in the data processing industry and take a reality 
check. First, the applications in the data processing industry are affected, 
some severely. As ttie semiconductor industry goes through its shrinking 
pains. Wall Street and other industries take note. As supply frees up, other 
application segments become flush with incoming chips. But management 
awakens to the dominoes falling in the data processing industry and 
revamps its own purchasing policies. Management scrutinizes channel 
inventories. Makes chip inventories leaner. Matches purchase orders more 
closely with declining lead times. And listens carefully for vendors offer
ing price decreases. Eventually, all the segments are affected because of 
fear, because of the balances of supply and demand, and because this 
really is a cyclical business. 
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How^ever, the most perplexing aspect to understand about the business 
cycle of 1996 is that the global economy is still in very good health, and 
electronic equipment in general is still in pretty good demand. There is no 
global recession, no masses of unemployed workers, no inadequate sup
ply of money to borrow. The demand for the end equipment still seems to 
be there. Dataquest has no magic answer tied to normal outside economic 
factors to describe why semiconductors, or even microcomponents specif
ically, are in the slump they are. But we also have no fundamental reason 
to radically change the long-term outlook for microcomponents. 

There has been an ever-increasing niunber of vendors coming into the 
microprocessor and microcontroller business. Its high growth and 
reported profits have attracted the attention of the stock market, captive 
and specialty semiconductor manufacturers, DRAM manufacturers, RISC 
vendors, and total newcomers. Existing MCU vendors add architectures 
between former product lines to fill any cracks. Every one of these vendors 
targets a given piece of tlie pie. Although the pie grows from year to year, 
the targeted shares still add up to greater than 100 percent. As it is in Texas 
when the deer population grows unchecked, the food source is spread 
more thinly over the larger population, and the weak animals do not sur
vive. Unfortunately, the stronger ones suffer, as well, until the natural thin
ning of the population is completed. It may be time for a thinning of the 
deer in microcomponents. 

Care with Definitions 
The w^ords "microcontroller" and "embedded control" are used rather 
loosely in our industry. All too frequently they are used very inconsis
tently, especially from vendor to vendor. Dataquest strives to use the terms 
microcontroller and mia-oprocessor (MPU) according to very specific defi
nitions and encourages vendors, users, and spokespersons to do the same. 
Appendix A at the end of this document includes ti\e definition of micro
controllers as Dataquest uses it. This document forecasts the use of micro
controllers only according to that definition. The reader should 
understand this definition in order to make proper use of the information 
included here. Note that the outlook for microprocessors is available in the 
Dataquest document Microprocessor Forecast and Embedded Microprocessor 
Trends through the Year 2000, MCRO-WW-MT-9602, September 23,1996. 

MCRO-WW-MT-9603 ©1996 Dataquest October 14,1996 



Chapter 2 
1995—A Memorable Year for Microcontrollers 

Microcontrollers had their best year ever in 1995, growing 36.4 percent in 
revenue and 18.7 percent in unite. That may be a hard year to beat, and 
1996 will not do it. Motorola Inc. held its position as the No. 1 MCU 
vendor, slipping slightly to just under 18 percent market share (see Table 
2-1 and Figure 2-1.) NEC lost a little more ground in its second-place slot 
with a 15.2 percent share, dropping almost 2 percent. Hitachi Ltd. becomes 
a strong third-place ruruier in microcontrollers with big gains in ifa 
microcontroller-classed 32-b:t RISC, the SH-1. Hitachi and Miteubishi 
Corporation actually made the highest gains near the top of the pack, with 
80 percent and 44 percent growth, respectively. Intel Corporation is in the 
top five MCU vendors, rnosdy on the strength of ite 16-bit 196 product 
line. Further down in overall MCUs, the 8051 contingent made some sig
nificant gains in market share, outpacing the total average. Oddly, the top 
five vendors grew much less than the average for all MCUs, and much 
higher gains were found in the lower portions of the rankings. 

Table 2-1 
Leading MiCTOController Vendors by Revenue (Millions of U.S. Dollars) 

1995 Rank 
1 
2 
3 
4 
5 

1994 Rank 
1 Motorola 
2 NEC 
5 Hitachi 
3 Mitsubishi 
4 Intel 

1994 Revenue 
1,424 
1,275 

577 
637 
600 

1995 Revenue 
1,838 
1,554 
1,038 

918 
670 

Change (%) 
29 
22 
80 
44 
12 

1995 Market Share (%) 
17.9 
15.2 
10.1 
9.0 
6.5 

Source: Dataquest (Septemberl996) 

Figure 2-1 
Leading Microcontroller Vendors' 1995 Market Share by Revenue 
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There is not only one formula for becoming a successful microcontroller 
vendor. Figure 2-2 illustrates the makeup of the top five vendors' micro
controllers, looking at word width. Motorola clearly has a dominant role 
in 8-bit MCUs, and neither Motorola nor Intel has 4-bit MCUs on the mar
ket. The Japanese companies, with almost a lock on 4-bit MCUs, have 
products in all three categories. NEC looks to be the most balanced, but 
Mitsubishi actually has the closest profile to that of all the microcontrollers 
sold (as shown in Figure 2-3.) Figure 2-3 also shows that a greater number 
of lower-prited 4-bit products must be manufactured for each 4-bit dollar 
received. The 8-bit MCUs clearly still dominate the market in both volume 
and in revenue. 

Note that data for some of the graphs in this document is found in tables 
in Dataquest's document 1995 Microcontroller Market Share and Shipments, 
MCRO-WW-MS-9602, May 27,1996. 

Figure 2-2 
Word Width of Leading Microcontroller Vendors' Product Portfolio by Revenue 
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Figure 2-3 
Word Width of All Microcontrollers 
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The 4-Bit Microcontroller under Pressure 
The 4-bit MCU, the lowest-cost, highest-volume microcomponent family, 
is in the throes of stagnation. Earlier, 1994 had been expected to be a peak 
year, but strong growth in MCUs in the mid-1990s brought 4-bit MCtfs 
strong growth as well. Growth in 4-bit MCUs in 1995 turned out to be not 
as strong as anticipated but still came in at a good 14 percent. However, 
bad years for markets tend to precipitate change, especially for the older 
technologies. The market of 1996 could be just the set of conditions to send 
4-bit MCUs on a permanent downward glide. 

Certainly there is an abundance of applications in which minimal process
ing power is required, and indeed this is a necessary area for growth and 
feeding the bottom of the pyramid of performance and volume charts. But 
with most 4-bit vendors located in Japan and focusing their selling in that 
region, there is limited exposure of 4-bit MCUs outside that area. Also 
available for under $1, 8~bit MCUs tend to offer a greater performance 
range and better architectural compatibility, while being marketed world
wide. Some new 8-bit chips have been introduced to address lower-cost 
needs specifically, but Dataquest believes that more products should be 
marketed into this bottom end of the MCU/MPU food chain, whether 
they are 4-bit or 8-bit, to assure continued growth of embedded 
applications. 
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There were some shifts in vendors in the 4-bit MCU category, as Toshiba 
Corporation jumped from a No. 4 position in 1994 to a No. 2 position in 
1995 (see Table 2-2). Mitsubishi and Hitachi dropped a position. Higher 
average selling prices (ASPs) kept Hitachi and Matsushita out of the top 
five vendors ranked by unit volume (see Table 2-3). Sanyo Electric Com
pany and Sharp Electronics Corporation came out of their No. 6 and No. 7 
revenue positions to hold No. 5 and No. 2 unit rankings in 1995. The 
majority of the market for 4-bit MCUs is in Japan, with Asia/Pacific as a 
distant second. Figure 2-4 shows the top 4-bit microcontroller vendors by 
revenue. 

Table 2-2 
Leading 4-Bit Microcontroller Vendors by Revenue (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 

1994 
Rank 

1 NEC 
4 Toshiba 
2 Mitsubishi 
3 Hitachi 

5 Matsushita 

1994 Revenue 
422 
129 
192 

139 
105 

1995 Revenue 
506 
208 
157 
126 
111 

Change (%) 
20 
61 

-18 
-9 
6 

1995 Market Share (%) 
30.2 
12.4 
9.4 
7.5 
6-6 

Source: Dataquest (September 1996) 

Table 2-3 
Leading 4-Bit Microcontroller Vendors by Units (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 

1994 
Rank 

1 NEC 
2 Sharp 
3 Toshiba 

4 Mitsubishi 
5 Sanyo 

1994 Units 
308,000 
128,000 
114,700 
79,860 
70,240 

1995 Units 
331,000 
127,300 
109,100 
95,500 
88,220 

Change(%) 
7.5 

-0.5 
-4.9 
19.6 
25.6 

1995 Market Share (%) 
31.4 

12.1 
10.3 
9.0 
8.4 

Source: Dataquest (September 1996) 
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Figure 2-4 
Leading 4-Bit Microcontroller Vendors' 1995 Market Share by Revenue 

/ All Others 
/ (33.9%) 

Matsushita (6.6%)-— ^ ^ l 

Hitachi (7.5%) — ' 

^̂ ^̂ ^ 

NEC \ 
(30.2%) 1 

\ Toshiba j » 
\ ( 1 2 . 4 % ) ^ 

^̂ — Mitsubishi (9.4%) 

366532 

Source: Dataquest (September 1996) 

Mainstream 8-Bit IVIicrocontrollers 
The plethora of 8-bit microcontrollers available from 30 or more vendors 
makes up 62.6 percent of the revenue and 56.8 percent of the units of all 
microcontrollers sold. Although 16-bit and up MCUs will erode those per
centages, traditional 4-bit applications will move to 8-bit, and 8-bit MCUs 
will continue to be the dominant category of MCUs. The variety and com
binations of peripherals and memory configurations of 8-bit MCUs con
tinue to increase, addressing more narrowly defined markets and specific 
customers. 

Motorola continues to dominate the 8-bit MCUs, so much so that it also 
dominates the total microcontroller category. Its manufacturing capabili
ties and broad product range work well witti its pervasive 6805 core archi
tecture to make it a tough competitor (see Table 2-4 and Figure 2-5.) NEC 
maintained its No. 2 rating. In 1995, Europe's Philips Electronics NV 
showed a gain of over 50 percent in 8-bit revenue, far outpacing the aver
age. Philips, with a jump in its 8051 products, took the No. 3 position, 
passing Hitachi and Mitsubishi. 

In the rankings of 8-bit units shipped (see Table 2-5) Motorola commands a 
huge lead. A much lower ASP lets Mitsubishi take second place from 
NEC. There are many vendors that hover around the 100 million units per 
year mark, and there are a dozen more that range between 20 million and 
50 million units. Microchip Technology Inc. appeared in the top five by 
volume this past year with continued revenue gains and an extremely low 
ASP (under $2). 
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Table 2-4 
Leading 8-Bit Microcontroller Vendors by Revenue (Millions of U.S. Dollars) 

1995 
Rank 

1 

2 

3 

4 

5 

1994 
Rank 

1 Motorola 

2 NEC 

5 Philips 

3 Mitsubishi 

4 Hitachi 

1994 Revenue 

1,369 

554 

340 

371 

352 

1995 Revenue 

1,620 

675 

519 

464 

421 

Change(%) 

18 

22 

53 

25 

20 

1995 Market Share (%) 

25.3 

10.5 

8.1 

7.2 

6.6 

Source: Dataquest (September 1996) 

Figure 2-5 
Leading 8-Bit Microcontroller Vendors' 1995 Market Share by Revenue 

Philips (8.1%) 

Hitachi (6.6%) 

^— Mitsubishi (7.2%) 

966533 

Source: Dataquest (September 1996) 

Table 2-5 
Leading 8-Bit Microcontroller Vendors by Units (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

1994 
Rank 

1 Motorola 

2 Mitsubishi 

3 NEC 

4 Philips 

6 Microchip 
Technology 

1994 Units 

420,286 

91,552 

89,800 

83,000 

68,023 

1995 Units 

481,595 

130,452 

107,500 

103,051 

101,900 

Change (%) 

14.6 

42.5 

19.7 

24.2 

49.8 

1995 Market Share (%) 

28.5 

7.7 

6.4 

6.1 

6.0 

Source: Dataquest (September 1996) 
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16-Bit and Larger Microcontrollers Continue to Grow 
The high-end category of microcontrollers continues to grow by greater 
margin than the MCU category overall. A nearly 50 percent unit growth 
over 1994 was surpassed by a 100 percent revenue growth in 16-bit and up 
MCUs. The higher prices and higher margins of these high-end products 
entice vendors to both develop products in this category and promote 
them heavily for existing accounts and new markets. The emergence of 
some 32-bit MCUs, such as the Hitachi SH-1, also contributes to the gains 
in the category. Most vendors are satisfied to offer a 16-bit product that is 
nearly compatible with their 8-bit MCUs, touting the virtues of their archi
tecture and similarities in the development tools. However, when the 16-
bit parts are not object code-compatible with their 8-bit cousins, it leaves 
an opportunity for other vendors and architectures to serve the 16-bit and 
up market. Some 32-bit MPU and RISC vendors are eyeing the 16-bit and 
32-bit MCU market as expansion areas and can tout their upward growth 
path. The 16-bit products inspired by 8-bit MCUs need a strong case for 
architectural compatibility to ward off those coming from above. 

Hitachi has taken the prime position among the 16-bit and up MCU 
vendors on the success of its SH-1 in video games and digital cameras. 
Intel, NEC, and Mitsubishi held on with their respective 16-bit MCUs in 
disk drives (magnetic and optical), although this area has drawn the atten
tion of many forms of microcomponents: MCUs, MPUs, digital signal pro
cessors (DSPs), and combinations. VCRs and cellular and similar phones 
have also increased the use of 16-bit MCUs. In 16-bit MCUs, Mitsubishi 
has grown the most in the last year, but the vendors in this category are 
expected to multiply, grow, and change in position regularly as tiie market 
develops further (see Tables 2-6 and 2-7 and Figure 2-6). Fujitsu Ltd. hit it 
big in unit volume for 16-bit MCUs, shipping a large quantity to the disk 
drive industry, as well. 

Table 2-6 
Leading 16-Bit Microcontroller Vendors by Revenue (Millions of U.S. Dollars) 

1995 Rank 

1 

2 

3 

4 

5 

1994 Rank 

3 

1 

2 

4 

5 

Hitachi 

Intel 

NEC 

Mitsubishi 

Motorola 

1994 Revenue 

86 

350 

299 

74 

55 

1995 Revenue 

491 

391 

372 

297 

218 

Change (%) 

471 

12 

25 

301 

296 

1995 Market Share (%) 

22.7 

18.1 

17.2 

13.7 

10.1 

Source: Dataquest (September 1996) 

Table 2-7 
Leading 16-Bit Microcontroller Vendors by Units (Thousands of Units) 

1995 Rank 

1 

2 

3 

4 

5 

1994 Rank 

2 Hitachi 

4 Mitsubishi 

1 Intel 

3 NEC 

7 Fujitsu 

1994 Units 

36,600 

25,200 

41,000 

30,880 

2,700 

1995 Units 

52,513 

48,450 

46,500 

36,800 

14,770 

Change(%) 

43.5 

92.3 

13.4 

19.2 

447.0 

1995 Market Share (%) 

22.8 

21.1 

20.2 

16.0 

6.4 

Source: Dataquest (September 1996) 
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Figure 2-6 
Leading 16-Bit Microcontroller Vendors' 1995 Market Share by Revenue 

966534 

Source: Dataquest (September 1996) 

i 

i 
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> 
Regions 

The distribution of microcontroller sales over the four regions of the world 
show that 4-bit MCUs are primarily consumed in Japan, with Asia/Pacific 
being the only other region with a sizable market, as shown in Figure 2-7. 
However, little 4-bit product is used in Europe, and even less in the Amer
icas; 8-bit MCUs make up the bulk of MCUs sold in every region. The 
greatest 16-bit and up MCU consumption occurs in Japan, with reasonable 
quantities shipped into the other three regions as well. The building of 
optical and magnetic disk/disc drives in Japan contributes to this weight
ing. Caution must be exercised in looking at regional distribution of micro-
components. Much of the decision-making and design activity for micro-
based applications may take place in a country quite different from where 
the eventual product is built. Therefore, design-in resources and field 
applications engineers may need to be located in different regions than the 
countries printed on the parts shipper (as shown also in Figure 2-3). 

Figure 2-7 
1995 Regional Revenue of Microcontrollers by Word Width 

Millions of Dollars 

4,500 -jT 

> 

Americas Japan Europe Asia/Pacific 
966535 

Source: Dataquest (September 1996) 

> 
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^ Chapter 3 

Microcontrollers—The Outlook 

Let's Get through 1996 
For most vendors, 1996 is going to close out as a slow year. Many will see 
revenue lower than in 1995. Others will be over 1995. Some saw a slump 
early in 1996, while others have only begun to see the slowdown. Some 
feel that the corner has been turned, while others expect the slowdown to 
continue into the first quarter of 1997 before sales return to normal levels, 
and still others have returned to a fairly healthy business. Some will see 
regional variation, but others will attribute it more to certain applications. 
Distributors and the smaller customers they serve went very soft and have 
stayed there. On the other hand, some have seen their largest customers 
provide some reasonable stability while the smaller customers frittered 
away. 

Automobile production has remained stable, and with increasing use of 
MCUs in cars, that segment has been strong for MCUs. Long design-in 
cycles, harsh environmental conditions, high reliability requirements 
(imagine an automobile grinding to a halt as frequently as the PC crashes), 
and some very well-entrenched vendors make it a challenge for new archi
tectures to make iiuroads into the transportation segment. In the data pro
cessing segment, business is moderate in the more stable areas like 
keyboards, mice, and monitors, but at the cutting edge of the latest disk 
drive, slower MCUs have had difficulty keeping up with last year's reve
nue as OEMs do not want to overbuild last month's technology. The com
munications segment is still good. Even though the cellular and pager 
marketplace has become slightly saturated and highly competitive, sales 
are still brisk and growing. 

The consumer applications are varied. Some sales in Europe and the 
Americas are slow for traditional consumer electronics. But the video 
game segment has been strong, with many new high-end games being 
introduced and promoted in 1996, so MCUs and MPUs in those are doing 
quite well. Smart cards are blossoming, especially in Europe, and should 
almost double in 1996. Companies like Motorola and SGS-Thomson 
Microelectronics, which have invested many years in this industry, should 
do a booming business there. (For more details, see the Dataquest docu
ment The Exploding Market for Chip Card Semiconductors, SAMM-WW-FR-
9602, July 29,1996.) DVD is having trouble getting started as anticipated in 
1996 as all the aspects of this promising technology struggle to come 
together. 

In these times of lower revenue, the vendors with the closest relationships 
with their customers will weather the storms the best. Keeping on top of 
the ebbs and flows of each customer's needs will allow vendors to keep 
their production at the right pace. Because the ups and downs in MCUs 
appears to be quite varied over regions, applications, and vendors, it is 
very likely that microcontrollers will avoid some of the start-up difficulties 
that plague semiconductor vendors when the market turns back on. But 
some caution should be exercised in this regard, or lead times could shoot 
back out to 26 weeks and a supply shortage could result. 

MCRO-WW-MT-9603 ©1996 Dataquest 15 



16 Embedded Microcomponents Worldwide 

Also, during 1996, additional price erosion is expected as vendors attempt 
to encourage sales and to elbow their way into competitors' designs. Some 
of these price declines may not take effect or affect shipments until 1997 
but will set the pace for the next year or so. The products with the highest 
prices are those with the greatest opportunity for shaving margins, so 
flash and other nonvolatile memory-based MCUs are the most likely to 
drop in price. More competition in the 16-bit and up market will slim 
down those prices. A market going through turmoil is a ripe opportunity 
for repositioning and changes in the players and ranking. 

The Out Years 
The MCU category with the most uncertainty in the coming years is the 
16-bit and up microcontrollers, because this category is still developing. 
Make no mistake, it is a growing marketplace. The question is how fast 
and in what way. The products offered (supply) influence the growth of 
the market as much as the applications that need (demand) the products. 

More vendors are coming out with higher-performance (read: greater 
word width) MCUs. Some of these are 16-bit extensions of the 8-bit MCUs 
like the 68HC16 or the 8051XA and 251. Others are 32-bit MCUs, which 
often are squeezed versions of RISC processors or ASIC-like variants of 
microprocessors that grew some program ROM. Mitsubishi has started 
putting significant DRAM on a 32-bit processor (or maybe it's adding the 
32-bit processor onto a sizable DRAM). Does this last product get classi
fied as an MCU or an MPU? It is not a standalone device, so it sounds 
more like a microprocessor that is ultimately dependent on an external 
memory system. 

Certainly, the price of each 16- or 32-bit MCU will decline over time, but 
with so many new 16-bit and even more expensive 32-bit MCUs being 
added to the category, the ASP could climb radically. Flash and one-time 
programmable ROM is not as attractive in price on the larger memory 
devices, so this, too, could skew ASR Certainly, as more horsepower is 
available in 32-bit MCUs, some high-volume applications could appear 
that provide a step-function increase in the volume of this upper category. 
The result is that the ASP and the cumulative volume of each part is 
bound to cause the revenue to fluctuate in a way that is difficult to predict. 
Therefore, future forecasts of this market may change quite a bit from 
today's forecast, 

After the softness that microcontrollers will see in 1996 and the beginning 
of 1997, the MCU market is expected to return to nearly the previously 
forecast growth rate. However, some of the heady optimism has been tem
pered. Unfortunately, a down year in year one v^U severely curtail the 
final number in year five (as any investor or retirement planner will 
quickly tell you). The time of low demand also hurts the ASP, which fur
ther lowers total revenue. This now delays the $20 billion microcontroller 
year until the year 2000. However, this will mean that microcontrollers 
will leave the 20th century at $20 billion—what a nice, convenient pair of 
numbers. (This assumes tiie 20th century ends on December 31, 2000, 
rather than December 31,1999—a topic of some debate!) 

The data presented in Table 3-1 and Figure 3-1 for unit volume and in 
Table 3-2 and Figure 3-2 for revenue represents Dataquest's current fore
cast of the worldwide 4-bit, 8-bit, and 16-bit and greater microcontroller 
market. 
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Table 3-1 
Microcontroller Unit Forecast by Word Width through the Year 2000 
(Thousands of Units) 

1994 

All Microcontrollers 

Units 2,503,974 

Growth (%) 

4-bit MCUs 

Units 999,437 

Growth (%) 

Percentage of Total 

8-bit MCUs 

Units 1,350,048 

Growth (%) 

Percentage of Total 

16-Bit and Up MCUs 

Units 154,489 

Growth (%) 

Percentage of Total 

1995 

2,972,955 

18.7 

1,055,674 

5.6 

35.5 

1,687,359 

25.0 

56.8 

229,922 

48.8 

7.7 

1996 

3,150,000 

6.0 

1,000,000 

-5.3 

31.7 

1,810,000 

7.3 

57.5 

335,000 

45.7 

10.6 

1997 

3,530,000 

12.1 

953,000 

-4.7 

27.0 

2,110,000 

16.6 

59.8 

470,000 

40.3 

13.3 

1998 

4,210,000 

19.3 

931,000 

-2.3 

22.1 

2,620,000 

24.2 

62.2 

664,000 

41.3 

15.8 

1999 

5,000,000 

18.8 

927,000 

-0.4 

18.5 

3,220,000 

22.9 

64.4 

857,000 

29.1 

17.1 

2000 

6,030,000 

20.6 

853,000 

-8.0 

14.1 

4,100,000 

27.3 

68.0 

1,080,000 

26.0 

17.9 

CAGR (%) 
1995-2000 

15.2 

-4.2, 

19.4 

36.4 

Source: Dataquest (September 1996) 

Figure 3-1 
Microcontroller Unit Forecast by Word Width through the Year 2000 
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Source: Dataquest (September 1996) 
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Table 3-2 
Microcontroller Revenue Forecast by Word Width through the Year 2000 
(Millions of Dollars) 

All MCUs 

Revenue 

Growth (%) 

4-Bit MCUs 

Revenue 

Growth (%) 

Percentage of Total 

8-Bit MCUs 

Revenue 

Growth (%) 

Percentage of Total 

16-Bit and Up MCUs 

Revenue 

Growth (%) 

Percentage of Total 

1994 

7,517 

1,472 

4,965 

1,080 

1995 

10,255 

36.4 

1,679 

14.1 

16.4 

6,415 

29.2 

62.6 

2,161 

100.1 

21.1 

1996 

10,600 

3.4 

1,360 

-19.0 

12.8 

6,540 

1.9 

61.7 

2,740 

26.8 

25.8 

1997 

11,500 

8.5 

1,160 

-14.7 

10.1 

6,770 

3.5 

58.9 

3,530 

28.8 

30.7 

1998 

13,800 

20.0 

1,020 

-12.1 

7.4 

8,050 

18.9 

58.3 

4,740 

34.3 

34.3 

1999 

16,500 

19.6 

924 

-9.4 

5.6 

9,630 

19.6 

58.4 

5,960 

25.7 

36.1 

2000 

20,000 

21.2 

765 

-17.2 

3.8 

11,800 

22.5 

59.0 

7,450 

25.0 

37.3 

CAGR (%) 
1995-2000 

14.3 

-14.5 

13.0 

28.1 

Source: Dataquest (September 1996) 

Figure 3-2 
Microcontroller Revenue Forecast by Word Width through the Year 2000 
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Source: Dataquest (September 1996) 
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Microcontroller Applications 
As mentioned above, the applications for microcontrollers range from TV 
remote controls to automotive engine control, from precision disk drive 
spindles to air conditioning systems, from maintenance troubleshooting 
ports to cellular telephone supervision and control. The forecast of the dis
tribution of 8-bit MCU sales across the industry's application segments is 
presented in Table 3-3 and Figure 3-3, with information on the 16-bit seg
ment given in Table 3-4 and Figure 3-4. 

Table 3-3 
8-Bit Microcontroller Revenue Forecast by Application Segment (Millions of Dollars) 

Data Processing 

Communications 

Consumer 

Transportation 

Industrial 

Military/Civil Aerospace 

Total 

1994 

683 

1,426 

1,477 

1,303 

66 

9 

4,965 

1995 

1,055 

1,886 

1,737 

1,645 

81 

11 

6,415 

1996 

1,080 

1,790 

1,740 

1,830 

81 

11 

6,540 

1997 

1,080 

1,750 

1,790 

2,060 

83 

11 

6,770 

1998 

1,380 

2,070 

2,060 

2,440 

97 

12 

8,050 

1999 

1,790 

2,450 

2,390 

2,870 

115 

14 

9,630 

2000 

2,410 

2,940 

2,900 

3,390 

142 

17 

11,800 

CAGR (%) 
1995-2000 

18.0 

9.3 

10.8 

15.6 

11.8 

8.4 

13.0 

Note: Numbers may not add to totals shown because of rounding. 
Source: Dataquest (September 1996) 

Figure 3-3 
8-Bit Microcontroller Revenue Forecast by Application Segment 
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Table 3-4 
16-Bit Microcontroller Revenue Forecast by Application Segment (Millions of Dollars) i 
Data Processing 

Communications 

Consumer 

Transportation 

Industrial 

Military/Civil Aerospace 

Total 

1994 

299 

221 

195 

348 

13 

3 

1,080 

1995 

686 

442 

349 

653 

24 

6 

2,161 

1996 

905 

530 

385 

889 

25 

6 

2,740 

1997 

1,180 

671 

442 

1,200 

28 

7 

3,530 

1998 

1,700 

892 

564 

1,550 

36 

9 

4,740 

1999 

2,280 

1,100 

673 

1,860 

44 

10 

5,960 

2000 

3,060 

1,330 

809 

2,190 

54 

12 

7,450 

CAGR (%) 
1995 -2000 

34.8 

24.6 

18.3 

27.4 

17.6 

14.0 

28.1 

Note: Numbers may not add to totals shown because of rounding. 
Source: Dataquest (September 1996) 

Figure 3-4 
16-Bit Microcontroller Revenue Forecast by Application Segment 
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^ Appendix A 

Definitions 

Definitions 
Below are some definitions that will be helpful in understanding this 
document better. Note that the definition of word width changed some
what in 1996. 

Microcontroller (MCU): An MCU is a MOS digital integrated circuit (IC) 
designed for standalone operation that includes a programmable process
ing tmit, program memory, read/write data memory, and some input/out
put capability. The processing unit contains an instruction decoder, 
arithmetic logic unit (ALU), registers, and additional logic. The MCU's 
functions are determined by fetching and executing instructions and 
manipulating data held in on-chip program and data memory (not includ
ing cache memories). MCU devices must be available with on-chip pro
gram or data store. As an option, some MCU devices can be purchased 
without on-chip memory for use during the debug and development 
phase of the system. Peripherals may be included on-chip to assist in 
sophisticated input, output, and control functions. The MCU category 
includes MCUs incorporating, or originating from, an ASIC design. 
Standalone digital signal processors are not included with MCUs. MCUs 
are divided into 4-bit, 8-bit, or 16-bit and greater word width. All 
MCUs are designed into embedded applications. A similar term is 
microcomputer. 

Word width: The width, in bits, of the on-chip integer unit. This measure
ment is independent of the data bus width or any other bus associated 
with the device. Wider and narrower data types might be operated on by 
the processor, with multiple passes tlirough tiie ALU or special hardware. 
Most microcontrollers are 4 bits, 8 bits, or 16 bits wide. A similar term is bit 
size. 

Embedded applications: All microcontrollers are considered to be in 
embedded applications. Embedded applications of microcomponents are 
designed to perform a fixed set of functions once the system is shipped 
from the manufacturer. Those functions typically define the end product. 
The system may be reconfigurable by the end user but carmot be repro-
grammed by a high-level language such as BASIC or FORTRAN. Usually 
file end user would not even know what type of processor was in the 
equipment. 

The processor will typically ran a real-time operating system (though real 
time is not a requirement, nor is any operating system) and a set of instruc
tions that perform functions critical to the operation of the end product. 
Programs run by the processor may perform system monitoring, system 
control, data processing, peripheral interfacing, data movement, or motion 
control, among other functions. Programs usually exist in ROM, although 
they may load from secondary storage, such as disks. Each microcontroller 
in file system typically has a fairly narrow range of responsibilities. 
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Examples of embedded applications are many and varied but include 
feature phones, cellular phones, cellular infrastructure, telephone 
switches, bridges, routers, networking cards, modems, video games, 
arcade games, cameras, camcorders, VCRs, satellite receivers, remote con
trols, audio equipment (personal, home, and professional), keyboards, 
disk drives, CD drives, laser printers, other computer peripherals, medical 
instruments, motor control, industrial process control, robotics, engine 
control, airbags, antilock braking systems, and global positioiung systems. 

Unit shipments: This is the volume or number of finished units shipped 
by manufacturers to users, equipment manufacturers, or distributors. The 
units must include operating silicon and are generally assembled into 
packages, tested, and shipped in protective packaging. A manufacturer's 
own inventory is not included. A similar term is units or volume. 

Revenue: This is the total revenue value of the finished units shipped by 
manufacturers to users or distributors. In Dataquest's worldwide services, 
revenue is reported in equivalent U.S. dollars unless otherwise noted. 

Compound annual growth rate (CAGR): This is a measure of the growth 
of an industry over time. A positive number indicates a growing market. It 
is associated with revenue unless noted as units or ASP. A five-year span is 
usually reported (N = 6). CAGR is defined as follows and usually 
expressed as a percentage: 

lvalue, _fj 
CAGR = ., , i ^ - 1 

N-l 
Value r = 1 

Exchange rates: Average annual exchange rates are used for revenue his
tory as outlined in Table A-1; the 1996 "average" exchange rate is extended 
into the 1996-2000 forecast horizon. Dataquest does not forecast exchange 
rates. 

Table A-1 
Exchange Rates (U.S. Dollars) 

Country 
European Union (ECU) 
France (Franc) 
Germany (Mark) 

Great Britain (Pound) 
Japan (Yen) 

1994 Rate 
0.84 
5.54 
1.62 

0.65 
101.81 

1995 Rate 
0.77 
4.97 

1.43 

0.63 
93.90 

1996 Rate 
0.80 

5.08 
1.49 

0.65 
107.38 

U,S. Dollar 
Appreciation 

(%) 1996 
2.90 
2.24 
4.18 
2.67 

14.35 
Source: Dataquest (Septemt>er 1996) 
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Chapter 1 

Overview 
Microprocessors are one of four primary categories of microcomponent 
semiconductors. This report presents Dataquest's forecast for the micro
processor market over the next five years, with special attention on those 
microprocessors going into embedded application markets. This forecast 
is backed by extensive research and in-depth analysis of product charac
teristics, market dynamics, and end equipment. Various breakdowns of 
the market are given for classifications of 8-bit, 16-bit, 32-bit complex-
instruction-set computers (CISC) and 32-bit reduced-instruction-set com
puters (RISC) microprocessors. Tables and graphs of revenue, unit ship
ments, and average selling prices (ASPs) are given for embedded as well 
as for the total microprocessor market. Particular microprocessor architec
tures are spotlighted where they are sufficiently significant, although not 
all architectures are itemized. Trends in the marketplace are analyzed, 
along with the conditions that will influence their outcome. 

Highlights of the Forecast 
In 1995, the microprocessor market grew 34 percent in dollars over 1994. 
Computational microprocessors made up 30 percent of the units and a 
whopping 89 percent of the revenue of all microprocessors, with the 
Pentium making up the lion's share. Microprocessors in embedded appli
cations grew 41 percent in revenue in 1995. 

But 1996 is going to be a tougher year for the industry. Computing micro
processors will grow 19 percent to 20 percent, while embedded micropro
cessors are expected to be fairly flat. The optimism that overcame the 
industry in the last few years caught up to it at the begirming of this year, 
and it will take the duration of the year for it to even out. Although the 
downturn is expected to reasonably short-lived, it will cause some turmoil 
at most vendors and will refresh the memory of its leaders about how 
volatile this market can be. 

With a somewhat tempered optimism, the forecast is still looking very 
promising for embedded microprocessors, with an overall 12 percent to 
15 percent growth rate for the latter four years of the forecast period, 
growing to over $3 billion. Some markets and products will experience 
growth of 20 percent and higher—much higher in emerging markets. The 
digital revolution in performance-demanding consumer-oriented applica-
tior\s such as set-top boxes, which is coming sooner than expected, could 
pull the overall numbers up. 

Prices of embedded microprocessors are expected to increase with the 
trend to more highly integrated processors. Each piece of the system 
pulled onto the processor allows a little more money to be charged for the 
chip. Overall ASPs for embedded microprocessors, however, will stay in 
the range of $10 to $25, and price pressure will keep manufacturers on 
their toes. 

The attraction to computing microprocessors is the overwhelming amount 
of money spent on PC CPUs. Unfortunately, that money has eluded 

MCRO-WW-MT-9602 ©1996 Dataquest 



Embedded Microcomponents Worldwide 

almost everyone who has reached for it, other than Intel and Motorola 
and, now, IBM. The opportunity for failure while chasing Intel in this mar
ket is great. 

From a vendor point of view, the interest in embedded microprocessors is 
in the opportunity for success. Although the market is smaller, it is not 
locked up with one primary architecture. There is a vast array of applica
tions witii healthy volumes and more high-powered applications coming. 
These applications may have favored architectures, but the ability to over
take the incumbent processor is not insurmountable, as it is in the PC 
world. 

i 
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Chapter 2 

The Grim Reminder—1996 
Looking at 1996 from late summer, Dataquest is forecasting a year of near-
zero growth in embedded processors. Overall embedded microprocessor 
unit shipments wUl be flat, as will the total revenue for embedded. This is 
based on the expectation that orders come back up soon enough and high 
enough in the second half to offset the units that were not shipped in the 
first half of the year. 

Riding the Clutch in 1996 
The year 1995 felt so good! Business was booming in semiconductors and 
microcomponents, with growth like never before. Even those that had 
been in the industry for decades had reassessed the situation and had 
almost concluded that the cyclical nature of semiconductors must not be 
an innate, natural phenomenon. Youngsters had never considered that 
business might go dowru Wall Street was giddy but nervous. Surprise! 
Now 1996 is here to remind the industry that what goes up can still come 
down. 

Early indications that a change in the business was coming may have 
caused a bit of indigestion with the Christmas turkey: 1996 started with 
companies trying to explain why their orders were not pouring in. 
Markets closely associated with the personal computer took the earliest 
hits. Excess DRAM on the market, unsold PCs, and the failure of busi
nesses to embrace Windows 95 were the early signals. Disk drives, CD-
ROMs, and printer OEMs were not ordering like before. Then some other 
markets showed softness. Cellular phones and pagers, which had gone 
very consumer in the months leading up to Christmas, went soft as the 
somewhat-saturated market flooded with competitors and price and mar
keting wars. OEMs had each predicted winning too much market share, 
and found they had some inventory to burn off when that market share 
did not materialize. 

Vendors can take a little of this to get their deliveries in order. But as a 
couple of months turned into a quarter or two, profits suffered greatly, 
and quite a bit of belt tightening has taken place. Fab building has slowed 
down or gone on hold, contract workers have been idled, expenses and 
travel have been curtailed, workers have had their vacations scheduled for 
them, people have been laid off, and divisions have been put on the auc
tion block. What seemed like a minor correction appears to have become a 
definite slowdown. Complete description of the effects is difficult. 

Dataquest is still forecasting a 19 percent unit growth in PC systems, 
although clearly not all PC OEMs are on an even footing. This is down 
from previous forecasts of over 25 percent. Intel has managed to continue 
to grow in this envirorunent, in part by staying absolutely ahead of the 
power curve while would-be competitors struggle to deliver the latest 
product, and in part because it simply dominates and therefore drives its 
primary market. Others serving the computing industry have suffered the 
backlash of not being No. 1. 
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In embedded applications, the cellular and other telecommunications 
irifrastructure, video games, satellite receivers, and engine control remain 
strong. Consumer products are sluggish. Some automotive companies 
(Japan) are cutting prices to stimulate buying. The fundamental markets 
driving embedded applications actually remain strong. Few companies, 
aside from some in PCs, have a grim business outlook. The elecfronic 
equipment demand in the United States and worldwide remains fairly 
strong. There are no significant slowdowns in the U.S. or global econo
mies. The development of formerly underdeveloped nations has not had 
significant setbacks (in spite of political actions). Nonetheless, orders for 
microprocessors, aside from the Pentium in PCs, generally languished in 
the first few months of 1996. 

Dataquest believes that inventory of embedded microprocessors has 
mostly been corrected at the OEM, and orders should soon return to the 
levels of 1995. If these levels increase sufficiently and quickly enough, they 
will offset the decline of the first half of the year, which should provide a 
year of essentially zero growth, but with an unpleasant decline and 
increase within the 12-month period. The no-growth scenario could 
change to a rise or a fall depending on developments in the second half of 
the year. Unexpected delay of the rebound could cause the year to close 
out below 1995 levels and an unusually fast uptake of orders could make 
the year's shipments a few percent higher than 1995, if vendors can 
respond quickly enough to ship. August and September will be critical 
months in this determination. 

Proceed with Caution 
It can easily take 13 weeks for a vendor to make an IC, from silicon to chip. 
With enough capacity, raw materials, and labor, a customer placing an 
order could initiate manufacturing of an IC that would make it into its 
dry-pack shipper in 13 weeks. But that would be ideal (rare in the 
semiconductor business). 

A scenario like that experienced in January 1996 swings business to a 
downside. OEMs discover that they have too much product in inventory 
(both end equipment and ICs). Maybe they placed orders that were 
greater than their needs, hoping to improve their access to a limited sup
ply of chips. As excess inventory at the OEM burns off, existing orders for 
more chips are pushed out for later delivery. Vendors and distributors 
acquire some inventory. As certain major products (like DRAM) free up 
fab and tester space, other product types are shuffled to fill the new vacan
cies. But those products no longer needed the capacity, either. As vendor 
inventory builds up and availability improves, lead times are shortened. 
As lead times shorten, just-in-time delivery and economics cause OEMs to 
delay placing additional orders until the lead time matches their projected 
needs. Vendors get nervous, slowing and confrolling needless product 
buildup. A fricky balancing act ensues. This is mid-1996. 

But the demand for the end equipment is still there, and at some point 
orders start to be placed at levels commensurate with that demand. This 
often happens all at once. Because the vendor has slowed production and 
eased inventory, including raw materials, labor, and capacity, a sudden 
return to normal buying levels can wreak havoc. Lead times can suddenly 
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lengthen to 20 weeks, which in turn wreaks havoc on the OEM, which 
now finds a chip shortfall. This is the exciting world of semiconductors, 
which can be very digital—fuU on or full off. 

The only cost-effective means of minimizing the jerky start-stop action is 
to monitor customer demand and inventory very closely, and, second
arily, to monitor the customer's product success. This is a complex task 
that is possible only with very close, trusting customer-vendor relation
ships. A watchful eye on the inflection points should limit a company's 
exposure. 
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Chapter 3 

The Long-Term Outlook 
Although the personal computer dominates the overall microprocessor 
market, it is difficult for MPU vendors other than Intel, AMD, Motorola, 
and IBM to participate in this market. The embedded processing market— 
those applications other than PCs, workstations, and servers—has oppor
tunity for a number of other vendors and processors besides derivatives of 
the 8086. The different applications in telecommunications, video games, 
printers, automotive, and industrial control have both common basic 
needs as well as unique specific requirements. The vendor that offers an 
architecture that provides the basic needs as well as superior support for 
an application's unique requirements can tie down a comer of the market. 

There are major players in the embedded market, with Motorola and its 
68000-family architecture the long-time clear leader. But as with any 
market, the leader and all other vendors must continue to innovate, 
expand, and increase performance to stay ahead in an ever-changing 
market environment. 

General Applications 
Applications for embedded microprocessors can be separated into three 
categories. Traditional applications may have a favorite processor within 
an application or even a company. The 68000 is the biggest player, histori
cally found in a wide variety of applications, but other processors can 
dominate individual applications. These "legacy" processors enjoy a bit of 
comfort because it can take significant effort for the OEM to move to a 
different architecture. However, complacency is dangerous in any fast-
moving marketplace. 

There is a group of high-volume applications that are fickle in their use of 
a processor. In spite of a significant base of existing program code, usually 
written for a specific architecture, these applications have been seen to 
switch to a completely different architecture, almost with each generation 
of the equipment. Laser printers and video games are key examples in the 
fickle group. The 68000 was king in laser printers, then was shoved aside 
for a while by the AMD 29000, which was later beaten out by Intel's 960, 
until the son-of-the-68000 ColdFire reclaimed the throne. Of course, by 
then there had been many baffles, many self-declared victors and many 
fiefdoms. And this war is unlikely to be over. Video games are another 
application in this fickle group, where each OEM has a different processor 
for almost every generation of game. 

The emerging markets seem to be most ripe for big wins for new architec
tures. For personal digital assistants (PDAs), digital cameras, or set-top 
boxes, selection of the processor architecture might be influenced by a 
similar, former application. But generally it is open to the processor ven
dor that has an appropriate architecture, demonstrates the best under
standing of the application's fundamentals, buddies up with the founding 
OEMs, writes (and rewrites) code for the developing standards, and mus
ters up the greatest third-party support. However, tihis is not for the faint 
of heart. The infant mortality rate of OEMs and their products in the 
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emerging markets is very high, and great perseverance is necessary to see 
the process through to success. By the end of this process, the vendor will 
have a new appreciation of the term "investment." It is rare for a vendor to 
get really lucky and make a single foray into a new market that happens to 
be the one design that finally sets the pace and takes off. Where their per
formance is adequate, CISC processors have as good a chance of winning 
in the emerging markets as the newer architectures. 

8-Bit Microprocessors 
The 8-bit microprocessors are a fairly small part of the market. Little sig
nificant effort is put into developing the products in this category—mostly 
designs of 20 years ago that are in a maintenance mode. Its limited address 
range and small data width makes 8-bit architectures better suited to 
microcontroller products that combine the processor with peripherals and 
the necessary program and data memory on the same chip. Indeed, 8-bit 
chips are now, and are expected to continue to be, the dominant product 
in tiie microcontroller market. 

16-Bit iViicroprocessors 
The 16-bit microprocessors had also taken a back seat in the high-profile 
PC and workstation wars of the last 10 years, with 32-bit and RISC being 
the battle cry in the computing applications. However, in embedded 
applications, 16 bits of data is quite adequate for a variety of applications. 
The original 68000 built a tremendous following in the embedded market 
with its nice architecture, fast and secure interrupt handling, software 
support, small size, low cost, and growth path. Many applications had no 
need for the 32-bit data paths and higher performance of parts like the 
68020, and so they stuck with the 16-bit 68000 and its very attractive price. 
Also, Motorola developed some integrated family products, splicing some 
attractive combinations of peripherals and even secondary processors 
alongside the 68000 processor. Some of these, such as the 68302, found a 
big following in their targeted markets. 

Intel's integrated 186 found homes in additional applications where mod
erate performance was sufficient and the peripherals included made for a 
compact design. Although Intel, NEC, and others seemed to de-emphasize 
the 186 approach, AMD put some effort into further development of the 
part and its process, pushing the speed and varieties available. With some 
re-emphasis under way, there are signs that even more 186-family prod
ucts will soon serve the 16-bit (and 32-bit) market. 

Although the 16-bit microprocessor market may have not had a very 
glamorous or visible past few years, it has been a very active embedded 
market and is expected to have good growth in the near future. ARM, 
MIPS, and some of the other RISC architectures are expected to venture 
down into the 16-bit product path as customers pull them down into 
lower-cost, higher-volxime applications. 
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32-Bit CISC 

Let's be honest. CISC boils down to 8086 derivatives and 68000 deriva
tives. Any other CISCs have essentially faded into history. The term RISC 
took on such an aura that even these two architectures have attempted to 
shed their association with the term CISC. The really funny thing is that 
most RISC processors have taken on the positive characteristics of CISC, 
while later versions of the x86 and 68K architectures use RISC imple
mentations, to the extent that there is little difference between the two 
categories. 

Compute 
The standout application, IC category, product, and vendor for semicon
ductors is Intel's 32-bit CISC microprocessor, the Pentium, used in the PC. 

This product alone accounted for 33 million units sold and nearly $10 bil
lion in revenue to exactly one company in 1995. That's one in seven micro
processors bringing in two-thirds of the revenue of all microprocessors 
(and 6.6 percent of all semiconductor revenue)! Any questions? 

The high rollers in the microprocessor business have been in the computa
tional arena of CISC. The 486, Pentium, and now the Pentium Pro and 
their equivalents from other vendors have had a high-stakes business of 
performance, performance, and first-to-market. Intel has won this game 
and shows no signs of weakening, although secondary players have still 
been able to keep Intel from attaining total dominance. 

Embedded 
The majority of 32-bit microprocessors being used in embedded applica
tions are CISC MPUs. One key reason for this is availability. CISC proces
sors have addressed the needs of the embedded market for longer tiian the 
newer RISCs. The RISC vendors have traditionally chased the much-
higher ASPs of the workstation industry, where the greatest horsepower is 
the dominating factor. Another reason for CISCs popularity in embedded 
applications is its greater code density. Many embedded applications can
not afford great quantities of RAM or inclusion of a disk drive. If a RISC 
requires 50 percent more memory and much higher dock speeds to 
run the same algorithms, this can lim.it its appeal in most embedded 
applications. 

68000 
The 68000 architecture has now all but faded into memory in the comput
ing applications since the Macintosh moved over to the PowerPC whole
heartedly in 1995. But in embedded applications, the 68000 architecture 
rules over all other MPUs, RISC or CISC, 8-, 16-, or 32-bit. Oddly enough, 
Motorola is essentially the only vendor that has developed this product 
line in the last 10 years, but it has done it so relentlessly that it has made it 
difficult for others to get a huge part of the embedded MPU market. 

Workstations and Macintoshes (and Amigas) were pushing the perfor
mance of standalone processors up the curve, assuring customers of a full-
performance range of products. Meanwhile, embedded applications were 
encouraging integration of peripheral functions onto the processors. A 
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32-bit "CPU32" core was later developed to streamline some processor 
functions for embedded applications. A modular peripheral and internal 
bus structure was established that made implementation of new combina
tion parts easier while allowing customers more opportunity to reuse 
peripherals in new designs. Additional core versions of 68000 standalone 
processors were developed so even more integrated processors could be 
developed. Proper microcontrollers combining flash memory with the 
68000 architecture are also available, although these are very few. The 
recent ColdFire core is currently the ultimate in streamlined 68000-type 
core processors for the embedded marketplace, although it is not 100 per
cent code-compatible with the original 68000. ColdFire promises to con
tinue the legacy of the 68000 for a number of years more. 

Years ago. Motorola focused substantial resources on moving its micro
processor products more securely into embedded applications in which 
they had already enjoyed success. Although there is no continuing devel
opment of the very top end of the 68000 product line for rocketing perfor
mance (the 68060 was the last primary engine developed). Motorola will 
continue to sow integrated processors in the middle section of the embed
ded market with emphasis on low price, variety, integration, and customi
zation. This strategy means that Motorola and support vendors will 
continue to harvest returns from the 68000 architecture even though it was 
supplanted by the PowerPC in the Macintosh. Although Motorola has 
only used it in limited applications so far, the company could use the 
PowerPC card to trump a few higher-performance embedded markets. 

x86 
The x86 architecture, led initially by Intel's 186 product but later furthered 
by Advanced Micro Devices' marketing and product development of 186s, 
is the second most prominent processor in embedded microprocessors. As 
one of the first integrated processors available in the architectures of the 
late 1970s and early 1980s, the 186 won an early following in embedded 
applications desiring a variety of peripheral functions on a single chip 
with the processor. 

In the embedded space, the x86 architecture has stood in the shadows with 
some success over the years, primarily in applications that borrow a lot 
from the PC in their implementation. More recently, there have been indi
cations that the x86 architecture may gain additiorial non-PC applications 
because of the benefits of the overwhelming success of the architecture in 
the PC. In the last year. National, Intel, and AMD have brought out 32-bit 
386- and 486-class products targeted to embedded applications and are 
focusing resources on developing that market. Texas Instruments may be 
working on a similar project. There is a supply and demand factor that 
will now have more supply feeding it, which should make it easier for 
more embedded applications to find the right x86-based microprocessor to 
do the job. This has the potential to become a come-from-behind medal 
winner in the race. Dataquest is watching this area carefully for a resur
gence of the x86 family. 
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The Long-Term Outlook 11 

32-Bit RISC 

The RISC microprocessors that were originally laid out to provide very 
high performance for workstations have been driven to expand into 
embedded applications. As the workstation business has matured, 
thinned out, and been encroached on by the promises of the likes of 
Pentium Pro and Windows NT, RISC vendors have sought new applica-
tioTis for their level of performance. Laser printers were early targets, with 
their high volumes and page-per-minute selling points. The high perfor
mance demands of central office switches and medical imaging have 
attracted the use of RISC processors. Most recently, the RISC vendors have 
brought key peripheral and support circuitry onto the chip to provide 
more of a system solution to embedded applications with integrated pro
cessors. This trend is expected to continue. There is no clear winner in the 
RISC category. Although Hitachi's SH-series leads this year in unit vol
ume and in revenue, it is not certain to maintain that lead in the near term 
or long term. The Sony Plaj^tation and the Nintendo 64 have a MIPS 
architecture RISC in them. As sales of these video games overtake Sega 
Saturn sales, there is good potential for the MIPS architecture to surpass 
the SH. But as games go, tiWs could be only a temporary lead for the MIPS 
camp; 1997 or 1998 could see yet another leader. 

29000 
AMD's 29000 microprocessors hit a milestone in 1995. AMD announced it 
was not furthering development of new core processors in the 29000 archi
tecture. There are few processors that have had a life as sigiiificant as the 
29000 and then faded into the history books. But that appears to be the fate 
of the 29000, an architecture to which AMD gave birth itself. It had many 
years of high-volume sales as one of the new RISC chips, quickly focused 
on embedded markets such as laser printers. However, AMD decided to 
focus its energy on a single architecture, the x86, which it originally 
licensed from Intel, rather than dividing ife energy between fee x86 and 
the 29000. AMD is still producing 29000 chips and is expected to continue 
as long as the demand exists. But it is unlikely that significant new designs 
will select a 29000 processors or that existing designs using a 29000 will 
continue with that architecture when a new generation of the design is 
needed. AMD will try to convert those designs to x86, but many ottier ven
dors will be knocking on the door as well. 

SH Series RISC 
Hitachi's SH series microprocessors have taken the lead in unit shipments 
in the RISC category. Although IBM's and Motorola's PowerPCs took in 
higher revenue for their architecture, the SH-1, SH-2, and SH-3 families 
from Hitachi have shipped more units than any other RISC architecture. 
This is primarily because of a single design-win with Sega, which uses two 
SH-2 processors in each Saturn video game (which, incidentally, is manu
factured in part at Hitachi facilities), plus an SH-1 in the CD drive. The 
SH-2 is also in some digital cameras, which are growing in sales, as well as 
a number of other applications. Note that an overzealous press release 
recently indicated that the MIPS architecture was the unit-shipments 
leader in RISC, but this is accurate only with the inclusion of the term 
"computing" in the release, which would exclude games and cameras. 
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12 Embedded Microcomponents Worldwide 

The SH architecture crosses both microcontroller and microprocessor 
boundaries. Hitachi's SH-1 products are actually microcontrollers with on-
chip program ROM, while the SH-2 and SH-3 parts are microprocessors 
without on-chip program store. Therefore, the portion of Hitachi's SH rev
enue and units attributable to the SH-1 would qualify as microcontrollers, 
while revenue and units attributable to the SH-2 and SH-3 go into the 
RISC microprocessor category. For the complete SH architecture, both the 
16-bit and up MCU SH series numbers as well as the 32-bit RISC MPU 
Hitachi numbers must be considered. Dataquest estimates that the entire 
SH architecture (SH-1, SH-2, and SH-3) accounted for 11.024 million units 
shipped and $132 million in revenue in 1995. 

i 

i 
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Chapter 4 

Microprocessor Forecast and Assumptions ^ — . ^ ^ — 

Emphasis on Embedded 
Dataquest's Microcomponents Worldwide program changed its name to 
Embedded Microcomponents Worldwide in 1996. The intent of this 
change was to focus more on the processors, controllers, and digital signal 
processors that go into embedded systems. Detailed analysis of those x86 
processors, RISC processors, and the remaining 68040 processors that 
operate as the central processor in personal computers, workstations, and 
servers (all considered "computational" applications) is provided in 
Dataquest's Semiconductor Directions in PCs and PC Multimedia World
wide program. In this document, only top-line numbers for the compute 
part of the x86 family and CISC and RISC products are presented with 
minimal discussion. Greater detail on the computing microprocessor fore
cast is available in Compute Microprocessor Market Trends and Forecast 
(PSAM-WW-MT-9602, September 1996). 

Care with Definitions 
Everyone wants to be good at something. Gerrymandering the lines that 
define a subsegment of the market into which one sells is one common 
way of limiting one's competition. Data quest uses definitions that serve 
the market best, assuring that products are grouped with the products 
they compete against in a design opportunity. Data quest is careful to 
attribute those products' sales to the appropriate classification according 
to specific definitions. This may make it difficult for some vendors, since it 
may cause some profit and loss centers within the company to straddle 
classifications and appear to water down their strength. But the intent is to 
place competitive products from many vendors in the same categories. To 
assure that readers understand the categories that Dataquest uses, cate
gory definitions pertinent to embedded microprocessors are given in 
Appendix A. 

Processor Word Width Changes 
Beginning in 1996, Dataquest has modified its defirution of the word 
width of a processor. The previous definition related to the ability of the 
device to perform an ADD instruction. The new definition ties the word 
width of the processor to its arithmetic and logic unit (ALU). This has the 
largest impact in the counting of 16-bit and 32-bit microprocessors, espe
cially in the 68000 family. Products like the 68000 and the 68302 now fall 
into the 16-bit MPU category. Unlike many other manufacturers. Motorola 
still sells very high volvunes of parts based on the original architecture, so 
the change in the 16-bit definition does have a noticeable effect on the mar
ket numbers. 

The effect of the change is to move many of Motorola's products based on 
the original 68000 to the 16-bit category from the 32-bit category. The other 
noted architecture, the x86, had always cast the 8086,186, and 286 as 16-bit 
products and so will be essentially unchanged. In this first year of the 
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14 Embedded Microcomponents Worldwide 

changeover, Dataquest will be diligent in providing sufficient data in 
tables to document the revenue and the units that move from the 32-bit 
category to the 16-bit category. The appendix lists key products subject to 
change and the effect of the change. 

Microprocessor Categories 
Microprocessors are categorized into 8-bit, 16-bit, and 32-bit and up pro
cessors, as well as by whether they are CISC and RISC and are sold into 
computational or embedded applications. Computational applications are 
personal computers, workstations, and servers. Embedded applications 
comprise most other applications. All 8-bit and 16-bit MPUs have CISC 
architectures and go into embedded applications only. Table 4-1 illustrates 
the various combinations of classifications. 

Table 4-1 
Microprocessor Categories 

8-Bit MPU 

CISC 
Embedded 

Applications 

16-Bit MPU 
CISC 

Embedded 
Applications 

32-Bit and Up MPU 
CISC 

Embedded 
Applications 

Computing 
Applications 

RISC 
Embedded 

Applications 
Computing 
Applications 

Source: Dataquest (August 1996) 

Key Assumptions 
The following are some of the assumptions about the embedded market
place and the microprocessors and vendors serving it that influence the 
Dataquest forecast. 

• The inventory corrections and general slowdown in the embedded mar
ketplace seen in early 1996 turns around in the second half and returns 
to "normal" buying levels. 

• The 68000 family continues to expand and serve its established base as 
well as new markets. The 68000 family will continue to be the dominant 
architecture in embedded systems. 

• The x86 could emerge as a more significant architecture in embedded 
applications because of a carryover effect from its utter dominance of 
the PC industry. Some increased success by the x86 is factored into the 
forecast, though activities of the vendors could drastically increase or 
decrease this influence in future forecasts. 

• The PowerPC architecture, driven by IBM and, more narrowly, by 
Motorola, experiences rapid growth in embedded applications. 

• Many of the RISC architectures live a tenuous existence in fickle appli
cations such as video games. These may become "one-hit wonders" and 
fade into memory in a few years, or they may be able to continue in 
another role depending on the vendors and the markets. The assump
tion is made that additional designs will fill in when the major customer 
or application jumps to another architecture, although with nominal 
growth. 
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Microprocessor Forecast and Assumptions 16 

• Some RISC architectures are counting on unproven or almost disproven 
applications, such as digital cameras, set-top boxes, and PDAs. The 
long-term success of the MPU may be highly dependent on the accep
tance of products in the emerging market in general and of the OEM(s) 
that selected the processor Ln particular. Nonetheless, Dataquest is 
granting a fairly optimistic outlook for RISC architectures in the emerg
ing markets for this forecast. 

• Integrated processors are more attractive in embedded applications 
than standalone processors. They also provide vendors an opportunity 
to wrap up more of the total dollars spent on the design. ASPs rise as 
more peripheral functionality is put on the chip. 

• RISC processor ASPs will decline drastically because of a movement 
to embedded applications and to the lower-performance integrated 
products and lower prices that embedded has to offer compared to 
workstation OEMs. 

• Certain high-end digital applications such as high-definition TV 
(HDTV), network computers, satellite receivers, and DVD will experi
ence a more modest growth in the time frame. 

Table 4-2 and Figures 4-1 through 4-5 show the microprocessor forecast 
split by embedded and compute. Table 4-3 and Figures 4-6 through 4-10 
show the microprocessor forecast split by CISC and RISC. Table 4-4 and 
Figures 4-11 through 4-14 show the microprocessor forecast by word 
width. Table 4-5 and Figures 4-15 and 4-16 show the microprocessor fore
cast by architecture. 

Table 4-6 and Figures 4-17 through 4-21 show the embedded microproces
sor forecast by word width. Table 4-7 and Figures 4-22 through 4-25 show 
the embedded microprocessor forecast by architecture. 

Table 4-8 and Figures 4-23 through 4-29 show the 32-bit microprocessor 
forecast by RISC and CISC, as well as by embedded and computational 
applications. 
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Table 4-2 
Embedded and Compute Microprocessor Forecast 
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All Embedded Microprocessors 
Units (K) 

ASP ($) 

Revenue {$M) 

All Compute Microprocessors 
Units (K) 
ASP ($) 

Revenue {$M) 

AU Microprocessors 

Units (K) 

ASP ($) 
Revenue {$M) 

Embedded versus AU Microprocessors 
Units (%) 

Revenue(%) 

Growth Rates 

All Embedded Microprocessors 

Units (%) 

ASP (%) 
Revenue{%) 

All Compute Microprocessors 

Units (%) 

ASP (%) 
Revenue(%) 

All Microprocessors 

Units (%) 

ASP (%) 

Revenue(%) 

1994 

131,960 

10 

1349 

59,754 

172 

10,263 

191,714 

61 
11,612 

69 
12 

1995 

164,491 

11 

1,818 

71,590 
177 

12,650 

236,081 

61 
14,468 

70 
13 

25 

8 
35 

20 

3 

23 

23 

1 

25 

1996 

164,000 

11 

1,870 

85,300 
179 

15,300 

250,000 

69 
17,100 

66 

11 

0 
3 
3 

19 

1 

21 

6 

12 

18 

1997 

180,000 

12 

2,090 

98,700 

188 
18,500 

279,000 
74 

20,600 

65 

10 

10 
2 

12 

16 

5 

21 

12 

8 

20 

1998 

203,000 

12 

2,380 

115,000 
194 

22,200 

318,000 
77 

24,600 

64 

10 

13 
1 

14 

17 

3 

20 

14 

5 

19 

19 

227,0 

2,7 

134,0 
1 

26,3 

361,0 

29,0 

Note: Numbers may not add to totals shown because of rounding. 
Source: Dataquest (August 1996) 
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PlP'U'T^ 4 'X 

Embedded and Compute Microprocessor Unit Shipment Forecast 

Thousands of Units 
450,000 

Source: Dataquest (August 1996) 

Figiu-e 4-2 1, * 
Embedded and Compute Microprocessor Revenue Forecast 

Millions of Dollars 
35,000 

30,000-

Source: Dataquest (August 1996) 

MCRO-WW-MT-9602 ©1996 Dataquest September 23,1996 



18 Embedded Microcomponents Worldwide 

Figure 4-3 
Growth Rate of Embedded and Compute Microprocessor Unit Shipments 

^ Embedded 

B Compute 

H AIIMPU 

1995 1996 1997 1998 1999 2000 
965260 

Source: Dataquest (August 1996) 

Figure 4-4 
Growth Rate of Embedded and Compute Microprocessor Revenue 

Percent 

^ Embedded 

B Compute 

H AIIMPU 

965261 

Source: Dataquest (August 1996) 
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Figure 4-5 
Forecast of Embedded as a Portion of All Microprocessors 
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Table 4-3 
CISC and RISC Microprocessor Forecast 

All CISC Microprocessors 
Units (K) 

ASP ($) 
Revenue ($M) 

All RISC Microprocessors 

Units (K) 

ASP ($) 

Revenue C$M) 

AU Microprocessors 

Units (K) 

ASP ($) 

Revenue ($M) 

CISC versus AU Microprocessors 
Units (%) 

Revenue (%) 

Growth Rates 

AU CISC Microprc3*5*^sors 

Units (%) 
ASP (%) 

Revenue (%) 

All RISC Microproiqgssors 

Units (%) 

ASP (%) 
Revenue (%) 

AU MicroprocessQfs 

Units (%) 

ASP (%) 
Revenue(%) 

1994 

174,491 

60 

10,524 

17,223 

63 

1,089 

191,714 

61 

11,612 

91 

91 

1995 

208,867 

61 

12,684 

27,214 

66 

1,785 

236,081 

61 

14,468 

88 

88 

20 
1 

21 

58 

4 

64 

23 

1 

25 

1996 

215,000 

70 

15,000 

35,000 

60 

2,100 

250,000 

69 

17,100 

86 

88 

3 

15 

18 

29 

-9 

18 

6 

12 

18 

1997 

237,000 

78 

18,500 

42,100 
52 

2,180 

279,000 
74 

20,600 

85 

90 

10 
12 

23 

20 

-14 
4 

12 

8 

20 

1998 

267,000 

83 

22,300 

50,500 
46 

2,310 

'318,000 

77 

24,600 

84 

91 

13 
7 

21 

20 

-12 

6 

14 

5 

19 

199 

301,00 

8 

26,50 

60,40 
4 

2,45 

361,00 

8 

29,00 

8 

9 

1 

1 

2 

-

CO 
CO 
CD 

Note: Numbers may not add to totals shown because of rounding. 
Source: Dataquest (August 1996) 
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Figure 4-6 
CISC and RISC Microprocessor Unit Shipment Forecast 

Thousands of Units 
450,000 

Source: Dataquest (August 1996} 

Figure 4-7 
CISC and RISC Microprocessor Revenue Forecast 

Millions of Dollars 
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Source: Dataquest (August 1996) 
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Figure 4-8 
Growth Rate of CISC and RISC Microprocessor Unit Shipments 

1 r 
1998 1999 2000 

Source: Dataquest (August 1996) 

Figure 4-9 
Growth Rate of CISC and RISC Microprocessor ASP 
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Figure 4-10 
Forecast of CISC as a Portion of All Microprocessors 
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Table 4-4 
Microprocessor Forecast by Word Width 

All 8-Bit Microprocessors 

Units (K) 

ASP ($) 

Revenue ($M) 

All 16-Bit Microprbe^brs 

Units (K) 

ASP ($) 

Revenue ($M) 

All 32-Bit Micropm&^Sitors 

Units (K) 

ASP ($) 

Revenue ($M) 

All Microprocessctes 

Units (K) 

ASP ($) 

Revenue ($M) 

Word Width versKSAU Microprocessors 
(% Units) 

8-Bit 

16-Bit 

32-B:t 

Word Width versfis AU Microprocessors 
(% Revenue) 

8-Bit 

16-Bit 

32-Bit 

1994 

47,990 

7 

320 

52,867 

8 

406 

90,857 

120 

10387 

191,714 

61 

11,612 

25 

28 

47 

3 

3 

94 

1995 

52,125 

6 

294 

64,066 

7 

447 

119,890 

115 

13,727 

236,081 

61 

14,468 

22 

27 

51 

2 

3 

95 

1996 

44300 

7 

300 

65,600 

7 

464 

140,000 

117 

16,400 

250,000 

69 

17,100 

18 

26 

56 

2 

3 

96 

1997 

41300 

7 

276 

73,900 

7 

554 

164,000 

121 

19,800 

279,000 

74 

20,600 

15 

26 

59 

1 

3 

96 

1998 

41,200 

7 

270 

84,100 

8 

666 

192,000 

123 

23,700 

318,000 

77 

24,600 

13 

26 

60 

1 

3 

96 

1 

38, 

96, 

227, 

27, 

361, 

29, 

Note: Numbers may not add to totals shown because of rounding. 
Source: Dataquest (August 1996) 
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Figure 4-11 
Microprocessor Unit Shipment Forecast by Word Width 

Thousands of Units 
450,000 

Source: Dataquest (August 1996) 

Figure 4-12 
Microprocessor Revenue Forecast by Word Width 

Millions of Dollars 

35,000-

30,000 H 

1994 1995 1996 1997 1998 1999 2000 

Source: Dataquest (August 1996) 

MCRO-WW-MT-9602 ©1996 Dataquest September 23,1996 



26 Embedded Microcomponents Worldwide 

Figure 4-13 
Forecast of Word Width as a Portion of All Microprocessor Unit Shipments 

1994 1995 1996 1997 1998 1999 2000 
96S269 

Source: Dataquest (August 1996) 

Figure 4-14 
Growth Rate of Microprocessor Unit Shipments by Word Width 

Source: Dataquest (August 1996) 
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Table 4-5 
Microprocessor Forecast by Architecture 

Note: Numbers may not add to totals shown because of rounding 
Source: Dataquest (August 1996) 

Figure 4-15 
Microprocessor Unit Shipment Forecast by Architecture 

Thousands of Units 

450,000 • 

68000 Architecture 

Units (K) 

ASP ($) 

Revenue ($M) 

x86 Architecture 

Units (K) 

ASP ($) 

Revenue ($M) 

Other Architectures 

Units (K) 

ASP ($) 

Revenue ($M) 

All Microprocessors 

Units (K) 

ASP ($) 

1 Revenue ($M) 

1994 

39,622 

15 

576 

81,927 

116 

9,523 

70,165 

22 

1,514 

191,714 

61 

11,612 

1995 

54,446 

9 

496 

99,109 

119 

11,834 

82,526 

26 

2,139 

236,081 

61 

14,468 

1996 

56,100 

9 

501 

113,000 

126 

14,200 

80,900 

30 

2,399 

250,000 

69 

17,100 

1997 

64,500 

9 

598 

130,000 

135 

17,600 

84,500 

28 

2,402 

279,000 

74 

20,600 

1998 

75,500 

10 

736 

150,000 

142 

21300 

92,500 

28 

2,564 

318,000 

11 

24,600 

1999 

89,500 

10 

933 

173,000 

147 

25,300 

98,500 

28 

2,161 

361,000 

80 

29,000 

2000 

106,000 

11 

1,170 

198,000 

149 

29,600 

110,000 

26 

2,830 

414,000 

81 

33,600 

CAGR (%) 
1995-2000 

14 

4 

19 

15 

5 

20 

6 

0 

6 

12 

6 

18 

Source: Dataquest (August 1996) 
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Figure 4-16 
Microprocessor Revenue Forecast by Architecture 

Millions of Dollars 
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Table 4-6 
Embedded Microprocessor Forecast by Word Width 

8-Bit Embedded Microprocessors 

Units (K) 

ASP($) 

Revenue ($M) 

16-Bit Embedded Microprocessors 

Units (K) 

ASP {$) 

Revenue ($M) 

32-Bit Embedded a g e 

Units (K) 

ASP ($) 

Revenue ($M) 

32-Bit Embedded RKiG 

Units (K) 

ASP C$) 

Revenue ($M) 

All Embedded Mic^t^|^if£tce^^c^:' 

Units (K) 

ASP ($) 

Revenue ($M) 

1994 

47,990 

7 

320 

52,867 

8 

406 

17,077 

19 

325 

14,026 

21 

299 

131,960 

10 

1,349 

1995 

52,125 

6 

294 

64,066 

7 

447 

26,060 

16 

420 

22,240 

30 

657 

164,491 

11 

1,818 

1996 

44,300 

7 

300 

65,600 

7 

464 

25,900 

14 

375 

28,600 

26 

730 

164,000 

11 

1,870 

1997 

41,300 

7 

276 

73,900 

7 

554 

29,400 

15 

436 

35,400 

23 

825 

180,000 

12 

2,090 

1998 

41,200 

7 

270 

84,100 

8 

666 

34,100 

15 

522 

43,300 

21 

920 

203,000 

12 

2,380 

19 

38,1 

2 

96,3 

8 

40,4 

6 

52,7 

1,0 

227,0 

2,7 

Note: Nuinbers may not add to totals shown tiecause of rounding. 
Source: Dataquest (August 1996) 
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Figure 4-17 
Embedded Microprocessor Unit Shipment Forecast by Word Width 

Thousands of Units 
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Source: Oataquest (August 1996) 

Figure 4-18 
Embedded Microprocessor Revenue Forecast by Word Width 

Millions of Dollars 
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Source: Dataquest (August 1996) 
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Figure 4-19 
Forecast of Word Width as a Portion of AU Embedded Microprocessor Unit Shipments 
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Source: Dataquest (August 1996) 

Figure 4-20 
Forecast of Word Width as a Portion of AU Embedded Microprocessor Revenue 
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Figure 4-21 
Forecast of Word Width as a Portion of Embedded Microprocessor Unit Shipments 
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Table 4-7 
Embedded Microprocessor Forecast by Architecture 

32-Bit Embedded RISC 

Units (K) 

ASP ($) 

Revenue ($M) 

32-Bit Embedded 68000 

Units (K) 

ASP($) 

Revenue ($M) 

32-Bit Embedded x86 

Units (K) 

ASP ($) 

Revenue ($M) 

16-Bit Embedded 68000 

Units (K) 

ASF {$) 

Revenue ($M) 

16-Bit Embedded x86 

Units CK) 

ASP($) 

Revenue ($M) 

8-Bit Embedded Microprocessors 

Units (K) 

ASP ($) 

Revenue ($M) 

1994 

14,026 

21 

299 

9,860 

16 

153 

3325 

23 

76 

25,464 

7 

190 

26,343 

8 

207 

47,990 

7 

320 

1995 

22,240 

30 

657 

18,874 

12 

226 

• 4,672 

30 

138 

34,459 

7 

224 

28,934 

8 

218 

52,125 

6 

294 

1996 

28,600 

26 

730 

19,900 

12 

244 

4,940 

22 

107 

35,600 

7 

234 

29,700 

8 

228 

44,300 

7 

300 

1997 

35,400 

23 

825 

22,900 

13 

297 

5,770 

21 

123 

41,200 

7 

286 

32,500 

8 

266 

41,300 

7 

276 

1998 

43,300 

21 

920 

26,900 

14 

366 

6,780 

22 

146 

48,400 

7 

358 

35,600 

9 

308 

41,200 

7 

270 

1999 

52,700 

19 

1,020 

32,300 

15 

472 

7,860 

22 

169 

57,000 

8 

450 

39,200 

9 

356 

38,100 

6 

244 

IN3 
CO 
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Table 4-7 (Continued) 
Embedded Microprocessor Forecast by Architecture 

Other Embedded CISC 

Units (K) 

ASP ($) 

Revenue ($M) 

All Embedded Microprocessors 

Units {K) 

ASP ($) 

Revenue ($M) 

1994 

4,952 

21 

105 

131,960 

10 

1,349 

1995 

3,187 

19 

60 

164,491 

11 

1,818 

1996 

1,433 

19 

27 

164,000 

11 

1,870 

1997 

861 

20 

17 

180,000 

12 

2,090 

1998 

516 

21 

11 

203,000 

12 

2380 

1999 

320 

22 

7 

227,000 

12 

2,720 

25 

Note: Numbers may not add to totals shown because of rounding. 
Source: Dataquest (August 1996) 
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Figure 4-22 
Embedded Microprocessor Unit Shipment Forecast by Architecture 

Thousands of Units 
300,000 
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Source: Dataquest (August 1996) 

Figure 4-23 
Embedded Microprocessor Revenue Forecast by Architecture 

Millions of Dollars 
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Figure 4-24 
Forecast of Architecture as a Portion of All Embedded Microprocessor Unit Shipments 

1994 1995 1996 1997 1998 1999 
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Source: Dataquest (August 1996) 

Figure 4-25 
Forecast of Architecture as a Portion of All Embedded Microprocessor Revenue 
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Source: Dataquest (August 1996) 
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Figure 4-26 
32-Bit Microprocessor Unit Shipment Forecast 

Thousands of Units 
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Source: Dataquest (August 1996) 

Figure 4-27 
32-Bit Microprocessor Revenue Forecast 

Millions of Dollars 
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Figure 4-28 
Forecast of Type as a Portion of All 32-Bit Microprocessor Unit Shipments 
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Source: Dataquest (August 1996) 

Figure 4-29 
Forecast of Type as a Portion of All 32-Bit Microprocessor Revenue 
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Appendix A 
Definitions 

Definitions 
The following are some definitions that will be helpful in understanding 
this document better. Note that the definition of word width changed 
somewhat in 1996. 

Unit shipments: This is the volume or number of finished units shipped 
by manufacturers to users, equipment manufacturers, or distributors. The 
units must include operating silicon and are generally assembled into 
packages, tested, and shipped in protective packaging. A manufacturer's 
own inventory is not included. Often reported in thousands (K) or mil
lions (M) of units. Similar terms are units and volume. 

Revenue: This is the total revenue value of the finished units shipped by 
manufacturers to users or distributors. In Dataquest's worldwide services, 
revenue is reported in equivalent U.S. dollars unless otherwise noted. 
Often reported in millions of dollars ($M) or billions of dollars ($B). 

Average selling price (ASP): The ASP is the average price that a product 
sells for when corisidering all of the sales of the product in total, from very 
small quantities to large-volume orders. ASP is determined by dividing 
the total revenue derived from the sale of all of the category of product by 
the number of units that make up aU of that category (ASP = revenue/ 
units). It is quite possible that no sale of product ever takes place at a 
reported ASP. It is also possible that any one sale of product takes place at 
more than 50 percent variation jcrom an ASP. ASPs are not intended to be 
manufacturers' suggested retail prices, one-piece prices, volume discount 
prices, or the best possible price. In Dataquest's worldwide services, ASPs 
are reported in equivalent U.S. dollai's unless otherwise noted. 

Compound annual growth rate (CAGR): This is a measure of the growth 
of an industry over time, usually a five-year span (N = 6). A positive num
ber indicates a growing market. It is associated with revenue unless noted 
as units or ASP. CAGR is defined as follows and usually expressed as a 
percentage: 

CAGR 
N-l 

jValue,^^ ^ 

Value J ^ J 

Microprocessor (MPU): An MPU is a MOS digital integrated circuit (IC) 
that includes an instruction decoder, arithmetic logic unit (ALU), registers, 
and additional logic. It may contain instruction, data, or unified caches, 
memory management systems, and auxiliary ALUs for floating point and 
other special data types. An MPU's functions are determined by fetching 
and executing instructions and manipulating data held in registers, inter
nal cache, or externiil memory. MPUs operate out of exterrial memory sys
tems, typically ranging from 1MB to 64MB of RAM and often backed by 
secondary memory systems (like disks). More highly integrated versions 
of MPUs may contain on-chip peripheral, interface, and support circuits. 
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42 Embedded Microcomponents Worldwide 

The MPU category includes MPUs incorporating or originating from an 
ASIC design. MPUs are divided into complex-instruction-set computing 
(CISC) or reduced-instruction-set computing (RISC) implementations hav
ing 8-bit, 16-bit, or 32-bit and greater word width. MPUs are designed into 
computational applications or into embedded applications. A similar term 
is processor. 

Word width: The width, in bits, of the on-chip integer unit. This measure
ment is independent of the data bus width or any other bus associated 
with the device. Wider and narrower data types might be operated on by 
the processor, with multiple passes through the ALU or special hardware. 
Most microprocessors are 8 bits, 16 bits, or 32 bits wide. A similar term is 
bit size. 

Computational applications: Computational applications of microproces
sors are designed to be highly programmable by the end user while the 
manufacturer has only a vague idea of the final use of the system. The 
microprocessor is the central processor in the system, running an operat
ing system performing task scheduling, system admirustration, and 
resource allocation according to the needs of the programs scheduled or 
initiated to execute. The programs are typically executed by the central 
processor, although they may be dispatched to subservient processors. 
The programs typically reside on mass storage media such as floppy disks 
or hard disks or may be downloaded over networks. 

The programs executed from day to day may vary greatly according to the 
demands of the users of the product, so the system is designed to handle a 
wide variety of potential applications. The operating system might be 
DOS, Windows, UNIX, Mac OS, OS/2, Solaris, or any other OS, although 
it is rarely designed for real-time response. The application programs are 
normally computational in nature. Computational applications must be 
programmable by the end user in a higher-level language such as BASIC 
or FORTRAN. The most common computational applications are personal 
computers, workstations, and servers. Computational systems may have 
many embedded microcomponents in subsystems that support the central 
processor, such as the monitor, keyboard, mouse, disk drive, network 
interface, and modem, among others. 

Embedded applications: Embedded applications of microprocessors are 
designed to perform a fixed set of functions once the system is shipped 
from the manufacturer. Those functions typically define the end product. 
The system may be reconfigurable by the end user but carmot be repro-
grammed by a high-level language such as BASIC or FORTRAN. Usually 
file end user would not even know what type of processor was in the 
equipment. 

The processor will typically run a real-time operating system (although 
real-time is not a requirement, nor is any OS) and a set of instructions that 
perform functions critical to the operation of the end product. Programs 
run by the processor may perform system monitoring, system control, 
data processing, peripheral interfacing, data movement, and motion con
trol, among others. Programs often exist in ROM, although they may load 
from secondary storage, such as disks. Each processor or microcontroller 
in the system typically has a fairly narrow range of responsibilities. 
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Examples of embedded applications are many and varied but include fea
ture phones, cellular phones, cellular infrastructure, telephone switches, 
bridges, routers, networking cards, modems, video games, arcade games, 
cameras, camcorders, VCRs, satellite receivers, remote controls, audio 
equipment (personal, home, and professional), keyboards, disk drives, CD 
drives, laser printers, other computer peripherals, medical instruments, 
motor control, industrial process control, robotics, engine control, airbags, 
antilock braking systems, and global positioning systems. Personal digital 
assistants (PDA) are also considered embedded, especially as they are 
used as exotic communications devices. 

^ 

^ 
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Appendix B 

68000 Family Classification 
Table B-1 lists key 68000 family products that are candidates for changing 
their category because of a refinement of Dataquest's definition of the 
word width of microprocessors, effective January 1,1996. Table B-2 shows 
the result of the new division of 68000 products for shipments in 1994 and 
1995. This breakdown of the 68000 family was not available previously. 
Table B-1 
Candidate Products for Changing Word Width Categories, 
All CISC, Previous and New Classification (Number of Bits) 

Product 
68000/ECOOO 
68008/68010 
68010 
68020 and Later CPUs 

(030,040,060, and EC/LC Versions) 
68000-Based Integrated Processors 

(68302,6830X, 6832x, 68356,68360) 

CPU32-Based Integrated Processors (6833x, 6834x) 

68F333 
Flexcore 
CoIdFire 

1995 MPU 
Category 

32 
32 
32 
32 

32 

32 

32 
32 

1996 MPU 
Category 

16 
16 
16 
32 

u. 
32 

MCU 32̂  
16,32^ 

32 
'The 68F333 contains on-chip program memory and thus is an MCU. 
^Flexcore products are classified according to their core processor and can lae 16- or 32-bit MRUs. 
Source: Dataquest (August 1996) 
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Table B-2 
1994 and 1995 68000 Product Shipments, Apportioned into 
16-Bit and 32-Bit Categories 

16-Bit 68000 

Uni ts (K) 

ASP ($) 

Revenue ($M) 

32-Bit 68000 Embedded 

Uni t s (K) 

ASP ($) 

1994 

25,464 

7.45 

190 

9,860 

15.51 

1995 

34,459 

6.50 

224 

18,874 

12.00 

Uni t s (K) 

ASP ($) 

Revenue ($M) 

32-Bit 68000 Compute 

Uni t s (K) 

ASP ($) 

Revenue ($M) 

Embedded 68000 

Uni ts (K) 

ASP ($) 

Revenue ($M) 

32-Bit 68000 

Uni ts (K) 

ASP ($) 

Revenue ($M) 

All 68000 Products 

Uni ts (K) 

ASP ($) 

Revenue ($M) 

9,860 

15.51 

153 

4,298 

54.21 

233 

35,324 

9.70 

343 

14,158 

27.26 

386 

39,622 

14.53 

576 

18,874 

12.00 

226 

1,113 

40.54 

45 

53,333 

8.45 

450 

19,987 

13.59 

272 

54,446 

9.10 

496 

Note: All 16-blt products go only into embedded applications. Numbers may not 
because of rounding. 
Source: Dataquest (August 1996) 

add to totals shown 
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Chapter 1 

Introduction and Assumptions. 

I 

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 doUarized 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 orJy 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. 

Forecast Summary 

I 

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. 
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Table 1-1 
Changes in 1996 Forecast (Percent) 

DRAM Revenue Growth (%) 

Non-DRAM Product Growth (%) 

Yen/Dollar Exchange Rate 

Total Growth in 1996 (%) 

October 1995 
Forecast 

33 

18 

93.90 

22.1 

This Forecast 

1* 

14* 

107.05 

7.6 

Change 
to Dollar 

Growth (%) 

-32 

-4 

-12 

-14.5 

Change to 1996 
Worldwide 

Forecast (%) 

-8 

-3 

-3 

-14.5 

•Excludes change in yen/dollar 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. 

• 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. 

• 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. 

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

• 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. 

• 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. 
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Introduction and Assumptions 

Exchange Rates 
^ ^ The following exchange rates are used for the 1994 through 1999 forecast: 

• ¥107.05 per dollar 

• ECU 0.774 per dollar 

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

» 
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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 growtik of elec-
troruc 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) 

Microcomponents 

Memory Total 

Logic/ASIC Total 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 Revenue 

34,513 

55,421 

22,961 

17,607 

130,502 

1,935 

132,437 

14,023 

4,811 

151,271 

1994-1995 
Growth (%) 

30.7 

64.4 

22.0 

15.4 

38.5 

16.2 

38.2 

30.3 

23.7 

36.9 

CAGR(%) 
1990-1995 

Actual 

29.2 

34.6 

13.5 

14.8 

24.8 

8.5 

24.4 

12.8 

14.8 

22.6 

CAGR (%) 
1995-2000 

Forecast 

17.6 

16.5 

13.8 

14.7 

16.1 

1.4 

15.9 

11.6 
12.1 

15.4 

Source: Dataquest (May 1996) 
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Table 2-2 
Worldwide Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical 
Semiconductors 

Total Semiconductor 

1990 

9,584 

12,559 

431 

12,128 

12,182 

3,742 

8,440 

8,845 

43,170 

1,289 

44,459 

7,674 

2,412 

54,545 

1991 

11,774 

13,197 

356 

12,841 

12,972 

3,272 

9,700 

9,517 

47,460 

1,395 

48,855 

8,035 

2,804 

59,694 

1992 

14,359 

15,626 

318 

15,308 

12,918 

2,875 

10,043 

10,180 

53,083 

1,335 

54,418 

8,155 

2,688 

65,261 

1993 

19,947 

23,550 

244 

23,306 

15,956 

2,835 

13,121 

12,513 

71,966 

1,463 

73,429 

9,083 

3,006 

85,518 

1994 

26,408 

33,704 

199 

33,505 

18,821 

2,713 

16,108 

15,263 

94,196 

1,665 

95,861 

10,763 

3,889 

110,513 

1995 

34,513 

55,421 

160 

55,261 

22,961 

2,337 

20,624 

17,607 

130,502 

1,935 

132,437 

14,023 

4,811 

151,271 

CAGR (%) 
1990-1995 

29.2 

34.6 

-18.0 

35.4 

13.5 

-9.0 

19.6 

14.8 

24.8 

8.5 

24.4 

12.8 

14.8 

22.6 

Source: Dataquest (May 1996) 

Table 2-3 
Worldwide Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical 
Semiconductors 

Total Semiconductor 

1995 

34,513 

55,421 

160 

55,261 

22,961 

2,337 

20,624 

17,607 

130,502 

1,935 

132,437 

14,023 

4,811 

151,271 

1996 

39,945 

55,749 

119 

55,630 

24,910 

2,012 

22,898 

19,562 

140,166 

1,947 

142,113 

15,300 

5,199 

162,612 

1997 

46,524 

64,213 

108 

64,105 

27,692 

1,644 

26,048 

21,698 

160,127 

2,009 

162,136 

16,517 

5,588 

184,241 

1998 

54,885 

75,098 

93 

75,005 

31,906 

1,415 

30,491 

25,147 

187,036 

2,030 

189,066 

18,481 

6,286 

213,833 

1999 

65,532 

93,666 

79 

93,587 

37,212 

1,219 

35,993 

29,531 

225,941 

2,055 

227,996 

21,044 

7,207 

256,247 

2000 

77,645 

118,680 

71 

118,609 

43,748 

1,066 

42,682 

34,911 

274,984 

2,075 

277,059 

24,251 

8,526 

309,836 

CAGR (%) 
1995-2000 

17.6 

16.5 

-15.0 

16.5 

13.8 

-14.5 

15.7 

14.7 

16.1 

1.4 

15.9 

11.6 

12.1 

15.4 

Source: Dataquest (May 1996) 
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Worldwide Forecast by Product Family 

Table 2-4 
Worldwide Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

22.7 

-20.8 

-6.3 

-21.3 

3.4 

-2.9 

6.5 

13.5 

-0.2 

-5.8 

-0.3 

4.8 

0.2 

0.4 

1991 

22.9 

5.1 

-17.4 

5.9 

6.5 

-12.6 

14.9 

7.6 

9.9 

8.2 

9.9 

4.7 

16.3 

9.4 

1992 

22.0 

18.4 

-10.7 

19.2 

-0.4 

-12.1 

3.5 

7.0 

11.8 

-4.3 

11.4 

1.5 

-4.1 

9.3 

1993 

38.9 

50.7 

-23.3 

52.2 

23.5 

-1.4 

30.6 

22.9 

35.6 

9.6 

34.9 

11.4 

11.8 

31.0 

1994 

32.4 

43.1 

-18.4 

43.8 

18.0 

-4.3 

22.8 

22.0 

30.9 

13.8 

30.5 

18.5 

29.4 

29.2 

1995 

30.7 

64.4 

-19.6 

64.9 

22.0 

-13.9 

28.0 

15.4 

38.5 

16.2 

38.2 

30.3 

23.7 

36.9 

CAGR (%) 
1990-1995 

29.2 

34.6 

-18.0 

35.4 

13.5 

-9.0 

19.6 

14.8 

24.8 

8.5 

24.4 

12.8 

14.8 

22.6 

Source: Dataquest (May 1996) 

Table 2-5 
Worldwide Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

30.7 

64.4 

-19.6 

64.9 

22.0 

-13.9 

28.0 

15.4 

38.5 

16.2 

38.2 

30.3 

23.7 

36.9 

1996 

16.1 

0.6 

-25.6 

0.7 

8.5 

-13.9 

11.0 

11.1 

7.5 

0.6 

7.4 

9.1 

8.1 

7.6 

1997 

16.5 

15.2 

-9.2 

15.2 

11.2 

-18.3 

13.8 

10.9 

14.2 

3.2 

14.1 

8.0 

7.5 

13.3 

1998 

18.0 

17.0 

-13.9 

17.0 

15.2 

-13.9 

17.1 

15.9 

16.8 

1.0 

16.6 

11.9 

12.5 

16.1 

1999 

19.4 

24.7 

-15.1 

24.8 

16.6 

-13.9 

18.0 

17.4 

20.8 

1.2 

20.6 

13.9 

14.7 

19.8 

2000 

18.5 

26.7 

-10.1 

26.7 

17.6 

-12.6 

18.6 

18.2 

21.7 

1.0 

21.5 

15.2 

18.3 

20.9 

CAGR (%) 
1995-2000 

17.6 

16.5 

-15.0 

16.5 

13.8 

-14.5 

15.7 

14.7 

16.1 

1.4 

15.9 

11.6 

12.1 

15.4 

Source: Dataquest (May 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 
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Hybrid IC ( 1 . 3 % ) ^ . , - J - | 

k / D i s c r e t e \ 

/ A n a l o g / ^ ^ ^ \ 
/ Mixed ^ ^ \ 
/ (11.6%) X^J 

\ Logic/ASIC / 
\ (15.2%) / 

Total = $ 

rs (3.2%) 

Microcomponent \ 
(22.8%) \ 

Memory M 
(36.6%) # 

151 Billion 

2000 
Optical Semiconductors (2.8%) 

Hybrid IC ( 0 . 7 % l L . ^ ^ ^ ^ 

^^^TJiscretel 
/ ^ 7 . 8 % ) \ 

/ A n a l o g / ^ ^ \ 
/ Mixed ^ ^ I 

/ (11 -3%) \ \ 

1 Logic/ASIC y ^ 
\ (14.1%) X 

Microcomponent \ 
(25.1%) } 

Memory M 
(38.2%) ^ 

Total = $310 Billion 
952904 

« 

Source: Dataquest (May 1996) 
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Chapter 3 

Worldwide Semiconductor Forecast by Region 
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. 

Figure 3-1 
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) 

Americas 

Japan 

Europe 

Asia/Pacific 

Semiconductor Total 

1995 

48,349 

42,164 

28,341 

32,417 

151,271 

1996 

52,478 

41,244 

31,479 

37,411 

162,612 

1997 

60,217 

45,286 

35,734 

43,004 

184,241 

1998 

70,352 

51,144 

41,079 

51,258 

213,833 

1999 

85,481 

60,212 

48,433 

62,121 

256,247 

2000 

104,579 

71,693 

56,828 

76,736 

309,836 

CAGR (%) 
1995-2000 

16.7 

11.2 

14.9 

18.8 

15.4 

Source: Dataquest (May 1996) 

Table 3-2 
Total Semiconductor Growth Forecast by Region (Percentage Revenue Growth over 
Preceding Year) 

Americas 

Japan 

Europe 

Asia/Pacific 

Semiconductor Total 

1995 

35.2 

36.0 

35.6 

42.0 

36.9 

1996 

8.8 

-2.2 

11.1 

15.4 

7.6 

1997 

14.7 

9.8 

13.5 

15.0 

13.3 

1998 

16.8 

12.9 

15.0 

19.2 

16.1 

1999 

21.5 

17.7 

17.9 

21.2 

19.8 

2000 

22.3 

19.1 

17.3 

23.5 

20.9 

CAGR (%) 
1995-2000 

16.7 

11.2 

14.9 

18.8 

15.4 

Source: Dataquest (May 1996) 

Figure 3-2 
Regional Consumption as a Percentage of Total 
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Chapter 4 

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: 

• 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 u p 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 corifigurations. 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 sem.iconductor 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. 

MCRO-WW-MT-9601 ©1996 Dataquest 11 



if Embedded Microcomponents Worldwide 

Table 4-1 
Americas Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

3,381 

4,485 

160 

4,325 

4,101 

1,417 

2,684 

2,404 

14,371 

245 

14,616 

1,611 

313 

16,540 

1991 

3,916 

4,641 

131 

4,510 

4,070 

1,200 

2,870 

2,397 

15,024 

245 

15,269 

1,389 

332 

16,990 

1992 

5,282 

5,837 

130 

5,707 

4,287 

1,102 

3,185 

2,689 

18,095 

309 

18,404 

1,603 

423 

20,430 

1993 

7,620 

8,868 

83 

8,785 

5,549 

1,090 

4,459 

3,304 

25,341 

288 

25,629 

1,811 

486 

27,926 

1994 

9,839 

12,535 

66 

12,469 

6,323 

901 

5,422 

3,820 

32,517 

347 

32,864 

2,212 

697 

35,773 

1995 

12,421 

20,530 

55 

20,475 

7,528 

741 

6,787 

3,995 

44,474 

378 

44,852 

2,870 

627 

48,349 

CAGR (%) 
1990-1995 

29.7 

35.6 

-19.2 

36.5 

12.9 

-12.2 

20.4 

10.7 

25.3 

9.1 

25.1 

12.2 

14.9 

23.9 

Source: Dataquest (May 1996) 

Table 4-2 
Americas Semiconductor Market, Five-Year Revenue Forecast 1995-2000 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 
Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

12,421 

20,530 

55 

20,475 

7,528 

741 

6,787 

3,995 

44,474 

378 

44,852 

2,870 

627 

48,349 

1996 

14,073 

21,145 

40 

21,105 

8,400 

675 

7,725 

4,575 

48,193 

345 

48,538 

3,225 

715 

52,478 

1997 

16,182 

24,297 

33 

24,264 

9,581 

576 

9,005 

5,315 

55,375 

352 

55,727 

3,650 

840 

60,217 

1998 

18,779 

28,647 

27 

28,620 

11,074 

504 

10,570 

6,232 

64,732 

370 

65,102 

4,190 

1,060 

70,352 

1999 

21,950 

36,710 

20 

36,690 

12,887 

422 

12,465 

7,329 

78,876 

385 

79,261 

4,895 

1,325 

85,481 

2000 

25,575 

47,307 

17 

47,290 

15,320 

360 

14,960 

8,652 

96,854 

400 

97,254 

5,700 

1,625 

104,579 

CAGR (%) 
1995-2000 

15.5 

18.2 

-20.9 

18.2 

15.3 

-13.4 

17.1 

16.7 

16.8 

1.1 

16.7 

14.7 

21.0 

16.7 

Source: Dataquest (May 1996) 
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Table 4-3 
Americas Semiconductor Market, Historic Revenue Growth, 1990-1995 
Revenue Growth over Preceding Year) 

(Percentage 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Arialog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

20.9 

-24.6 

-11.1 

-25.1 

5.8 

-2.6 

10.9 

8.0 

-3.2 

-3.5 

-3.2 

-1.7 

-4.9 

-3.1 

1991 

15.8 

3.5 

-18.1 

4.3 

-0.8 

-15.3 

6.9 

-0.3 

4.5 

0 

4.5 

-13.8 

6.1 

2.7 

1992 

34.9 

25.8 

-0.8 

26.5 

5.3 

-8.2 

11.0 

12.2 

20.4 

26.1 

20.5 

15.4 

27.4 

20.2 

1993 

44.3 

51.9 

-36.2 

53.9 

29.4 

-1.1 

40.0 

22.9 

40.0 

-6.8 

39.3 

13.0 

14.9 

36.7 

1994 

29.1 

41.4 

-20.5 

41.9 

13.9 

-17.3 

21.6 

15.6 

28.3 

20.5 

28.2 

22.1 

43.4 

28.1 

1995 

26.2 

63.8 

-16.7 

64.2 

19.1 

-17.8 

25.2 

4.6 

36.8 

8.9 

36.5 

29.7 

-10.0 

35.2 

CAGR (%) 
1990-1995 

29.7 

35.6 

-19.2 

36.5 

12.9 

-12.2 

20.4 

10.7 

25.3 

9.1 

25.1 

12.2 

14.9 

23.9 

Source: Dataquest (May 1996) 

Table 4-4 
Americas Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

26.2 

63.8 

-16.7 

64.2 

19.1 

-17.8 

25.2 

4.6 

36.8 

8.9 

36.5 

29.7 

-10.0 

35.2 

1996 

14.2 

3.0 

-27.3 

3.1 

11.6 

-8.9 

13.8 

14.5 

8.6 

-8.7 

8.5 

12.4 

14.0 

8.8 

1997 

15.0 

14.9 

-17.5 

15.0 

14.1 

-14.7 

16.6 

16.2 

14.9 

2.0 

14.8 

13.2 

17.5 

14.7 

1998 

16.0 

17.9 

-18.2 

18.0 

15.6 

-12.5 

17.4 

17.3 

16.9 

5.1 

16.8 

14.8 

26.2 

16.8 

1999 

16.9 

28.1 

-25.9 

28.2 

16.4 

-16.3 

17.9 

17.6 

21.9 

4.1 

21.7 

16.8 

25.0 

21.5 

2000 

16.5 

28.9 

-15.0 

28.9 

18.9 

-14.7 

20.0 

18.1 

22.8 

3.9 

22.7 

16.4 

22.6 

22.3 

CAGR (%) 
1995-2000 

15.5 

18.2 

-20.9 

18.2 

15.3 

-13.4 

17.1 

16.7 

16.8 

1.1 

16.7 

14.7 

21.0 

16.7 

Source: Dataquest (May 1996) 
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14 Embedded Microcomponents Worldwide 

The effect of the Americas forecast on the relative corisumption 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 

1995 

Optical Semic 
Discrete (5.9%) 

Hybrid IC (0.8%) \ _ _ i 

Analog/Mixed / ^T^ *^ I 
(8.3%) N / ^ A 

1 Logic/ASIC ^ - ^ 
1 (15.6%) ^ ^ 

Total = $< 

onductors (1.3%) 

Microcomponent \ 
(25.5%) 1 

lemory M 
*2.6%) M 

48.2 Billion 

2000 

Optical Semiconductors (1.6%) 
Discrete (5.5%) 

Hybrid IC (0,4%) L _ _ _ _ ^ 
Analog/Mixed >-^Sf^ \ """^^ 

(8.3%) v / ^ \ 1 ^ v 

/ Logic/ASIC ^ s \ 
( 1 4 . 6 % ) ^ , , ^ 

Microcomponent \ 
(24.5%) I 

Y Memory m 
\ (45.1%) M 

Total = $104.6 Billion 
9S2907 

€ 

Source: Dataquest (May 1996) 
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I 
Chapter 5 

Japan Forecast by Product Family, 
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 tihe 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 wiU 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. 

• 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. 

• 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 worldwide PC shipments. Prices are weakening for other memory 
products like SRAM, flash, and MROMs. 

• 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). 

MCRO-WW-MT-9601 ©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) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

2,974 

4,390 

194 

4,196 

4,931 

1,441 

3,490 

2,723 

15,018 

776 

15,794 

2,969 

1,494 

20,257 

1991 

3,579 

4,393 

165 

4,228 

5,351 

1,277 

4,074 

3,094 

16,417 

860 

17,277 

3,432 

1,787 

22,496 

1992 

3,269 

4,175 

138 

4,037 

4,849 

1,016 

3,833 

2,903 

15,196 

750 

15,946 

3,077 

1,556 

20,579 

1993 

3,987 

5,697 

127 

5,570 

5,712 

1,001 

4,711 

3,278 

18,674 

820 

19,494 

3,423 

1,728 

24,645 

1994 

5,603 

7,344 

98 

7,246 

7,111 

1,118 

5,993 

4,048 

24,106 

889 

24,995 

3,916 

2,097 

31,008 

1995 

7,829 

12,337 

82 

12,255 

8,772 

988 

7,784 

4,744 

33,682 

1,034 

34,716 

4,681 

2,767 

42,164 

CAGR (%) 
1990-1995 

21.4 

23.0 

-15.8 

23.9 

12.2 

-7.3 

17.4 

11.7 

17.5 

5.9 

17.1 

9.5 

13.1 

15.8 

Source: Dataquest (May 1996) 

Table 5-2 
Japanese Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

7,829 

12,337 

82 

12,255 

8,772 

988 

7,784 

4,744 

33,682 

1,034 

34,716 

4,681 

2,767 

42,164 

1996 

8,558 
10,409 

63 

10,346 

8,934 

824 

8,110 

4,801 

32,702 

1,045 

33,747 

4,708 

2,789 

41,244 

1997 

10,130 

11,853 

60 

11,793 

9,663 

637 

9,026 

4,846 

36,492 

1,075 

37,567 

4,845 

2,874 

45,286 

1998 

12,001 

13,481 

55 

13,426 

10,919 

546 

10,373 

5,331 

41,732 

1,075 

42,807 

5,232 

3,105 

51,144 

1999 

14,286 

17,163 

49 

17,114 

12,501 

486 

12,015 

5,922 

49,872 

1,075 

50,947 

5,813 

3,452 

60,212 

2000 

16,934 

22,162 

45 

22,117 

14,180 

437 

13,743 

6,612 

59,888 

1,075 

60,963 

6,641 

4,089 

71,693 

CAGR (%) 
1995-2000 

16.7 

12.4 

-11.3 

12.5 

10.1 

-15.1 

12.0 

6.9 

12.2 

0.8 

11.9 

7.2 

8.1 

11.2 

I 

Source: Dataquest (May 1996) 
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Table 5-3 
Japanese Semiconductor Market, Historic Revenue Growth, 1990-1995 
Revenue Growth over Preceding Year) 

(Percentage 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Mor\olithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

11.7 

-24.6 

1.6 

-25.5 

2.7 

-1.1 

4.3 

-0.4 

-6.2 

-7.7 

-6.3 

-3.6 
-3.7 

-5.7 

1991 

20.3 

0.1 

-14.9 

0.8 

8.5 

-11.4 

16.7 

13.6 

9.3 

10.8 

9.4 

15.6 

19.6 

11.1 

1992 

-8.7 

-5.0 

-16.4 

-4.5 

-9.4 

-20.4 

-5.9 

-6.2 

-7.4 

-12.8 

-7.7 

-10.3 

-12.9 

-8.5 

1993 

22.0 

36.5 

-8.0 

38.0 

17.8 

-1.5 

22.9 

12.9 

22.9 

9.3 

22.3 

11.2 

11.1 

19.8 

1994 

40.5 

28.9 

-22.8 

30.1 

24.5 

11.7 

27.2 

23.5 

29.1 

8.4 

28.2 

14.4 

21.4 

25.8 

1995 

39.7 

68.0 

-16.3 

69.1 

23.4 

-11.6 

29.9 

17.2 

39.7 

16.3 

38.9 

19.5 

32.0 

36.0 

CAGR(%) 
1990-1995 

21.4 

23.0 

-15.8 

23.9 

12.2 

-7.3 

17.4 

11.7 

17.5 

5.9 

17.1 

9.5 

13.1 

15.8 

Source: Dataquest (May 1996) 

Table 5-4 
Japanese Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

39.7 

68.0 

-16.3 

69.1 

23.4 

-11.6 

29.9 

17.2 

39.7 

16.3 

38.9 

19.5 

32.0 

36.0 

1996 

9.3 

-15.6 

-23.2 

-15.6 

1.8 

-16.6 

4.2 

1.2 

-2.9 

1.1 

-2.8 

0.6 

0.8 

-2.2 

1997 

18.4 

13.9 

-4.8 

14.0 

8.2 

-22.7 

11.3 

0.9 

11.6 

2.9 

11.3 

2.9 

3.0 

9.8 

1998 

18.5 

13.7 

-8.3 

13.8 

13.0 

-14.3 

14.9 

10.0 

14.4 

0 

13.9 

8.0 

8.0 

12.9 

1999 

19.0 

27.3 

-10.9 

27.5 

14.5 

-11.0 

15.8 

11.1 

19.5 

0 

19.0 

11.1 

11.2 

17.7 

2000 

18.5 

29.1 

-8.2 

29.2 

13.4 

-10.1 

14.4 

11.7 

20.1 

0 

19.7 

14.2 

18.5 

19.1 

CAGR (%) 
1995-2000 

16.7 

12.4 

-11.3 

12.5 

10.1 

-15.1 

12.0 

6.9 

12.2 

0.8 

11.9 

7.2 

8.1 

11.2 

Source: Dataquest (May 1996) 
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Embedded Microcomponents Worldwide 

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. 

i 

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

1995 
Optical Semiconductors (6.6%) 

Hybrid IC (2.5%) 

2000 
Optical Semiconductors (5,7%) 

Hybrid IC (1.5%) 

Total = $42.2 Billion Total s $71.7 Billion 
662909 

I 

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: 

• 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. 

• 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. 

• Shortages in discrete products enhanced the market in 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. 
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Table 6-1 
European Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in 
Millions of Dollars) 

Microcomponents 
Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 
Bipolar Logic 
MOS Logic 

Analog ICs 
Monolithic IC Total 

Hybrid ICs 
Total ICs 

Discrete Devices 
Optical Semiconductors 

Total Semiconductor 

1990 
1,802 

2,105 

55 
2,050 
1,882 

510 
1,372 

2,169 

7,958 
157 

8,115 

1,895 
405 

10,415 

1991 
2,082 
2,172 

43 
2,129 

2,085 

443 
1,642 
2,184 

8,523 
178 

8,701 
1,828 

485 
11,014 

1992 
2,723 
2,698 

38 

2,660 
2,137 

388 
1,749 
2,249 

9,807 

151 
9,958 

1,826 
434 

12,218 

1993 
4,037 
4,067 

27 

4,040 
2,299 

363 
1,936 
2,736 

13,139 
179 

13,318 
1,769 

374 

15,461 

1994 
5,408 
6,602 

28 
6,574 
2,659 

329 
2,330 
3,370 

18,039 
178 

18,217 

2,108 
575 

20,900 

1995 
7,009 
9,990 

19 
9,971 

3,243 
291 

2,952 
4,127 

24,369 
239 

24,608 

3,053 
680 

28,341 

CAGR (%) 
1990-1995 

31.2 
36.5 

-19.2 
37.2 

11.5 

-10.6 
16.6 
13.7 

25.1 
8.8 

24.8 
10.0 
10.9 
22.2 

Source: Dataquest (May 1996) 

Table 6-2 
European Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

7,009 

9,990 

19 

9,971 

3,243 

291 

2,952 

4,127 

24,369 

239 

24,608 

3,053 

680 

28,341 

1996 

8,503 

10,321 

13 

10,308 

3,621 

251 

3,370 

4,630 

27,075 

249 

27,324 

3,367 

788 

31,479 

1997 

9,775 

11,962 

13 

11,949 

3,974 

203 

3,771 

5,306 

31,017 

245 

31,262 

3,603 

869 

35,734 

1998 

11,365 

13,917 

10 

13,907 

4,540 

174 

4,366 

6,049 

35,871 

248 

36,119 

3,985 

975 

41,079 

1999 

13,454 

16,728 

9 

16,719 

5,250 

151 

5,099 

7,149 

42,581 

258 

42,839 

4,491 

1,103 

48,433 

2000 

15,437 

19,919 

8 

19,911 

6,175 

134 

6,041 

8,580 

50,111 

263 

50,374 

5,178 

1,276 

56,828 

CAGR (%) 
1995-2000 

17.1 

14.8 

-15.9 

14.8 

13.7 

-14.4 

15.4 

15.8 

15.5 

1.9 

15.4 

11.1 

13.4 

14.9 

Source: Dataquest (May 1996) 

i 

i 
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Table 6-3 
European Semiconductor Market, Historic Revenue Growth, 1990-1995 
Revenue Growth over Preceding Year) 

(Percentage 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Moiiolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

25.0 

-15.4 

-22.5 

-15.2 

-3.4 

-8.3 
-1.4 

39.4 

7.0 

15.4 

7.2 

20.4 

14.4 

9.7 

1991 

15.5 

3.2 

-21.8 

3.9 

10.8 

-13.1 

19.7 

0.7 

7.1 

13.4 

7.2 

-3.5 

19.8 

5.8 

1992 

30.8 

24.2 

-11.6 

24.9 

2.5 

-12.4 

6.5 

3.0 

15.1 

-15.2 

14.4 

-0.1 

-10.5 

10.9 

1993 

48.3 

50.7 

-28.9 

51.9 

7.6 

-6.4 

10.7 

21.7 

34.0 

18.5 

33.7 

-3.1 

-13.8 

26.5 

1994 

34.0 

62.3 

3.7 

62.7 

15.7 

-9.4 

20.4 

23.2 

37.3 

-0.6 

36.8 

19.2 

53.7 

35.2 

1995 

29.6 

51.3 

-32.1 

51.7 

22.0 

-11.6 

26.7 

22.5 

35.1 

34.3 

35.1 

44.8 

18.3 

35.6 

CAGR (%) 
1990-1995 

31.2 

36.5 

-19.2 

37.2 

11.5 

-10.6 

16.6 

13.7 

25.1 

8.8 

24.8 

10.0 

10.9 

22.2 

Source: Dataquest (May 1996) 

Table 6-4 
European Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

29.6 

51.3 

-32.1 

51.7 

22.0 

-11.6 

26.7 

22.5 

35.1 

34.3 

35.1 

44.8 

18.3 

35.6 

1996 

21.3 

3.3 

-31.6 

3.4 

11.7 

-13.7 

14.2 

12.2 

11.1 

4.2 

11.0 

10.3 

15.9 

11.1 

1997 

15.0 

15.9 

0 

15.9 

9.7 

-19.1 

11.9 

14.6 

14.6 

-1.6 

14.4 

7.0 

10.3 

13.5 

1998 

16.3 

16.3 

-23.1 

16.4 

14.2 

-14.3 

15.8 

14.0 

15.6 

1.2 

15.5 

10.6 

12.2 

15.0 

1999 

18.4 

20.2 

-10.0 

20.2 

15.6 

-13.2 

16.8 

18.2 

18.7 

4.0 

18.6 

12.7 

13.1 

17.9 

2000 

14.7 

19.1 

-11.1 

19.1 

17.6 

-11.3 

18.5 

20.0 

17.7 

1.9 

17.6 

15.3 

15.7 

17.3 

CAGR (%) 
1995-2000 

17.1 

14.8 

-15.9 

14.8 

13.7 

-14.4 

15.4 

15.8 

15.5 

1.9 

15.4 

11.1 

13.4 

14.9 

Source: Dataquest (May 1996) 
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Figure 6-1 
Product Comparison, European Market, 1995 and 2000 i 

1995 
Optical Semiconductors (2.4%; 

Hybrid IC (0.8%) 

Total = $28.3 Billion 

2000 
Optical Semiconductors (2.2%) 

Hybrid !C (0.5%) 

Total = $56.8 Billion 
SS29n9 

Source: Dataquest (May 1996) 
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Chapter 7 

Asia/Pacific Forecast by Product Family, 
The five-year forecast for the Asia/Pacific region shown on the following 
pages is based on the following assumptions: 

• 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. 

• 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 semiconductor 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. 

MCRO-WW-MT-9601 ©1996 Dataquest 23 
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Table 7-1 
Asia/Pacific Semiconductor Market, Six-Year Revenue History, 1990-1995 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

1,427 

1,579 

22 

1,557 

1,268 

374 

894 

1,549 

5,823 

111 

5,934 

1,199 

200 

7,333 

1991 

2,197 

1,991 

17 

1,974 

1,466 

352 

1,114 

1,842 

7,496 

112 

7,608 

1,386 

200 

9,194 

1992 

3,085 

2,916 

12 

2,904 

1,645 

369 

1,276 

2,339 

9,985 

125 

10,110 

1,649 

275 

12,034 

1993 

4,303 

4,918 

7 

4,911 

2,396 

381 

2,015 

3,195 

14,812 

176 

14,988 

2,080 

418 

17,486 

1994 

5,558 

7,223 

7 

7,216 

2,728 

365 

2,363 

4,025 

19,534 

251 

19,785 

2,527 

520 

22,832 

1995 

7,254 

12,564 

4 

12,560 

3,418 

317 

3,101 

4,741 

27,977 

284 

28,261 

3,419 

737 

32,417 

CAGR (%) 
1990-1995 

38.4 

51.4 

-28.9 

51.8 

21.9 

-3.3 
28.2 

25.1 

36.9 

20.7 

36.6 

23.3 

29.8 

34.6 

Source: Dataquest (May 1996) 

Table 7-2 
Asia/Pacific Semiconductor Market, Five-Year Revenue Forecast, 1995-2000 (Revenue in 
Millions of Dollars) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

7,254 

12,564 

4 

12,560 

3,418 

317 

3,101 

4,741 

27,977 

284 

28,261 

3,419 

737 

32,417 

1996 

8,811 

13,874 

3 

13,871 

3,955 

262 

3,693 

5,556 

32,196 

308 

32,504 

4,000 

907 

37,411 

1997 

10,437 

16,101 

2 

16,099 

4,474 

228 

4,246 

6,231 

37,243 

337 

37,580 

4,419 

1,005 

43,004 

1998 

12,740 

19,053 

1 

19,052 

5,373 

191 

5,182 

7,535 

44,701 

337 

45,038 

5,074 

1,146 

51,258 

1999 

15,842 

23,065 

1 

23,064 

6,574 

160 

6,414 

9,131 

54,612 

337 

54,949 

5,845 

1,327 

62,121 

2000 

19,699 

29,292 

1 

29,291 

8,073 

135 

7,938 

11,067 

68,131 

337 

68,468 

6,732 

1,536 

76,736 

CAGR (%) 
1995-2000 

22.1 

18.4 

-24.2 

18.5 

18.8 

-15.7 

20.7 

18.5 

19.5 

3.5 

19.4 

14.5 

15.8 

18.8 

Source: Dataquest (May 1996) 

i 

i 
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Table 7-3 
Asia/Pacific Semiconductor Market, Historic Revenue Growth, 1990-1995 (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1990 

57.2 

-1.6 
22.2 

-1.9 

9.7 

-3.1 

16.1 

21.5 

17.8 

-19.0 

16.8 

16.7 

16.3 

16.8 

1991 

54.0 

26.1 

-22.7 

26.8 

15.6 

-5.9 

24.6 

18.9 

28.7 

0.9 

28.2 

15.6 

0 

25.4 

1992 

40.4 

46.5 

-29.4 

47.1 

12.2 

4.8 

14.5 

27.0 

33.2 

11.6 

32.9 

19.0 

37.5 

30.9 

1993 

39.5 

68.7 

-41.7 

69.1 

45.7 

3.3 

57.9 

36.6 

48.3 

40.8 

48.2 

26.1 

52.0 

45.3 

1994 

29.2 

46.9 

0 

46.9 

13.9 

-4.2 

17.3 

26.0 

31.9 

42.6 

32.0 

21.5 

24.4 

30.6 

1995 

30.5 

73.9 

-42.9 

74.1 

25.3 

-13.2 

31.2 

17.8 

43.2 

13.1 

42.8 

35.3 

41.7 

42.0 

CAGR (%) 
1990-1995 

38.4 

51.4 

-28.9 

51.8 

21.9 

-3.3 
28.2 

25.1 

36.9 

20.7 

36.6 

23.3 

29.8 

34.6 

Source: Dataquest (May 1996) 

Table 7-4 
Asia/Pacific Semiconductor Market, Forecast Five-Year Revenue Growth (Percentage 
Revenue Growth over Preceding Year) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

1995 

30.5 

73.9 

-42.9 

74.1 

25.3 

-13.2 

31.2 

17.8 

43.2 

13.1 

42.8 

35.3 

41.7 

42.0 

1996 

21.5 

10.4 

-25.0 

10.4 

15.7 

-17.4 

19.1 

17.2 

15.1 

8.5 

15.0 

17.0 

23.1 

15.4 

1997 

18.5 

16.1 

-33.3 

16.1 

13.1 

-13.0 

15.0 

12.1 

15.7 

9.4 

15.6 

10.5 

10.8 

15.0 

1998 

22.1 

18.3 

-50.0 

18.3 

20.1 

-16.2 

22.0 

20.9 

20.0 

0 

19.8 

14.8 

14.0 

19.2 

1999 

24.3 

21.1 

0 
21.1 

22.4 

-16.2 

23.8 

21.2 

22.2 

0 

22.0 

15.2 

15.8 

21.2 

2000 

24.3 

27.0 

0 

27.0 

22.8 

-15.6 

23.8 

21.2 

24.8 

0 

24.6 

15.2 

15.7 

23.5 

CAGR (%) 
1995-2000 

22.1 

18.4 

-24.2 

18.5 

18.8 

-15.7 

20.7 

18.5 

19.5 

3.5 

19.4 

14.5 

15.8 

18.8 

Source: Dataquest (May 1996) 
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Figure 7-1 
Product Comparison, Asia/Pacific Market, 1995 and 2000 
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Chapter 8 

Forecast by Product 
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 

I 

After six consecutive years of growth exceeding 20 percent, microcompo
nent growth is slowing. GrowQi 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 wiU 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 growfii 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 
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Optoelectronic 

Discrete 
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Microcomponent 

MOS Logic 

Analog 

1993 1994 1995 1996 1997 1998 1999 2000 
962911 

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

m 

Americas 

Japan 

Europe 

Asia/Pacific 

Microcomponent IC Total 

1995 

12,421 

7,829 

7,009 

7,254 

34,513 

1996 

14,073 

8,558 

8,503 

8,811 

39,945 

1997 

16,182 

10,130 

9,775 

10,437 

46,524 

1998 

18,779 

12,001 

11,365 

12,740 

54,885 

1999 

21,950 

14,286 

13,454 

15,842 

65,532 

2000 

25,575 

16,934 

15,437 

19,699 

77,645 

CAGR(%) 
1995-2000 

15.5 

16.7 

17.1 

22.1 

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 substantia 1 
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, although 
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 in 
Millions of Dollars) 

Americas 

Japan 
Europe 

Asia/Pacific 

Memory IC Total 

1995 

20,530 

12,337 

9,990 

12,564 

55,421 

1996 

21,145 

10,409 

10,321 

13,874 

55,749 

1997 

24,297 

11,853 

11,962 

16,101 

64,213 

1998 

28,647 

13,481 

13,917 

19,053 

75,098 

1999 

36,710 

17,163 

16,728 

23,065 

93,666 

2000 

47,307 

22,162 

19,919 

29,292 

118,680 

CAGR (%) 
1995-2000 

18.2 

12.4 

14.8 

18.4 

16.5 

i 

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 to 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 

I 

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) 

I 

Americas 

Japan 
Europe 

Asia/Pacific 

Logic IC Total 

1995 

7,528 

8,772 

3,243 

3,418 

22,961 

1996 

8,400 

8,934 

3,621 

3,955 

24,910 

1997 

9,581 

9,663 

3,974 

4,474 

27,692 

1998 

11,074 

10,919 

4,540 

5,373 

31,906 

1999 

12,887 

12,501 

5,250 

6,574 

37,212 

2000 

15,320 

14,180 

6,175 

8,073 

43,748 

CAGR (%) 
1995-2000 

15.3 

10.1 

13.7 

18.8 

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) 

Americas 

Japan 

Europe 

Asia/Pacific 

Analog IC Total 

1995 

3,995 

4,744 

4,127 

4,741 

17,607 

1996 

4,575 

4,801 

4,630 

5,556 

19,562 

1997 

5,315 

4,846 

5,306 

6,231 

21,698 

1998 

6,232 

5,331 

6,049 

7,535 

25,147 

1999 

7,329 

5,922 

7,149 

9,131 

29,531 

2000 

8,652 

6,612 

8,580 

11,067 

34,911 

CAGR (%) 
1995-2000 

16.7 

6.9 

15.8 

18.5 

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) 

Americas 

Japan 

Exirope 

Asia/Pacific 

Monolithic IC Total 

1995 

44,474 

33,682 

24,369 

27,977 

130,502 

1996 

48,193 

32,702 

27,075 

32,196 

140,166 

1997 

55,375 

36,492 

31,017 

37,243 

160,127 

1998 

64,732 

41,732 

35,871 

44,701 

187,036 

1999 

78,876 

49,872 

42,581 

54,612 

225,941 

2000 

96,854 

59,888 

50,111 

68,131 

274,984 

CAGR(%) 
1995-2000 

16.8 

12.2 

15.5 

19.5 

16.1 

Source: Dataquest (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) 

Americas 

Japan 

Europe 

Asia/Pacific 

Discrete Devices Total 

1995 

2,870 

4,681 

3,053 

3,419 

14,023 

1996 

3,225 

4,708 

3,367 

4,000 

15,300 

1997 

3,650 

4,845 

3,603 

4,419 

16,517 

1998 

4,190 

5,232 

3,985 

5,074 

18,481 

1999 

4,895 

5,813 

4,491 

5,845 

21,044 

2000 

5,700 

6,641 

5,178 

6,732 

24,251 

CAGR (%) 
1995-2000 

14.7 

7.2 

11.1 

14.5 

11.6 

Source: Dataquest (May 1996) 
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Optical Semiconductors 
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. 

Table 8-7 
Optical Semiconductor Market by Region, Five-Year Revenue Forecast, 1995-2000 
(Revenue in Millions of Dollars) 

> 

Americas 

Japan 

Europe 

Asia/Pacific 

Optical Semiconductors 
Total 

1995 

627 

2,767 

680 

737 

4,811 

1996 

715 

2,789 

788 

907 

5,199 

1997 

840 

2,874 

869 

1,005 

5,588 

1998 

1,060 

3,105 

975 

1,146 

6,286 

1999 

1,325 

3,452 

1,103 

1,327 

7,207 

2000 

1,625 

4,089 

1,276 

1,536 

8,526 

CAGR (%) 
1995-2000 

21.0 

8.1 

13.4 

15.8 

12.1 

Source: Dataquest (May 1996) 

I 
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Forecast by Technology 

Digital iVIOS and Bipolar IC 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 
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Table 9-1 
Semiconductor Market by Process Technology, Six-Year Revenue History, 1990-1995 
(Revenue in Millions of Dollars) 

Bipolar Total 

Bipolar Memory 

Bipolar Logic 

MOS Total 

MOS Micro 

MOS Memory 

MOS Logic 

Total Digital IC 

1990 

4,173 

431 

3,742 

30,152 

9,584 

12,128 

8,440 

34,325 

1991 

3,628 

356 

3,272 

34,315 

11,774 

12,841 

9,700 

37,943 

1992 

3,193 

318 

2,875 

39,710 

14,359 

15,308 

10,043 

42,903 

1993 

3,079 

244 

2,835 

56,374 

19,947 

23,306 

13,121 

59,453 

1994 

2,912 

199 

2,713 

76,021 

26,408 

33,505 

16,108 

78,933 

1995 

2,497 

160 

2,337 

110,298 

34,513 

55,261 

20,624 

112,895 

CAGR (%) 
1990-1995 

-9.8 

-18.0 

-9.0 

29.6 

29.2 

35.4 

19.6 

26.9 
Source: Dataquest (May 1996) 

Table 9-2 
Semiconductor Market by Process Technology, Five-Year Revenue Forecast, 1995-2000 
(Revenue in Millions of Dollars) 

Bipolar Total 

Bipolar Memory 

Bipolar Logic 

MOS Total 

MOS Micro 

MOS Memory 

MOS Logic 

Total Digital IC 

1995 

2,497 

160 

2,337 

110,298 

34,513 

55,261 

20,624 

112,895 

1996 

2,131 

119 

2,012 

118,473 

39,945 

55,630 

22,898 

120,604 

1997 

1,752 

108 

1,644 

136,677 

46,524 

64,105 

26,048 

138,429 

1998 

1,508 

93 

1,415 

160,381 

54,885 

75,005 

30,491 

161,889 

1999 

1,298 

79 

1,219 

195,112 

65,532 

93,587 

35,993 

196,410 

2000 

1,137 

71 

1,066 

238,936 

77,645 

118,609 

42,682 

240,073 

CAGR(%) 
1995-2000 

-14.6 

-15.0 

-14.5 

16.7 

17.6 

16.5 

15.7 

16.3 

Source: Dataquest (May 1996) 
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Appendix A 

Japanese Revenue History and Forecast in Yen. 
Revenue growth in shipments to the Japan region differs according to 
whether tihe 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 ttie 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) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

Yen/U.S.$ Exchange Rate 

1990 

428 

632 

28 

604 

710 

208 

503 

392 

2,163 

112 

2,274 

428 

215 

2,917 

144.00 

1991 

487 

597 

22 

575 

728 

174 

554 

421 

2,233 

117 

2,350 

467 

243 

3,059 

136.00 

1992 

413 

528 

17 

510 

613 

128 

485 

367 

1,922 

95 

2,016 

389 

197 

2,602 

126.45 

1993 

443 

634 

14 

619 

635 

111 

524 

365 

2,077 

91 

2,168 

381 

192 

2,741 

111.20 

1994 

570 

748 

10 

738 

724 

114 

610 

412 

2,454 

91 

2,545 

399 

213 

3,157 

101.81 

1995 

735 

1,158 

8 

1,151 

824 

93 

731 

445 

3,163 

97 

3,260 

440 

260 

3,959 

93.90 

CAGR (%) 
1990-1995 

11.4 

12.9 

-22.7 

13.8 

3.0 

-14.9 

7.8 

2.6 

7.9 

-2.8 

7.5 

0.6 

3.8 

6.3 

Source: Dataquest (May 1996) 

Table A-2 
Japanese Semiconductor Market, Five-Year Yen Revenue Forecast, 1995-2000 (Revenue 
in Billions of Yen) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

Yen/U.S.$ Exchange Rate 

1995 

735 

1,158 

8 

1,151 

824 

93 

731 

445 

3,163 

97 

3,260 

440 

260 

3,959 

93.90 

1996 

916 

1,114 

7 

1,108 

956 

88 

868 

514 

3,501 

112 

3,613 

504 

299 

4,415 

107.05 

1997 

1,084 

1,269 

6 

1,262 

1,034 

68 

966 

519 

3,906 

115 

4,022 

519 

308 

4,848 

107.05 

1998 

1,285 

1,443 

6 

1,437 

1,169 

58 

1,110 

571 

4,467 

115 

4,582 

560 

332 

5,475 

107.05 

1999 

1,529 

1,837 

5 

1,832 

1,338 

52 

1,286 

634 

5,339 

115 

5,454 

622 

370 

6,446 

107.05 

2000 

1,813 

2,372 

5 

2,368 

1,518 

47 

1,471 

708 

6,411 

115 

6,526 

711 

438 

7,675 

107.05 

CAGR (%) 
1995-2000 

19.8 

15.4 

-9.0 

15.5 

13.0 

-12.8 

15.0 

9.7 

15.2 

3.5 

14.9 

10.1 

11.0 

14.2 

Source: Dataquest (May 1996) 
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Table A-3 
Japanese Semiconductor Market, Yen Revenue Growth, 1990-1995 (Percentage Revenue 
Growth in Yen) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

U.S.$ Appreciation versus Yen 

1990 

16.6 

-21.3 

6.0 

-22.2 

7.2 

3.2 

8.9 

3.9 

-2.2 

-3.7 

-2.2 

0.6 

0.5 

-1.6 

4.35 

1991 

13.7 

-5.5 
-19.7 

-4.8 

2.5 

-16.3 

10.2 

7.3 

3.2 

4.7 

3.3 

9.2 

13.0 

4.9 

-5.56 

1992 

-15.1 

-11.6 
-22.2 

-11.2 

-15.7 

-26.0 

-12.5 

-12.8 

-13.9 

-18.9 

-14.2 

-16.6 

-19.0 

-14.9 

-7.02 

1993 

7.3 

20.0 

-19.1 

21.3 

3.6 

-13.4 

8.1 

-0.7 

8.1 

-3.9 

7.5 

-2.2 

-2.3 

5.3 

-12.06 

1994 

28.7 

18.0 

-29.4 

19.1 

14.0 

2.3 

16.5 

13.1 

18.2 

-0.7 

17.4 

4.7 

11.1 

15.2 

-8.44 

1995 

28.9 

54.9 

-22.8 

56.0 

13.8 

-18.5 

19.8 

8.1 

28.9 

7.3 

28.1 

10.2 

21.7 

25.4 

7.77 

CAGR (%) 
1990-1995 

11.4 

12.9 

-22.7 

13.8 

3.0 

-14.9 

7.8 

2.6 

7.9 

-2.8 

7.5 

0.6 

3.8 

6.3 

-8.20 

Source: Dataquest (May 1996) 

Table A-4 
Japanese Semiconductor Market, Forecast Five-Year Yen Revenue Growth, 1995-2000 
(Percentage Revenue Growth in Yen) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

U.S.$ Appreciation versus Yen 

1995 

28.9 

54.9 

-22.8 

56.0 

13.8 

-18.5 

19.8 

8.1 

28.9 

7.3 

28.1 

10.2 

21.7 

25.4 

-7.77 

1996 

24.6 

-3.8 

-12.4 

-3.8 

16.1 

-4.9 

18.8 

15.4 

10.7 

15.2 

10.8 

14.7 

14.9 

11.5 

14.00 

1997 

18.4 

13.9 

-4.8 

14.0 

8.2 

-22.7 

11.3 

0.9 

11.6 

2.9 

11.3 

2.9 

3.0 

9.8 

0 

1998 

18.5 

13.7 

-8.3 

13.8 

13.0 

-14.3 

14.9 

10.0 

14.4 

0 

13.9 

8.0 

8.0 

12.9 

0 

1999 

19.0 

27.3 

-10.9 

27.5 

14.5 

-11.0 

15.8 

11.1 

19.5 

0 

19.0 

11.1 

11.2 

17.7 

0 

2000 

18.5 

29.1 

-8.2 

29.2 

13.4 

-10.1 

14.4 

11.7 

20.1 

0 

19.7 

14.2 

18.5 

19.1 

0 

CAGR(%) 
1995-2000 

19.8 

15.4 

-9.0 

15.5 

13.0 

-12.8 

15.0 

9.7 

15.2 

3.5 

14.9 

10.1 

11.0 

14.2 

2.66 

Source: Dataquest (May 1996) 
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Appendix B 

European Revenue History and Forecast in ECU 
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. 

Figure B-1 
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) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

ECU/U.S.$ Exchange Rate 

1990 

1,420 

1,659 

43 

1,615 

1,483 

402 

1,081 

1,709 

6,271 

124 

6,395 

1,493 

319 

8,207 

0.788 

1991 

1,689 

1,761 

35 

1,727 

1,691 

359 

1,332 

1,771 

6,912 

144 

7,057 

1,483 

393 

8,932 

0.811 

1992 

2,097 

2,077 

29 

2,048 

1,645 

299 

1,347 

1,732 

7,551 

116 

7,668 

1,406 

334 

9,408 

0.77 

1993 

3,464 

3,489 

23 

3,466 

1,973 

311 

1,661 

2,347 

11,273 

154 

11,427 

1,518 

321 

13,266 

0.858 

1994 

4,543 

5,546 

24 

5,522 

2,234 

276 

1,957 

2,831 

15,153 

150 

15,302 

1,771 

483 

17,556 

0.84 

1995 

5,425 

7,732 

15 

7,718 

2,510 

225 

2,285 

3,194 

18,862 , 

185 

19,047 

2,363 

526 

21,936 

0.774 

CAGR (%) 
1990-1995 

30.7 

36.1 

-19.4 

36.7 

11.1 

-10.9 

16.1 

1?.3 

24.6 

8.4 

24.4 

9.6 

10.5 

21.7 

Source: Dataquest (May 1996) 

Table B-2 
European Semiconductor Market, Five-Year ECU Revenue Forecast, 1995-2000 (Revenue 
in Millions of ECU) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

ECU/U.S.$ Exchange Rate 

1995 

5,425 

7,732 

15 

7,718 

2,510 

225 

2,285 

3,194 

18,862 

185 

19,047 

2,363 

526 

21,936 

0.774 

1996 

6,887 

8,360 

11 

8,349 

2,933 

203 

2,730 

3,750 

21,931 

202 

22,132 

2,727 

638 

25,498 

0.81 

1997 

7,918 

9,689 

11 

9,679 

3,219 

164 

3,055 

4,298 

25,124 

198 

25,322 

2,918 

704 

28,945 

0.81 

1998 

9,206 

11,273 

8 

11,265 

3,677 

141 

3,536 

4,900 

29,056 

201 

29,256 

3,228 

790 

33,274 

0.81 

1999 

10,898 

13,550 

7 

13,542 

4,253 

122 

4,130 

5,791 

34,491 

209 

34,700 

3,638 

893 

39,231 

0.81 

2000 

12,504 

16,134 

6 

16,128 

5,002 

109 

4,893 

6,950 

40,590 

213 

40,803 

4,194 

1,034 

46,031 

0.81 

CAGR(%) 
1995-2000 

18.2 

15.8 

-15.1 

15.9 

14.8 

-13.6 

16.5 

16.8 

16.6 

2.9 

16.5 

12.2 

14.5 

16.0 

Source: Dataquest (May 1996) 
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Table B-3 
European Semiconductor Market, Historic Revenue Growth, 1990-1995 (Revenue 
Growth in ECU) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

U.S.$ Appreciation versus ECU 

1990 

8.5 

-26.6 

-32.8 

-26.4 

-16.2 

-20.4 

-14.5 

21.0 

-7.1 

0.2 

-7.0 

4.5 

-0.7 

-4.8 

-13.22 

1991 

18.9 

6.2 

-19.5 

6.9 

14.0 

-10.6 

23.2 

3.6 

10.2 

16.7 

10.4 

-0.7 

23.2 

8.8 

2.92 

1992 

24.2 

17.9 

-16.1 

18.6 

-2.7 

-16.8 

1.1 

-2.2 

9.2 

-19.5 

8.7 

-5.2 

-15.0 

5.3 

-5.06 

1993 

65.2 

68.0 

-20.8 

69.2 

19.9 

4.2 

23.3 

35.6 

49.3 

32.1 

49.0 

8.0 

-4.0 

41.0 

11.43 

1994 

31.2 

58.9 

1.5 

59.3 

13.2 

-11.3 

17.8 

20.6 

34.4 

-2.6 

33.9 

16.7 

50.5 

32.3 

-2.10 

1995 

19.4 

39.4 

-37.5 

39.8 

12.4 

-18.5 

16.7 

12.8 

24.5 

23.7 

24.5 

33.4 

9.0 

24.9 

-7.86 

CAGR (%) 
1990-1995 

30.7 

36.1 

-19.4 

36.7 

11.1 

-10.9 

16.1 

13.3 

24.6 

8.4 

24.4 

9.6 

10.5 

21.7 

-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) 

Microcomponents 

Memory Total 

Bipolar Memory 

MOS Memory 

Logic/ASIC Total 

Bipolar Logic 

MOS Logic 

Analog ICs 

Monolithic IC Total 

Hybrid ICs 

Total ICs 

Discrete Devices 

Optical Semiconductors 

Total Semiconductor 

U.S.$ Appreciation versus ECU 

1995 

19.4 

39.4 

-37.5 

39.8 

12.4 

-18.5 

16.7 

12.8 

24.5 

23.7 

24.5 

33.4 

9.0 

24.9 

-7.86 

1996 

27.0 

8.1 

-28.4 

8.2 

16.8 

-9.7 

19.5 

17.4 

16.3 

9.0 

16.2 

15.4 

21.3 

16.2 

4.65 

1997 

15.0 

15.9 

0 

15.9 

9.7 

-19.1 

11.9 

14.6 

14.6 

-1.6 

14.4 

7.0 

10.3 

13.5 

0 

1998 

16.3 

16.3 

-23.1 

16.4 

14.2 

-14.3 

15.8 

14.0 

15.6 

1.2 

15.5 

10.6 

12.2 

15.0 

0 

1999 

18.4 

20.2 

-10.0 

20.2 

15.6 

-13.2 

16.8 

18.2 

18.7 

4.0 

18.6 

12.7 

13.1 

17.9 

0 

2000 

14.7 

19.1 

-11.1 

19.1 

17.6 

-11.3 

18.5 

20.0 

17.7 

1.9 

17.6 

15.3 

15.7 

17.3 

0 

CAGR (%) 
1995-2000 

18.2 

15.8 

-15.1 

15.9 

14.8 

-13.6 

16.5 

16.8 

16.6 

2.9 

16.5 

12.2 

14.5 

16.0 

0.91 

Source: Dataquest (May 1996) 
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Appendix C 

Definitions, 

Analog ICs 

Bipolar 

Digital ICs 

> 

Discrete Devices 

Hybrid IC 

I 

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 

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 Cone 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 DSP. 

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 (PET). 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 
channel device in a complementary conJEiguration, 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 
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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 

Semiconductors 

These devices are the semiconductor subset of optoelectronic products. 
This family includes light-sensing products such as photosensors and 
CCDs as well as light-emitting devices such as LEDs and lasers. 
Optocouplers and interrupters use both functions. 

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. 

t 

I 
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Appendix D 

Historical Excliange 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 

I 

Year 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

Yen per U.S.$ 

227 

221 

248 

235 

237 

238 

167 

144 

130 

138 

144 

136 

126.5 

111.2 

101.8 

93.90 

ECU per U.S,$ 

-

-

w 

-

-̂  

•r 

-

-

0.846 

0.908 

0.788 

0.811 

0.770 

0.858 

0.840 

0.774 

U.S.$ Growth 
versus Yen (%) 

3.6 

-2.7 

12.2 

-5.2 

0.9 

0.4 

-29.8 

-13.8 

-9.7 

6.2 

4.3 

-5.6 

-7.0 

-12.1 

-8.4 

-7.8 

U.S.$ Growth 
versus ECU (%) 

-

-

-

-

-

-

-

-

-2.5 

7.3 

-13.2 

2.9 

-5.0 

11.4 

-2.1 

-7.9 

Source: Dataquest (May 1996) 
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Chapter 1 

Market Share Survey Overview 
Each year, Dataquest surveys microcomponent vendors to estimate their 
unit shipments and the revenue derived from the sale of those devices. 
The 1996 survey covers microcomponent vendors worldwide. This exer
cise helps Dataquest maintain its dynamic database of microcomponent 
supply by company. The information gained is supplemented by, and 
cross-checked with, Dataquest's various other information sources. 

The microcomponent market share survey takes place after the end of the 
calendar year under review. The results are summarized and analyzed in 
several Dataquest reports. 

The categories for which microcomponent unit shipments are reported are 
defined comprehensively for the purpose of clarity and guidance to sur
vey participants. These definitions may occasionally be revised, altered, 
or expanded to reflect changes in the industry. To support these defini
tions, Dataquest will issue an annual survey guide to aU participants in its 
microcomponent market share survey program. This document is the 1996 
survey guide. 

Note that the definition for word width for microprocessors, microcontrol
lers, and digital signal processors has changed for 1996 and beyond. 
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Chapter 2 

Microcomponent Companies Surveyed 
Worldwide for 1996 — ^ ^ _ ^ ^ — . 

In 1996, Dataquest surveyed microcomponent companies worldwide. 

American Companies 
The following North American companies are surveyed: 

• Advanced Micro Devices 

• Analog Devices 

• Atmel 

• California Micro Devices 

• C-Cube 

• Chips & Technologies 

• Cirrus Logic 

• Cypress Semiconductor 

• Cyrix Semiconductor 

• Dallas Semiconductor 

• Digital Equipment Corporation 

• DSP Group 

• Harris Semiconductor 

• Hewlett-Packard Company 

• Hughes Microelectronics 

• IBM Microelectronics 

• Integrated Device Technology 

• Integrated Information Technology 

• Intel Corporation 

• Intergraph Corporation 

• LSI Logic 

• Lucent Technologies 

• Microchip Technology 

• Motorola 

• National Semiconductor 

• Oak Technology 

• Performance Semiconductor 

• Rockwell International 

• S3 

• Symbios Logic 
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• Texas Instruments 

• Trident Microsystems \ 

• Tseng Labs 

• VLSI Technology 

• Weitek 

• Zilog 

• Zoran 

European Companies 
The following European companies are surveyed: 

• GECPlessey 

• MatraMHS 

• NVPhiUpsBV 

• SGS-Thomson Microelectronics 

• Siemens AG 

• TEMIC 

• TMS 

Japanese Companies 
The following Japanese companies are surveyed: i 

• Fujitsu 

• Hitachi 

• Mitsubishi Electric 

• NEC 

• Oki Electric Industry 

• Ricoh 

• Rohm 

• Sanyo Electric 

• Seiko Epson 

• Sharp 

• Sony 

• Toshiba 

• Yamaha 

Asia/Pacific Companies 
The following Asia/Pacific companies are surveyed: 

• Acer ^ 

• LG Semicon H 

• Samsung 
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Chapter 3 

General Sales Definitions 

Unit Shipments 

Revenue 

This is the volume or number of finished units shipped by manufacturers 
to users, equipment manufacturers, or distributors. The tmits must 
include operating silicon and are generally assembled into packages, 
tested, and shipped in protective packaging. A manufacturer's own inven
tory is not included. Often reported in thousands (K) or millions (M) of 
units. Similar terms are units and volume. 

This is the total revenue value of the finished units shipped by manufac
turers to users or distributors. In Dataquest's worldwide services, revenue 
is reported in equivalent U.S. dollars, unless otherwise noted. Often 
reported in millions of doUars ($M) or billions of dollars ($B). 

Average Selling Price 
The average selling price (ASP) is the average price for which a product 
sells when considering all the sales of the product in total, from very small 
quantities to large-volume orders. ASP is determined by dividing the total 
revenue derived from the sale of all of the category of products by the 
number of units that make up all of that category (ASP = revenue/units). 
It is quite possible that no sale of product ever takes place at a reported 
ASP. It is also possible that any one sale of product takes place at more 
than 50 percent variation from an ASP. ASPs are not intended to be the 
manufacturers' suggested retail prices, one-piece prices, volume-discount 
prices, or the best possible prices. In Dataquest's worldwide services, ASPs 
are reported in equivalent U.S. dollars unless otherwise noted. 

Compound Annual Growth Rate 
Compound annual growth rate (CAGR) is a measure of the growth of an 
industry over time, usually a five-year span (N = 5). A positive number 
indicates a growing market. The CAGR is associated with revenue unless 
noted as units or ASP. CAGR is defined as follows and is usually 
expressed as a percentage: 

Vnhj^ 
CAGR = ^l 1 

Valuef_Q 
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Market Share 
Market share refers to the revenue of the desired product, vendor, or 
region divided by the revenue for all products, vendors, or regions in the 
same category, usually expressed as a percentage. Market share of imits is 
also a vaUd measiirement but is only used where explicitly stated. No 
implication should be niade as to the "availability" of the market shared 
within the category. 

Merchant versus Captive Consumption 
Dataquest includes all revenue, both merchant and captive, for semicon
ductor suppliers selling to the merchant market. The data excludes com
pletely captive suppliers where devices are manufactured solely for the 
company's own use. A product that is used internally is valued at market 
price rattier than at transfer or factory price. 

{ 

i 
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Chapter 4 

Exchange Rate Definitions 
When converting a company's local currency sales into U.S. dollars, or 
vice versa, it is important to use the preliminary 1996 exchange rates pro
vided in Table 4-1. This wiU prevent inconsistencies in the conversion of 
offshore sales between each company. The preliminary 1996 exchange rate 
estimate uses actual exchange rates through September 1996 and assumes 
that the September rate applies throughout the months of October 
through December. 

The annual rate is estimated as the arithmetic 
rates. Table 4-1 outlines these rates. Exchange 
available on request. 

Table 4-1 
Average 1995 and 1996 Exchange Rates per U.S. Dollar 

mean of the 12 monthly 
rates for historical years are 

Country 

Australia (Dollar) 

Austria (Schilling) 

Belgium (Franc) 

Canada (Dollar) 

China (Renminbi) 

Denmark (Krone) 

EU (ECU) 

Finland (Markka) 

France (Franc) 

Germany (Mark) 

Great Britain (Pound) 

Greece (Drachma) 

Hong Kong (Dollar) 

India (Rupee) 

Ireland (Punt) 

Italy (Lira) 

Japan (Yen) 

Malaysia (Ringgit) 

Mexico (Peso) 

Netherlands (Guilder) 

New Zealand (Dollar) 

Norway (Krone) 

Portugal (Escudo) 

Singapore (Dollar) 

South Africa (Rand) 

1995 Rate 

1.35 

10.06 

29.42 

NA 

NA 

5.59 

0.77 

4.37 

4.97 

1.43 

0.63 

231.34 

7.74 

32.38 

0.62 

1,628.21 

93.90 

2.51 

6.41 

1.60 

1.52 

6.33 

149.77 

1.43 

NA 

1996 Rate 

1.28 

10.55 

30.84 

1.37 

8.34 

5.80 

0.80 

4.58 

5.10 

1.50 

0.65 

240.42 

7.73 

35.52 

0.63 

1,542.35 

108.06 

2.51 

7.53 

1.68 

1.46 

6.46 

154.13 

1.41 

4.28 

U.S. Dollar 
Appreciation (%) 1996 

-5.21 

4.82 

4.84 

NM 

NM 

3.64 

3.20 

4.86 

2.69 

4.77 

2.47 

3.92 

-0.02 

9.71 

0.97 

-5.27 

15.08 

-0.09 

17.49 

4.79 

-4.29 

2.18 

2.91 

-1.05 

NM 

(Continued) 

MCRO-ww-Gu-geoi ©1996Dataquest 



Embedded Microcomponents Worldwide 

Table 4-1 (Continued) 
Average 1995 and 1996 Exchange Rates per U.S. Dollar 

Country 

South Korea (Won) 

Spain (Peseta) 

Sri Lanka (Rupee) 

Sweden (Krona) 

Switzerland (Franc) 

Taiwan (Dollar) 

Thailand (Baht) 

1995 Rate 

770.57 

124.40 

NA 

7.14 

1.18 

26.48 

24.91 

1996 Rate 

802.37 

126.24 

55.08 

6.70 

1.22 

27.46 

25.33 

U.S. Dollar 
Appreciation (%) 1996 

4.13 

1.48 

NM 

-6.14 

3.66 

3.73 

1.68 

NA = Not tracked until 1996 
NM = Not meaningful 
Source: Dataquest (November 1996) 

i 
l\/ICRO-WW-GU-9601 ©1996 Dataquest December 30,1996 



Chapter 5 

Microcomponent Product Category Hierarchy 
The microcomponent product category hierarchy in Table 5-1 begins 
with total microcomponent and indents each subcategory in the left-hand 
column according to its position in the hierarchy. At each level in the hier
archy, aU subcategories that contribute to this level are shown as a subcat
egory summation in the right-hand column. Any level in the hierarchy 
that does not depend on any subcategory is marked as a "Data Point." 

Table 5-1 
Microcomponent Product Category Hierarchy 

Total MOS Digital Microcomponent Integrated 
Circuit (IC): 

Microprocessor (MPU): 

8-Bit and 16-Bit CISC MPU: 

32-Bit and Greater CISC MPU: 

32-Bit and Greater RISC MPU: 

Microcontroller (MCU): 

4-Bit MCU: 

8-Bit MCU: 

16-Bit and Greater MCU: 

Digital Signal Processor (DSP): 

Microperipheral (MPR): 

System Core Logic Chipsets: 

Graphics and Imaging Controllers: 

Communications Controllers: 

Mass Storage Controllers: 

Audio/Other Controllers: 

Microprocessor + Microcontroller + Digital Signal 
Processor + Microperipheral 

8-Bit and 16-Bit CISC MPU + 32-Bit and Greater 
CISC MPU + 32-Bit and Greater RISC MPU 

Data Point 

Data Point 

Data Point 

4-Bit MCU + 8-Bit MCU + 16-Bit and Greater MCU 

Data Point 

Data Point 

Data Point 

Data Point 

System Core Logic Chipsets + Graphics and Imaging 
Controllers + Communications Controllers + Mass 
Storage Controllers + Audio/Other Controllers 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Source: Dataquest (November 1996) 
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Chapter 6 

Microcomponent Product Category Definitions 
The microcomponent product category definitions in Table 6-1 begin with 
total microcomponent and continue through each subcategory in the same 
order as shown in the preceding microcomponent product category hier
archy. At each level in the hierarchy, all subcategories that contribute to 
this level are shown as a subcategory summation in the right-hand col
umn. Comprehensive definitions are given at every level. 

Table 6-1 
Microcomponent Product Category Definitions 

Total Microcomponent IC 

Microprocessor 

(Microprocessor + Microcontroller + Digital Signal Processor + Micro-
peripheral) 

Microcomponents are a category of metal oxide semiconductor (MOS) 
digital integrated circuits made up of the microprocessor (MPU), 
microcontroller (MCU), programmable digital signal processor (DSP), 
and microperipheral (MPR) product families. 

(8-Bit and 16-Bit CISC MPU + 32-Bit and Greater CISC MPU + 32-Bit 
and Greater RISC MPU) 

An MPU is a MOS digital integrated circuit that includes an instruction 
decoder, arithmetic logic unit (ALU), registers, and additional logic. It 
may contain instruction, data, or unified caches, memory manage
ment systems, and auxiliary ALUs for floating point and other special 
data t5^es. An MPU's functions are determined by fetching and exe
cuting instructions and manipulating data held in registers, internal 
cache, or external memory. MPUs operate out of external memory sys
tems typically ranging from 1MB to 64MB of RAM and often backed 
by secondary memory systems (like disks). More highly integrated 
versions of MPUs may contain on-chip peripherals, interface, and sup
port circuits. The MPU category includes MPUs incorporating or orig
inating from an ASIC design. MPUs are divided into complex-
instruction-set computer (CISC) or reduced-instruction-set computer 
(RISC) implementations having 8-bit, 16-bit, or 32-bit and greater 
word width. MPUs are designed into computational applications or 
into embedded applications. 

(Continued) 
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12 Embedded Microcomponents Worldwide 

Table 6-1 (Continued) 
Microcomponent Product Category Definitions 

Microcontroller 

Digital Signal Processor 

(4-Bit MCU + 8-Bit MCU + 16-Bit and Greater MCU) 
An MCU is a MOS digital integrated circuit designed for standalone 

operation, that includes a programmable processing unit, program 
memory, read/write data memory, and some input /output capabil
ity. The processing unit contains an instruction decoder, arithmetic 
logic unit (ALU), registers, and additional logic. The MCU's functions 
are determined by fetching and executing instructions and manipulat
ing data held in on-chip program and data memory (not including 
cache memories). MCU devices must be available with on-chip pro
gram or data store. As an option, some MCU devices can be purchased 
w^ithout on-chip memory for use during the debug and development 
phase of the system. Peripherals may be included on chip to assist in 
sophisticated input, output, and control functions. The MCU category 
includes MCUs incorporating or originating from an ASIC design. 
Standalone digital signal processors are not included with MCUs. 
MCUs are divided into 4-bit, 8-bit, or 16-bit and greater word width. 
All MCUs are designed into embedded applications. 

A DSP is a programmable MOS digital integrated circuit designed for 
standalone operation, consisting of a high-speed arithmetic unit (typi
cally a multiplier-accumulator unit) designed to perform complex 
mathematical operations such as Fourier transforms in real time to 
generate, manipulate, or interpret digital representations of analog 
signals. Modem DSPs typically access multiple pieces of data in differ
ent locations of on-chip memory over separate data paths using spe
cialized addressing modes. Most DSP functions, such as the multiply-
and-accumulate function, complete in a single instruction clock. DSPs 
usually include peripherals, which may include analog circuits like 
analog-to-digital converters. DSPs typically operate on 16 bits or 
24 bits of fixed point data or 32 bits of floating point data, although 
Dataquest does not currently subdivide DSPs into these categories. 
DSPs that have no version that can be reprogrammed by the user in 
assembly language or a higher-level language are not included but are 
classified as application-specific standard products (ASSPs) or micro-
peripherals. DSPs integrated on chip with an independent micropro
cessor or microcontroller are classified as either an MPU or MCU, 
respectively. All DSPs are designed into embedded applications. A 
similar term is pDSP. 

(Continued) 
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> 

Table 6-1 (Continued) 
Microcomponent Product Category Definitions 

\ 

Microperipheral (System Core Logic Chipsets + Graphics and Imaging Controllers + 
Communications Controllers + Mass Storage Controllers + Audio/ 
Other Controllers) 

An MPR is a MOS digital integrated circuit that serves as a dedicated 
logical support function to a microprocessor or microcontroller in a 
system. Microperipherals are not programmable from assembly lan
guage, although they are often highly configurable by software or 
electrical signals. This definition includes MPRs comprising more than 
one device, such as PC or core logic chipsets. The MPR category 
includes MPRs incorporating, or originating from, an ASIC design. 
MPRs might be implemented using microprocessor, microcontroller, 
or digital signal processing elements, although this is generally not 
evident to the user. 

System Core Logic Chipsets Devices dedicated to a particular microprocessor interface that perform 
some of the basic interface functions such as memory management, 
DRAM control, cache control, bus interface control, DMA control, and 
interrupt control. 

Graphics and Imaging 
Controllers 

Coirununications 
Controllers 

Mass Storage Controllers 

Audio/Other Controllers 

Devices that typically interface to some form of system bus to interpret, 
control, and display the visual output of systems (computer-generated 
graphics, live video, and other images). 

Devices that control, format, and perform handshaking for the serial 
transmission and reception of information between systems or intelli
gent devices, including network controllers, integrated fax/modem 
chips, serial UARTs, and other communications interfaces. 

Devices that are used to control data storage into and retrieval from all 
forms of mass storage media (magnetic, optical, and others), which 
include controllers used within host computers (host-side) and within 
mass storage drives (device-side). 

Devices used to input or output information through other forms, 
including audio input /output controllers, keyboard controllers, pen 
input controllers, parallel port controllers, and various other devices. 

Source: Dataquest (November 1996) 

• 

IViCRO-WW-GU-9601 ©1996 Dataquest December 30,1996 



14 Embedded Microcomponents Worldwide 

Word Width 
This is the width, in bits, of the primary on-chip integer arithmetic and 
logic unit (ALU). This measurement is independent of the data bus width 
or any other bus associated with the device. The processor might operate 
on wider and narrower data types, with multiple passes through the ALU 
or with special hardware. The word width classification is not influenced 
by the existence of additional integer units or of floating point and other 
special data type processors. Table 6-2 shows the Dataquest word width 
category into which typical microcomponents are placed. A similar term is 
bit size. 

i 

Table 6-2 
Microcomponent Word Widths 

MCU 

MPU 

DSP 

4-Bit 

4-bit 

-

-

8-Bit 

8-bit 

8-bit and 
16-bit 

-

16-Bit 

16-bit 
and 
greater 

8-bit and 
16-bit 

DSP 

24-Bit 

-

DSP 

32-Bit 

16-bit 
and 
greater 

32-bit 
and 
greater 

DSP 

64-Bit 

32-bit 
and 
greater 

-

Source: Dataquest (November 1996) 

i 
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I Chapter 7 

' Worldwide Geographic Region Definitions 
and Regional Roll-Ups ^ ^ ^ ^ ^ ^ — ^ ^ ^ ^ ^ ^ - ^ ^ — 

Americas 

North America 
Includes Canada, Mexico, and the United States (50 states). 

South America 

Centrai America 

Japan 

Japan is the or\ly single-country region. 

Europe, Africa, and Middle East 

Europe 

Western Europe 
I 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 republics of the former USSR (Belarus, Russian 
Federation, Ukraine, Georgia, Moldova, Armenia, Azerbaijan, 
Kazakhstan, Uzbekistan, Tajikistan, Kyrgyzstan, and Turkmenistan). 

Africa 

IVIiddie East 

Asia/Pacific 

Includes Asia/Pacific's newly industrialized economies (NIEs) and the 
rest of Asia/Pacific regions. NIEs include Hong Kong, Singapore, South 
Korea, and Taiwan. The rest of Asia/Pacific region includes Australia, 
Bangladesh, Cambodia, China, India, Indonesia, Laos, Malaysia, 

^ Maldives, Myanmar, Nepal, New Zealand, Pakistan, the Philippines, Sri 
I Lanka, Thailand, and Vietnam. 
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Chapter 8 

Application Segment Definitions 

Data Processing 

Communications 

> 

Defined as computer systems, data storage, input /output (I/O) devices, 
dedicated systems, and other data processing equipment: 

• Computer systems: The computer estimate does not include the value 
of the rigid disk drives, flexible disk drives, keyboards, and displays. 
Computer estimate does include the value of aftermarket sales of 
graphics boards, motherboards, memory cards and single in-line mem
ory modules (SIMMs), storage host adapters, and serial and parallel 
I / O boards. Worldwide computer systems production has been re-
estimated and revalued to equal the value of worldwide (factory) 
revenue and shipments of computer systems as estimated by the 
Dataquest Computer Systems and Peripherals Worldwide group and to 
eliminate double-counting of system sales of storage devices, key
boards, and displays. Computer systems include supercomputers, 
mainframe computers, midrange computers (also known as supermini
computers and minicomputers), workstations, and personal computers 
(including portable computers). Includes the value of central processing 
units (that is, boxes) only. 

• Data storage includes rigid disk drives, flexible disk drives, optical disk 
drives, and tape drives. 

• Input/output devices include alphanumeric terminals and graphics 
terminals (for example, X terminals), monitors, and funds transfer 
terminals; and printers, media-to-media data conversion, magnetic ink 
character recognition, optical scanning equipment, plotters, mice, 
keyboards, and digitizers. 

• Dedicated systems include electronic copiers, electronic calculators and 
personal organizers, smart cards (IC cards), dictation/transcribing 
equipment, electronic typewriters and dedicated word processors, 
point-of-sale terminals and electronic cash registers, and mailing/letter-
handUng/addressing equipnient. 

• Other data processing includes soiuid/audio boards, digital video 
boards, accelerator boards, and embedded CPU boards. 

Defined as premises telecom equipment, public telecom equipment, 
mobile conununications equipment, broadcast and studio equipment, and 
other telecom equipment: 

• Premises telecom equipment includes image and text communication, 
such as facsimile and facsimile cards, and video telecorrferencing; data 
communications equipment such as modems and modem cards, statis
tical multiplexers, Tl multiplexers, front-end processors, DSU/CSU, 
protocol converters, local area network (LAN) interface cards, LAN 
hubs and internetworking equipment, and packet data switching 

MCRO-WW-GU-9601 ©1996 Dataquest 17 



18 Embedded Microcomponents Worldwide 

Industrial 

Consumer 

systems; premises switching equipment, such as PBX telephone equip
ment, and key telephone systems; call processing equipment, such as 
voice messaging, interactive voice response systems, and automatic call 
distributors; and desktop terminal equipment, such as telephone sets/ 
pay telephones and cordless telephones, and teleprinters. 

Public telecom equipment includes transmission equipment, such as 
multiplexers, carrier systems, microwave radio, laser and infrared 
transmission equipment, and satellite commuiucations equipment; 
and central office switching equipment. 

Mobile communications equipment includes mobile radio systems such 
as cellular telephones, microcellular telephones, mobile radios, mobile 
radio base station equipment, and pagers; portable radio receivers and 
transmitters; and radio checkout equipment. 

Broadcast and studio equipment includes audio equipment, video 
equipment, transmitters and radio frequency (RF) power amplifiers, 
studio transmitter links, cable TV (head-end) equipment, closed-
circuit TV equipment, and other equipment, such as studio and theater 
equipment. 

Other telecom equipment includes intercom equipment, electrical 
amplifiers, and communications equipment not elsewhere classified. 

Defined as security/energy management systems, manufacturing sys
tems/instruments, medical equipment, and other industrial equipment: 

• Security/energy management includes alarm systems, such as intru
sion detection and fire detection systems, and energy management sys
tems. 

• Manufacturing systems/instruments include microcomponent produc
tion equipment, controls, process controls, and control and processing 
displays and robots, as well as test and measuring equipment such as 
microcomponent-dedicated automatic test equipment (ATE), other test 
and measurement equipment, and nuclear electronics. 

• Medical equipment includes diagnostic equipment, therapeutic equip
ment, patient monitoring equipment, surgical support systems, and 
irradiation equipment. 

• Other industrial equipment includes vending machines, power sup
plies, traffic control equipment, and industrial equipment not elsewhere 
classified. 

Defined as audio equipment, video equipment, personal electronics, 
appliances, and other consumer equipment: 

• Audio equipment includes compact disc players, radios, stereo compo
nents, musical instruments, and tape recorders. 
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> 

Video equipment includes VCRs and VTRs, video cameras and cam
corders, video disc players, color and monochrome TVs, and cable/ 
satellite set-top decoders. 

Personal electrorucs includes electronic games and toys (systems and 
cartridges), cameras, watches, and clocks. 

Appliances includes air conditioners, microwave ovens, washers and 
dryers, refrigerators, dishwashers, and ranges and ovens. 

Other consumer equipment includes automatic garage door openers 
and consumer equipment not elsewhere classified. 

Military and Civil Aerospace 

Transportation 

Defined as military and civil aerospace electronic equipment. 

• Military/civil aerospace: North American military/civil aerospace pro
duction has been re-estimated and revalued to reflect U.S. Department 
of Commerce estimates of U.S. defense and civil (aerospace) electronics. 
Military/civU aerospace includes radar/sonar/reconnaissance systems, 
missile/space-related electronics, navigation equipment, electronic 
warfare, aircraft flight systems, and command and control systems. 

Defined as in-car entertainment, body control electronics, power train 
systems, and safety and convenience systems. 

• In-car entertainment includes systems such as AM/FM radios, cassette 
and compact disc players, and radio/cassette combination systems. 

• Body control electrorucs includes four-wheel steering control, two-
wheel drive/four-wheel drive control; multiplex systems such as 
driver's door console, door locks, windshield wipers, heated rear 
windows, memory seats, memory steering wheel, remote security 
systems, and suspension control and traction control systems; lighting 
controls including automatic headlight systems, timers, reminders, and 
sequential signal controls; and other body control electronics, including 
aerodynamic aid control and pow^er roof/window^ controls; driver 
information systems, including electronic dashboard/instrument clus
ters, analog or digital clusters, electronic analog/digital clocks and 
compasses, electronic thermometers, head-up displays, navigation and 
location systems, signal and warning lights, and trip computers. 

• Power train systems include engine management systems, power train 
sensors, ignition control, fuel injection systems, fuel flow, engine tem
perature, air temperature, coolant level, wheel speed sensors, and 
transmission contiol. 

• Safety and convenience systems include climate control systems (air 
conditioning/heating), air purifier systems, air bag control systems, 
antilock braking systems, collision warning systems, and cruise contiol. 

• 
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Applications 

Computational Applications 
Computational applications of microprocessors are designed to be highly 
programmable by the end user while the manufacturer has only a vague 
idea of the final use of the system. The microprocessor is the central pro
cessor in the system, running an operating system performing task sched
uling, system administration, and resource allocation according to the 
needs of the programs scheduled or initiated to execute. The programs are 
typically executed by the central processor, although they may be dis
patched to subservient processors. The programs typically reside on mass 
storage media such as floppy or hard disks or may be downloaded over 
networks. 

The programs executed may vary greatly according to user demands on 
the product, so the system is designed to handle a wide variety of poten
tial applications. The operating system might be DOS, Windows 95, Mac 
OS, UNIX, OS/2, Solaris, or any other, although it is rarely designed for 
real-time response. The application programs are normally computational 
in nature. Computational applications must be programmable by the end 
user of the equipment in a higher-level language such as BASIC or 
FORTRAN. 

The most common computational applications are personal computers, 
workstations, and servers. Most computational MPUs can also be used in 
embedded applications. Computational systems may have many embed
ded microcomponents in subsystems that support the central processor, 
such as the monitor, keyboard, mouse, disk drive, network interface, and 
modem, among others. 

Embedded Applications 
Embedded applications of microcomponents are designed to perform a 
fixed set of functions once the system is shipped from the manufacturer. 
Those functions t)^ically define the end product. The system may be 
reconfigurable by the end user but cannot be reprogranmied by a high-
level language such as BASIC or FORTRAN. Usually the end user would 
not even know what type of processor was in the equipment. 

The processor will typically run a real-time operating system (although 
real time is not a requirement, nor is any operating system) and a set of 
instructions that perform fvmctions critical to the operation of the end 
product. Programs run by the processor may perform system monitoring, 
system control, data processing, peripherals interfacing, data movement, 
and motion control, among other functions. Programs often exist in ROM, 
although they may load from secondary storage, such as disks. Each pro
cessor or microcontroller in the system typically has a fairly narrow range 
of responsibilities. 

Examples of embedded applications are many and varied but include fea
ture phones, cellular phones, cellular infrastiucture, telephone switches, 
bridges, routers, network cards, point of sale terminals, modems, arcade 
games, cameras, camcorders, VCRs, satellite receivers, set-top boxes, 
remote controls, audio equipment (personal, home, and professional), 
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keyboards, disk drives, CD drives, laser printers, other computer periph-
M erals, fax machines, copiers, medical instruments, motor control, indus-
^ trial process control, robotics, engine control, airbags, antilock braking 

systems, and global positioning systems. Although personal digital assis
tants (PDA), video games, and organizers can be fed external programs, 
the purpose of the device is still primarily the same, and so they are con
sidered embedded applications. All microcontrollers and all digital signal 
processors, as well as many microprocessors, are designed into embedded 
applications. 

• 

t 
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Introduction 

Segmentation 

This document contains detailed information on Dataquesf s view of the 
microcomponent market. Microcomponents include microprocessors, 
microcontrollers, digital signal processors, and peripheral circuits. 
Included in this document are tiie following: 

• 1993-1995 revenue and market share estimates 

• 1994-1995 revenue and market share rankings 

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

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

Further data on microprocessors and microcontrollers is detailed in other 
documents within Dataquesf s Embedded Microcomponents Worldwide 
program and the Semiconductor Directions in PCs and PC Multimedia 
Worldwide program. More detail and qualitative analysis of microcom
ponent market data may also be available in other doomients of these 
services or may be requested through Dataquesf s client inquiry service. 

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

For market share purposes, Dataquest defines the microcomponent 
market according to tihe following functional segmentation scheme: 

• Digital Microcomponent IC 

• Digital Microprocessor (MPU) 

• Digital Microcontroller (MCU) 

• Digital Microperipheral (MPR) 

• Programmable Digital Signal Processor (DSP) 
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Definitions 
MOS Digital Microprocessor (MPU) is defined as an IC that includes an 
instruction decoder, arithmetic logic unit (ALU), registers, and additional 
logic. It may contain instruction, data, or unified caches, memory 
management systems, and auxiliary ALUs for floating point. An MPU's 
functions are determined by fetching and executing instructions and 
manipvdating data held in registers, internal cache, or external memory. 
MPUs t5rpically operate out of external memory systems ranging from 
1MB to 64MB and secondary memory systems (such as disks). More 
highly integrated versions of MPUs may contain on-chip peripheral 
circuits. The MPU category includes MPUs incorporating or originating 
from an ASIC design. MPUs are divided into complex instruction set 
computer (CISC) or reduced instruction set computer (RISC) and 8-bit, 
16-bit, or 32-bit and greater word width. MPUs are designed into com
pute applications or into embedded applications. 

MOS Digital Microcontroller (MCU) is defined as an IC designed for 
standalone operation that includes a programmable processing unit, 
program memory, read/write data memory, and some input/output 
capability. The processing imit contains an instruction decoder, arith
metic logic vnut (ALU), registers, and additional logic. The MCU's 
functions are determined by fetching and executing instructions and 
mianipulating data held in on-chip program and data memory (not 
including cache memories). MCU devices must be available with on-chip 
program or data store. As an option, some MCU devices can be piu:-
chased without on-chip memory. Peripherals may be included on-chip to 
assist in sophisticated input, output, and control functions. The MCU 
category includes MCUs incorporating or originating from an ASIC 
design. Standalone digital signal processors are not included with 
MCUs. MCUs are divided into 4-bit, 8-bit, or 16-bit and greater word 
width. All MCUs are designed into embedded applications. 

MOS Digital Microperipheral (MPR) is defined as an IC that serves as a 
logical support function to an MPU in a system. This definition includes 
MPRs comprising more than one device, such as a PC or core logic chip
sets. The MPR category includes MPRs incorporating or originating from 
an ASIC design. 

Programmable Digital Signal Processor (DSP) is defined as a program
mable IC composed of a high-speed arithmetic unit (tj^ically a 
multiplier-accumulator vmit) designed to perform complex mathematical 
operations such as Fourier transforms, manipulating digital representa
tions of analog signals in real time. Modem DSPs t5^ically access data in 
different locations over separate data paths using specialized addressing 
modes. Most DSP functions, such as the multiply-and-accumulate func
tion, are completed in a single instruction clock. DSPs typically operate 
on 16 bits or 24 bits of fixed point data or 32 bits of floating-point data, 
although Dataquest does not subdivide DSPs into these categories. DSPs 
that have no version that can be reprogrammed by the user are not 
included but are categorized as application-specific special products 
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(ASSPs). DSPs integrated on-chip with an MPU or MCU are classified as 
either an MPU or MCU, respectively. 

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 tlie IVIiddle 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 Ettrope 
(Andorra, Cyprus, Gibraltar, Liechtenstein, Monaco, San Marino, Vatican 
City, Iceland, Malta, and Turkey). 

Eastern Europe: Includes Albania, Bulgaria, the Czech Republic and 
Slovakia, Estonia, Hxmgary, Latvia, Littiuania, Poland, Romania, the 
republics of the former Yugoslavia, and the republics of the former USSR 
(Belarus, Russian Federation, Ukraine, Georgia, Moldavia, Armenia, 
Azerbaijan, Kazakhstan, Uzbekistan, Tadjikistan, Kyrgyzstan, and 
Turkmenistan). 

Asia/Pacific 
Includes Hong Kong, Singapore, South Korea, Taiwan, Australia, 
Bangladesh, Cambodia, China, India, Indonesia, Laos, Malaysia, 
Maldives, Myarunar, Nepal, New Zealand, Pakistan, the Philippines, 
Sri Lanka, Thailand, and Vietnam. 

Line Item Definitions 
Factory revenue is defined as the money value received by a semi
conductor manufacturer for its products. Revenue from the sale of 
semiconductors sold either as finished goods, die, or wafers to another 
semiconductor vendor for resale is attributed to the semiconductor ven
dor that sells the product to a distributor or equipment manufacturer. 

Market Share Methodology 
Dataquest utilizes both primary and secondary sources to produce mar
ket statistics data. In the fourth quarter of each year, Dataquest surveys 
all major participants within each industry. Selected companies are resur-
veyed during the first quarter of the following year to verify final annual 
results. This primary research is supplemented with additional primary 
research and secondary research to verify market size, shipment totals, 
and pricing information. Sotirces of data utilized by Dataquest include 
the following: 

• Iivformation published by major industry participants 

• Estimates made by knowledgeable and reliable industry 
spokespersons 
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• Government data or trade association data (such as WSTS, MITI, and 
U.S. DOC) 

• Published product literature and price lists 

• Interviews with knowledgeable manufacturers, distributors, and users 

• Relevant economic data 

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

• Articles in both the general and trade press 

• Reports from financial analysts 

• End-user surveys 

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

Despite the care taken in gathering, analyzing, and categorizing the data 
in a meaningful way, careful attention must be paid to tihe definitions 
and assumptions used herein when interpreting the estimates presented 
in this document. Various companies, government agencies, and frade 
associations may use slightly different definitions of product categories 
and regional groupings, or they may include different companies in their 
summaries. These differences shoiild be kept in mind when making 
comparisons between data and ntmibers provided by Dataquest and 
those provided by other suppliers. 

Notes on Market Share 
In the process of conducting data collection and preparing market 
statistics information, Dataquest will sometimes consolidate or revise a 
particular company, model, series, or industry's numbers. In this section, 
we explain any such changes contained within this document for your 
reference. 

Notes to Market Share Tables 
1. Appian Technology product lines were acquired by Cirrus Logic in 
1994. 

2. Dialog, Eiuosil, Mafra, Telefunken, and Siliconix are now knov^m as 
Tetnic. 

3. LG Semicon was formerly known as Goldstar. 

4. IMP was formerly known as International Microelectronic Products. 

5. Inmos' revenue is included in SGS-Thomson's revenue. 

6. Linfinity was formerly known as Silicon General. 

7. NCR was acquired by Hyiondai in 1994 and is operated as Symbios 
Logic Inc. 
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8. Philips' revenue includes Signetics revenue. 

9. Thomson Semiconductors Specific (TCS) was formed through the 
merger of Thomson Composants Microndes (TCM) and Thomson Com
posants Militaires et Spatiaux (TMS). 

10. The following companies were added to worldwide market share 
tables starting in 1994 and may result in higher 1994 market growth rates 
in certain product areas: 

• Integrated Silicon Solution Inc. 

• Ramtron 

• Quick Logic 

• International CMOS Technology 

11. In 1994, three-quarters of Intel's PLD Divison's revenue is included 
in Intel's revenue and the last quarter's revenue is included in Altera's 
revenue to accurately reflect the sale of the PLD Division. 

12. Tektronix's revenue is now included with Maxim's revenue. 

13. Rockwell's 1994 revenue has been restated. 

14. National Semiconductor's 1994 revenue has been restated. 

15. Comlinear's revenue is included in National Semiconductor's 
revenue. 

Exchange Rates 
Dataquest uses an average armual exchange rate in converting revenue 
to U.S. dollar amounts. Table 1 outiines these rates for 1993 through 
1995. 

Table 1 
Exchange Rates 

1993 1994 1995 

Japan (Yen/U.S.$) 
France (Franc/U.S.$) 
Germany (Deutsche Mark/U.S.$) 
United Kingdom (U.S.$/Pound Sterling) 

111.20 
5.67 

1.66 
1.50 

101.81 
5.54 
1.62 

1.53 

93.90 
4.97 

1.43 

1.59 

Source: Dataquest (April 1996) 
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Section 1:1995 IVIicrocomponent Market Siiare 

Table 1-1 
Factory Revenue from Shipments of MOS Microcomponents by Product and 
Regional Company Base Worldwide (Millions of U.S. Dollars) 

MOS Microcomponent 
North American Companies 

Japanese Companies 
European Companies 
Asia/Padfic Companies 

Total Market 
Microprocessor 

North American Companies 
Japanese Companies 
European Companies 
Asia/Padfic Companies 

Total Market 

Microcontroller 
North American Companies 

Japanese Companies 
European Companies 

Asia/Pacific Companies 
Total Market 

Microperipheral 
North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 
Digital Signal Processor 

North American Companies 
Japanese Companies 
European Companies 
Asia/Padfic Companies 

Total Market 

1993 

14,395 
4,585 

640 
327 

19,947 

8408 
311 
61 
3 

8,783 

1,984 

3,363 
510 
47 

5,904 

3,400 
835 

. 69 
277 

4,581 

603 
76 

0 
0 

679 

Revenue 
1994 

18,843 
6,137 

851 
577 

26,408 

10,898 
461 

67 
11 

11,437 

2,514 

4,261 

685 
57 

7,517 

4,520 
1,301 

94 
509 

6,424 

911 
114 

5 
0 

1,030 

1995 

24,210 
8,102 
1,432 

774 

34,518 

13,609 
562 

85 
23 

14,280 

3,115 
5,930 
1,066 

144 

10,255 

5,976 
1,456 

274 

607 
8,313 

1,509 
154 

7 
0 

1,670 

Market Share (%) 
1993 

72.2% 

23.0% 
3.2% 
1.6% 

100.0% 

95.7% 

3.5% 
0.7% 
0.0% 

100.0% 

33.6% 
57.0% 
8.6% 
0.8% 

100.0% 

74.2% 
18.2% 

1.5% 
6.0% 

100.0% 

88.8% 
11.2% 

0.0% 
0.0% 

100.0% 

1994 

71.4% 
23.2% 
3.2% 
2.2% 

100.0% 

95.3% 
4.0% 
0.6% 
0.1% 

100.0% 

33.4% 
56.7% 

9.1% 
0.8% 

100.0% 

70.4% 
20.3% 

1.5% 
7.9% 

100.0% 

88.4% 
11.1% 
0.5% 
0.0% 

100.0% 

1995 

70.1% 
23.5% 

4.1% 
2.2% 

100.0% 

95.3% 
3.9% 
0.6% 
0.2% 

100.0% 

30.4% 
57.8% 
10.4% 

1.4% 
100.0% 

71.9% 
17.5% 

3.3% 

7.3% 
100.0% 

90.4% 
9.2% 

0.4% 

0.0% 
100.0% 

NA = Not available 
Source: Dataquest (May 1996) 
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Table 1-2 
Each Company's Factory Revenue from Shipments of MOS Microcomponents 
Worldwide (Millions of U.S. Dollars) 

Total Market 

North American Companies 

ACC Microelectronics 

Adaptec 

Advanced Micro Devices 

Alliance Semiconductor 

Analog Devices 

AT&T 

Atmel 

California Micro Devices 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Cyrix 

Dallas Semiconductor 

ETEQ Microsystems 

Harris 

Hughes 

IBM 
Integrated Device Technology 

Integrated Information Tech. 

Intel 

ITT 
LSI Logic 

Micro Linear 

Microchip Technology 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Performance Semiconductor 

Q Logic 

Rockwell 

S3 
SEEQ Technology 

Sierra Semiconductor 

Standard Microsystems 
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1993 

19,947 

14,395 

36 
122 
563 

0 
69 

246 
5 
6 

86 
371 

8 
125 
56 
19 
47 

3 
337 

48 
40 

7,444 

25 
77 
0 

72 

2,065 

477 
50 
86 

18 
21 
17 

113 
4 

0 
43 

Revenue 

1994 

26,408 

18,843 

49 
125 

1,021 

-

85 
305 

5 
5 

89 
681 
40 

241 
22 
0 

52 

3 
399 

51 
35 

9,595 

12 
78 
6 

130 
2,363 

452 
62 

130 

15 
45 

509 
130 
17 

35 
100 

©1996 Dataquest 

1995 

34,518 

24,210 

40 
124 
922 

10 
117 
510 
28 
6 

138 
886 
48 

212 

20 
-

66 
3 

703 
63 

44 
12,396 

15 
107 

-
189 

2,996 

541 
84 

167 
21 

60 
738 
315 
21 

44 
150 

Market Share (%) 

1993 

100.0 

72.2 

0.2 
0.6 
2.8 

0 
0.3 
1.2 

0 
0 

0.4 
1.9 

0 
0.6 
0.3 
0.1 
0.2 

0 

1.7 
0.2 

0.2 
37.3 

0.1 
0.4 

0 
0.4 

10.4 

2.4 

0.3 
0.4 
0.1 
0.1 

0.1 
0.6 

0 

0 
0.2 

1994 

100.0 

71.4 

0.2 

0.5 
3.9 

0 
0.3 
1.2 

0 
0 

0.3 
2.6 
0.2 
0.9 
0.1 

0 

0.2 
0 

1.5 
0.2 

0.1 
36.3 

0 
0.3 

0 
0.5 

8.9 
1.7 
0.2 

0.5 
0.1 
0.2 

1.9 
0.5 

0.1 

0.1 
0.4 

1995 

100.0 

70.1 

0.1 
0.4 
2.7 

0 
0.3 
1.5 
0.1 

0 
0.4 

2.6 
0.1 
0.6 
0.1 

0 

0.2 
0 

2.0 
0.2 

0.1 
35.9 

0 
0.3 

0 
0.5 

8.7 
1.6 
0.2 

0.5 
0.1 
0.2 

2.1 
0.9 

0.1 

0.1 
0.4 
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Table 1-2 (Continued) 
Each Companjr's Factory Revenue from Shipments of MOS Microcomponents 
Worldwide (Millions of U.S. Dollars) 

Supertex 
Symbios 
Symphony Laboratories 
Texas Instruments 

Trident Microsystems 
Tseng Labs 
VLSI Technology 
WaferScale Integration 

Weitek 
Western Digital 
Zilog 
Other North American Companies 

Japanese Companies 
Fuji Electric 

Fujitsu 
Hitachi 
Matsushita 

Mitsubishi 

NEC 
NewJRC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 
Yamaha 
Other Japanese Companies 

European Companies 
Elex 
EM Microelectronics Marin 
GEC Plessey 

Philips 
SGS-Thomson 

Siemens 

ivicRO-ww-ivis-geoi 

1993 
2 

63 
66 

781 
60 
71 

173 
5 

33 
218 

203 
15 

4385 
1 

282 

718 
286 
532 

1,341 
0 

180 
89 
23 

145 
17 

170 
112 
540 
149 

0 
640 

0 
0 
7 

305 
162 
107 

Revenue 
1994 

1 
81 
12 

1,006 
87 

83 
216 

3 
28 

184 
222 
25 

6,137 
2 

390 
998 

460 
698 

1,678 
2 

217 
83 
50 

161 
21 

192 
194 

718 
273 

0 

851 
15 
0 

11 

403 
227 

128 

©1996 Dataquest 

1995 
1 

85 
15 

1,254 

139 
105 
194 

18 
37 

239 
265 
69 

8,102 
3 

651 
1,441 

557 
982 

2,063 
4 

235 
75 
71 

186 
28 

221 
235 

1,095 
245 
10 

1,432 
23 
2 

10 

662 
437 

208 

Market Share (%) 
1993 

0 
0.3 
0.3 
3.9 
0.3 
0.4 
0.9 

0 
0.2 
1.1 

1.0 
0.1 

23.0 
0 

1.4 

3.6 
1.4 
2.7 
6.7 

0 
0.9 
0.4 

0.1 
0.7 
0.1 
0.9 
0.6 
2.7 
0.7 

0 

3.2 
0 
0 

0 

1.5 

0.8 
0.5 

1994 

0 
0.3 

0 
3.8 

0.3 
0.3 
0.8 

0 
0.1 
0.7 

0.8 
0.1 

23.2 
0 

1.5 
3.8 
1.7 
2.6 
6.4 

0 

0.8 
0.3 
0.2 

0.6 
0.1 
0.7 
0.7 
2.7 
1.0 

0 

3.2 
0.1 

0 
0 

1.5 
0.9 

0.5 

1995 
0 

0.2 
0 

3.6 
0.4 
0.3 
0.6 
0.1 
0.1 
0.7 

0.8 
0.2 

23.5 
0 

1.9 
4.2 

1.6 
2.8 
6.0 

0 

0.7 
0.2 
0.2 
0.5 
0.1 
0.6 
0.7 
3.2 
0.7 

0 

4.1 
0.1 

0 
0 

1.9 

1.3 
0.6 

(Continued) 
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Table 1-2 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponents 
Worldwide (Millions of U.S. Dollars) 

TEMIC 
TCS 

Asia/Pacific Compaiiies 
Acer 

Daewoo 
Holtek 
Hualon Microelectronics Corp. 
Hyundai 
LG Semicon 
Macronix 
Samsung 
Silicon Integrated Systems 
United Microelectronics 

Winbond Electronics 

1993 
44 
15 

327 
50 
7 

18 
10 
0 

12 
15 
46 
26 

113 
30 

Revenue 
1994 

51 
16 

577 
68 
17 
20 
0 
2 

29 
21 
44 

101 
227 

48 

1995 
68 
22 

774 
77 

23 
34 

-
1 

56 
35 
87 

127 
274 

60 

Market Share (%) 
1993 

0.2 
0.1 
1.6 
0.3 

0 
0.1 
0.1 

0 
0.1 
0.1 
0.2 
0.1 
0.6 
0.2 

1994 
0.2 
0.1 
2.2 

0.3 
0.1 
0.1 

0 
0 

0.1 
0.1 
0.2 
0.4 
0.9 
0.2 

1995 
0.2 

0.1 
2.2 
0.2 

0.1 
0.1 

0 
0 

0.2 
0.1 
0.3 
0.4 
0.8 
0.2 

NA = Not available 

Source: Dataquest (May 1996) 
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Table 1-3 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
North America (Millions of U.S. Dollars) 

Total Market 

North American Companies 

ACC Microelectronics 

Adaptec 

Advanced Micro Devices 

Alliance Semiconductor 

Analog Devices 

AT&T 

Atmel 

California Micro Devices 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Cyrix 

Dallas Semiconductor 

ETEQ Microsystems 

Harris 

Hughes 

IBM 
Integrated Device Technology 

Integrated Information Tech. 

Intel 

ITT 
LSI Logic 

Micro Linear 

Microchip Technology 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Performance Semiconductor 

Q Logic 

Rockwell 

S3 
SEEQ Technology 

Sierra Semiconductor 

Standard Microsystems 

MCRO-WW-MS-9601 

1993 

7,620 

7,037 

7 
74 

207 
0 

28 
117 

4 

3 
32 

139 
6 

62 
34 

6 
29 
3 

218 
35 
17 

3,733 

6 
47 

0 
30 

957 
242 

7 
36 
17 

9 
11 
53 

3 
0 

18 

Revenue 

1994 

9,839 

8,981 

13 
82 

387 
-

37 

166 
2 
3 

32 
293 

28 
122 

9 
0 

29 
3 

240 
33 

16 
4,680 

0 
26 

5 
55 

1,132 

235 
9 

56 
15 
19 

165 
75 

15 
17 
50 
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1995 

12,431 

11,267 

16 
-

325 
2 

37 
231 

10 
4 

30 
369 

33 
66 
7 

0 
38 
3 

395 
44 

20 
6,099 

0 
43 

-
81 

1,417 

283 
11 
82 
21 
24 

263 
180 

19 
21 
60 

Market Share (%) 

1993 

100.0 

92.3 

0.1 
1.0 
2.7 

0 
0.4 

1.5 
0.1 

0 
0.4 

1.8 
0.1 
0.8 
0.4 

0.1 
0.4 

0 
2.9 
0.5 

0.2 
49.0 

0.1 
0.6 

0 
0.4 

12.6 

3.2 

0.1 
0.5 
0.2 

0.1 
0.1 
0.7 

0 

0 
0.2 

1994 

100.0 

91.3 

0.1 
0.8 
3.9 

0 
0.4 
1.7 

0 
0 

0.3 
3.0 

0.3 
1.2 

0.1 
0 

0.3 
0 

2.4 
0.3 

0.2 
47.6 

0 
0.3 
0.1 
0.6 

11.5 

2.4 

0.1 
0.6 
0.2 
0.2 
1.7 

0.8 
0.2 

0.2 
0.5 

1995 

100.0 

90.6 

0.1 
0 

2.6 
0 

0.3 
1.9 
0.1 

0 
0.2 

3.0 
0.3 
0.5 
0.1 

0 

0.3 
0 

3.2 
0.4 

0.2 
49.1 

0 
0.3 

0 
0.7 

11.4 

2.3 
0.1 

0.7 
0.2 
0.2 

2.1 
1.4 

0.2 

0.2 
0.5 

(Continued) 
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Table 1-3 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
North America (Millions of U.S. Dollars) 

Supertax 

S5rmbios 
Symphony Laboratories 
Texas Instruments 
Trident Microsystems 
Tseng Labs 
VLSI Technology 
WaferScale Integration 
Weitek 
Western Digital 
Zilog 
Other North American Companies 

Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 

Mitsubishi 

NEC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 
Yamaha 

European Companies 
GEC Plessey 
Philips 
SGS-Thomson 
Siemens 

TEMIC 
TCS 

1993 
2 

57 
7 

422 

5 
49 
90 
2 

29 
78 
93 
8 

402 

25 
93 
8 

21 
115 

23 
0 
2 
4 
1 
8 
4 

77 
21 

173 
1 

104 

38 
11 

13 
6 

Revenue 
1994 

1 
64 
1 

517 
12 
58 
72 
1 

25 
66 

100 
8 

580 
64 

135 
10 
37 

143 
31 

-

3 
15 
1 
9 
6 

88 
38 

267 

3 
149 
76 
12 
21 
6 

1995 
1 

66 
1 

520 
33 
73 
96 
6 

33 
83 

106 
14 

682 

100 
173 

11 

51 
160 
32 
4 
9 

16 
2 

11 
7 

85 
22 

437 
6 

233 
162 

13 
15 
8 

Market Share (%) 
1993 

0 
0.7 
0.1 
5.5 
0.1 
0.6 
1.2 

0 
0.4 
1.0 
1.2 
0.1 
5.3 
0.3 
1.2 
0.1 

0.3 
1.5 
0.3 

0 
0 

0.1 
0 

0.1 
0.1 

1.0 
0.3 
2.3 

0 
1.4 
0.5 
0.1 

0.2 
0.1 

1994 
0 

0.7 
0 

5.3 
0.1 
0.6 
0.7 

0 
0.3 
0.7 
1.0 
0.1 
5.9 
0.7 
1.4 
0.1 
0.4 
1.5 
0.3 

0 
0 

0.2 
0 

0.1 
0.1 
0.9 
0.4 
1.7 

0 
1.5 
0.8 
0.1 
0.2 
0.1 

1995 
0 

0.5 
0 

4.2 
0.3 
0.6 
0.8 

0 
0.3 
0.7 
0.9 
0.1 
5.5 
0.8 
1.4 
0.1 
0.4 

1.3 
0.3 

0 
0.1 
0.1 

0 
0.1 
0.1 
0.7 
0.2 
3.5 

0 
1.9 
1.3 

0.1 
0.1 
0.1 

(Continued) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-3 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
North America (Millions of U.S. Dollars) 

i 

Asia/Pacific Companies 
Macronix 
Samsung 
Silicon Integrated Systems 
Winbond Electronics 

1993 
8 
1 
5 
1 
1 

Revenue 
1994 

11 
2 
6 
0 
3 

1995 
45 
4 
9 

29 
3 

Market Share (%) 
1993 

0.1 
0 

0.1 
0 
0 

1994 1995 
0.1 0.4 

0 0 
0.1 0.1 

0 0.2 
0 0 

NA = Not available 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-4 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
Japan (Millions of U.S. Dollars) 

Total Market 

North American Companies 

ACC Microelectronics 

Adaptec 

Advanced Micro Devices 

Analog Devices 

AT&T 

Qiips & Technologies 

Cirrus Logic 

C5^ress Semiconductor 

Cyrix 

Dallas Semiconductor 

Harris 

IBM 

Integrated Device Technology 

Intel 

nr 
LSI Logic 

Microchip Technology 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Performance Semiconductor 

Q Logic 

Rockwell 

S3 

Sierra Semiconductor 

Standard Microsystems 

Sjrmbios 

Sjnnphony Laboratories 

Texas Instruments 

Trident Microsystems 

VLSI Technology 

WaferScale Integration 

Weitek 

Western Digital 

MCRO-WW-MS-9601 

1993 

3,987 

1,151 

1 

5 

21 

5 

12 

7 

46 

0 

11 

5 

2 

50 

4 

610 

2 

0 

2 

178 

25 

2 

2 

1 

5 

-

4 

0 

1 

4 

1 

92 

0 

3 

0 

2 

36 

Revenue 

1994 

5,603 

1,792 

1 

5 

24 

5 

17 

6 

102 

4 

17 

2 

3 

30 

5 

912 

0 

36 

2 

206 

36 

23 

5 

0 

15 

160 

13 

2 

1 

8 

0 

100 

-

7 

-

2 

31 

©1996 Dataquest 

1995 

7,828 

2,676 

1 

18 

72 

13 

36 

53 

154 

6 

29 

3 

4 

18 

9 

1,284 

-

30 

3 

263 

37 

35 

5 

0 

23 

298 

5 

3 

5 

8 

0 

136 

23 

17 

3 

3 

47 

Market Share (%) 

1993 

100.0 

28.9 

0 

0.1 

0.5 

0.1 

0.3 

0.2 

1.2 

0 

0.3 

0.1 

0.1 

1.3 

0.1 

15.3 

0.1 

0 

0.1 

4.5 

0.6 

0.1 

0.1 

0 

0.1 

0 

0.1 

0 

0 

0.1 

0 

2.3 

0 

0.1 

0 

0.1 

0.9 

1994 

100.0 

32.0 

0 

0.1 

0.4 

0.1 

0.3 

0.1 

1.8 

0.1 

0.3 

0 

0.1 

0.5 

0.1 

16.3 

0 

0.6 

0 

3.7 

0.6 

0.4 

0.1 

0 

0.3 

2.9 

0.2 

0 

0 

0.1 

0 

1.8 

0 

0.1 

0 

0 

0.6 

1995 

100.0 

34.2 

0 

0.2 

0.9 

0.2 

0.5 

0.7 

2.0 

0.1 

0.4 

0 

0.1 

0.2 

0.1 

16.4 

0 

0.4 

0 

3.4 

0.5 

0.4 

0.1 

0 

0.3 

3.8 

0.1 

0 

0.1 

0.1 

0 

1.7 

0.3 

0.2 

0 

0 

0.6 

(Continued) 

May 27,1996 
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Table 1-4 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
Japan (Millions of U.S. Dollars) 

Zilog 
Other North American Companies 

Japanese Companies 
Fuji Electric 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
NewJRC 
Oki 

Ricoh 
Rohm 
Sanyo 
Seiko Epson 

Sharp 
Sony 
Toshiba 
Yamaha 
Other Japanese Companies 

European Companies 
GEC Plessey 
Philips 
SGS-Thomson 

Siemens 
TEMIC 

Asia/Pacific Companies 
Samsung 
United Microelectronics 
Winbond Electronics 

1993 
11 
1 

2,818 
1 

190 
422 
242 
316 
867 

0 
83 
77 
17 
54 
12 

126 
81 

253 
77 

0 
17 

3 
7 
4 
2 
1 
1 
1 
0 
0 

Revenue 
1994 

11 
1 

3,772 
2 

232 
588 
403 
443 

1,083 
2 

103 
70 
39 
67 

15 
136 
153 
348 
88 
0 

18 
4 
6 
3 
2 
3 

21 
1 

20 
-

1995 

19 
13 

5,120 
3 

458 
818 
488 
676 

1,353 
2 

111 
59 
47 
69 
19 

154 
186 
556 
110 
10 
30 

1 
17 

9 
3 
-

3 
2 
-
1 

Market Share (%) 
1993 

0.3 
0 

70.7 

0 
4.8 

10.6 
6.1 
7.9 

21.7 
0 

2.1 
1.9 
0.4 
1.4 
0.3 
3.2 
2.0 
6.3 
1.9 

0 
0.4 
0.1 
0.2 
0.1 
0.1 

0 
0 
0 
0 
0 

1994 
02 

0 
67.3 

0 
4.1 

10.5 
7.2 
7.9 

19.3 
0 

1.8 
1.2 
0.7 
1.2 

0.3 
2.4 
2.7 
6.2 

1.6 
0 

0.3 
0.1 
0.1 
0.1 

0 
0.1 
0.4 

0 
0.4 

0 

1995 
0.2 
0.2 

65.4 
0 

5.9 
10.5 
6.2 

8.6 
17.3 

0 
1.4 
0.8 
0.6 
0.9 
0.2 
2.0 
2.4 
7.1 
1.4 
0.1 
0.4 

0 
0.2 
0.1 

0 
0 
0 
0 
0 
0 

NA = Not available 

Source: Dataquest (May 1996) 

l\/ICR0-WW-MS-9601 ©1996 Dataquest IVIay27,1996 
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Table 1-5 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
Europe (Millions of U.S. Dollars) 

Total Market 
North American Companies 

ACC Microelectronics 
Adaptec 
Advanced Micro Devices 
Alliance Semiconductor 
Analog Devices 
AT&T 
Atmel 

Chips & Technologies 
Cirrus Logic 
Cypress Semiconductor 
Cyrix 
Dallas Semiconductor 

ETEQ Microsystems 
Harris 
IBM 
Integrated Device Technology 
Integrated Information Tech. 
Intel 

nr 
LSI Logic 

Micro Linear 

Microchip Technology 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Q Logic 

Rockwell 

S3 
SEEQ Technology 

Sierra Semiconductor 

Standard Microsystems 

Sjnmbios 

Symphony Laboratories 

Texas Instruments 

MCRO-WW-MS-9601 

1993 

4,037 

3,210 

0 
2 

129 
0 

29 
84 
0 
5 

10 
2 

27 
9 
1 

13 
25 
9 

13 
1,928 

12 
14 

0 
20 

489 
90 
3 
5 
0 
4 

12 
1 
0 
5 
2 

5 
149 

©1996 

Revenue 

1994 

5,408 

4,324 

-
2 

301 
-

35 
85 
1 
5 

54 

6 
62 
4 

0 
16 
16 
10 
11 

2,491 

12 
12 
1 

44 

569 
96 
4 

6 
4 

97 

18 
2 

8 
18 
4 

0 
221 

Dataquest 

1995 

7,007 

5,431 

1 
-

254 
5 

57 

200 
3 

10 
66 
7 

44 
4 

0 
18 
10 
4 

13 
3,045 

15 
25 

-

54 

759 
110 

5 
10 
5 

111 
50 
2 

10 
25 
6 
0 

370 

Market Share (%) 

1993 

100.0 

79.5 

0 
0 

3.2 
0 

0.7 
2.1 

0 
0.1 
0.2 

0 
0.7 
0.2 

0 
0.3 
0.6 
0.2 

0.3 
47.8 

0.3 
0.3 

0 
0.5 

12.1 

2.2 

0.1 
0.1 

0 
0.1 
0.3 

0 
0 

0.1 
0 

0.1 
3.7 

1994 

100.0 

80.0 

0 
0 

5.6 
0 

0.6 
1.6 

0 
0.1 
1.0 
0.1 
1.1 
0.1 

0 
0.3 
0.3 
0.2 

0.2 
46.1 

0.2 
0.2 

0 
0.8 

10.5 

1.8 
0.1 

0.1 
0.1 

1.8 
0.3 

0 

0.1 
0.3 
0.1 

0 

4.1 

1995 

100.0 

77.5 

0 
0 

3.6 
0.1 
0.8 
2.9 

0 
0.1 
0.9 
0.1 
0.6 
0.1 

0 

0.3 
0.1 
0.1 

0.2 
43.5 

0.2 
0.4 

0 
0.8 

10.8 

1.6 
0.1 

0.1 
0.1 

1.6 
0.7 

0 

0.1 
0.4 

0.1 
0 

5.3 

(Continued) 

May 27,1996 
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Table 1-5 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
Europe (Millions of U.S. Dollars) 

Trident Microsystems 
Tseng Labs 
VLSI Technology 
WaferScale Integration 
Weitek 
Western Digital 
Zilog 
Other North American Companies 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 

Mitsubishi 
NEC 
Oki 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Toshiba 
Yamaha 

European Companies 
Elex 
EM Microelectronics Marin 
GEC Plessey 
Philips 
SGS-Thomson 

Siemens 
TEMIC 
TCS 

Asia/Padfic Companies 
Holtek 
Samsung 
Silicon Integrated Systems 
United Microelectronics 

1993 
1 
6 

33 
1 
2 

36 
33 
0 

474 
37 
87 
10 
26 

209 
24 

1 
2 
1 
1 

74 
2 

350 
0 
0 
1 

130 
95 
90 
25 
9 
3 
1 
0 
0 
2 

Revenue 
1994 

-
7 

31 
1 
1 

32 

36 
-

641 
53 

132 
12 

33 
278 
31 

1 

3 
1 
1 

94 
2 

427 

15 
0 
2 

150 

120 
108 
22 

10 
16 

1 
4 
0 

11 

1995 
1 
9 

22 
6 
1 

39 
41 
12 

848 
31 

241 
14 
59 

307 

35 
1 
4 
1 
1 

148 
5 

705 
23 
2 
2 

260 

188 
182 
34 
14 
22 
2 

5 
1 

14 

Market Share (%) 
1993 

0 
0.1 
0.8 

0 
0 

0.9 
0.8 

0 
11.7 
0.9 
2.2 
0.2 
0.6 
5.2 
0.6 

0 
0 
0 
0 

1.8 
0 

8.7 
0 
0 
0 

3.2 
2.4 
2.2 
0.6 
0.2 
0.1 

0 
0 
0 
0 

1994 
0 

0.1 
0.6 

0 
0 

0.6 
0.7 

0 
11.9 
1.0 
2.4 
0.2 
0.6 
5.1 
0.6 

0 
0.1 

0 
0 

1.7 
0 

7.9 
0.3 

0 
0 

2.8 
2.2 
2.0 
0.4 
0.2 
0.3 

0 
0.1 

0 
0.2 

1995 
0 

0.1 
0.3 
0.1 

0 
0.6 
0.6 
0.2 

12.1 
0.4 
3.4 
0.2 
0.8 
4.4 
0.5 

0 
0.1 

0 
0 

2.1 
0.1 

10.1 
0.3 

0 
0 

3.7 
2.7 
2.6 
0.5 
0.2 
0.3 

0 
0.1 

0 
0.2 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-I\/IS-9601 ©1996 Dataquest I\/Iay27,1996 
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Table 1-6 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
Asia/Pacific-Rest of World (Maiions of U.S. Dollars) 

Total Market 

North American Companies 

ACC Microelectronics 

Adaptec 

Advanced Micro Devices 

Alliance Semiconductor 

Analog Devices 

AT&T 

Atmel 

California Micro Devices 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Cyrix 

Dallas Semiconductor 

ETEQ Microsystems 

Harris 

IBM 
Integrated Device Technology 
Integrated Information Tech. 

Intel 

ITT 
LSI Logic 

Microchip Technology 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Q Logic 

Rockwell 

S3 
Sierra Semiconductor 

Standard Microsystems 

S3anbios 

S5miphony Laboratories 

Texas Instruments 

Trident Microsystems 

Tseng Labs 

VLSI Technology 

MCRO-WW-MS-9601 

1993 

4303 
2,997 

28 
41 

206 
0 
7 

33 
1 
3 

42 
176 

0 
25 
8 

12 
3 

44 
0 

10 
1,173 

5 
16 
20 

441 
120 
38 
43 
7 
2 

44 
0 

19 
0 

53 
118 
54 
16 
47 

Revenue 

1994 

5,558 

3,746 

35 
36 

309 
-
8 

37 
2 
2 

46 
232 

2 
40 

7 
0 
4 

113 
3 
8 

1,512 

0 
4 

29 
456 
85 
26 
63 
7 

87 
24 
8 

31 
5 

11 
168 
75 
18 

106 

©1996 Dataquest 

1995 

7,252 

4,836 
22 

106 
271 

3 
9 

43 
15 
3 

45 
297 

3 
73 
6 
-
6 

280 
6 

10 
1,970 

-
9 

51 
556 
111 
33 
70 
9 

66 
80 
10 
60 
5 

14 
228 

82 
23 
58 

Market Share (%) 

1993 

100.0 

69.6 
0.7 
1.0 
4.8 

0 
0.2 
0.8 

0 
0.1 
1.0 
4.1 

0 
0.6 
0.2 
0.3 
0.1 
1.0 

0 
0.2 

27.3 

0.1 
0.4 

0.5 
10.2 

2.8 
0.9 
1.0 
0.2 

0 
1.0 

0 
0.4 

0 
1.2 
2.7 
1.3 
0.4 
1.1 

1994 

100.0 
67.4 

0.6 
0.6 
5.6 

0 
0.1 
0.7 

0 
0 

0.8 
4.2 

0 
0.7 
0.1 

0 
0.1 
2.0 
0.1 
0.1 

27.2 

0 
0.1 
0.5 
8.2 
1.5 
0.5 
1.1 
0.1 
1.6 
0.4 
0.1 
0.6 
0.1 
0.2 
3.0 
1.3 
0.3 
1.9 

1995 

100.0 
66.7 

0.3 
1.5 
3.7 

0 
0.1 
0.6 
0.2 

0 
0.6 
4.1 

0 
1.0 
0.1 

0 
0.1 
3.9 
0.1 

0.1 
27.2 

0 
0.1 

0.7 
7.7 
1.5 
0.5 

1.0 
0.1 

0.9 
1.1 
0.1 
0.8 
0.1 
0.2 
3.1 
1.1 
0.3 
0.8 

(Continued) 

May 27,1996 
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Table 1-6 (Continued) 
Each Company's Factory Revenue from Shipments of MOS Microcomponents to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

WaferScale Integration 
Western Digital 
Zilog 
Other North American Companies 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
NewJRC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 
Yamaha 

European Companies 
GEC Plessey 
Philips 
SGS-Thomson 
Siemens 
TEMIC 

Asia/Pacific Companies 
Acer 
Daewoo 
Holtek 
Hualon Microelectronics Corp. 
Hyundai 
LG Semicon 
Macronix 
Samsung 
Silicon Integrated Systems 
United Microelectronics 
Winbond Electronics 

1993 
2 

68 
66 
6 

891 
30 

116 
26 

169 
150 

0 
50 
12 
3 

85 
3 

35 
27 

136 
49 

100 
2 

64 
25 
4 
5 

315 
50 
7 

17 
10 
0 

12 
14 
40 
25 

111 
29 

Revenue 
1994 

1 
55 
75 
16 

1,144 
41 

143 
35 

185 
174 

0 
52 
13 
7 

76 
4 

46 
35 

188 
145 
139 

2 
98 
28 
6 
5 

529 
68 
17 
19 
0 
2 

29 
19 
33 

101 
196 
45 

1995 
3 

70 
99 
30 

1,452 
61 

209 
44 

196 
242 

2 
57 
12 
14 
98 
6 

55 
41 

306 
108 
260 

1 
152 
78 
10 
19 

704 
77 
23 
32 

-
1 

56 
31 
71 
97 

260 
56 

Market Share (%) 
1993 

0 
1.6 
1.5 
0.1 

20.7 
0.7 
2.7 
0.6 
3.9 
3.5 

0 
1.2 
0.3 
0.1 
2.0 
0.1 
0.8 
0.6 
3.2 
1.1 
2.3 

0 
1.5 
0.6 
0.1 
0.1 
7.3 
1.2 
0.2 
0.4 
0.2 

0 
0.3 
0.3 
0.9 
0.6 
2.6 
0.7 

1994 
0 

1.0 
1.3 
0.3 

20.6 
0.7 
2.6 
0.6 
3.3 
3.1 

0 
0.9 
0.2 
0.1 
1.4 
0.1 
0.8 
0.6 
3.4 
2.6 
2.5 

0 
1.8 
0.5 
0.1 
0.1 
9.5 
1.2 
0.3 
0.3 

0 
0 

0.5 
0.3 
0.6 
1.8 
3.5 
0.8 

1995 
0 

1.0 
1.4 
0.4 

20.0 
0.8 
2.9 
0.6 
2.7 
3.3 

0 
0.8 
0.2 
0.2 
1.4 
0.1 
0.8 
0.6 
4.2 
1.5 
3.6 

0 
2.1 
1.1 
0.1 
0.3 
9.7 

1.1 
0.3 
0.4 

0 
0 

0.8 
0.4 
1.0 
1.3 
3.6 
0.8 

NA = Not available 
Source: Dataquest (May 1996) 

IVICRO-WW-IVlS-9601 ©1996 Dataquest IVIay 27 ,1996 
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Table 1-7 
Each Company's Factory Revenue from Shipments of Microprocessors Worldwide 
(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

AT&T 

California Micro Devices 

Chips & Technologies 

Cypress Semiconductor 

Cyrix 
Harris 

Hughes 

IBM 

Integrated Device Technology 

Intel 

LSI Logic 

Motorola 

National Semiconductor 

Performance Semiconductor 

Rockwell 

Texas Instruments 

VLSI Technology 

Weitek 

Zilog 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Oki 

Ricoh 

Sharp 

Toshiba 

European Companies 

GEC Plessey 

Philips 

SGS-Thomson 

Siemens 

TCS 

MCRO-WW-MS-9601 

1993 

8,783 

8,408 

511 

2 

2 

6 

6 

95 

11 

3 

88 

43 

6,569 

47 

705 

38 

16 

5 

200 

3 

19 

39 

311 

25 

79 

11 

17 

87 

9 

4 

11 

68 

61 

7 

1 

39 

4 

10 

Revenue 

1994 

11,437 

10,898 

985 

-

2 

7 

-

231 

12 

3 

246 

51 

8,370 

51 

597 

50 

15 

5 

214 

2 

14 

43 

461 

56 

160 

14 

9 

105 

9 

4 

12 

92 

67 

6 

0 

51 

0 

10 

©1996 Dataquest 

1995 

14,280 

13,609 

885 
-

3 

5 

-

212 

14 

3 

600 

63 

10,755 

36 

666 

45 

21 

7 

230 

4 

20 
42 

562 

78 

135 

15 

17 

176 

10 

-

16 

115 

85 

3 

-

68 

-

14 

Market Share (%) 

1993 

100.0 

95.7 

5.8 

0 

0 

0.1 

0.1 

1.1 

0.1 

0 

1.0 

0.5 

74.8 

0.5 

8.0 

0.4 

0.2 

0.1 

2.3 

0 

0.2 
0.4 

3.5 

0.3 

0.9 

0.1 

0.2 

1.0 

0.1 

0 

0.1 

0.8 
0.7 

0.1 

0 

0.4 

0 

0.1 

1994 

100.0 

95.3 

8.6 

0 

0 

0.1 

0 

2.0 

0.1 

0 

2.2 

0.4 

73 J2 

0.4 

5.2 

0.4 

0.1 

0 

1.9 

0 

0.1 
0.4 

4.0 

0.5 

1.4 
0.1 

0.1 

0.9 

0.1 

0 

0.1 

0.8 
0.6 

0.1 

0 

0.4 
0 

0.1 

1995 

100.0 

95.3 
6.2 

0 

0 

0 

0 

1.5 

0.1 

0 

4.2 
0.4 

75.3 

0.3 

4.7 

0.3 

0.1 

0 

1.6 

0 

0.1 
0.3 

3.9 

0.5 

0.9 
0.1 

0.1 

1.2 

0.1 

0 

0.1 

0.8 
0.6 

0 

0 

0.5 
0 

0.1 

(Continued) 
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Table 1-7 (Continued) 
Each Company's Factory Revenue from Shipments of Microprocessors Worldwide 
(Millions of U.S. Dollars) 

i 

Asia/Pacific Companies 
LG Semicon 
United Microelectronics 

1993 
3 
3 
0 

Revenue 
1994 

11 
1 

10 

1995 
23 
8 

15 

Market Share (%) 
1993 

0 
0 
0 

1994 1995 
0.1 0.2 

0 0.1 
0.1 0.1 

NA = Not available 

Source: Dataquest (May 1996) 
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Table 1-8 
Each Compan5^s Factory Revenue from Shipments of Microprocessors to 
North America (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
AT&T 
California Micro Devices 
Chips & Technologies 
Cypress Semiconductor 
Cyrix 
Harris 
Hughes 
IBM 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 
National Semiconductor 
Performance Semiconductor 

Rockwell 
Texas Instruments 

VLSI Technology 
Weitek 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 
Mitsubishi 
NEC 
Oki 
Toshiba 

European Companies 
GEC Plessey 
SGS-Thomson 

TCS 

1993 

4323 
4,269 

187 
2 
1 
4 

5 
50 
5 
3 

44 
30 

3,343 
33 

337 
13 
15 
3 

159 
0 

16 
19 
39 
4 
8 
1 

18 
3 
5 

15 
1 

9 
5 

Revenue 
1994 
5,446 
5,351 

371 
-

1 
5 
-

118 
5 
3 

133 
33 

4,135 
11 

305 
12 

15 
4 

167 
-

12 
21 
71 
30 
11 
0 

21 
3 
6 

24 
1 

18 
5 

1995 

6,805 
6,656 

311 
-
1 
1 
-

66 
6 • 
3 

325 
44 

5319 
10 

328 
7 

21 
6 

169 
1 

17 
21 

102 

53 
7 
1 

32 
3 
6 

46 
1 

38 
7 

Market Share (%) 
1993 
100.0 
98.8 
4.3 

0 
0 

0.1 
0.1 
1.2 
0.1 
0.1 

1.0 
0.7 

77.3 
0.8 
7.8 
0.3 
0.3 
0.1 
3.7 

0 

0.4 
0.4 

0.9 

0.1 
0.2 

0 
0.4 
0.1 
0.1 
0.3 

0 
0.2 
0.1 

1994 
100.0 
98.3 
6.8 

0 
0 

0.1 
0 

2.2 
0.1 
0.1 
2.4 
0.6 

75.9 
0.2 

5.6 
0.2 
0.3 
0.1 
3.1 

0 

0.2 
0.4 

1.3 

0.6 
0.2 

0 
0.4 
0.1 
0.1 
0.4 

0 
0.3 
0.1 

1995 
100.0 
97.8 
4.6 

0 
0 
0 
0 

1.0 
0.1 

0 
4.8 
0.6 

78.2 
0.1 
4.8 
0.1 
0.3 
0.1 
2.5 

0 

0.2 
0.3 

1.5 

0.8 
0.1 

0 
0.5 

0 
0.1 
0.7 

0 
0.6 
0.1 

NA = Not available 
Source: Dataquest (May 1996) 
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Table 1-9 
Each Company's Factory Revenue from Shipments of Microprocessors to Japan 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Chips & Technologies 
Cyrix 
Harris 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 
National Semiconductor 
Performance Semiconductor 
Texas Instruments 
VLSI Technology 
Weitek 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 

Matsushita 
Mitsubishi 

NEC 
Oki 
Ricoh 
Sharp 
Toshiba 

Ettropean Companies 

GEC Plessey 
SGS-Thomson 

1993 
835 
651 
19 
0 
6 
2 
4 

530 
0 

68 
7 
1 
9 
0 
1 
4 

178 
8 

54 

10 
11 

56 
2 
4 

11 
22 

6 
3 
3 

Revenue 
1994 
1,247 

963 
23 

-

16 
2 
5 

801 
33 
53 
11 
0 

13 
1 
1 
4 

279 
9 

129 
13 
8 

70 
2 
4 

12 
32 

5 
2 
3 

1995 
1,691 
1,335 

68 
1 

29 
2 

9 
1,120 

20 
63 
6 
0 
9 
1 
1 
6 

355 
16 

123 
14 
14 

128 
3 
-

16 
41 

1 
-
1 

Market Share (%) 
1993 
100.0 
78.0 
2.3 

0 
0.7 
0.2 

0.5 
63.5 

0 
8.1 
0.8 
0.1 
1.1 

0 
0.1 
0.5 

21.3 
1.0 
6.5 
1.2 
1.3 
6.7 
0.2 

0.5 
1.3 
2.6 
0.7 

0.4 
0.4 

1994 
100.0 
77.2 

1.8 
0 

1.3 
0.2 
0.4 

64.2 
2.6 
4.3 
0.9 

0 
1.0 
0.1 
0.1 
0.3 

22.4 

0.7 
10.3 
1.0 
0.6 
5.6 
0.2 

0.3 
1.0 
2.6 
0.4 

02 
02 

1995 
100.0 
79.0 
4.0 
0.1 
1.7 
0.1 
0.5 

66.2 
1.2 
3.7 
0.4 

0 
0.5 
0.1 
0.1 
0.3 

21.0 

1.0 
7.3 
0.8 
0.8 
7.6 
0.2 

0 
0.9 

2.4 
0.1 

0 
0.1 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-10 
Each Company's Factory Revenue from Shipments of Microprocessors to Europe 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 

Chips & Technologies -
Cypress Semiconductor 
Cyrix 

Harris 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 
National Semiconductor 

Rockwell 
Texas Instruments 

VLSI Technology 
Weitek 
ZUog 

Japanese Companies 

Fujitsu 

Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Toshiba 

European Companies 
GEC Plessey 
Philips 
SGS-Thomson 
Siemens 
TCS 

Asia/Padfic Companies 
United Microelectronics 

1993 
2,098 
2,015 

109 

0 
1 

26 
3 
9 

1,673 
14 

139 
10 
2 

17 

3 
2 
7 

47 

8 
6 
1 
1 
5 
1 

25 
36 
1 
1 

25 
4 

5 

0 
0 

Revenue 
1994 

2,775 
2,678 

288 
-
-

62 
4 

10 
2,131 

6 
123 
18 
1 

25 
1 
1 

8 
61 
11 
8 
1 
0 
6 
1 

34 
34 

1 

0 
28 
0 
5 
2 
2 

1995 
3,198 
3,098 

241 
1 
-

44 
5 
4 

2396 
6 

134 
13 

1 
42 

1 
1 
7 

62 
4 

5 
1 
1 
7 
1 

42 
34 

1 
-

26 
-
7 
4 

4 

Market Share (%) 
1993 
100.0 
96.0 
5.2 

0 
0 

1.2 

0.1 
0.4 

79.7 
0.7 

6.6 
0.5 
0.1 
0.8 
0.1 
0.1 
0.3 
2.2 
0.4 
0.3 

0 
0 

0.2 
0 

1.2 
1.7 

0 
0 

1.2 
0.2 
0.2 

0 

0 

1994 
100.0 
96.5 
10.4 

0 
0 

2.2 
0.1 
0.4 

76.8 
0.2 
4.4 
0.6 

0 
0.9 

0 

0 
0.3 

2.2 
0.4 
0.3 

0 
0 

0.2 
0 

1.2 
1.2 

0 
0 

1.0 
0 

0.2 

0.1 

0.1 

1995 
100.0 
96.9 
7.6 

0 
0 

1.4 
0.2 
0.1 

81.2 
0.2 
4.2 
0.4 

0 
1.3 

0 

0 
0.2 

1.9 
0.1 
0.2 

0 
0 

0.2 

0 
1.3 
1.1 

0 
0 

0.8 
0 

0.2 

0.1 

0.1 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27.1996 
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Table 1-11 
Each Company's Factory Revenue from Shipments of Microprocessors to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 

California Micro Devices 
Chips & Technologies 
CjTrix 
Harris 
IBM 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 

National Semiconductor 
Texas Instruments 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 
Mitsubishi 

NEC 
Oki 
Toshiba 

European Companies 

GECPlessey ; 
SGS-Thomson 

Asia/Pacific Companies 
LG Semicon 
United Microelectronics 

1993 
1,527 

1,473 
196 

1 
2 

13 
1 

44 
0 

1,023 
0 

161 

8 
15 
9 

47 

5 
11 
4 

8 
3 

16 
4 
2 
2 
3 
3 
0 

Revenue 
1994 
1,969 
1,906 

303 
1 
2 

35 
1 

113 
3 

1,303 
1 

116 
9 
9 

10 
50 
6 

12 
1 
8 
3 

20 
4 
2 
2 
9 
1 
8 

1995 
2,587 
2,520 

265 
1 
2 

73 
1 

275 
6 

1,719 
-

141 

19 
10 
8 

44 
4 
-
1 

9 
3 

26 
4 

1 
3 

19 

8 
11 

Market Share (%) 
1993 
100.0 
96.5 
12.8 
0.1 
0.1 
0.9 
0.1 
2.9 

0 
67.0 

0 
10.5 
0.5 
1.0 
0.6 
3.1 

0.3 
0.7 
0.3 
0.5 
0.2 
1.0 

0.3 

0.1 
0.1 
0.2 

0.2 
0 

1994 
100.0 
96.8 
15.4 

0.1 
0.1 
1.8 
0.1 

5n 
0.2 

66.2 
0.1 
5.9 
0.5 
0.5 
0.5 
2.5 
0.3 
0.6 
0.1 
0.4 
0.2 
1.0 
0.2 

0.1 
0.1 
0.5 
0.1 
0.4 

1995 
100.0 
97.4 
10.2 

0 
0.1 
2.8 

0 
10.6 
0.2 

66.5 
0 

5.4 
0.7 
0.4 
0.3 

1.7 

0.2 
0 
0 

0.4 
0.1 
1.0 
0.2 

0 
0.1 
0.7 

0.3 
0.4 

NA = Not available 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-12 
Each Company's Factory Revenue from Shipments of Microcontrollers Worldwide 
(MiUions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 

Atmel 
Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 

Rockweil 
Texas Instruments 
Zilog 

Japanese Companies 

Fujitsu 

Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 
Elex 
EM Microelectronics Marin 

Philips 
SGS-Thomson 

Siemens 

TEMIC 

1993 
5,904 
1,984 

11 
2 

15 
9 

450 
25 
70 

1,107 

105 
8 

120 
62 

3,363 
129 
458 
251 
465 

1,100 
149 
82 
20 

138 
17 

149 
104 

301 
510 

0 
0 

258 
113 
95 
44 

Revenue 
1994 
7,517 
2,514 

5 
5 

12 
8 

600 
12 

130 
1,424 

100 
7 

143 
68 

4,261 
180 
577 
405 
637 

1,275 
178 
76 
46 

154 
21 

169 
140 

403 
685 

-

0 
345 
161 
128 

51 

1995 
10,255 

3,115 
2 

28 
7 

16 
670 
15 

189 
1,838 

101 
8 

169 
71 

5,930 

388 
1,038 

488 
918 

1,554 
185 
61 
48 

177 

28 
191 
213 
641 

1,066 
23 
2 

524 
241 
208 

68 

Market Share (%) 
1993 
100.0 
33.6 
0.2 

0 
0.3 
0.2 
7.6 
0.4 
1.2 

18.8 
1.8 
0.1 
2.0 
1.1 

57.0 
2.2 
7.8 
4.3 
7.9 

18.6 
2.5 
1.4 
0.3 
2.3 
0.3 
2.5 
1.8 
5.1 
8.6 

0 
0 

4.4 
1.9 
1.6 
0.7 

1994 
100.0 
33.4 
0.1 
0.1 
0.2 
0.1 
8.0 
0.2 
1.7 

18.9 
1.3 
0.1 
1.9 
0.9 

56.7 
2.4 
7.7 
5.4 

8.5 
17.0 
2.4 
1.0 
0.6 
2.0 
0.3 
2.2 

1.9 
5.4 
9.1 

0 
0 

4.6 
2.1 
1.7 

0.7 

1995 
100.0 
30.4 

0 
0.3 
0.1 
0.2 
6.5 
0.2 
1.8 

17.9 
1.0 
0.1 
1.7 
0.7 

57.8 
3.8 

10.1 
4.8 
9.0 

15.2 
1.8 
0.6 
0.5 
1.7 

0.3 
1.9 
2.1 

6.3 
10.4 

0.2 
0 

5.1 

2.3 
2.0 
0.7 

(Continued) 
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Table 1-12 (Continued) 
Each Company's Factory Revenue from Shipments of Microcontrollers Worldwide 
(MUlions of U.S. Dollars) 

Revenue Market Share (%) 
' 1993 1994 1995 1993 1994 1995 

Asia/Pacific Companies 
Daewoo 
Holtek 
LG Semicon 
Samsung 

NA = Not available 

Source: Dataquest (May 1996) 

47 
0 
15 
3 
29 

57 
-

20 
9 
28 

144 
23 
34 
22 
65 

0.8 
0 

0.3 
0.1 
0.5 

0.8 
0 

0.3 
0.1 
0.4 

1.4 
0.2 
0.3 
0.2 
0.6 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 



1995 Microcomponent Martet Share 27 

Table 1-13 
Each Company's Factory Revenue from Shipments of Microcontrollers to 
North America (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

nr 
Microchip Technology 
Motorola 
National Semiconductor 
Rockwell 

Texas Instruments 
Zilog 

Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 
Philips 
SGS-Thomson 
Siemens 
TEMIC 

Asia/Pacific Companies 
Samsung 

1993 
1,254 

883 
5 . 
2 

10 
6 

225 
6 

28 
477 

50 
6 

47 
21 

244 
12 

59 
7 

20 
79 
16 
2 
4 
1 
8 
4 

32 
127 

78 
25 
11 
13 
0 

0 

Revenue 
1994 
1,652 
1,138 

3 
2 

5 
5 

302 
0 

55 
632 
52 

5 
53 
24 

321 
21 
87 

8 
37 
77 
23 
3 

15 
1 
9 
5 

35 
191 
108 
50 
12 
21 
2 

2 

1995 
2,050 
1,409 

-
10 
2 

11 
336 

0 
81 

835 
54 
6 

53 
21 

382 
30 

126 
9 

50 
78 
23 
3 

16 
2 

11 

6 
29 

256 
175 
53 
13 
15 
4 

4 

Market Share (%) 
1993 
100.0 
70.4 
0.4 
0.2 
0.8 
0.5 

17.9 
0.5 
2.2 

38.0 
4.0 
0.5 
3.7 
1.7 

19.5 
1.0 
4.7 
0.6 
1.6 
6.3 
1.3 
0.2 

0.3 
0.1 
0.6 
0.3 
2.6 

10.1 
6.2 

2.0 
0.9 
1.0 

0 

0 

1994 
100.0 
68.9 
0.2 
0.1 
0.3 
0.3 

18.3 
0 

3.3 
38.3 

3.1 
0.3 
3.2 
1.5 

19.4 
1.3 
5.3 
0.5 
2.2 
4.7 
1.4 
0.2 

0.9 

0.1 
0.5 
0.3 
2.1 

11.6 
6.5 
3.0 
0.7 

1.3 
0.1 

0.1 

1995 

100.0 
68.7 

0 
0.5 
0.1 
0.5 

16.4 
0 

4.0 
40.7 

2.6 
0.3 
2.6 
1.0 

18.6 
1.5 
6.1 
0.4 
2.4 
3.8 
1.1 
0.2 
0.8 

0.1 
0.5 
0.3 
1.4 

12.5 

8.5 
2.6 
0.6 
0.7 
0.2 

0.2 

NA = Not available 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-14 
Each Company's Factory Revenue from Shipments of Microcontrollers to Japan 
(MiUions of U.S. Dollars) 

Total Market 
North American Companies 

Dallas Semiconductor 
Harris 
Intel 

nr 
Microchip Technology 
Motorola 
National Semiconductor 

Texas Instruments 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 

Matsushita 
Mitsubishi 

NEC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 

Philips 
SGS-Thomson 
Siemens 

TEMIC 

1993 
2,284 

166 
0 
0 

45 
2 
2 

98 
2 

16 
1 

2,108 
85 

289 
214 
287 
707 

75 
70 
14 
47 
12 

105 
. 73 

130 
10 
6 
1 
2 
1 

Revenue 
1994 
2,964 

214 
1 
-

59 
0 
2 

136 
1 

14 

1 
2,740 

109 
345 
361 
413 
838 
90 
63 
35 
60 
15 

113 
114 
184 
10 

5 
-
2 

3 

1995 
4,140 

263 
1 
1 

71 
-

3 
173 

-

13 
1 

3,864 

296 
582 
434 
644 

1,034 
92 

49 
36 
59 
19 

124 
174 
321 

13 
6 
4 
3 
-

Market Share (%) 
1993 
100.0 

7.3 
0 
0 

2.0 
0.1 
0.1 
4.3 
0.1 
0.7 

0 
92.3 
3.7 

12.7 
9.4 

12.6 
31.0 
3.3 
3.1 
0.6 
2.1 

0.5 
4.6 
3.2 
5.7 

0.4 

0.3 
0 

0.1 

0 

1994 
100.0 

72 
0 
0 

2.0 
0 

0.1 
4.6 

0 
0.5 

0 
92.4 
3.7 

11.6 
12.2 
13.9 
28.3 
3.0 
2.1 
1.2 

2.0 
0.5 
3.8 
3.8 
62 
0.3 

0.2 

0 
0.1 
0.1 

1995 
100.0 

6.4 
0 
0 

1.7 
0 

0.1 
4.2 

0 
0.3 

0 
93.3 
7.1 

14.1 
10.5 
15.6 
25.0 
2.2 
1.2 
0.9 
1.4 

0.5 
3.0 
4.2 

7.8 
0.3 

0.1 

0.1 
0.1 

0 

NA > Not available 
Source: Dataquest (May 1996) 
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Table 1-15 
Each Company's Factory Revenue from Shipments of Microcontrollers to Europe 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 
Rockwell 
Texas Instnunents 
Zilog 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Toshiba 

European Companies 
Elex 
EM Microelectronics Marin 
Philips 
SGS-Thomson 
Siemens 
TEMIC 

Asia/Pacific Companies 
Holtek 
Samsimg 

1993 
1,106 

472 
5 
0 
2 
1 

90 
12 
20 

267 
29 

1 
30 
15 

348 
19 
51 
9 

23 
183 
19 
1 
2 
1 
1 

39 
285 

0 
0 

117 
65 
78 
25 
1 
1 
0 

Revenue 
1994 
1,431 

615 
2 
1 
2 
1 

117 
12 
44 

344 
29 

1 
46 
16 

459 
31 
84 
11 
32 

220 
26 

1 
3 
1 
1 

49 
354 

-
0 

138 
86 

108 
22 
3 
1 
2 

1995 
2,036 

787 
2 
3 
2 
1 

119 
15 
54 

469 
31 

1 
71 
17 

636 
25 

186 
13 
54 

244 
29 

1 
4 
1 
1 

77 
608 
23 
2 

231 
136 
182 
34 
5 
2 
3 

Market Share (%) 
1993 
100.0 
42.7 
0.5 

0 
0.2 
0.1 
8.1 
1.1 
1.8 

24.1 
2.6 
0.1 
2.7 
1.4 

31.5 
1.7 
4.6 
0.8 
2.1 

16.5 
1.7 
0.1 
0.2 
0.1 
0.1 
3.5 

25.8 
0 
0 

10.6 
5.9 
7.1 
2.3 
0.1 
0.1 

0 

1994 
100.0 
43.0 
0.1 
0.1 
0.1 
0.1 
8.2 
0.8 
3.1 

24.0 
2.0 
0.1 
3.2 
1.1 

32.1 
2.2 
5.9 
0.8 
2.2 

15.4 
1.8 
0.1 
0.2 

0.1 
0.1 
3.4 

24.7 

0 
0 

9.6 
6.0 
7.5 
1.5 
0.2 

0.1 
0.1 

1995 
100.0 
38.7 
0.1 
0.1 
0.1 
0.1 
5.8 
0.8 
2.7 

23.0 
1.5 
0.1 
3.5 
0.8 

31.2 
1.2 
9.1 
0.6 
2.7 

12.0 
1.4 
0.1 
0.2 

0.1 
0.1 

3.8 
29.9 

1.1 
0.1 

11.3 
6.7 
8.9 
1.7 
0.2 

0.1 
0.1 

NA = Not available 

Source: Dataquest (May 1996) 
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Table 1-16 
Each Company's Factory Revenue from Shipments of Microcontrollers to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 
Rockwell 
Texas Instruments 
Zilog 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 
Philips 
SGS-Thomson 
Siemens 
TEMIC 

Asia/Pacific Companies 
Daewoo 
Holtek 
LG Semicon 
Samstmg 

1993 
1,260 

463 
1 
0 
3 
2 

90 
5 

20 
265 
24 

1 
27 
25 

663 
13 
59 
21 

135 
131 
39 
12 
3 

85 
3 

' 35 
27 

100 
88 
57 
22 
4 
5 

46 
0 

14 
3 

29 

Revenue 
1994 
1,470 

547 
-
2 
4 
2 

122 
0 

29 
312 
18 

1 
30 
27 

741 
19 
61 
25 

155 
140 
39 
13 
7 

76 
4 

46 
21 

135 
130 
94 
25 
6 
5 

52 
-

19 
9 

24 

1995 
2,029 

657 
-

15 
2 
3 

144 
-

51 
361 

16 
1 

31 
32 

1,049 
37 

144 
32 

170 
198 
42 
12 
8 

98 
6 

55 
33 

214 
189 
112 
48 
10 
19 

135 
23 
32 
22 
58 

Market Share (%) 
1993 
100.0 
36.7 
0.1 

0 
0.2 
0.2 
7.1 
0.4 
1.6 

21.0 
1.9 
0.1 
2.1 
2.0 

52.6 
1.0 
4.7 
1.7 

10.7 
10.4 
3.1 
1.0 
0.2 
6.7 
0.2 
2.8 
2.1 
7.9 
7.0 
4.5 
1.7 
0.3 
0.4 
3.7 

0 
1.1 
0.2 
2.3 

1994 
100.0 
37.2 

0 
0.1 
0.3 
0.1 
8.3 

0 
2.0 

21.2 
1.2 
0.1 
2.0 
1.8 

50.4 
1.3 
4.1 
1.7 

10.5 
9.5 
2.7 
0.9 
0.5 
5.2 
0.3 
3.1 
1.4 
9.2 
8.8 
6.4 
1.7 
0.4 
0.3 
3.5 

0 
1.3 
0.6 
1.6 

1995 
100.0 
32.4 

0 
0.7 
0.1 
0.1 
7.1 

0 
2.5 

17.8 
0.8 
0.1 
1.5 
1.6 

51.7 
1.8 
7.1 
1.6 
8.4 
9.8 
2.1 
0.6 
0.4 
4.8 
0.3 
2.7 
1.6 

10.5 
9.3 
5.5 
2.4 
0.5 
0.9 
6.7 
1.1 
1.6 
1.1 
2.9 

NA = Not available 
Source: Dataquest (May 1996) 
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Table 1-17 
Each Company's Factory Revenue from Shipments of Microperipherals Worldwide 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

ACC Microelectronics 
Adaptec 
Advanced Micro Devices 
Alliance Semiconductor 

AT&T 
Atmel 
California Micro Devices 
Chips & Technologies 
Cirrus Logic 
Cj^ress Semiconductor 

Cjmx 
Dallas Semiconductor 
ETEQ Microsystems 

Harris 
IBM 
Integrated Device Technology 
Integrated Information Tech. 

Intel 
LSI Logic 
Micro Linear 
Motorola 
National Semiconductor 
Oak Technology 
OFTi 
Performance Semiconductor 

Q Logic 
Rockwell 
S3 
SEEQ Technology 
Sierra Semiconductor 
Standard Microsystems 

Supertex 

Symbios 

1993 
4,581 
3,400 

36 
122 
41 
0 

37 

3 
4 

80 
371 

2 

30 
41 

19 
27 

249 
5 

40 
425 
30 
0 

159 
334 

50 
86 
2 

21 
4 

113 
4 

0 
43 
2 

63 

Revenue 
1994 
6,424 
4,520 

49 
125 
31 

-

30 
-
3 

82 

681 
40 

10 
10 
0 

32 
153 

-
35 

625 
17 

6 
191 
302 
62 

130 
0 

45 
497 
130 
17 

35 
100 

1 

81 

1995 
8,313 
5,976 

40 
124 
35 
10 

-
-

4 
133 
886 
48 

-
13 

-

36 
93 

-

44 
972 

71 
-

314 

395 
84 

167 
-

60 
723 
315 
21 

44 
150 

1 

85 

Market Share (%) 
1993 
100.0 
74.2 

0.8 
2.7 
0.9 

0 
0.8 
0.1 
0.1 
1.7 

8.1 
0 

0.7 
0.9 
0.4 

0.6 
5.4 
0.1 

0.9 
9.3 
0.7 

0 
3.5 
7.3 
1.1 

1.9 
0 

0.5 
0.1 
2.5 

0.1 
0 

0.9 
0 

1.4 

1994 
100.0 
70.4 

0.8 
1.9 
0.5 

0 
0.5 

0 
0 

1.3 
10.6 
0.6 
0.2 

0.2 
0 

0.5 
2.4 

0 

0.5 
9.7 
0.4 

0.1 
3.0 
4.7 

1.0 

2.0 
0 

0.7 

7.7 
2.0 
0.3 

0.5 
1.6 

0 

1.3 

1995 
100.0 
71.9 
0.5 
1.5 
0.4 
0.1 

0 
0 
0 

1.6 
10.7 
0.6 

0 
0.2 

0 

0.4 
1.1 

0 

0.5 
11.7 

0.9 

0 
3.8 
4.8 
1.0 

2.0 
0 

0.7 

8.7 
3.8 
0.3 

0.5 
1.8 

0 

1.0 
(Continued) 
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Table 1-17 (Continued) 
Each Company's Factory Revenue from Shipments of Micropeiipherals Worldwide 
(Millions of U.S. Dollars) 

Symphony Laboratories 
Texas Instruments 
Trident Microsystems 

Tseng Labs 

VLSI Technology 
WaferScale Integration 
Weitek 

Western Digital 

Zilog 
Other North American Companies 

Japanese Companies 
Fuji Electric 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
NewpiC 
Oki 
Ricoh 
Rohm 

Sanyo 

Sharp 
Sony 
Toshiba 
Yamaha 
Other Japanese Companies 

European Companies 
Elex 
Philips 
SGS-Thomson 
Siemens 
TCS 

1993 
66 

230 
60 
71 

170 
5 

14 

218 
102 

15 
835 

1 
102 
174 
23 
50 

127 

0 
22 

3 
3 
2 

10 
8 

161 
149 

0 
69 
0 

46 
10 
8 
5 

Revenue 
1994 

12 

249 
87 
83 

214 
3 

14 
184 
111 
25 

1,301 
2 

118 
252 
37 
52 

258 
2 

28 
3 
4 
0 

11 
54 

207 

273 
0 

94 
15 
58 
15 
0 
6 

1995 
15 

220 
139 
105 
190 
18 
18 

239 

93 
69 

1,456 
3 

139 
255 
49 
47 

284 
4 

37 

14 
23 

-

14 
22 

310 
245 

10 

274 
-

138 
128 

-
8 

Market Share (%) 
1993 

1.4 
5.0 
1.3 
1.5 
3.7 
0.1 
0.3 
4.8 
2.2 
0.3 

18.2 
0 

2.2 
3.8 
0.5 
1.1 

2.8 
0 

0.5 
0.1 
0.1 

0 
0.2 
0.2 

3.5 
3.3 

0 
1.5 

0 
1.0 
0.2 
0.2 

0.1 

1994 
0.2 
3.9 
1.4 

1.3 
3.3 

0 
0.2 

2.9 
1.7 
0.4 

20.3 
0 

1.8 
3.9 
0.6 
0.8 
4.0 

0 
0.4 

0 
0.1 

0 
0.2 
0.8 

32 
4.2 

0 

1.5 
0.2 
0.9 
0.2 

0 
0.1 

1995 
0.2 
2.6 
1.7 

1.3 
2.3 
0.2 
0.2 

2.9 
1.1 
0.8 

17.5 
0 

1.7 
3.1 
0.6 
0.6 
3.4 
0.1 
0.4 
0.2 

0.3 
0 

0.2 
0.3 

3.7 
2.9 
0.1 

3.3 
0 

1.7 

1.5 
0 

0.1 
(Continued) 
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Table 1-17 (Continued) 
Each Compan}^s Factory Revenue from Shipments of Microperipherals Worldwide 
(Millions of U.S. Dollars) 

Asia/Padfic Companies 
Acer 
Daewoo 
Holtek 

Hualon Mio'oelectronics Corp. 
H5aindai 
LG Semicon 
Macronix 

Samsimg 
Silicon Integrated Systems 
United Microelectronics 
VStobond Electronics 

1993 
277 
50 
7 

3 
10 
0 
6 

15 
17 
26 

113 
30 

Revenue 
1994 
509 
68 
17 

-
0 
2 

19 
21 
16 

101 
217 
48 

1995 
607 
71 

-
-
-
1 

26 
35 
22 

127 
259 
60 

Market Share (%) 
1993 

6.0 
1.1 
0.2 
0.1 
0.2 

0 
0.1 
0.3 
0.4 
0.6 
2.5 
0.7 

1994 
7.9 
1.1 
0.3 

0 
0 
0 

0.3 
0.3 
0.2 
1.6 
3.4 
0.7 

1995 
7.3 
0.9 

0 
0 

0 
0 

0.3 
0.4 

0.3 
1.5 
3.1 
0.7 

NA = Not available 

Source: Dataquest (May 1996) 
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Table 1-18 
Each Company's Factory Revenue from Shipments of Microperipherals to 
North America (Millions of U.S. Dollars) 

Total Market 

North American Companies 

ACC Microelectronics 

Adaptec 

Advanced Micro Devices 

Alliance Semiconductor 

AT&T 

Atmel 

CaMfomia Micro Devices 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Cyrix 

Dallas Semiconductor 

ETEQ Microsystems 

Harris 

IBM 
Integrated Device Technology 

Integrated Information Tech. 

Intel 

LSI Logic 

Micro Linear 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Performance Semiconductor 

Q Logic 

Rockwell 

S3 
SEEQ Technology 

Sierra Semiconductor 

Standard Microsystems 

Supertax 

Symbios 

Symphony Laboratories 

Texas Instruments 

MCRO-WW-MS-9601 

1993 

1,764 

1,617 

7 
74 

15 
0 

14 
2 
2 

28 
139 

1 
12 
24 

6 
18 

174 

5 
17 

165 
14 
0 

110 

179 
7 

36 
2 
9 
2 

53 
3 
0 

18 
2 

57 
7 

112 

©1996 

Revenue 

1994 

2,320 

2,088 

13 
82 

13 
-

23 
-
2 

27 

293 
28 
4 
4 
0 

19 
107 

-

16 
243 

15 
5 

132 
171 

9 
56 

0 
19 

156 
75 
15 
17 
50 

1 
64 
1 

136 

Oataquest 

1995 

2,981 

2,631 

16 
-

14 
2 
-
-

3 
29 

369 
33 

-
5 
0 

21 

65 
-

20 
443 
33 

-
177 

222 

11 
82 

0 
24 

252 

180 
19 
21 
60 

1 

66 
1 

88 

Market Share (%) 

1993 

100.0 

91.7 

0.4 
4.2 

0.9 
0 

0.8 
0.1 
0.1 
1.6 
7.9 
0.1 
0.7 
1.4 
0.3 
1.0 
9.9 
0.3 
1.0 
9.4 

0.8 
0 

6.2 

10.1 

0.4 
2.0 
0.1 
0.5 
0.1 
3.0 
0.2 

0 
1.0 

0.1 
3.2 
0.4 

6.3 

1994 

100.0 

90.0 

0.6 
3.5 
0.6 

0 
1.0 

0 
0.1 
1.2 

12.6 

1.2 
0.2 
0.2 

0 
0.8 
4.6 

0 

0.7 
10.5 

0.6 
0.2 
5.7 

7.4 
0.4 

2.4 
0 

0.8 
6.7 
3.2 

0.6 
0.7 
2.2 

0 
2.8 

0 
5.9 

1995 

100.0 

88.3 

0.5 
0 

0.5 

0.1 
0 
0 

0.1 
1.0 

12.4 

1.1 
0 

0.2 
0 

0.7 
2.2 

0 

0.7 
14.9 

1.1 

0 
5.9 
7.4 

0.4 

2.8 
0 

0.8 

8.5 
6.0 

0.6 
0.7 
2.0 

0 

2.2 
0 

3.0 

(Continued) 

May 27,1996 



1995 Microcomponent Market Share 35 

Table 1-18 (Continued) 
Each Company's Factory Revenue from Shipments of Microperipherals to 
North America (Millions of U.S. Dollars) 

Trident Microsystems 
Tseng Labs 
VLSI Technology 
WaferScale Integration 
Weitek 

Western Digital 
Zilog 
Other North American Companies 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 

NEC 
Oki 
Ricoh 
Rohm 
Sony 

Toshiba 
Yamaha 

Exiropean Companies 
Philips 
SGS-Thomson 
TCS 

Asia/Pacific Companies 
Macronix 
Samsung 
Silicon Integrated Systems 
Winbond Electronics 

1993 
5 

49 
90 
2 

13 
78 
53 
8 

108 
7 

22 
1 

15 
4 

0 
0 
0 

38 
21 

31 
26 
4 
1 

8 
1 
5 
1 
1 

Revenue 
1994 

12 

58 
72 

1 

13 
66 
55 
8 

173 
9 

32 
2 

41 
5 
-
0 
1 

45 
38 
50 
41 

8 
1 
9 
2 
4 
0 
3 

1995 
33 
73 
95 
6 

16 
83 
54 
14 

178 
11 
33 
2 

45 
6 
4 
6 
1 

47 

22 
130 
58 
71 

1 
41 

4 
5 

29 
3 

Market Share (%) 
1993 

0.3 
2.8 
5.1 
0.1 
0.7 
4.4 

3.0 
0.5 
6.1 
0.4 
1.2 
0.1 
0.9 
0.2 

0 
0 
0 

2.2 
1.2 
1.8 

1.5 
0.2 
0.1 
0.5 

0.1 
0.3 

0.1 
0.1 

1994 

0.5 
2.5 
3.1 

0 
0.6 
2.8 
2.4 
0.3 
7.5 
0.4 
1.4 

0.1 
1.8 
0.2 

0 
0 
0 

1.9 
1.6 
2.2 

1.8 
0.3 

0 
0.4 

0.1 
02 

0 
0.1 

1995 
1.1 
2.4 
3.2 
0.2 

0.5 
2.8 
1.8 
0.5 
6.0 
0.4 
1.1 
0.1 
1.5 
0.2 
0.1 
0.2 

0 

1.6 
0.7 
4.4 

1.9 
2.4 

0 
1.4 

0.1 
0.2 

1.0 
0.1 

NA - Not available 

Source: Dataquest (May 1996) 
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Table 1-19 
Each Company's Factory Revenue from Shipments of Microperipherals to Japan 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

ACC Microelectronics 
Adaptec 
Advanced Micro Devices 

AT&T 
Chips & Technologies 
Cirrus Logic 
Cypress Semiconductor 
Cyrix 
Dallas Semiconductor 
Harris 
ffiM 
Intel 
LSI Logic 
Motorola 
National Semiconductor 
Oak Technology 

OPTi 
Q Logic 
Rockwell 

S3 
Sierra Semiconductor 
Standard Microsystems 
Symbios 
Sjmiphony Laboratories 
Texas Instruments 
Trident Microsystems 
VLSI Technology 
WaferScale Integration 

Weitek 
Western Digital 
Zilog 
Other North American Companies 

1993 
749 
265 

1 
5 
2 
5 
7 

46 
0 
5 
5 
0 

50 
35 
0 

10 
16 
2 
2 
5 
-
4 
0 
1 
4 
1 

12 
0 
3 
0 
1 

36 
6 
1 

Revenue 
1994 
1,226 

528 
1 
5 
1 
-

6 
102 

4 
1 

1 
1 

30 
52 

3 
12 
24 
23 

5 
15 

160 

13 
2 
1 

8 
0 

13 
-
6 
-
1 

31 
6 
1 

1995 
1,724 

910 
1 

18 
4 
-

52 
154 

6 
-
2 
1 

18 
93 
10 

19 
31 
35 
5 

23 
298 

5 

3 
5 
8 
0 

10 
23 
16 
3 
2 

47 
7 

13 

Market Share (%) 
1993 
100.0 
35.4 

0.1 
0.7 
0.3 
0.7 

0.9 
6.1 

0 
0.7 

0.7 
0 

6.7 
4.7 

0 
1.3 
2.1 

0.3 
0.3 
0.7 

0 
0.5 

0 
0.1 
0.5 

0.1 
1.6 

0 
0.4 

0 
0.1 
4.8 
0.8 
0.1 

1994 
100.0 
43.1 
0.1 
0.4 
0.1 

0 
0.5 
8.3 
0.3 
0.1 
0.1 
0.1 
2.4 
4.2 
0.2 

1.0 
2.0 
1.9 

0.4 
1.2 

13.1 
1.1 

0.2 

0.1 
0.7 

0 
1.1 

0 
0.5 

0 
0.1 
2.5 
0.5 
0.1 

1995 

100.0 
52.8 
0.1 
1.0 
0.3 

0 
3.0 
8.9 
0.4 

0 
0.1 
0.1 
1.0 
5.4 

0.6 
1.1 
1.8 
2.0 

0.3 
1.3 

17.3 
0.3 
0.2 

0.3 

0.5 

0 
0.6 
1.3 
0.9 
0.2 
0.1 
2.7 
0.4 

0.8 
(Continued) 
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Table 1-19 (Continued) 
Each Company's Factory Revenue from Shipments of Microperipherals to Japan 
(Millions of U.S. Dollars) 

Japanese Companies 
Fuji Electric 
Fujitsu 
Hitachi 

Matsushita 
Mitsubishi 

NfEC 
NewJRC 
Oki 
Ricoh 
Rohm 
Sanyo 
Sharp 
Sony 
Toshiba 
Yamaha 
Other Japanese Companies 

European Companies 
Philips 
SGS-Thomson 

Asia/Pacific Companies 
Samsung 

United Microelectronics 

Winbond Electronics 

1993 
482 

1 
81 
T7 

\7 
18 
86 
0 
6 
3 
3 
2 

10 
8 

93 
77 

0 
1 
1 
0 
1 
1 

0 
0 

Revenue 
1994 

676 
2 

92 
111 
26 
22 

147 
2 

9 
3 
4 
0 

11 
39 

120 
88 
0 
1 
1 
-

21 
1 

20 
-

1995 
795 

3 
113 
108 
36 
18 

158 
2 

13 
10 
11 

-
14 
12 

176 
110 
10 

15 
11 
4 
3 
2 
-
1 

Market Share (%) 
1993 
64.4 
0.1 

10.8 
10.3 
2.3 
2.4 

11.5 
0 

0.8 
0.4 
0.4 
0.3 
1.3 
1.1 

12.4 
10.3 

0 
0.1 
0.1 

0 
0.1 

0.1 
0 
0 

1994 
55.1 
0.2 
7.5 
9.1 
2.1 

1.8 
12.0 
0.2 
0.7 
0.2 

0.3 
0 

0.9 
3.2 
9.8 
7.2 

0 

0.1 
0.1 

0 
1.7 

0.1 
1.6 

0 

1995 
46.1 
0.2 

6.6 
6.3 
2.1 

1.0 
9.2 
0.1 

0.8 
0.6 
0.6 

0 
0.8 
0.7 

10.2 
6.4 

0.6 

0.9 
0.6 
0.2 
0.2 

0.1 
0 

0.1 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-20 
Each Company's Factory Revenue from Shipments of Microperipherals to Europe 
(Millions of U.S. Dollars) 

Total Market 

North American Companies 
ACC Microelectronics 
Adaptec 
Advanced Micro Devices 
Alliance Semiconductor 
AT&T 

Chips & Technologies 
Cirrus Logic 
Cypress Semiconductor 
Cyrix 
Dallas Semiconductor 
ETEQ Microsystems 
Harris 
IBM 
Integrated Information Tech. 

Intel 
LSI Logic 
Micro Linear 
Motorola 
National Semiconductor 

Oak Technology 
OPTi 
Q Logic 
Rockwell 
S3 
SEEQ Technology 
Sierra Semiconductor 
Standard Microsystems 
Symbios 
SjTnphony Laboratories 
Texas Instruments 
Trident Microsystems 
Tseng Labs 
VLSI Technology 
WaferScale Integration 
Western Digital 

1993 
615 
513 

0 
2 

15 
0 
8 
5 

10 
1 
1 
7 
1 
9 

25 
13 

165 
0 
0 

28 
51 
3 
5 
0 
1 

12 
1 
0 

5 
2 

5 
52 

1 

6 
30 
1 

36 

Revenue 
1994 
897 
737 

-
2 

11 
-
2 
5 

54 
6 
-
2 

0 
11 
16 
11 

243 
6 
1 

32 

49 
4 

6 
4 

95 
18 
2 
8 

18 
4 

0 
44 

-
7 

30 
1 

32 

1995 

1,225 
1,008 

1 
-

10 
5 
-

9 
66 
7 
-

2 
0 

12 
10 
13 

330 
19 

-
66 
66 

5 
10 
5 

108 
50 
2 

10 
25 
6 
0 

75 
1 

9 

21 
6 

39 

Market Share (%) 
1993 
100.0 
83.4 

0 
0.3 
2.4 

0 
1.3 
0.8 
1.6 
0.2 
0.2 
1.1 
0.2 

1.5 
4.1 
2.1 

26.8 
0 
0 

4.6 
8.3 
0.5 

0.8 
0 

0.2 
2.0 
0.2 

0 
0.8 
0.3 
0.8 
8.5 
0.2 

1.0 
4.9 
0.2 

5.9 

1994 
100.0 
82.2 

0 
0.2 
1.2 

0 
0.2 
0.6 
6.0 
0.7 

0 
0.2 

0 

1.2 
1.8 
1.2 

27.1 
0.7 

0.1 
3.6 
5.5 
0.4 

0.7 
0.4 

10.6 
2.0 
0.2 

0.9 
2.0 
0.4 

0 
4.9 

0 

0.8 
3.3 
0.1 

3.6 

1995 
100.0 
82.3 
0.1 

0 
0.8 
0.4 

0 
0.7 
5.4 
0.6 

0 
0.2 

0 

1.0 
0.8 
1.1 

26.9 
1.6 

0 
5.4 

5.4 
0.4 

0.8 
0.4 

8.8 
4.1 
0.2 

0.8 
2.0 
0.5 

0 
6.1 
0.1 

0.7 
1.7 

0.5 
3.2 

(Continued) 
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Table 1-20 (Continued) 
Each Company's Factory Revenue from Shipments of Microperipherals to Europe 
(Millions of U.S. Dollars) 

Zilog 
Other North American Compairies 

Japanese Companies 
Fujitsu 
Hitachi 
Mitsubishi 
NEC 
Oki 
Toshiba 
Yamaha 

European Companies 
Elex 
PhUips 
SGS-Thomson 
Siemens 

TCS 
Asia/Pacific Companies 

Samsung 
Silicon Integrated Systems 
United Microelectronics 

1993 
11 
0 

71 
5 

30 
2 

18 
4 

10 
2 

29 
0 

12 
5 
8 
4 
2 
0 
0 
2 

Revenue 
1994 

12 
-

I l l 
5 

40 
1 

48 
4 

11 
2 

38 
15 
12 
6 
0 
5 

11 
2 
0 
9 

1995 
7 

12 
142 

1 
50 
4 

52 
5 

26 
5 

62 
-

29 
26 

-
7 

13 
2 
1 

10 

Market Share (%) 
1993 

1.8 
0 

11.5 
0.8 
4.9 
0.3 
2.9 
0.7 
1.6 
0.3 
4.7 

0 
2.0 
0.8 
1.3 
0.7 
0.3 

0 
0 

0.3 

1994 
1.3 

0 
12.4 
0.6 
4.5 
0.1 
5.4 
0.4 
1.2 
0.2 
4.2 
1.7 
1.3 
0.7 

0 
0.6 
1.2 
0.2 

0 
1.0 

1995 
0.6 
1.0 

11.6 
0.1 
4.1 
0.3 
4.2 
0.4 
2.1 
0.4 
5.1 

0 
2.4 
2.1 

0 
0.6 
1.0 
0.2 
0.1 
0.8 

NA = Not available 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-21 
Each Company's Factory Revenue from Shipments of Microperipherals to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

{ 

Total Market 

North American Companies 

ACC Microelectronics 

Adaptec 

Advanced Micro Devices 

Alliance Semiconductor 

AT&T 

Atmel 

California Micro Devices 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconductor 

Cyrix 

Dallas Semiconductor 

ETEQ Microsystems 

Harris 

Integrated Information Tech. 

Intel 

LSI Logic 

Motorola 

National Semiconductor 

Oak Technology 

OPTi 

Q Logic 

Rockwell 

S3 
Sierra Semiconductor 

Standard Microsystems 

Symbios 

Symphony Laboratories 

Texas Instnunents 

Trident Microsystems 

Tseng Labs 

VLSI Technology 

WaferScale Integration 

Western Digital 

Zilog 

Other North American Companies 

MCRO-WW-MS-9601 

1993 

1,453 

1,005 

28 
41 
9 
0 

10 
1 
2 

40 
176 

0 
12 
5 

12 
0 

10 
60 
16 
11 
88 
38 
43 

7 
1 

44 
0 

19 
0 

53 
54 
54 
16 
47 

2 
68 
32 

6 

©1996 

Revenue 

1994 

1,981 

1,167 

35 
36 
6 
-
5 
-
1 

44 
232 

2 
5 
3 
0 
1 
8 

87 
3 

15 
58 
26 
63 
7 

86 
24 
8 

31 
5 

11 
56 
75 
18 

106 
1 

55 
38 
16 

Dataquest 

1995 

2,383 

1,426 

22 
106 

6 
3 
-
-
1 

43 
297 

3 
-
4 
-
2 

10 
106 

9 
52 
76 
33 
70 
9 

65 
80 
10 
60 
5 

14 
47 
82 
23 
58 
3 

70 
25 
30 

Market Share (%) 

1993 

100.0 

69.2 

1.9 
2.8 
0.6 

0 
0.7 
0.1 
0.1 
2.8 

12.1 

0 
0.8 
0.3 
0.8 

0 
0.7 
4.1 
1.1 
0.8 
6.1 
2.6 
3.0 
0.5 
0.1 
3.0 

0 
1.3 

0 
3.6 
3.7 
3.7 
1.1 
3.2 
0.1 
4.7 
2.2 
0.4 

1994 

100.0 

58.9 

1.8 
1.8 
0.3 

0 
0.3 

0 
0.1 
2.2 

11.7 

0.1 
0.3 
0.2 

0 
0.1 
0.4 
4.4 
0.2 
0.8 
2.9 
1.3 

3.2 
0.4 

4.3 
1.2 
0.4 
1.6 
0.3 
0.6 
2.8 
3.8 
0.9 
5.4 

0.1 
2.8 
1.9 
0.8 

1995 

100.0 

59.8 

0.9 
4.4 
0.3 
0.1 

0 
0 

0.1 
1.8 

12.5 

0.1 
0 

0.2 
0 

0.1 
0.4 
4.5 
0.4 
2.2 
3.2 
1.4 

2.9 
0.4 

2.7 
3.4 
0.4 
2.5 
0.2 
0.6 
2.0 
3.4 

1.0 
2.5 

0.1 
3.0 
1.0 
1.3 

(Continued) 
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Table 1-21 (Continued) 
Each Company's Factory Revenue from Shipments of Microperipherals to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
New JRC 
Oki 
Rohm 
Sony 
Toshiba 

Yamaha 
European Companies 

Philips 
SGS-Thomson 

Asia/Pacific Companies 

Acer 
Daewoo 
Holtek 
Hualon Microelectronics Corp. 
H5amdai 
LG Semicon 
Macronix 
Samsung 
Silicon Integrated Systems 
United Microelectronics 
Winbond Electronics 

1993 
174 

9 
45 
5 

30 
8 
0 
8 
0 
0 

20 
49 

8 
7 
1 

266 
50 
7 

3 
10 
0 
6 

14 
11 
25 

111 
29 

Revenue 
1994 
341 

12 
69 
9 

29 
22 
0 

10 
0 

14 

31 
145 

5 
4 
1 

468 
68 
17 

-
0 
2 

19 
19 
9 

101 
188 
45 

1995 
340 

14 
64 
11 

25 
29 
2 

12 
6 
8 

61 
108 
67 
40 
27 

550 
77 

-
-
-
1 

26 
31 
13 
97 

249 
56 

Market Share (%) 
1993 
12.0 
0.6 
3.1 
0.3 
2.1 
0.6 

0 
0.6 

0 
0 

1.4 
3.4 

0.6 
0.5 
0.1 

18.3 
3.4 
0.5 
0.2 
0.7 

0 
0.4 
1.0 
0.8 
1.7 
7.6 
2.0 

1994 
17.2 

0.6 
3.5 
0.5 
1.5 
1.1 

0 
0.5 

0 
0.7 
1.6 
7.3 
0.3 
0.2 
0.1 

23.6 
3.4 
0.9 

0 
0 

0.1 
1.0 
1.0 
0.5 

5.1 
9.5 
2.3 

1995 
14.3 
0.6 
2.7 
0.4 
1.0 
1.2 
0.1 
0.5 
0.3 
0.4 
2.6 
4.5 
2.8 

1.7 
1.1 

23.1 

3.2 
0 
0 
0 

0 
1.1 
1.3 
0.5 

4.1 
10.4 
2.3 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-22 
Each Company's Factory Revenue from Shipments of Digital Signal Processors 
Worldwide (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Analog Devices 
AT&T 
BM 
Microchip Technology 
Motorola 
Texas Instruments 
Zilog 

Japanese Companies 

Fujitsu 
Hitachi 

Matsushita 
NEC 
Oki 
Sanyo 
Toshiba 

European Companies 

GEC Plessey 

1993 
679 
603 
69 

207 
-
2 

94 
231 

0 
76 

26 
7 
1 

27 

0 
5 

10 
0 
0 

Revenue 
1994 
1,030 

911 
85 

275 
-
-

151 
400 

-
114 

36 
9 
4 

40 
2 
7 

16 
5 
5 

1995 
1,670 
1,509 

117 
510 
10 

-
178 
635 
59 

154 
46 
13 

5 
49 
3 

10 
28 
7 

7 

Market Share (%) 

1993 
100.0 
88.8 
10.2 

30.5 
0 

0.3 
13.8 
34.0 

0 
11.2 

3.8 
1.0 
0.1 
4.0 

0 
0.7 

1.5 
0 
0 

1994 
100.0 
88.4 
8.3 

26.7 

0 
0 

14.7 
38.8 

0 
11.1 
3.5 
0.9 
0.4 
3.9 
0.2 
0.7 
1.6 
0.5 

0.5 

1995 
100.0 
90.4 

7.0 
30.6 
0.6 

0 
10.7 
38.0 
3.5 
9.2 

2.8 
0.8 
0.3 
2.9 
0.2 

0.6 
1.7 
0.4 

0.4 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-23 
Each Company's Factory Revenue from Shipments of Digital Signal Processors to 
North America (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Analog Devices 
AT&T 
IBM 
Microchip Technology 
Motorola 
Texas Instruments 
Zilog 

Japanese Companies 

Fujitsu 
Hitachi 

NEC 
Toshiba 

European Companies 
GEC Flessey 

1993 
279 
268 
28 

101 
0 
2 

33 
104 

0 
11 
2 
4 
3 
2 
0 
0 

Revenue 
1994 
421 
404 
37 

143 
0 
0 

63 
161 

0 
15 
4 

5 
4 
2 
2 
2 

1995 

595 
570 
37 

231 
5 
0 

77 
210 

10 
20 
6 
7 
5 
2 
5 
5 

Market Share (%) 
1993 
100.0 
96.1 
10.0 
36.2 

0 
0.7 

11.8 
37.3 

0 
3.9 
0.7 
1.4 

1.1 
0.7 

0 
0 

1994 
100.0 
96.0 
8.8 

34.0 
0 
0 

15.0 
38.2 

0 
3.6 
1.0 
1.2 

1.0 
0.5 
0.5 

0.5 

1995 
100.0 
95.8 
6.3 

38.8 
0.8 

0 
12.9 
35.3 

1.7 
3.4 

1.0 
1.2 
0.8 
0.3 
0.8 

0.8 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-24 
Each Company's Factory Revenue from Shipments of Digital Signal Processors to 
Japan (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Analog Devices 
AT&T 
Motorola 
Texas Instruments 
Zilog 

Japanese Companies 
Fujitsu 
Hitachi 

Matsushita 

NEC 
Oki 
Sanyo 
Toshiba 

European Companies 
GEC Plessey 

1993 
119 
69 
5 
7 
2 

55 
0 

50 
16 
2 

1 

18 
0 
5 
8 
0 
0 

Revenue 
1994 
166 
87 
5 

17 
5 

60 
0 

77 
22 
3 
3 

28 
2 
7 

12 
2 
2 

1995 
273 
167 

13 
36 
9 

104 
5 

106 
33 
5 
4 

33 
3 

10 
18 
1 
1 

Market Share (%) 
1993 
100.0 
58.0 
4.2 
5.9 
1.7 

46.2 
0 

42.0 
13.4 

1.7 

0.8 
15.1 

0 
4.2 
6.7 

0 
0 

1994 
100.0 
52.4 

3.0 
10.2 
3.0 

36.1 
0 

46.4 

13.3 
1.8 
1.8 

16.9 
1.2 
4.2 
7.2 
1.2 

1.2 

1995 
100.0 
61.0 
4.7 

13.2 
3.3 

38.0 
1.8 

38.6 
12.1 
1.8 
1.5 

12.1 
1.1 
3.5 
6.6 
0.4 

0.4 

NA = Not available 

Source: Dataquest (May 1996) 

MCR0-WW-MS-96G1 ©1996 Dataquest May 27,1996 
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Table 1-25 
Each Company's Factory Revenue from Shipments of Digital Signal Processors to 
Europe (Millions of U.S. Dollars) 

Total Market 
North Americari Companies 

Analog Devices 
AT&T 
Motorola 
Texas Instruments 
Zilog 

Japanese Companies 
Fujitsu 
NEC 
Toshiba 

Eiiropean Companies 

GEC Plessey 

1993 
218 
210 
29 
76 

55 
50 
0 
8 
5 
3 
0 
0 
0 

Revenue 
1994 
305 
294 
35 
83 
70 

106 
0 

10 
6 
4 
0 
1 
1 

1995 
548 
538 
57 

200 
90 

181 
10 
9 
1 
5 
3 
1 
1 

Market Share (%) 
1993 
100.0 
96.3 
13.3 
34.9 
25.2 
22.9 

0 
3.7 

2.3 
1.4 

0 
0 
0 

1994 
100.0 
96.4 
11.5 
27.2 

23.0 
34.8 

0 
3.3 
2.0 
1.3 

0 
0.3 

0.3 

1995 
100.0 
98.2 
10.5 
36.5 
16.4 
33.0 
1.8 
1.6 
0.2 
0.8 
0.5 
0.2 

0.2 

NA = Not available 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 1-26 
Each Company's Factory Revenue from Shipments of Digital Signal Processors to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Analog Devices 
AT&T 
IBM 
Motorola 
Texas Instruments 
Zilog 

Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 

NEC 
Toshiba 

1993 
63 
56 
7 

23 
0 
4 

22 
0 
7 

3 
1 
0 
3 
0 

Revenue 
1994 
138 
126 

8 
32 

0 
13 
73 
0 

12 
4 
1 
1 
4 
2 

1995 
253 
234 

9 
43 
5 
2 

140 
34 
19 
6 
1 
1 
6 
5 

Market Share (%) 
1993 
100.0 
88.9 
11.1 
36.5 

0 
6.3 

34.9 
0 

11.1 
4.8 
1.6 

0 
4.8 

0 

1994 
100.0 
91.3 
5.8 

23.2 

0 
9.4 

52.9 
0 

8.7 

2.9 
0.7 
0.7 

2.9 
1.4 

1995 
100.0 
92.3 
3.7 

17.1 

2.0 
0.8 

55.3 
13.4 

7n 
2.4 
0.5 
0.5 
2.4 
2.0 

NA = Not available 

Source: Oataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Section 2:1995 IVIicrocomponent iVIarket Sliare Ranking 

Table 2-1 
Top 50 Companies' Factory Revenue from Shipments of MOS Microcomponents 
Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 

1994 
Rank 

1 
2 
3 
6 

5 
7 

8 
4 

9 

10 
14 

13 

15 
11 
12 
16 
19 
28 
20 
21 
17 

26 
22 
24 

25 
18 
31 

23 
29 
27 

30 
34 

36 
35 
33 

MCRO-WW-MS-9601 

Intel 
Motorola 
NEC 
Hitachi 
Texas Instruments 
Toshiba 
Mitsubishi 
Advanced Micro Devices 
Cirrus Logic 

Rockwell 
IBM 
Philips 
Fujitsu 
Matsushita 
National Semiconductor 
AT&T 
SGS-Thomson 

S3 
United Microelectronics 

Zilog 
Yamaha 
Western Digital 

Oki 
Sony 
Sharp 
Cyrix 

Siemens 
VLSI Technology 
Microchip Technology 
Sanyo 
OFTi 
Standard Microsystems 
Trident Microsystems 
Chips & Technologies 
Silicon Integrated Systems 

1994 
Revenue 

9^95 
2363 
1,678 

998 
1,006 

718 
698 

1,021 

681 
509 
399 
403 
390 
460 
452 
305 
227 
130 
227 
222 

273 
184 
217 
194 
192 
241 

128 
216 

130 
161 
130 
100 
87 

89 
101 

©1996 Dataquest 

1995 
Revenue 

12396 

2,996 

2,063 

1,441 

1,254 

1,095 

982 
922 

886 
738 
703 
662 

651 
557 
541 
510 
437 

315 
274 
265 

245 
239 
235 
235 
221 
212 

208 
194 

189 
186 
167 

150 
139 
138 
127 

Percent 
Change 

29 
27 

23 
44 

25 
52 
41 

-10 
30 
45 
76 
64 

67 
21 
20 
67 
92 

142 
21 
19 

-10 
30 
8 

21 

15 
-12 
63 

-10 

45 
16 
28 
50 
60 
55 
26 

1995 
Market 

Share 

35.9 

8.7 
6.0 
4.2 

3.6 
3.2 
2.8 
2.7 

2.6 
2.1 
2.0 
1.9 
1.9 
1.6 
1.6 
1.5 

1.3 
0.9 
0.8 
0.8 

0.7 
0.7 
0.7 
0.7 

0.6 

0.6 
0.6 
0.6 

0.5 

0.5 
0.5 
0.4 

0.4 
0.4 
0.4 

(Continued) 
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Table 2-1 (Continued) 
Top 50 Companies' Factory Revenue from Shipments of MOS Microcomponents 
Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

36 
37 
38 
39 
40 
41 
42 

43 
44 

45 
46 
47 
48 
49 
50 

1994 
Rank 

32 
37 
41 
38 
51 
40 
43 
42 

39 
47 

46 
44 
45 
50 
49 

Adaptec 
Analog Devices 
LSI Logic 
Tseng Labs 
Samsung 
Symbios 
Oak Technology 
Acer 
Ricoh 
Rohm 

TEMIC 
Harris 
Integrated Device Technology 
Q Logic 

Winbond Electronics 

All Others 

North American Companies 

Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

125 
85 
78 
83 
44 
81 
62 

68 
83 
50 
51 
52 

51 
45 
48 

477 

18,843 
6,137 

851 
577 

26,408 

1995 
Revenue 

124 
117 
107 

105 
87 
85 
84 
T7 

75 
71 

68 
66 
63 
60 
60 

696 

24,210 
8,102 
1,432 

774 

34,518 

Percent 
Change 

-1 
37 
37 
26 
98 
5 

36 
14 

-10 
43 
33 
27 
24 

34 
25 

46 

28 
32 
68 
34 

31 

1995 
Market 

Share 
0.4 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 

2.0 

70.1 
23.5 
4.1 
2.2 

100.0 

NA = Not available 

NM = Not meaningful 
Source: Dataquest (May 1996) 
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Table 2-2 
Top 20 Companies' Factory Revenue from Shipments of Microprocessors Worldwide 
(Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1994 
Rank 

1 
2 
3 
4 

6 
5 
8 
7 

9 
10 
11 

13 
14 

15 
12 

16 
18 
23 
19 
21 

Intel 
Advanced Micro Devices 
Motorola 

IBM 
Texas Instruments 
Cyrix 

NEC 
Hitachi 
Toshiba 

Fujitsu 
SGS-Thomson 
Integrated Device Technology 
National Semiconductor 
Zilog 
LSI Logic 
Performance Semiconductor 
Weitek 
Mitsubishi 

Sharp 
United Microelectronics 

All Others 

North American Companies 
Japanese Companies 
European Companies 

Asia/Pacific Companies 

Total Market 

1994 
Revenue 

8,370 
985 
597 

246 
214 
231 
105 
160 
92 
56 
51 
51 
50 
43 
51 
15 
14 
9 

12 

10 

75 

10,898 
461 

67 
11 

11,437 

1995 
Revenue 

10,755 
885 
666 
600 
230 
212 

176 
135 
115 
78 
68 
63 
45 
42 

36 
21 
20 
17 
16 
15 

85 

13,609 
562 

85 
23 

14,280 

Percent 
Change 

28 
-10 
12 

144 
7 

-8 
68 

-16 
25 
38 
34 
24 
-9 
-3 

-29 
40 
40 
90 
33 
50 

13 

25 
22 
17 

109 

25 

1995 
Market 

Share 
75.3 
6.2 
4.7 
4.2 

1.6 
1.5 
1.2 

0.9 
0.8 
0.5 
0.5 
0.4 

0.3 
0.3 
0.3 
0.1 
0.1 
0.1 
0.1 
0.1 

0.6 

95.3 
3.9 

0.6 
0.2 

100.0 

NA = Not available 
NM = Not meaningful 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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Table 2-3 
Top 20 Companies' Factory Revenue from Shipments of Microcontrollers Worldwide 
(Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

1994 
Rank 

1 
2 

5 
3 
4 
7 

8 
6 

9 
12 
15 
17 
11 
16 
10 
13 
14 

18 
20 
21 

Motorola 
NEC 
Hitachi 

Mitsubishi 
Intel 
Toshiba 
Philips 
Matsushita 

Fujitsu 
SGS-Thomson 
Sony 

Siemens 
Sharp 
Microchip Technology 
Oki 
Sanyo 
Texas Instruments 
National Semiconductor 

Zilog 

TEMIC 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

1,424 
1,275 

577 
637 

600 
403 
345 
405 
180 
161 
140 
128 
169 
130 
178 
154 
143 
100 
68 

51 

249 

2,514 

4,261 
685 
57 

7,517 

1995 
Revenue 

1,838 
1,554 
1,038 

918 
670 
641 
524 

488 
388 
241 
213 
208 
191 
189 
185 
177 
169 
101 
71 

68 

383 

3,115 
5,930 
1,066 

144 

10,255 

Percent 
Change 

29 
22 
80 
44 
12 
59 
52 
20 

116 
49 
52 

63 
13 
45 
4 

15 
18 

1 
5 

33 

54 

24 

39 
56 

153 

36 

1995 
Market 

Share 
17.9 
15.2 
10.1 
9.0 
6.5 
6.3 
5.1 
4.8 
3.8 
2.3 
2.1 
2.0 
1.9 
1.8 
1.8 
1.7 

1.7 
1.0 
0.7 

0.7 

3.7 

30.4 

57.8 

10.4 
1.4 

100.0 

NA s= Not available 

NM = Not meaningful 

Source: Dataquest (May 1996) 
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Table 2-4 
Top 40 Companies' Factory Revenue from Shipments of Microperipherals Worldwide 
(Millions of U.S. Dollars) 

1995 
Raonk 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 

15 
16 
17 
18 
19 
20 
21 
22 

23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

1994 
Rank 

2 
1 

3 
4 

15 
12 
11 

6 
9 
7 

5 
13 
8 

10 
16 
21 
18 
22 
28 
24 
49 

20 
17 
23 
14 

19 
25 
27 

26 
42 
33 
32 

45 
35 
34 

30 
36 

MCRO-WW-MS-9601 

Intel 
Cirrus Logic 
Rockwell 
National Semiconductor 

S3 
Motorola 
Toshiba 
NEC 
United Microelectronics 
Hitachi 
Yamaha 
Western Digital 
Texas Instruments 
VLSI Technology 
OPTi 
Standard Microsystems 

Fujitsu 
Trident Microsystems 
Philips 
Chips & Technologies 
SGS-Thomson 

Silicon Integrated Systems 
Adaptec 
Tseng Labs 
IBM 
Zilog 
Symbios 
Oak Technology 
Acer 
LSI Logic 
Q Logic 
Winbond Electronics 
DSP Group 
Matsushita 
Cypress Semiconductor 
Mitsubishi 
Sierra Semiconductor 

1994 
Revenue 

625 
681 
497 
302 

130 
191 
207 

258 
217 
252 
273 
184 
249 
214 
130 
100 
118 
87 
58 
82 
15 

101 
125 
83 

153 
111 
81 
62 

68 
27 
45 
48 
18 
37 

40 
52 

35 

©1996 Dataquest 

1995 
Revenue 

972 
886 
723 
395 
315 
314 
310 
284 
259 
255 
245 
239 
220 
190 
167 
150 
139 
139 
138 
133 

128 
127 

124 
105 
93 
93 
85 
84 
77 
71 
60 
60 
60 

49 

48 
47 
44 

Percent 
Change 

56 
30 
45 
31 

142 
64 
50 
10 
19 
1 

-10 
30 

-12 
-11 
28 
50 
18 
60 

138 
63 

753 
26 

-1 
26 

-39 
-16 

5 
36 
14 

163 
34 
25 

233 
34 

21 

-10 
17 

1995 
Market 

Share 

11.7 

10.7 

8.7 

4.8 
3.8 
3.8 
3.7 
3.4 

3.1 
3.1 
2.9 
2.9 
2.6 
2.3 

2.0 
1.8 

1.7 
1.7 
1.7 
1.6 

1.5 
1.5 

1.5 
1.3 
1.1 
1.1 

1.0 
1.0 
0.9 
0.9 
0.7 

0.7 
0.7 

0.6 

0.6 
0.6 
0.5 

(Continued) 
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Table 2-4 (Continued) 
Top 40 Companies' Factory Revenue from Shipments of Microperipherals Worldwide 
(Millions of U.S. Dollars) 

1995 
Rank 

38 
39 
40 

1994 
Rank 

37 

31 
41 

Integrated Information Tech. 
ACC Microelectronics 
Oki 

All Others 

North American Companies 

Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

35 
49 
28 

356 

4,520 
1,301 

94 
509 

6,424 

1995 
Revenue 

44 
40 
37 

363 

5,976 

1,456 
274 
607 

8,313 

Percent 
Change 

25 
-18 
31 

2 

32 
12 

191 
19 

29 

1995 
Market 

Share 
0.5 
0.5 
0.4 

4.4 

71.9 

17.5 
3.3 
7.3 

100.0 

NA = Not available 
NM = Not meaningful 
Source: Dataquest (May 1996) 
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Table 2-5 
Top 10 Companies' Factory Revenue from Shipments of Digital Signal Processors 
Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1994 
Rank 

1 
2 

3 
4 

52 

5 
6 
7 
8 

16 

Texas Instruments 
AT&T 
Motorola 
Analog Devices 
Zilog 
NEC 
Fujitsu 
Toshiba 
Hitachi 
IBM 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

400 
275 
151 
85 
0 

40 
36 
16 
9 
0 

18 

911 
114 

5 
0 

1,030 

1995 
Revenue 

635 
510 
178 
117 
59 
49 
46 
28 
13 
10 

25 

1,509 
154 

7 
0 

1,670 

Percent 
Change 

59 
86 
18 
37 

NA 
22 
28 
75 
47 

NA 

38 

66 
35 
40 

NA 

62 

1995 
Market 

Share 
38.0 
30.6 
10.7 

7.0 
3.5 
2.9 
2.8 
1.7 
0.8 
0.6 

1.5 

90.4 
9.2 

0.4 
0 

100.0 

NA - Not available 

NM = Not meaningful 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9601 ©1996 Dataquest May 27,1996 
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introduction 

Segmentation 

This document contains detailed information on Dataquesf s view of 
the microcontroller (MCU) market. Included in this document are the 
following: 

• 1994-1995 imit shipment and market share estimates 

• 1993-1995 revenue and market share estimates 

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

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

Qualitative analysis of microcontroller market data may be available 
in other documents of Dataquesf s Embedded Microcomponents 
Worldwide service or may be requested through Dataquesf s client 
inquiry service. 

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

For market share purposes, Dataquest defines the microcomponent 
market according to the following functional segmentation scheme, with 
microcontrollers a subsegment of microcomponents: 

• Digital Microcomponent IC 

o E>igital Microprocessor (MPU) 

• Digital Microcontroller (MCU) 

o Digital Microperipheral (MPR) 

a Programmable Digital Signal Processor (DSP) 

i 

i 
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Definitions 
This section lists the definitions that are used by Dataquest to present 
the data in this document. Complete definitions for semiconductor 
devices can be found in the Dataquest Semiconductor Market Definitions 
Guide. 

MOS Digital Microcontroller. An IC designed for standalone operation 
that includes a programmable processing unit, program memory, read/ 
write data memory, and some input/output capability. The processing 
unit contains an instruction decoder, arithmetic logic unit (ALU), 
registers, and additional logic. The MCU's functions are determined by 
fetching and executing instructions and manipulating data held in on-
chip program and data memory (not including cache memories). MCU 
devices must be available with on-chip program or data store. As an 
option, some MCU devices can be pxirchased without on-chip memory. 
Peripherals may be included on-chip to assist in sophisticated input, 
output, and control functions. The MCU category includes MCUs incor
porating or originating from an ASIC design. Standalone digital signal 
processors are not included with MCUs. MCUs are divided into 4-bit, 
8-bit, or 16-bit and greater word width. All MCUs are considered as 
designed into embedded applications. 

Word Width. The width, in bits, of the on-chip integer unit. This meas-
tirement is independent of the data bus width or any other bus 
associated with the device being discussed. 

Merchant versus Captive Consumption. Dataquest includes all revenue, 
both merchant and captive, for semiconductor suppliers selling to the 
merchant market. The data excludes completely captive suppliers where 
devices are manufactured solely for the company's own use. A product 
that is used internally is valued at market price rather than at transfer or 
factory price. 

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 ttie Middie 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, 
Cjrprus, Gibraltar, Liechtenstein, Moiwco, San Marino, Vatican City, 
Iceland, Malta, and Turkey). 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Eastern Europe: Includes Albania, Bulgaria, the Czech Republic and 
Slovakia, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the M 
republics of the former Yugoslavia, and the republics of the former USSR ^ 
(Belarus, Russian Federation, Ukraine, Georgia, Moldova, Armenia, 
Azerbaijan, Kazakhstan, Uzbekistan, Tadjikistan, Kyrgyzstan, and 
Turkmenistan). 

Asi3/Pacific 
Includes Hong Kong, Singapore, South Korea, Taiwan, Australia, 
Bangladesh, Cambodia, China, India, Indonesia, Laos, Malaysia, 
Maldives, Myanmar, Nepal, New Zealand, Pakistan, the Philippines, 
Sri Lanka, Thailand, and \^etnam. 

Line Item Definitions 
Factory revenue is defined as the money value received by a semi
conductor manufacturer for its products. Revenue from the sale of 
semiconductors sold either as finished goods, die, or wafers to another 
semiconductor vendor for resale is attributed to the semiconductor ven
dor that sells the product to a distributor or equipment manufacturer. 

Shipment is defined as the nimiber of complete products delivered, 
whether single chips or chipsets. 

Market Share Methodology 
Dataquest utilizes both primary and secondary sources to produce mar- ^ 
ket statistics data. In the fourth quarter of each year, Dataquest surveys ^ 
all major participants within each industry. Selected companies are resur-
veyed during the first quarter of the following year to verify final annual 
results. This primary research is supplemented with additional primary 
research and secondary research to verify market size, shipment totals, 
and pricing information. Sources of data utilized by Dataquest include 
the following: 

• Information published by major industry participants 

• Estimates made by knowledgeable and reliable industry 
spokespersons 

• Government data or trade association data (such as WSTS, MITI, and 
U.S. DOC) 

• Published product literature and price lists 

• Interviews with knowledgeable manufacturers, distributors, and users 

• Relevant economic data 

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

• Articles in both the general and trade press 

• Reports from financial analysts 

• End-user surveys M 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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> 

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

Despite the care taken in gathering, analyzing, and categorizing the data 
in a meaningful way, careful attention must be paid to tihe definitions 
and assimiptions used herein when interpreting the estimates presented 
in this document. Various companies, government agencies, and trade 
associations may use slightly different definitions of product categories 
and regional groupings, or they may include different companies in their 
simimaries. These differences should be kept in mind when making 
comparisons between data and numbers provided by Dataquest and 
those provided by other suppliers. 

Notes on Market Share 

> 

In the process of conducting data collection and preparing market statis
tics information, Dataquest will sometimes consolidate or revise a partic
ular company, model, series, or industry's numbers. In this section, we 
explain any such changes contained within this document for your refer
ence. 

Notes to Market Share Tables 
1. Inmos' unit shipments are included in SGS-Thomson. 

2. Starting in 1994, Dataquest published microcontroller unit shipments 
by family rather than by product. 

3. Revenue in 1994 was re-evaluated and restated for several companies 
in 1995. 

4. Unit shipments in 1994 were re-evaluated and restated for some com
panies in 1995. 

Exchange Rates 

Table 1 
Exchange Rates 

Dataquest tises an average annual exchange rate in converting revenue 
to U.S. dollar amounts. Table 1 outlines these rates for 1993 through 
1995. 

1993 1994 1995 
Japan (Yen/U.S.$) 
France (Franc/U.S.$) 
Germany (Deutsche Mark/U.S.$) 
United Kingdom (U.S.$/Potmd Sterling) 

111.20 
5.67 
1.66 
1.50 

101.81 
5.54 
1.62 

1.53 

93.90 
4.97 

1.43 
1.59 

\ 

Source: Dataquest (April 1996) 
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Section 1:1995 Microcontroller Revenue Estimates and Rankings 

Table 1-1 
Each Company's Factory Revenue from Shipments of Microcontrollers Worldwide 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 

Rockwell 
Texas Instruments 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Ricoh 
Rohm 

Sanyo 
Seiko Epson 

Sharp 
Sony 
Toshiba 

Europeein Companies 

Elex 

EM Microelectronics Marin 

Philips 

SGS-Thomson 

Siemens 

"HEMIC 

MCRO-WW-MS-9602 

1993 

5,904 

1,984 

11 
2 

15 
9 

450 
25 

70 
1,107 

105 
8 

120 
62 

3,363 

129 
458 
251 
465 

1,100 

149 
82 
20 

138 
17 

149 
104 

301 

510 
0 
0 

258 
113 
95 
44 

Revenue 

1994 

7,517 

2,514 

5 
5 

12 
8 

600 
12 

130 
1,424 

100 
7 

143 

68 
4,261 

180 
577 

405 
637 

1,275 

178 
7() 
46 

154 

21 

169 
140 

403 
685 

-

0 
345 
161 
128 
51 

1995 

10,255 

3,115 

2 

28 
7 

16 
670 

15 
189 

1,838 

101 
8 

169 
71 

5,930 

388 
1,038 

488 
918 

1,554 

185 

61 
48 

177 

28 

191 
213 

641 
1,066 

23 
2 

524 
241 
208 
68 

©1996 Dataquest 

Market Share (%) 

1993 

100.0 

33.6 

0.2 

0 
0.3 
0.2 
7.6 
0.4 
1.2 

18.8 

1.8 
0.1 
2.0 
1.1 

57.0 

2.2 
7.8 
4.3 
7.9 

18.6 

2.5 
1.4 
0.3 
2.3 
0.3 

2.5 
1.8 

5.1 
8.6 

0 
0 

4.4 
1.9 
1.6 
0.7 

1994 

100.0 

33.4 

0.1 
0.1 
0.2 
0.1 
8.0 
0.2 
1.7 

18.9 

1.3 
0.1 
1.9 
0.9 

56.7 

2.4 
7.7 
5.4 

8.5 
17.0 

2.4 

1.0 
0.6 
2.0 
0.3 
2.2 
1.9 

5.4 

9.1 
0 
0 

4.6 
2.1 
1.7 
0.7 

1995 

100.0 

30.4 

0 
0.3 
0.1 
0.2 
6.5 
0.2 
1.8 

17.9 

1.0 
0.1 
1.7 
0.7 

57.8 

3.8 
10.1 

4.8 
9.0 

15.2 

1.8 
0.6 
0.5 
1.7 

0.3 
1.9 
2.1 

6.3 
10.4 

0.2 
0 

5.1 
2.3 
2.0 
0.7 

(Continued) 

May 27,1996 
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Table 1-1 (Continued) 
Each Company's Factory Revenue from Shipments of Microcontrollers Worldwide 
(MiUions of U.S. DoUars) 

Asia/Padfic Companies 
Daewoo 
Holtek 
LG Semicon 
Samsting 

1993 
47 
0 

15 
3 

29 

Revenue 
1994 

57 
-

20 
9 

28 

1995 
144 
23 
34 
22 
65 

Market Share (%) 
1993 

0.8 
0 

0.3 
0.1 
0.5 

1994 1995 
0.8 1.4 

0 0.2 
0.3 0.3 
0.1 0.2 
0.4 0.6 

Source: Dataquest (May 1996) 

> 

> 
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Table 1-2 
Each Company's Factory Revenue from Shipments of 4-Bit MCUs Worldwide 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Harris 
National Semiconductor 
Rockwell 
Texas Instruments 

Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Rohm 

Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

Exiropean Companies 
Elex 
EM Microelectronics Marin 

Asia/Pacific Companies 
Daewoo 
Holtek 
LG Semicon 
Samsung 

1993 
1,691 

25 
0 

20 
1 
4 

1,619 
71 

161 
132 

170 
650 
77 

0 
88 
14 

83 
59 

114 
0 
0 
0 

47 

0 
15 
3 

29 

Revenue 
1994 
1,472 

18 
-

13 
-

5 
1,397 

58 
139 
105 
192 
422 

72 
15 
96 
18 
88 
63 

129 
-
-

0 
57 

-

20 
9 

28 

1995 
1,679 

21 
9 
9 
-
3 

1,527 
75 

126 
111 
157 

506 
72 

16 
98 
20 
94 
43 

208 
9 
7 
2 

121 
6 

34 
16 
65 

Market Share (%) 
1993 
100.0 

1.5 
0 

1.2 

0.1 
0.2 

95.7 
4.2 

9.5 
7.8 

10.1 
38.4 

4.6 
0 

5.2 

0.8 
4.9 
3.5 
6.7 

0 

0 
0 

2.8 

0 
0.9 
0.2 
1.7 

1994 
100.0 

1.2 
0 

0.9 
0 

0.3 
94.9 
3.9 
9.4 
7.1 

13.0 
28.7 

4.9 
1.0 
6.5 
1.2 
6.0 

4.3 
8.8 

0 

0 
0 

3.9 

0 
1.4 
0.6 
1.9 

1995 
100.0 

1.3 
0.5 
0.5 

0 
0.2 

91.0 
4.5 
7.5 
6.6 
9.4 

30.2 

4.3 
1.0 
5.8 
1.2 
5.6 

2.6 
12.4 
0.5 

0.4 
0.1 
7.2 

0.4 
2.0 
1.0 
3.9 

i 

Source: Dataquest (May 1996) 
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Table 1-4 
Each Company's Factory Revenue from Shipments of 16-Bit MCUs Worldwide 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Intel 
Motorola 
National Semiconductor 
Texas Instruments 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Sony 
Toshiba 

European Companies 
Philips 
SGS-Thomson 
Siemens 

1993 
623 
284 
250 

10 
24 

-
290 

5 
40 

1 
45 

176 
10 
1 

12 
49 
0 

38 
11 

Revenue 
1994 
1,080 

427 
350 
55 
22 

-

575 
37 
86 
15 
74 

299 
23 
6 

35 
78 
5 

50 
23 

1995 

2,161 
633 
391 
218 
23 

1 
1,400 

115 
491 
21 

297 
372 
26 
8 

69 
129 

5 
74 
50 

Market Share (%) 
1993 
100.0 
45.6 
40.1 

1.6 
3.9 

0 
46.5 
0.8 
6.4 
0.2 

7.2 
28.3 

1.6 
0.2 

1.9 
7.9 

0 
6.1 
1.8 

1994 
100.0 
39.5 
32.4 

5.1 
2.0 

0 
53.2 
3.4 
8.0 
1.4 

6.9 
27.7 

2.1 
0.6 
32 
72 

0.5 
4.6 
2.1 

1995 
100.0 
29.3 
18.1 
10.1 
1.1 

0 
64.8 
5.3 

22.7 
1.0 

13.7 
17.2 

1.2 
0.4 
3.2 
5.9 

0.2 
3.4 
2.3 

Source: Dataquest (May 1996) 
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Table 1-5 
Each Company's Factory Revenue from Shipments of Microcontrollers to 
North America (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

nr 
Microchip Technology 
Motorola 
National Semiconductor 

Rockwell 
Texas Instruments 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 
Philips 
SGS-Thomson 

Siemens 
TEMIC 

Asia/Pacific Companies 
Samsung 

£9«3 
1,254 

883 
5 
2 

10 
6 

225 
6 

28 
477 

50 
6 

47 
21 

244 
12 

59 
7 

20 
79 
16 
2 
4 
1 

8 
4 

32 
127 

78 
25 
11 
13 
0 
0 

Revenue 
1994 
1,652 
1,138 

3 
2 
5 
5 

302 

0 
55 

632 
52 

5 
53 
24 

321 
21 
87 
8 

37 
77 

23 
3 

15 
1 
9 

5 
35 

191 
108 
50 
12 
21 
2 
2 

1995 
2,050 
1,409 

-
10 
2 

11 
336 

0 
81 

835 
54 

6 
53 
21 

382 
30 

126 
9 

50 
78 
23 
3 

16 
2 

11 

6 
29 

256 
175 
53 

13 
15 
4 

4 

Market Share (%) 
1993 
100.0 
70.4 
0.4 
0.2 
0.8 
0.5 

17.9 
0.5 
2.2 

38.0 
4.0 
0.5 
3.7 
1.7 

19.5 
1.0 
4.7 
0.6 
1.6 
6.3 
1.3 
0.2 

0.3 

0.1 
0.6 
0.3 
2.6 

10.1 
6.2 
2.0 
0.9 
1.0 

0 
0 

1994 
100.0 
68.9 
0.2 
0.1 
0.3 
0.3 

18.3 
0 

3.3 
38.3 
3.1 
0.3 
3.2 
1.5 

19.4 

1.3 
5.3 
0.5 
2.2 
4.7 
1.4 
0.2 

0.9 

0.1 
0.5 

0.3 
2.1 

11.6 

6.5 
3.0 
0.7 

1.3 
0.1 

0.1 

1995 
100.0 
68.7 

0 
0.5 
0.1 
0.5 

16.4 

0 
4.0 

40.7 
2.6 
0.3 
2.6 
1.0 

18.6 

1.5 
6.1 
0.4 
2.4 
3.8 
1.1 
0.2 

0.8 

0.1 
0.5 

0.3 
1.4 

12.5 

8.5 
2.6 
0.6 
0.7 
0.2 

0.2 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-6 
Each Company's Factory Revenue from Shipments of Microcontrollers to Japan 
(Millions of U.S. Dollars) 

Total Market 
North American Companies 

Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 
Texas Instruments 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Old 

Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 

Philips 
SGS-Thomson 
Siemens 

TEMIC 

1993 
2,284 

166 
0 
0 

45 
2 
2 

98 
2 

16 
1 

2,108 
85 

289 
214 
287 
707 
75 
70 
14 
47 
12 

105 

73 
130 
10 

6 
1 
2 
1 

Revenue 
1994 

2,964 
214 

1 
-

59 
0 
2 

136 
1 

14 

1 
2,740 

109 
345 
361 
413 
838 
90 
63 
35 
60 
15 

113 
114 
184 

10 

5 
-
2 

3 

1995 
4,140 

263 
1 
1 

71 
-

3 
173 

-

13 
1 

3,864 
296 
582 
434 
644 

1,034 
92 

49 
36 
59 
19 

124 
174 
321 

13 
6 

4 
3 
-

Market Share (%) 
1993 
100.0 

7.3 
0 
0 

2.0 
0.1 
0.1 
4.3 
0.1 
0.7 

0 
92.3 
3.7 

12.7 
9.4 

12.6 
31.0 
3.3 
3.1 
0.6 
2.1 
0.5 

4.6 
3.2 
5.7 

0.4 

0.3 

0 
0.1 

0 

1994 
100.0 

7.2 
0 
0 

2.0 
0 

0.1 
4.6 

0 
0.5 

0 
92.4 
3.7 

11.6 
12.2 
13.9 
28.3 
3.0 
2.1 
1.2 
2.0 

0.5 
3.8 

3.8 
6.2 

0.3 

02 

0 
0.1 
0.1 

1995 
100.0 

6.4 
0 
0 

1.7 
0 

0.1 
4.2 

0 
0.3 

0 
93.3 
7.1 

14.1 
10.5 
15.6 
25.0 
2.2 

1.2 
0.9 
1.4 

0.5 
3.0 
4.2 
7.8 
0.3 

0.1 

0.1 
0.1 

0 

Source: Dataquest (May 1996) 

i 
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Table 1-7 
Each Company's Factory Revenue from Shipments of Microcontrollers to Europe 
(Millions of U.S. DoUars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 
Rockwell 

Texas Instruments 
Zilog 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 

NEC 
Oki 
Rohm 
Sanyo 

Seiko Epson 
Sharp 
Toshiba 

European Companies 

Elex 
EM Microelectronics Marin 

Philips 
SGS-Thomson 
Siemens 
TEMIC 

Asia/Pacific Companies 
Holtek 
Samsung 

1993 
1,106 

472 
5 
0 
2 
1 

90 
12 
20 

267 

29 
1 

30 
15 

348 
19 
51 
9 

23 
183 
19 
1 
2 

1 
1 

39 

285 
0 
0 

117 

65 
78 
25 

1 
1 

0 

Revenue 
1994 
1,431 

615 
2 
1 
2 
1 

117 
12 
44 

344 

29 
1 

46 
16 

459 
31 
84 
11 
32 

220 
26 

1 

3 
1 
1 

49 ' 
354 

-
0 

138 

86 
108 
22 

3 
1 
2 

1995 
2,036 

787 
2 
3 
2 
1 

119 
15 
54 

469 
31 

1 
71 
17 

636 
25 

186 
13 
54 

244 

29 
1 
4 

1 
1 

77 
608 
23 
2 

231 
136 
182 
34 
5 
2 
3 

Market Share (%) 
1993 
100.0 
42.7 
0.5 

0 
0.2 

0.1 
8.1 
1.1 

1.8 
24.1 
2.6 
0.1 
2.7 
1.4 

31.5 
1.7 
4.6 
0.8 
2.1 

16.5 
1.7 
0.1 
0.2 

0.1 
0.1 

3.5 
25.8 

0 
0 

10.6 

5.9 
7.1 
2.3 
0.1 
0.1 

0 

1994 
100.0 
43.0 

0.1 
0.1 
0.1 
0.1 
8.2 
0.8 
3.1 

24.0 
2.0 
0.1 
3.2 
1.1 

32.1 
2.2 
5.9 
0.8 
2.2 

15.4 
1.8 
0.1 
0.2 

0.1 
0.1 

3.4 
24.7 

0 
0 

9.6 

6.0 
7.5 
1.5 
0.2 

0.1 
0.1 

1995 
100.0 
38.7 
0.1 
0.1 
0.1 
0.1 
5.8 
0.8 
2.7 

23.0 
1.5 
0.1 
3.5 
0.8 

31.2 
1.2 
9.1 
0.6 
2.7 

12.0 
1.4 
0.1 
0.2 

0.1 
0.1 

3.8 
29.9 

1.1 
0.1 

11.3 

6.7 
8.9 
1.7 
0.2 

0.1 
0.1 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 



1995 Microcontroller Market Share and Shipments 13 

Table 1-8 
Each Company's Factory Revenue from Shipments of Microcontrollers to 
Asia/Pacific-Rest of World (Millions of U.S. Dollars) 

Total Market 
North American Companies 

Advanced Micro Devices 
Atmel 
Dallas Semiconductor 
Harris 
Intel 

m 
Microchip Technology 
Motorola 
National Semiconductor 
Rockwell 
Texas Instruments 
Zilog 

Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Ricoh 
Rohm 
Sanyo 
Seiko Epson 
Sharp 
Sony 
Toshiba 

European Companies 
Philips 
SGS-Thomson 
Siemens 
TEMIC 

Asia/Pacific Companies 
Daewoo 
Holtek 
LG Semicon 
Samsung 

1993 
1,260 

463 
1 
0 
3 
2 

90 
5 

20 
265 
24 

1 
17 
25 

663 
13 
59 
21 

135 
131 
39 
12 
3 

85 
3 

35 
27 

100 
88 
57 
22 
4 
5 

46 
0 

14 
3 

29 

Revenue 
1994 
1,470 

547 
-
2 
4 
2 

122 
0 

29 
312 

18 
1 

30 
27 

741 
19 
61 
25 

155 
140 
39 
13 
7 

76 
4 

46 
21 

135 
130 
94 
25 

6 
5 

52 
-

19 
9 

24 

1995 

2,029 
657 

-
15 
2 
3 

144 
-

51 
361 
16 

1 
31 
32 

1,049 
37 

144 
32 

170 
198 
42 
12 
8 

98 
6 

55 
33 

214 
189 
112 
48 
10 
19 

135 
23 
32 
22 
58 

Market Share (%) 
1993 
100.0 
36.7 

0.1 
0 

0.2 
0.2 
7.1 
0.4 
1.6 

21.0 
1.9 
0.1 
2.1 
2.0 

52.6 
1.0 
4.7 
1.7 

10.7 
10.4 

3.1 
1.0 
0.2 
6.7 
0.2 
2.8 
2.1 
7.9 
7.0 
4.5 
1.7 
0.3 
0.4 
3.7 

0 
1.1 
0.2 
2.3 

1994 
100.0 
37.2 

0 
0.1 
0.3 
0.1 
8.3 

0 
2.0 

21.2 
1.2 
0.1 
2.0 
1.8 

50.4 
1.3 
4.1 
1.7 

10.5 
9.5 
2.7 
0.9 
0.5 
5.2 
0.3 
3.1 
1.4 
9.2 
8.8 
6.4 
1.7 
0.4 
0.3 
3.5 

0 
1.3 
0.6 
1.6 

1995 
100.0 
32.4 

0 
0.7 
0.1 
0.1 
7.1 

0 
2.5 

17.8 
0.8 
0.1 
1.5 
1.6 

51.7 
1.8 
7.1 
1.6 
8.4 
9.8 
2.1 
0.6 
0.4 
4.8 

0.3 
2.7 
1.6 

10.5 
9.3 

5.5 
2.4 
0.5 
0.9 
6.7 

1.1 
1.6 
1.1 
2.9 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-9 
Top 30 Companies' Factory Revenue from Shipments of Microcontrollers Worldwide 
(Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1994 
Rank 

1 
2 
5 
3 
4 
7 
8 
6 
9 

12 
15 
17 
11 
16 
10 
13 
14 
18 
20 
21 
23 
19 
22 
25 
24 
32 

155 
166 
28 
29 

Motorola 
NEC 
Hitachi 
Mitsubishi 
Intel 
Toshiba 
Philips 
Matsushita 
Fujitsu 
SGS-Thomson 
Sony 
Siemens 
Sharp 
Microchip Technology 
Oki 
Sanyo 
Texas Iiistruments 
National Semiconductor 
Zilog 
TEMIC 
Samsung 
Ricoh 
Rohm 
Holtek 
Seiko Epson 
Atmel 
Elex 
Daewoo 
LG Semicon 
Harris 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

1,424 
1,275 

577 
637 
600 
403 
345 
405 
180 
161 
140 
128 
169 
130 
178 
154 
143 
100 
68 
51 
28 
76 
46 
20 
21 
5 
0 
0 
9 
8 

m 

2,514 
4,261 

685 
57 

7,517 

1995 
Revenue 

1,838 
1,554 
1,038 

918 
670 
641 
524 
488 
388 
241 
213 
208 
191 
189 
185 
177 
169 
101 
71 
68 
65 
61 
48 
34 
28 
28 
23 
23 
22 
16 

35 

3,115 
5,930 
1,066 

144 

10,255 

Change 
(%) 
29 
22 
80 
44 
12 
59 
52 
20 

116 
49 
52 
63 
13 
45 
4 

15 
18 

1 
5 

33 
132 
-20 

5 
70 
34 

455 
NA 
NA 
144 
104 

-3 

24 
39 
56 

153 

36 

1995 
Market 

Share (%) 
17.9 
15.2 
10.1 
9.0 
6.5 
6.3 
5.1 
4.8 
3.8 
2.3 
2.1 
2.0 
1.9 
1.8 
1.8 
1.7 
1.7 
1.0 
0.7 
0.7 
0.6 
0.6 
0.5 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 

0.3 

30.4 
57.8 
10.4 
1.4 

100.0 

NA = Not available 

SoLjrce: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-10 
Top 15 Companies' Factory Revenue from Shipments of Microcontrollers to North 
America (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 

1994 
Rank 

1 
2 
3 
4 

6 
5 
8 
7 

9 
10 
14 
11 

13 
12 
16 

Motorola 
Intel 
Philips 
Hitachi 

Microchip Technology 
NEC 
National Semiconductor 
Texas Instruments 
SGS-Thomson 
Mitsubishi 
Fujitsu 
Toshiba 
Oki 
Zilog 
Sanyo 

M o t h e r s 

North American Companies 
Japanese Companies 
European Companies 

Asia/Pacific Companies 

Total Market 

1994 
Revenue 

632 
302 
108 
87 

55 
77 
52 

53 
50 
37 
21 

35 
23 
24 
15 

81 

1,138 
321 
191 

2 

1,652 

1995 
Revenue 

835 
336 
175 
126 
81 
78 
54 
53 
53 
50 
30 
29 
23 
21 
16 

91 

1409 
382 

256 
4 

2,050 

Change 
(%) 
32 
11 
62 
45 
47 

1 
3 
0 
6 

35 
43 

-16 
-2 

-13 
4 

12 

24 
19 
34 

100 

24 

1995 
Market 

Share (%) 
40.7 
16.4 
8.5 
6.1 
4.0 
3.8 
2.6 
2.6 
2.6 
2.4 
1.5 
1.4 
1.1 
1.0 
0.8 

4.4 

68.7 
18.6 

12.5 
0.2 

100.0 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27.1996 
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Table 1-11 
Top 15 Companies' Factory Revenue from Shipments of Microcontrollers to Japan 
(Millions of U.S. DoUars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 

1994 
Rank 

1 
2 
4 

3 
5 
9 
7 
6 
8 

10 
13 
12 
11 
14 

15 

NEC 
Mitsubishi 
Hitachi 
Matsushita 

Toshiba 
Fujitsu 
Sony 
Motorola 
Sharp 
Oki 
Intel 
Sanyo 
Ricoh 
Rohm 
Seiko Efjson 

M o t h e r s 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

838 
413 
345 
361 
184 

109 
114 
136 
113 
90 
59 
60 
63 
35 
15 

29 

214 
2,740 

10 
0 

2,964 

1995 
Revenue 

1,034 
644 
582 
434 
321 
296 
174 
173 
124 
92 
71 
59 
49 
36 
19 

32 

263 
3,864 

13 

0 

4,140 

Change 
(%) 
23 
56 
69 
20 
74 

172 
53 
27 
10 
2 

20 
-2 

-22 
3 

27 

11 

23 
41 
26 

NA 

40 

1995 
Market 

Share (%) 
25.0 
15.6 
14.1 

10.5 
7.8 
7.1 
4.2 
4.2 

3.0 
2.2 
1.7 
1.4 
1.2 
0.9 
0.5 

0.8 

6.4 

93.3 

0.3 

0 

100.0 

NA = Not available 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27.1996 
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Table 1-12 
Top 15 Companies' Factory Revenue from Shipments of Microcontrollers to Europe 
(Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 

1994 
Rank 

1 
2 

3 
7 

5 
6 
4 
8 
9 

10 
11 

15 
13 
14 
12 

Motorola 
NEC 
Philips 
Hitachi 

Siemens 
SGS-Thomson 

Intel 
Toshiba 
Texas Instruments 
Microchip Technology 
Mitsubishi 

TEMIC 
National Semiconductor 

Oki 
Fujitsu 

M o t h e r s 

North American Companies 

Japanese Companies 
European Companies 

Asia/Pacific Companies 

Total Market 

1994 
Revenue 

344 

220 
138 
84 

108 
86 

117 
49 
46 
44 
32 
22 
29 
26 
31 

55 

615 
459 
354 

3 

1,431 

1995 
Revenue 

469 
244 

231 
186 
182 
136 
119 
77 
72 
54 
54 
34 
31 
29 

25 , 

93 

7%7 
636 
608 

5 

2,036 

Change 
(%) 
36 
11 
67 

121 
69 
58 
2 

57 
57 
23 
69 
55 

7 
12 

-19 

69 

28 
39 
71 
67 

42 

1995 
Market 

Share (%) 
23.0 
12.0 
11.3 
9.1 
8.9 
6.7 

5.8 
3.8 
3.5 
2.7 

2.7 
1.7 
1.5 
1.4 
1.2 

4.6 

38.7 

31.2 

29.9 
0.2 

100.0 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-13 
Top 15 Companies' Factory Revenue from Shipments of Microcontrollers to 
AsiaTPadfic-Rest of World (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 

1994 
Rank 

1 
4 

3 
2 
5 
8 
6 
7 

16 
9 

12 
14 
10 
18 
17 

Motorola 
Toshiba 

NEC 
Mitsubishi 
Intel 
Hitachi 
Philips 
Sanyo 
Samsung 
Sharp 
Microchip Technology 
SGS-Thomson 
Oki 
Fujitsu 

Sony 

All Others 

North American Companies 

Japanese Companies 
European Companies 

Asia/Pacific Companies 

Total Market 

1994 
Revenue 

312 
135 
140 
155 
122 

61 
94 
76 
24 
46 
29 
25 
39 
19 
21 

172 

547 
741 
130 
52 

1,470 

1995 
Revenue 

361 
214 

198 
170 
144 
144 
112 
98 
58 
55 
51 
48 
42 
37 

33 

264 

657 

1,049 
189 
135 

2,029 

Change 
(%) 

16 
59 
41 
10 
18 

136 
19 
29 

142 
20 
76 
92 
7 

95 
57 

54 

20 
42 

45 
160 

38 

1995 
Market 

Share (%) 
17.8 
10.5 
9.8 
8.4 
7.1 
7.1 
5.5 
4.8 
2.9 
2.7 
2.5 
2.4 
2.1 
1.8 
1.6 

13.0 

32.4 

51.7 

9.3 
6.7 

100.0 

Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-14 
Ranking of Each Company's Factory Revenue from Shipments of 4-Bit MCUs 
Worldwide (MiUions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1994 
Rank 

1 
4 
2 

3 
5 
6 
7 

10 
8 

11 

9 
12 
13 
14 

16 

15 
29 
32 
24 
17 

35 

NEC 
Toshiba 
Mitsubishi 
Hitachi 

Matsushita 
Sanyo 
Sharp 
Fujitsu 
Oki 
Samsung 
Sony 
Holtek 
Seiko Epson 
Rohm 
LG Semicon 

National Semiconductor 

Harris 
Elex 

Daewoo 
Texas Instruments 
EM Microelectronics Marin 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

422 

129 
192 

139 
105 
96 
88 
58 
71 
28 
63 
20 
18 
15 
9 

13 
0 
0 
0 

5 
0 

0 

18 
1397 

0 
57 

1472 

1995 
Revenue 

506 
208 
157 

126 
111 
98 
94 

75 
72 
65 
43 
34 
20 
16 
16 
9 
9 
7 

6 

3 
2 

0 

21 
1^27 

9 
121 

1,679 

Change 
(%) 
20 
61 

-18 
-9 
6 
2 
7 

29 
0 

132 

-31 
70 
12 
8 

78 
-30 
NA 
NA 
NA 
-34 
NA 

NA 

19 
9 

NA 
112 

14 

1995 
Market 

Share (%) 
30.2 
12.4 
9.4 
7.5 
6.6 
5.8 
5.6 
4.5 
4.3 
3.9 
2.6 
2.0 
1.2 
1.0 
1.0 
0.5 
0.5 

• 0.4 
0.4 
0.2 
0.1 

0 

1.3 
91.0 
0.5 
7.2 

100.0 

NA = Not available 
Source: Dataquest (May 1996) 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-15 
Ranking of Each Company's Factory Revenue from Shipments of 8-Bit MCUs 
Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

1994 
Rank 

1 
2 
5 
3 
4 
8 
6 
7 

13 
10 
11 
9 

17 
12 
15 
14 
20 
18 
19 
21 
16 
22 
17 
34 
33 
24 
26 
29 
25 
23 
32 
28 

NA = Not available 
Source: [ 

Motorola 
NEC 
Philips 
Mitsubishi 
Hitachi 
Toshiba 
Matsushita 
Intel 
Fujitsu 
Microchip Technology 
SGS-Thomson 
Texas Instruments 
Sony 
Siemens 
Sharp 
Oki 
Sanyo 
Zilog 
National Semiconductor 
TEMIC 
Ricoh 
Rohm 
Atmel 
Daewoo 
Elex 
ITT 
Rockwell 
Seiko Epson 
Harris 
Dallas Semiconductor 
LG Semicon 
Advanced Micro Devices 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

Sataquest (May 1996) 

1994 
Revenue 

1369 
554 
340 
371 
352 
239 
285 
250 
85 

130 
111 
138 
71 

105 
81 
83 
58 
68 
65 
51 
76 
31 
5 
0 
0 

12 
7 
3 
8 

12 
0 
5 

9 

2,069 
2,289 

607 
0 

4,965 

1995 
Revenue 

1,620 
675 
519 
464 
421 
364 
355 
279 
198 
189 
167 
165 
161 
159 
97 
87 
79 
71 
69 
68 
61 
32 
28 
17 
16 
15 
8 
8 
7 
7 
6 
2 

0 

2,461 
3,003 

928 
23 

6,415 

Change 
(%) 

18 
22 
53 
25 
20 
52 
25 
12 

133 
45 
50 
20 

127 
51 
20 
5 

36 
5 
6 

33 
-20 

4 
455 
NA 
NA 

29 
19 

167 
-9 

-42 
NA 
-60 

NA 

19 
31 
53 

NA 

29 

1995 
Market 

Share (%) 
25.3 
10.5 
8.1 
7.2 
6.6 
5.7 
5.5 
4.3 
3.1 
2.9 
2.6 
2.6 
2.5 
2.5 
1.5 
1.4 
1.2 
1.1 
1.1 
1.1 
1.0 
0.5 
0.4 
0.3 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 

0 

0 

38.4 
46.8 
14.5 
0.4 

100.0 

MCRO-WW-MS-9602 ©1996 Dataquest May 27,1996 
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Table 1-16 
Ranking of Each Company's Factory Revenue from Shipments of 16-Bit MCUs 
Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 
14 
15 

1994 
Rank 

3 
1 
2 
4 

5 
7 
6 
8 
9 

10 
11 
12 

13 
14 
16 

Hitachi 
Intel 

NEC 
Mitsubishi 
Motorola 
Fujitsu 
SGS-Thomson 
Toshiba 
Siemens 
Oki 
National Semiconductor 
Matsushita 
Sony 
Philips 
Texas Instruments 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

86 
350 
299 
74 
55 
37 
50 
35 
23 
23 
22 

15 
6 
5 
0 

0 

427 

575 
78 

0 

1,080 

1995 
Revenue 

491 
391 
372 
297 
218 
115 
74 
69 
50 
26 
23 
21 
8 

5 
1 

0 

633 
1,400 

129 
0 

2,161 

Change 
(%) 
471 

12 
25 

301 
296 
211 
48 
97 

115 
14 
4 

40 
40 
0 

NA 

NA 

48 
144 
65 

NA 

100 

1995 
Market 

Share (%) 
22.7 
18.1 
17.2 
13.7 
10.1 
5.3 
3.4 
3.2 
2.3 
1.2 
1.1 

1.0 
0.4 
0.2 

0 

0 

29.3 
64.8 
5.9 

0 

100.0 

NA e Not available 

Source: Dataquest (May 1996) 
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Section 2: Microcontroller Unit Sliipments Overview 

Table 2-1 
Ranking of Each Company's Shipments of Microcontrollers to the World 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

'-6__ 

• / 

1994 
Rank 

1 
2 
3 
4 
6 
5 
7 

11 
9 

10 
13 
14 
8 

12 
16 
15 
21 
17 
18 
20 
19 
22 
23 
24 
25 
26 

Motorola 
NEC 
Mitsubishi 
Toshiba 
Hitachi 
Sharp 
Intel 
Fujitsu 
Sanyo 
Philips 
Microchip Technology 
SGS-Thomson 
Matsushita 
Oki 
Sony 
National Semiconductor 
Samsung 
Texas Instruments 
Ricoh 
Siemens 
Zilog 
TEMIC 
Rohm 
Holtek 
Seiko Epson 
LG Semicon 
- T i j , 

^̂  
" ''TO Devices 

inductor 

iconductor 

1994 
Units 

430,737 
428,680 
196,612 
159,850 
145,615 
149,275 
122,000 
81,870 
86,540 
83,000 
68,023 
62,950 

110,360 
68,620 
51,390 
51,975 
19,964 
38,420 
32,500 
24,500 
24,886 
17,386 
14,950 
13333 
6,005 
4,500 
3,840 

625 
2,470 
2,500 

331 
267 

1995 
Units 

490,529 
475,300 
274,402 
193,320 
183,163 
148,600 
126,220 
112,300 
112,220 
103,051 
101,900 
99,080 
91,240 
71,200 
67,834 
47,603 
44,210 
43,300 
42,900 
38,350 
27,271 
22,949 
19,734 
12,788 
6,327 
5,940 
4,191 
3,630 
1,550 
1329 

284 
240 

Change 
(%) 
13.9 
10.9 
39.6 
20.9 
25.8 
-0.5 
3.5 

37.2 
29.7 
24.2 
49.8 
57.4 

-17.3 
3.8 

32.0 
-8.4 

121.4 
12.7 
32.0 
56.5 
9.6 

32.0 
32.0 
-4.1 
5.4 

32.0 
9.1 

480.8 
-37.2 
-46.8 
-14.2 
-10.1 

1995 Market 
Share (%) 

16.5 
16.0 
9.2 
6.5 
6.2 
5.0 
4.2 
3.8 
3.8 
3.5 
3.4 
3.3 
3.1 
2.4 
2.3 
1.6 
1.5 
1.5 
1.4 
1.3 
0.9 
0.8 
0.7 
0.4 
0.2 
0.2 
0.1 
0.1 
0.1 

0 
0 
0 

rket 2303,974 2,972,955 18.7 

Js shown because of rounding. 
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Table 2-2 
Shipments of Microcontrollers to the World, by Word Length (Thousands of Units) 

4 Bit 
Total North American Companies 

Total Japanese Companies 
Total European Companies 
Total Asian Companies 

Total 4-Bit Market 

8 Bit 
Total North American Companies 
Total Japanese Companies 
Total European Companies 
Total Asian Companies 

Total 8-Bit Market 

16-Bit-and-Up 
Total North American Companies 
Total Japanese Companies 
Total European Companies 
Total Asian Companies 

Total 16-Bit-and-Up Market 

Total 

1994 
Units 

14,970 
940,470 

6,200 
37,797 

999,437 

676,795 
493,167 
180,086 

0 
1,350,048 

54,309 
98,630 

1,550 
0 

154,489 

2,503,974 

1995 
Units 

8,632 
974,904 

9,200 
62,938 

1,055,674 

781,248 
656,531 
249,580 

0 
1,687,359 

58,167 

167,105 
4,650 

0 
229,922 

2,972,955 

Change (%) 

-42.3 
3.7 

48.4 
66.5 
5.6 

15.4 
33.1 
38.6 

0 
25.0 

7.1 
69.4 

200.0 

0 
48.8 

18.7 

1995 Market 
Share (%) 

0.3 
32.8 
0.3 
2.1 

35.5 

26.3 
22.1 
8.4 

0 
56.8 

2.0 
5.6 
0.2 

0 

7n 

Source: Dataquest (May 1996) 
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Table 2-3 
Top 10 Family Shipments of Bitsize Microcontrollers to the World 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1994 
Rank 

1 
2 
3 
4 
5 
7 
6 
9 
8 

17 

uPD-F 
6805-F 
8051-F 
TLCS-F 
SM-F 
H8-F 
68HC11-F 
PIC16/17-F 
M50XX-F 
M37XX-F 

All Others 

Families 

1994 
Units 

426,400 
328,482 
183,011 
153,900 
149,000 
86,100 

103,886 
68,023 
85,560 
47,100 

872,512 

2,503,974 

1995 
Units 

473,500 
378,890 
219,490 
183,400 
148,300 
116,500 
113403 
101,900 
89,740 
66300 

1,081,532 

2,972,955 

Change (%) 
11.0 
15.3 
19.9 
19.2 
-0.5 
35.3 
9.2 

49.8 
4.9 

40.8 

24.0 

18.7 

1995 Market 
Share (%) 

15.9 
12.7 
7.4 
6.2 
5.0 
3.9 
3.8 
3.4 
3.0 
2.2 

36.4 

100.0 

Source: Dataquest (May 1996) 
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Section 3: Microcontroller Unit Shlpments^4-Bit Architectures 

Table 3-1 
Ranking of Each Company's Shipments of 4-6it Microcontrollers to the World 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

1994 
Rank 

1 
2 
3 
4 

5 
6 
7 

11 

9 
10 
8 

12 
14 

13 
15 
17 

16 

NEC 
Sharp 
Toshiba 
Mitsubishi 
Sanyo 
Hitachi 
Matsushita 

Samsung 

Oki 
Sony 
Fujitsu 
Holtek 
SGS-Thomson 
National Semiconductor 
Seiko Epson 
LG Semicon 
Texas Instruments 

All Others 

Total Market 

1994 
Units 

308,000 
128,000 
114,700 
79,860 
70,240 
57,300 
54,000 
19,964 

44,900 
30,600 

47,170 
13,333 
6,200 

10,150 
5,700 
4,500 
4,820 

0 

999,437 

1995 
Units 

331,000 
127,300 
109,100 
95,500 
88,220 
53,800 
46,600 
44,210 
42,000 
40,392 

35,030 
12,788 
9,200 
6,332 
5,962 
5,940 
2,300 

0 

1,055,674 

Change 
(%) 
7.5 

-0.5 
-4.9 
19.6 
25.6 
-6.1 

-13.7 
121.4 

-6.5 
32.0 

-25.7 

-4.1 
48.4 

-37.6 
4.6 

32.0 
-52.3 

0 

5.6 

1995 Market 
Share (%) 

31.4 
12.1 

10.3 
9.0 
8.4 

5.1 
4.4 
4.2 

4.0 
3.8 
3.3 
1.2 

0.9 
0.6 
0.6 
0.6 
0.2 

0 

Note: Columns may not add to totals shown because of rounding. 

Source: Oataquest (May 1996) 
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Table 3-2 
Top 10 Family Shipments of 4-Bit Microcontrollers to the World (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 

1994 
Rank 

1 
2 

3 
4 

5 
9 
6 

12 

8 
10 

uPD-F 
SM-F 
TLCS-F 
M50XX-F 
HMCS-F 
LC57-F 
MNIXOO 
56C82-F 
OLMS-F 
SPC500-F 

All Others 

Families 

1994 
Units 

308,000 
128,000 
114,700 
72,960 
57,300 
39,000 
54,000 
19,964 

44,900 
30,600 

130,013 

999,437 

1995 
Units 

331,000 
127300 
109,100 
80,840 
53,800 
51,000 
46,600 
44,210 
42,000 
40392 

129,432 

1,055,674 

Change(%) 
7.5 

-0.5 
-4.9 
10.8 
-6.1 
30.8 

-13.7 
121.4 

-6.5 
32.0 

0 

5.6 

1995 Market 
Share (%) 

31.4 
12.1 
10.3 

in 
5.1 
4.8 
4.4 
4.2 
4.0 
3.8 

12.3 

100.0 

Source: Dataquest (May 1996) 
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Section 4: Microcontroller Unit Shipments—B-Bit Architectures 

Table 4-1 
Ranking of Each Compan3^s Shipments of 8-Bit Microcontrollers to the World 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 

15 
16 
17 

18 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 

29 

1994 
Rank 

1 
2 

3 
4 

6 
7 

5 
9 

10 
14 

13 
8 

12 
11 

16 
15 
19 
18 
21 
20 
17 
22 

23 
26 
25 
24 
28 
27 

29 

Motorola 
Mitsubishi 
NEC 
Philips 
Microchip Technology 
SGS-Thomson 

Intel 
Hitachi 
Toshiba 
Fujitsu 
Ricoh 
Matsxishita 
Texas Instruments 
National Semiconductor 

Siemens 
Zilog 
Sony 
Oki 
Sanyo 

TEMIC 
Sharp 
Rohm 

nr 
Atmel 
Advanced Micro Devices 
Dallas Semiconductor 
Seiko Epson 
Rockwell 
Harris Semiconductor 

All Others 

Total Market 

1994 
Units 

420,286 
91,552 
89,800 
83,000 
68,023 
56,700 
81,000 
51,715 
45,150 
32,000 
32,500 
56,000 
33,600 
38,967 

23,000 
24,886 
20,500 
21,120 
16300 
17,386 
21,275 
14,950 
3,840 

625 

2,470 
2,500 

305 
331 
267 

0 

1350,048 

1995 
Units 

481,595 
130,452 
107,500 
103,051 
101,900 
89,780 
79,720 
76,850 
75,920 
62,500 
42,900 
42,000 
41,000 
38,538 
33300 
27,271 

27,060 
25,950 
24,000 
22,949 
21300 
19,734 
4,191 
3,630 

1350 
1329 

365 
284 

240 

0 

1,687,359 

Change (%) 
14.6 
42.5 
19.7 
24.2 
49.8 
58.3 
-1.6 
48.6 
68.2 
95.3 
32.0 

-25.0 
22.0 
-1.1 
47.0 

9.6 
32.0 

22.9 
47.2 
32.0 

0.1 
32.0 

9.1 
480.8 
-37.2 
-46.8 
19.7 

-14.2 

-10.1 

0 

25.0 

1995 Market 
Share (%) 

28.5 
7.7 
6.4 
6.1 
6.0 
53 
4.7 
4.6 
4.5 
3.7 

2.5 
2.5 
2.4 
2.3 
2.0 
1.6 
1.6 
1.5 
1.4 
1.4 
13 
1.2 
0.2 
0.2 

0.1 
0.1 

0 
0 

0 

0 

Note: Columns may not add to totals shown t>ecause of rounding. 

Source: Dataquest (May 1996) 
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I 
Table 4-2 
Top 10 Family Shipments of 8-Bit Microcontrollers to the World (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 

1994 
Rank 

1 
2 
3 
4 

5 
8 

10 
11 

13 
9 

6805-F 
8051-F 
68HC11-F 
uPD-F 
PIC16/17-F 

H8-F 
M37XX-F 
TLCS-F 
MB8XXX 
8048-F 

M o t h e r s 

Families 

1994 
Units 

328,482 
183,011 
103,886 
89,800 
68,023 
49,500 
47,100 
39,200 
32,000 
49,447 

359,599 

1,350,048 

1995 
Units 

378,890 
219490 
113,403 
107,500 
101,900 
68,500 
66300 
66,000 
62,500 
58,442 

444,434 

1,687359 

Qtange (%) 
15.3 
19.9 
9.2 

19.7 

49.8 
38.4 
40.8 
68.4 
95.3 
18.2 

23.6 

25.0 

1995 Market 
Share (%) 

22.5 
13.0 
6.7 
6.4 

6.0 
4.1 
3.9 
3.9 
3.7 
3.5 

26.3 

100.0 

Source: Dataquest (May 1996) 

» 
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Section 5: Microcontroller Unit Shipments—16-Bit and Up Architectures 

Table 5-1 
Ranking of Each Companjr's Shipments of 16-6it and Greater Microcontrollers to the 
World (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

1994 
Rank 

2 
4 
1 

3 
7 

5 
28 
9 
8 
6 

10 
11 
12 

Hitachi 

Mitsubishi 
Intel 
NEC 
Fujitsu 
Motorola 
Toshiba 
Siemens 
Oki 
National Semiconductor 

Matsushita 
Sony 
SGS-Thomson 

All Others 

Total Market 

1994 
Units 

36,600 
25,200 
41,000 
30,880 
2,700 

10,451 
0 

1,500 
2,600 
2,858 

360 
290 
50 

0 

154,489 

1995 
Units 

52,513 
48,450 

46,500 
36,800 
14,770 
8,934 

8,300 
4,550 
3,250 
2,733 
2,640 

382 

100 

0 

229,922 

Change (%) 
43.5 
92.3 
13.4 
19.2 

447.0 
-14.5 

0 
203.3 
25.0 
-4.4 

633.3 
31.7 

100.0 

0 

48.8 

1995 Market 
Share (%) 

22.8 
21.1 

20.2 
16.0 
6.4 
3.9 
3.6 
2.0 
1.4 
1.2 
1.1 
0.2 

0 

0 

Note: Columns may not add to totals shown because of rounding 

Source: Dataquest (May 1996) 
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Table 5-2 
Top 10 Family Shipments of 16-Bit and Up Microcontrollers to the World 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1994 
Rank 

4 
2 
1 

3 
8 
6 

33 
10 
24 

9 

M377XX-F 
H8-F 
8096-F 
uPD-F 

MB907X-F 
68HC16-F 
TLCS-F 
C16X-F 
SHX 
OLMS-F 

All Others 

Families 

1994 
Units 
25,200 
36,600 
41,000 

28,600 
2,700 
4,809 

0 
1,500 

0 
2,600 

11,480 

154,489 

1995 
Units 

48,450 
48,000 
46,500 
35,000 
12,600 
8,934 
8300 
4,550 

4313 
3,250 

9,825 

229,922 

Change (%) 
92.3 
31.1 
13.4 
22.4 

366.7 

85.8 
0 

203.3 
0 

25.0 

-0.1 

48.8 

1995 Market 
Share (%) 

21.1 

20.9 
20.2 
15.2 
5.5 
3.9 
3.6 
2.0 
2.0 
1.4 

4.3 

100.0 

Source: Dataquest (May 1996) 

I 
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Introduction 

Segmentation 

Definitions 

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

• 1994-1995 unit shipment and market share estimates 

• 1993-1995 revenue and market share estimates 

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

Microprocessor 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 titied 
"Exchange Rates" for more information regarding these average rates. 
As a rule, Dataquesf s estimates are calctilated in local currencies and 
then converted to U.S. dollars. 

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

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

For market share purposes, Dataquest defines the microcomponent 
market according to the following functional segmentation scheme: 

Digital Microcomponent IC 

Microprocessor (MPU) 

Microcontroller (MCU) 

Microperipheral (MPR) 

Programmable Digital Signal Processor (DSP) 

This document details revenue and shipments of microprocessors. 
MCRO-WW-MS-9602 details microconti-oUers and MCRO-WW-MS-9604 
covers total microcomponents. This section lists the definitions that are 
used by Dataquest to present the data in this document. Complete defi
nitions for semiconductor devices can be found in the Dataquest Semicon
ductor Market Definitions Guide. 
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MOS Digital Microprocessor (MPU): Defined as an IC that includes an 
instruction decoder, arithmetic logic unit (ALU), registers, and additional 
logic. It may contain instruction, data, or unified caches, memory 
management systems, and auxiliary ALUs for floating point. An MPU's 
functions are determined by fetching and executing instructions and 
manipulating data held in registers, internal cache, or external memory. 
MPUs typically operate out of external memory systems. More highly 
integrated versions of MPUs may contain on-chip peripheral circuits. 
The MPU category includes MPUs incorporating or originating from an 
ASIC design. MPUs are divided into complex instruction set computer 
(CISC) or reduced instruction set computer (RISC) and 8-bit, 16-bit, or 
32-bit and greater word width. MPUs are designed into compute appli
cations or into embedded applications. 

Word Width: The word width of a microprocessor architecture is deter
mined by the maximum word width of the software that can be run by 
the architecture. This is defined by the computed accuracy of a single 
ADD instruction. If an architecture can perform a 32-bit ADD in a single 
instruction, then it is a 32-bit architecture. This is independent of the 
I/O bus width or the width of the integer imit. Examples of 32-bit MPUs 
include: 80386,80486, and 68000. 

Some of the broader microprocessor product families are explained in 
this section. For all families, only products that meet the definition of a 
microprocessor are included (microcontroller versions with their on-chip 
program store are excluded). 

• x86 family: All upward-compatible versions of the 8086 microproces
sor, regardless of word width, instruction extensions, or level of 
integration. The x86 is a CISC architecture. These include: 

o 16-bit x86: 8088, 8086,16-bit V-series families (V20/V30/V40/V50), 
80188, 80186-families, and 80286 

o 32-bit x86: 386-series, 486-series, Pentium, 5K86, 5x86, 6x86, and 
Pentium Pro 

Note that the Cyrix 5x86 uses a 486-style bus and is included in the 
486 classification in Table 5-2. 

Note that the Cyrix 6x86 and the AMD 5K86 use a Pentium-style 
bus and are included in the Pentium classification in Table 5-2. 

• 68K family: All upward-compatible versions of the 68000 microproces
sor, regardless of word width, instruction extensions, or level of 
integration. These include: 680x0, 68EC0x0, 68HC000, 68008, 683xx 
families, Flexcore, and ColdFire. All are classified as 32-bit CISC. Note 
that some of these will be reclassified as 16-bit CISC for 1996 and 
beyond. 

• SPARC family: All upward-compatible versions of the SPARC RISC 
microprocessor, regardless of word width, instruction extensions, or 
level of integration. These include: SPARC, MicroSPARC, Super-
SPARC, and UltraSPARC. 
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• MIPS family: AU upward-compatible versions of the MIPS RISC 
microprocessor, regardless of word width, instruction extensions, or 
level of integration. These include: R2000, R3000, R4000, and R4xxx. 

• PowerPC family: All upward-compatible versions of the PowerPC 
RISC microprocessor, regardless of word width, instruction extensions, 
or level of integration. These include: PPC40x, 60x, and 8xx. 

• ARM family: All upward-compatible versions of the ARM RISC 
microprocessor, regardless of word width, instruction extensions, or 
level of integration. These include: 6x0, 7x00, and Thumb. 

• SH family: All upward-compatible versions of the SH RISC 
microprocessor, regardless of word width, instruction extensions, or 
level of integration. These include the SH-2 and SH-3. 

• 960 family: All upward-compatible versions of the 960 RISC 
microprocessor, regardless of word width, instruction extensions, or 
level of integration. 

Note that listings of total microprocessor shipments include these 
families as well as all others in the stated classification. 

Merchant versus Captive Consumption 
Dataquest includes all revenue, both merchant and captive, for semicon
ductor suppliers selling to the merchant market. The data excludes com
pletely captive suppliers where devices are manufactured solely for the 
company's own use. A product that is used internally is valued at mar
ket price rather than at transfer or factory price. 

The tinit tables in this book include the following microprocessors not 
counted in the revenue tables: 

• Digital Equipment Corporation Alpha RISC chip 

• Hewlett-Packard PA-RISC chip 

HP PA-RISC processors are typically not sold alone in the merchant mar
ket but are integrated into RISC computer systems assembled and sold 
by Hewlett-Packard. As such, chip-only revenue estimates do not exist, 
and imputed estimates are difficult to interpret. However, microproces
sor suppliers do face competition from these chips, even though they are 
sold integrated into a computer system. Although Digital does offer its 
Alpha NffU for sale on a standalone basis, the majority of these devices 
have been consumed by systems assembled and sold by Digital. 

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. 
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Europe, Africa, and the Middle East 
Western Exirope: 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 republics of the former 
USSR (Belarus, Russian Federation, Ukraine, Georgia, Moldavia, 
Armenia, Azerbaijan, Kazakhstan, Uzbekistan, Tadjikistan, Kyrgyzstan, 
and Turkmenistan). 

Asia/Pacific 
Includes Hong Kong, Singapore, South Korea, Taiwan, Australia, 
Bangladesh, Cambodia, China, India, Indonesia, Laos, Malaysia, 
Maldives, Myanmar, Nepal, New Zealand, Pakistan, the Philippines, 
Sri Lanka, Thailand, and Vietnam. 

Line Item Definitions 
Factory revenue is defined as the money value received by a semicon
ductor manufacturer for its products. Revenue from the sale of semi
conductors sold either as finished goods, die, or wafers to another 
semiconductor vendor for resale is attributed to the semiconductor ven
dor that sells the product to a distributor or equipment manufacturer. 

Shipment is defined as the number of complete products delivered, 
whether single chips or chipsets. 

IVIarlcet Share Methodology 
Dataquest utilizes both primary and secondary sources to produce mar
ket statistics data. In the fourth quarter of each year, Dataquest surveys 
all major participants within each industry. Selected companies are resur-
veyed during the first quarter of the following year to verify final annual 
results. This primary research is supplemented with additional primary 
research and secondary research to verify market size, shipment totals, 
and pricing information. Sources of data utilized by Dataquest include 
the following: 

• Information published by major indtistry participants 

• Estimates made by knowledgeable and reliable industry 
spokespersons 

• Government data or trade association data (such as WSTS, MITI, and 
U.S. DOC) 

• Published product literature and price lists 

• Interviews with knowledgeable manufacturers, distributors, and users 

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

• Articles in both the general and trade press 

• Reports from financial analysts 

• End-user surveys 

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

Despite the care taken in gathering, analyzing, and categorizing the data 
in a meaningful way, careful attention must be paid to the definitioris 
and assumptions used herein when interpreting the estimates presented 
in this document. Various companies, government agencies, and trade 
associations may use slightiy different definitions of product categories 
and regional groupings, or they may include different companies in their 
summaries. These differences should be kept in mind when making 
comparisons between data and numbers provided by Dataquest and 
those provided by other suppliers. 

Notes to Market Share 

I 

1. Hewlett-Packard's PA-RISC microprocessors have been reclassified to 
compute for 1995. These devices were included inadvertently in the 
embedded category in prior years. 

2. Some totals and rankings may differ from Dataquesf s 1994 Market 
Statistics because of changes in classifications and restatements. 

3. As many as 5 million microprocessors based on the 68000 architecture 
are believed to have been produced by licensed OEM customers for their 
own internal consumption and therefore are not included in Dataquest 
totals. 

4. LG Semicon was formerly known as Goldstar. 

5. Hitachi's SH-1 products were reclassified as microcontrollers for 1995, 
making Hitachi's growth in microprocessors appear significantiy lower 
than the growth of the entire SH family. For the complete SH series, con
sider both the 16-bit and up MCU SH series numbers as well as the 
32-bit MPU Hitachi numbers. 

6. All 8-bit and 16-bit microprocessors are classified as CISC and go into 
embedded applications only. 
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Exchange Rates 
Dataquest uses an average annual exchange rate in converting revenue 
to U.S. dollar amounts. The following outlines these rates for 1993 
through 1995. 

Table 1 
Exchange Rates 

Japan (Yen/U.S.$) 
France (Franc/U.S.$) 
Germany (Deutsche Mark/U.S.$) 
United Kingdom (U.S.$/Pound Sterling) 

1993 
111.20 

5.67 

1.66 
1.50 

1994 
101.81 

5.54 

IM 
1.53 

1995 
93.04 
4.99 
1.44 

1.58 

Source: Dataquest (May 1995) 

4 
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Section 1:1995 l\1icroprocessor Revenue Estimates and Ranlcings 

Table 1-1 
Each Company's Shipments of Total Microprocessors Worldwide— 
Embedded and Compute (Thousands of Units) 

Total Market 
Total Americas Companies 

Advanced Micro Devices 
California Micro Devices 
Cyrix 
Digital Equipment Corporation 
Harris Semiconductor 
Hewlett-Packard 
Hughes 
IBM 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 
National Semiconductor 

Rockwell 
Texas Instruments 
VLSI Technology 
Weitek 
Zilog 

Total Japanese Companies 
Fujitsu 
Hitachi 

Matsushita 
Mitsubishi 

NEC 
Oki 
Ricoh 
Sharp 
Toshiba 

1995 Total 
Microprocessors 

236,080 
184,404 

22,525 
500 

3,642 
180 
343 
225 
116 

4,254 
1,000 

65,247 
3,100 

52,671 

2,472 
484 

1,842 

138 
62 

25,604 
45,499 

578 
13,231 

60 
312 

15,298 

1,190 
750 

2,770 
11,310 

Embedded 
164,492 

113,469 
13,043 

500 
238 
15 

343 
0 

116 
448 
875 

14,441 
3,100 

50,308 
2,472 

484 
1,282 

138 
62 

25,604 
44,856 

308 
13,231 

60 
312 

15,030 
1,190 

750 
2,770 

11,205 

Compute 
71,590 
70,937 

9,482 
0 

3,404 

165 
0 

225 
0 

3,806 
125 

50,806 
0 

2,363 
0 
0 

561 
0 

0 
0 

643 
270 

0 
0 
0 

268 
0 
0 
0 

105 

Percentage 
Embedded 

69.7 
61.5 
57.9 

100.0 
6.5 
8.3 

100.0 
0 

100.0 
10.5 
87.5 
22.1 

100.0 
95.5 

100.0 
100.0 
69.6 

100.0 
100.0 
100.0 
98.6 
53.3 

100.0 
100.0 
100.0 
98.2 

100.0 
100.0 
100.0 

99.1 

Percentage 
Compute 

30.3 
38.5 
42.1 

0 
93.5 
91.7 

0 
100.0 

0 
89.5 
12.5 
77.9 

0 
4.5 

0 
0 

30.5 
0 
0 
0 

1.4 
46.7 

0 
0 
0 

1.8 
0 
0 
0 

0.9 
(Continued) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 



Embedded Microcomponents Woridwide 

Table 1-1 (Continued) 
Each Company's Shipments of Total Microprocessors Worldwide— 
Embedded and Compute (Thousands of Units) 

Total European Companies 
GEC Plessey 
SGS-Thotnson 

TCS 
Total Asia/Pacific Companies 

LG Semicon 
United Microelectronics 

1995 Total 
Microprocessors 

5,217 

686 
4,500 

31 
960 

950 
10 

Embedded 
5,217 

686 
4,500 

31 
950 

950 
0 

Compute 
0 
0 
0 

0 
10 
0 

10 

Percentage 
Embedded 

100.0 
100.0 
100.0 

100.0 
99.0 

100.0 
0 

Percentage 
Compute 

0 
0 
0 

0 
1.0 

0 
100.0 

Source: Dataquest (June 1996) 
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Table 1-2 
Each Company's Shipments of Total Microprocessors Worldwide—CISC and RISC 
(Thousands of Units) 

Total Market 
Total Americas Companies 

Advanced Micro Devices 
California Micro Devices 
Cyrix 
Digital Equipment Corporation 
Harris Semiconductor 
Hewlett-Packard 
Hughes 
IBM 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 
National Semiconductor 
Rockwell 
Texas Instruments 
VLSI Technology 
Weitek 
Zilog 

Total Japanese Companies 
Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Ricoh 
Sharp 
Toshiba 

Total European Companies 
GEC Plessey 
SGS-Thomson 
TCS 

Total Asia/Padfic Companies 
LG Semicon 
United Microelectronics 

1995 Total 
Microprocessors 

236,080 
184,404 
22,525 

500 
3,642 

180 
343 
225 
116 

4,254 
1,000 

65,247 
3,100 

52,671 
2,472 

484 
1,842 

138 
62 

25,604 
45,499 

578 
13,231 

60 
312 

15,298 
1,190 

750 
2,770 

11310 
5,217 

686 
4,500 

31 
960 
950 
10 

CISC 
208,868 
168,162 
20,595 

500 
3,642 

0 
343 

0 
116 

2,133 
0 

59,530 
0 

51,365 
2,452 

484 
1398 

0 
0 

25,604 
35,565 

8 
6,720 

60 
287 

12,600 
1,190 

750 
2,770 

11,180 
4,181 

0 
4,150 

31 
960 
950 
10 

RISC 
27,212 
16,242 
1,930 

0 
0 

180 
0 

225 
0 

2,121 
1,000 
5,717 
3,100 
1,306 

20 
0 

444 
138 
62 
0 

9,934 
570 

6,511 
0 

25 
2,698 

0 
0 
0 

130 
1,036 

686 
350 

0 
0 
0 
0 

Percentage 
CISC 

88.5 
91.2 
91.4 

100.0 
100.0 

0 
100.0 

0 
100.0 
50.1 

0 
91.2 

0 
97.5 
99.2 

100.0 
75.9 

0 
0 

100.0 
78.2 
1.4 

50.8 
100.0 
92.0 
82.4 

100.0 
100.0 
100.0 
98.9 
80.1 

0 
92.2 

100.0 
100.0 
100.0 
100.0 

Percentage 
RISC 

11.5 
8.8 
8.6 

0 
0 

100.0 
0 

100.0 
0 

49.9 
100.0 

8.8 
100.0 

2.5 
0.8 

0 
24.1 

100.0 
100.0 

0 
21.8 
98.6 
49.2 

0 
8.0 

17.6 
0 
0 
0 

1.1 
19.9 

100.0 
7.8 

0 
0 
0 
0 

Source: Dataquest (June 1 
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Table 1-3 
Each Company's Factory Revenue from Shipments of Microprocessors Worldwide 
(Millions of U.S. Dollars) 

Total Market 

Americas Companies 
Advanced Micro Devices 

AT&T 

California Micro Devices 
Chips & Technologies 
Cypress Semiconductor 

Cyrix 
Harris 

Hughes 

IBM 
Integrated Device Technology 

Intel 
LSI Logic 
Motorola 
National Semiconductor 

Performance Semiconductor 

Rockwell 

Texas Instruments 

VLSI Technology 
Weitek 

Zilog 
Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 
Mitsubishi 

NEC 
Oki 
Ricoh 
Sharp 
Toshiba 

European Companies 

GEC Plessey 
Philips 

SGS-Thomson 

Siemens 

TCS 
Asia/Pacific Companies 

LG Semicon 
United Microelectronics 

Source: Dataquest (June 1996) 
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1993 

8,783 

8,408 
511 

2 
2 

4 
6 

95 
11 
3 

88 
43 

6,569 
47 

705 
38 
16 
5 

200 
3 

19 
39 

311 
25 
79 
11 
17 
87 
9 
4 

11 
68 
61 
7 
1 

39 
4 

10 
3 
3 
0 

Revenue 
1994 

11,437 

10,898 
985 

0 
2 
7 
0 

231 
12 
3 

246 
51 

8,370 
51 

597 
50 
15 
5 

214 
2 

14 
43 

461 
56 

160 
14 
9 

105 
9 
4 

12 
92 
67 
6 
0 

51 
0 

10 
11 
1 

10 

©1996 Dataquest 

1995 

14,280 
13,609 

885 
0 
3 
5 
0 

212 
14 
3 

600 
63 

10,755 
36 

666 
45 
21 

7 
230 

4 
20 
42 

562 
78 

135 
15 
17 

176 
10 
0 

16 
115 
85 
3 
0 

68 
0 

14 
23 
8 

15 

Market Share (%) 

1993 

100.0 
95.7 

5.8 
0 
0 

0.1 
0.1 
1.1 
0.1 

0 
1.0 
0.5 

74.8 
0.5 
8.0 
0.4 
0.2 
0.1 
2.3 

0 
0.2 
0.4 
3.5 
0.3 
0.9 
0.1 
0.2 
1.0 
0.1 

0 
0.1 
0.8 
0.7 
0.1 

0 
0.4 

0 
0.1 

0 
0 
0 

1994 

100.0 

95.3 
8.6 

0 
0 

0.1 
0 

2.0 
0.1 

0 
2.2 
0.4 

73.2 
0.4 
5.2 
0.4 
0.1 

0 
1.9 

0 
0.1 
0.4 
4.0 
0.5 
1.4 
0.1 
0.1 
0.9 
0.1 

0 
0.1 
0.8 
0.6 
0.1 

0 
0.4 

0 
0.1 
0.1 

0 
0.1 

1995 

100.0 

95.3 
6.2 

0 
0 
0 
0 

1.5 
0.1 

0 
4.2 
0.4 

75.3 

0.3 
4.7 
0.3 
0.1 

0 
1.6 

0 
0.1 
0.3 
3.9 
0.5 
0.9 
0.1 
0.1 
1.2 
0.1 

0 
0.1 
0.8 
0.6 

0 
0 

0.5 
0 

0.1 
0.2 
0.1 
0.1 
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Table 1-4 
Each Company's Factory Revenue from Shipments of Microprocessors to the 
Americas (Millions of U.S. Dollars) 

Total Market 
Americas Companies 

Advanced Micro Devices 
AT&T 
California Micro Devices 
Chips & Technologies 
Cypress Semiconductor 
Cyrix 

Harris 
Hughes 
ffiM 
Integrated Device Technology 
Intel 

LSI Logic 
Motorola 
National Semiconductor 
Performance Semiconductor 

RockweU 
Texas Instruments 
VLSI Technology 
Weitek 
Zilog 

Japanese Companies 
Fujitsu 
Hitachi 
Mitsubishi 
NEC 
Oki 
Toshiba 

European Companies 

GEC Plessey 
SGS-Thomson 
TCS 

1993 
4323 
4,269 

187 
2 
1 
4 

5 
50 
5 
3 

44 

30 
3,343 

33 
337 

13 
15 
3 

159 
0 

16 
19 
39 
4 
8 
1 

18 
3 
5 

15 
1 
9 
5 

Revenue 
1994 

5,446 
5,351 

371 
0 
1 
5 
0 

118 
5 
3 

133 
33 

4,135 
11 

305 
12 

15 
4 

167 
0 

12 
21 
71 

30 
11 
0 

21 

3 
6 

24 

1 

18 
5 

1995 
6,805 
6,656 

311 
0 
1 
1 
0 

66 
6 
3 

325 
44 

5,319 
10 

328 
7 

21 
6 

169 
1 

17 
21 

102 

53 
7 
1 

32 
3 
6 

46 
1 

38 
7 

Market Share (%) 
1993 
100.0 
98.8 
4.3 

0 
0 

0.1 
0.1 
1.2 
0.1 
0.1 
1.0 
0.7 

77.3 
0.8 
7.8 
0.3 
0.3 
0.1 
3.7 

0 

0.4 
0.4 

0.9 

0.1 
0.2 

0 
0.4 
0.1 
0.1 
0.3 

0 
0.2 
0.1 

1994 
100.0 
98.3 
6.8 

0 
0 

0.1 
0 

2.2 
0.1 
0.1 
2.4 

0.6 
75.9 
0.2 

5.6 
0.2 
0.3 
0.1 
3.1 

0 

0.2 
0.4 

1.3 

0.6 
0.2 

0 
0.4 
0.1 
0.1 
0.4 

0 
0.3 
0.1 

1995 
100.0 
97.8 
4.6 

0 
0 
0 
0 

1.0 
0.1 

0 
4.8 
0.6 

78.2 
0.1 
4.8 
0.1 
0.3 
0.1 
2.5 

0 

0.2 
0.3 
1.5 

0.8 
0.1 

0 
0.5 

0 
0.1 
0.7 

0 
0.6 
0.1 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-5 
Each Company's Factory Revenue from Shipments of Microprocessors to Japan 
(Millions of U.S. Dollars) 

1993 
Revenue 

1994 1995 
Market Share (%) 

1993 1994 1995 
Total Market 

Americas Companies 
Advanced Micro Devices 
Chips & Technologies 
Cyrix 
Harris 
Integrated Device Technology 
Intel 
LSI Logic 
Motorola 
National Semiconductor 
Performance Semiconductor 

Texas Instruments 
VLSI Technology 
Weitek 
Zilog 

Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Ricoh 
Sharp 
Toshiba 

European Companies 
GEC Plessey 
SGS-Thomson 

835 

651 

19 

0 

6 

2 

4 

530 

0 

68 

7 

1 

9 

0 

1 

4 

178 

8 

54 

10 

11 

56 

2 

4 

11 

22 

6 

3 

3 

1,247 

963 

23 

0 

16 

2 

5 

801 

33 

53 

11 

0 

13 

1 

1 

4 

279 

9 

129 

13 

8 

70 

2 

4 

12 

32 

5 

2 

3 

1,691 

1335 

68 

1 

29 
2 

9 

1,120 

20 

63 

6 

0 

9 

1 

1 

6 

355 

16 

123 

14 

14 

128 

3 

0 

16 

41 

1 

0 

1 

100.0 

78.0 

2.3 

0 

0.7 

0.2 

0.5 

63.5 

0 

8.1 

0.8 

0.1 

1.1 

0 

0.1 

0.5 

21.3 

1.0 

6.5 

1.2 

1.3 

6.7 

0.2 

0.5 

1.3 

2.6 

0.7 

0.4 

0.4 

100.0 

77.2 

1.8 

0 

1.3 
0.2 

0.4 

64.2 

2.6 

4.3 

0.9 

0 

1.0 

0.1 

0.1 

0.3 

22.4 

0.7 

10.3 

1.0 

0.6 

5.6 

0.2 

0.3 

1.0 

2.6 

0.4 

0.2 

0.2 

100.0 

79.0 

4.0 

0.1 

1.7 

0.1 

0.5 

66.2 

1.2 

3.7 

0.4 

0 

0.5 

0.1 

0.1 

0.3 

21.0 

1.0 

7.3 

0.8 

0.8 

7.6 

0.2 

0 

0.9 

2.4 

0.1 

0 

0.1 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-6 
Each Company's Factory Revenue from Shipments of Microprocessors to Europe 
(Millions of U.S. Dollars) 

Total Market 

Americas Companies 

Advanced Micro Devices 

Chips & Technologies 

CjT^ress Semiconductor 

Cyrix 

Harris 

Integrated Device Technology 

Intel 

LSI Logic 

Motorola 

National Semiconductor 

Rockwell 

Texas Instruments 

VLSI Technology 

Weitek 

Zilog 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Oki 

Toshiba 

European Companies 

GEC Plessey 

Philips 

SGS-Thomson 

Siemens 

TCS 

Asia/Pacific Companies 

United Microelectronics 

1993 

2,098 

2,015 

109 

0 

1 

26 

3 

9 

1,673 

14 

139 

10 

2 

17 

3 

2 

7 

47 

8 

6 

1 

1 

5 

1 

25 

36 

1 

1 

25 

4 

5 

0 

0 

Revenue 

1994 

2,775 

2,678 

288 

0 

0 

62 

4 

10 

2,131 

6 

123 

18 

1 

25 

1 

1 

8 

61 

11 

8 

1 

0 

6 

1 

34 

34 

1 

0 

28 

0 

5 

2 

2 

1995 

3,198 

3,098 

241 

1 

0 

44 

5 

4 

2,596 

6 

134 

13 

1 

42 

1 

1 

7 

62 

4 

5 

1 

1 

7 

1 

42 

34 

1 

0 

26 

p 
7 

4 

4 

Market Share (%) 

1993 

100.0 

96.0 

5.2 

0 

0 

1.2 

0.1 

0.4 

79.7 

0.7 

6.6 

0.5 

0.1 

0.8 

0.1 

0.1 

0.3 

2.2 

0.4 

0.3 

0 

0 

0.2 

0 

1.2 

1.7 

0 

0 

1.2 

0.2 

0.2 

0 

0 

1994 

100.0 

96.5 

10.4 

0 

0 

2.2 

0.1 

0.4 

76.8 

0.2 

4.4 

0.6 

0 

0.9 

0 

0 

0.3 

2.2 

0.4 

0.3 

0 

0 

0.2 

0 

1.2 

1.2 

0 

0 

1.0 

0 

0.2 

0.1 

0.1 

1995 

100.0 

96.9 

7.6 

0 

0 

1.4 

0.2 

0.1 

81.2 

0.2 

4.2 

0.4 

0 

1.3 

0 

0 

0.2 

1.9 

0.1 

0.2 

0 

0 

0.2 

0 

1.3 

1.1 

0 

0 

0.8 

0 

0.2 

0.1 

0.1 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-7 
Each Company's Factory Revenue from Shipments of Microprocessors to Asia/Pacific 
(Millions of U.S. Dollars) 

1993 
Revenue 

1994 1995 
Market Share (%) 

1993 1994 1995 
Total Market 

Americas Companies 
Advanced Micro Devices 
California Micro Devices 
Chips & Technologies 
Cyrix 
Harris 
IBM 
Integrated Device Technology 

Intel 
LSI Logic 
Motorola 
National Semiconductor 
Texas Instruments 

Zilog 
Japanese Companies 

Fujitsu 
Hitachi 
Mitsubishi 
NEC 
Oki 
Toshiba 

European Companies 
GEC Plessey 
SGS-Thomson 

Asia/Pacific Companies 

LG Semicon 
United Microelectronics 

1^27 

1,473 

196 

1 

2 

13 

1 

44 

0 

1,023 

0 

161 

8 

15 

9 

47 

5 

11 

4 

8 

3 

16 

4 

2 

2 

3 

3 

0 

1,969 

1,906 

303 

1 

2 

35 

1 

113 

3 

1,303 

1 

116 

9 

9 

10 

50 

6 

12 

1 

8 

3 

20 

4 

2 

2 

9 

1 

8 

2,587 

2,520 

265 

1 

2 

73 

1 

275 

6 

1,719 

0 

141 

19 

10 

8 

44 

4 

0 

1 

9 

3 

26 

4 

1 

3 

19 

8 

11 

100.0 

96.5 

12.8 

0.1 

0.1 

0.9 

0.1 

2.9 

0 

67.0 

0 

10.5 

0.5 

1.0 

0.6 

3.1 

0.3 

0.7 

0.3 

0.5 

0.2 

1.0 

0.3 

0.1 

0.1 

0.2 

0.2 

0 

100.0 

96.8 

15.4 

0.1 

0.1 

1.8 

0.1 

5.7 
0.2 

66.2 

0.1 

5.9 

0.5 

0.5 

0.5 

2.5 

0.3 

0.6 

0.1 

0.4 

0.2 

1.0 

0.2 

0.1 

0.1 

0.5 

0.1 

0.4 

100.0 

97.4 

10.2 

0 

0.1 

2.8 

0 

10.6 

0.2 

66.5 

0 

5.4 

0.7 

0.4 

0.3 

1.7 

0.2 

0 

0 

0.4 

0.1 

1.0 

0.2 

0 

0.1 

0.7 

0.3 

0.4 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-8 
Top 20 Companies' Factory Revenue from Shipments of Microprocessors Worldwide 
(Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 

18 
19 
20 

1994 
Rank 

1 
2 

3 
4 
6 
5 
8 
7 

9 
10 
11 
13 
14 

15 
12 

16 
18 
23 
20 
22 

Intel 
Advanced Micro Devices 
Motorola 
IBM 
Texas Instruments 
Cjnrix 

NEC 
Hitachi 
Toshiba 
Fujitsu 
SGS-Thomson 
Integrated Device Technology 
National Semiconductor 
Zilog 
LSI Logic 
Performance Semiconductor 
Weitek 
Mitsubishi 
Sharp 
United Microelectronics 

All Others 

Americas Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

8,370 
985 
597 
246 
214 

231 
105 
160 
92 

56 
51 
51 
50 
43 
51 
15 
14 

9 
12 
10 

75 

10,898 
461 
67 
11 

11,437 

1995 
Revenue 

10,755 
885 
666 
600 
230 
212 
176 
135 
115 
78 
68 
63 
45 
42 
36 
21 
20 
17 
16 
15 

85 

13,609 
562 

85 
23 

14,280 

Percentage 
Change 

28 
-10 
12 

144 
7 

-8 
68 

-16 
25 
38 
34 
24 
-9 
-3 

-29 
40 
40 
90 
33 
50 

13 

25 
22 

27 
109 

25 

1995 
Market 

Share (%) 
75.3 
6.2 
4.7 
4.2 
1.6 
1.5 
1.2 
0.9 
0.8 
0.5 
0.5 
0.4 

0.3 
0.3 
0.3 
0.1 
0.1 
0.1 
0.1 
0.1 

0.6 

95.3 
3.9 

0.6 
0.2 

100.0 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-9 
Top 10 Companies' Factory Revenue from Shipments of Microprocessors to the 
Americas (Millions of U.S. Dollars) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 
Rank 

1 

3 

5 

2 

4 

6 

8 

7 

11 

9 

Intel 

Motorola 

IBM 

Advanced Micro Devices 

Texas Instruments 

Cyrix 

Fujitsu 

Integrated Device Technology 

SGS-Thomson 

NEC 

All Others 

Americas Companies 

Japanese Comparues 

European Companies 

Asia/Pacific Companies 

Total Market 

1994 
Revenue 

4,135 

305 

133 

371 

167 

118 

30 

33 

18 

21 

115 

5,351 

71 

24 

0 

5,446 

1995 
Revenue 

5,319 

328 

325 

311 

169 

66 

53 

44 

38 

32 

119 

6,656 

102 

46 

0 

6,805 

Percentage 
Change 

29 

8 

144 

-16 

1 

-44 

77 

33 

111 

52 

4 

24 

44 

92 

0 

25 

1995 
Market 

Share (%) 

78.2 

4.8 

4.8 

4.6 

2.5 

1.0 

0.8 

0.6 

0.6 

0.5 

1.8 

97.8 

1.5 

0.7 

0 

100.0 

Source: Dataquest (June 1996) 

l\/iCR0-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-10 
Top 10 Companies' Factory Revenue from Shipments of Microprocessors to Japan 
(Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1994 
Rank 

1 
3 
2 
7 
4 

6 
8 

5 
13 
11 

Intel 
NEC 
Hitachi 
Advanced Micro Devices 
Motorola 
Toshiba 
Cyrix 
LSI Logic 
Fujitsu 
Sharp 

All Others 

Americas Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

801 
70 

129 
23 
53 
32 
16 
33 
9 

12 

69 

963 
279 

5 
0 

1,247 

1995 
Revenue 

1,120 
128 
123 
68 
63 
41 
29 
20 
16 
16 

67 

1,335 
355 

1 
0 

1,691 

Percentage 
Change 

40 
83 
-5 

196 
18 
28 
81 

-39 
81 

33 

-3 

39 
27 

-80 
0 

36 

1995 
Market 

Share (%) 
66.2 
7.6 
7.3 
4.0 
3.7 
2.4 
1.7 
1.2 
1.0 
0.9 

4.0 

79.0 
21.0 

0.1 
0 

100.0 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-11 
Top 10 Companies' Factory Revenue from Shipments of Microprocessors to Europe 
(Millions of U.S. Dollars) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 
Rank 

1 

2 

3 

4 

5 

7 

6 

8 

13 

12 

Intel 

Advanced Micro Devices 

Motorola 

Cyrix 
Toshiba 

Texas Instruments 

SGS-Thomson 

National Senuconductor 

NEC 

Zilog 

All Others 

Americas Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Total Market 

1994 
Revenue 

2,131 

288 

123 

62 

34 

25 

28 

18 

6 

8 

52 

2,678 

61 

34 

2 

2,775 

1995 
Revenue 

2,596 

241 

134 

44 

42 

42 

26 

13 

7 

7 

44 

3,098 

62 

34 

4 

3,198 

Percentage 
Change 

22 

-16 

9 

-29 

24 

68 

-7 

-26 

19 

-13 

-15 

16 

1 

0 

100 

15 

1995 
Market 

Share (%) 

81.2 

7A 

4.2 

1.4 

1.3 

1.3 

0.8 

0.4 

0.2 

0.2 

1.4 

96.9 

1.9 

1.1 

0.1 

100.0 

Source: Dataquest (June 1996) 

IVICRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 1-12 
Top 10 Companies' Factory Revenue from Shipments of Microprocessors to 
Asia/Pacific (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1994 
Rank 

1 
4 
2 

3 
5 
6 

10 
12 

9 
11 

Intel 
IBM 
Advanced Micro Devices 
Motorola 
Cyrix 

Toshiba 
National Semiconductor 
United Microelectronics 
Texas Instruments 
NEC 

All Others 

Americas Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies • 

Total Market 

1994 
Revenue 

1,303 
113 
303 
116 
35 
20 
9 
8 
9 
8 

45 

1,906 
50 
4 
9 

1,969 

1995 
Revenue 

1,719 
275 
265 
141 
73 
26 
19 
11 
10 
9 

39 

2,520 
44 
4 

19 

2,587 

Percentage 
Change 

32 
143 
-13 
22 

109 
30 

111 

38 
9 

15 

-14 

32 
-13 

8 
111 

31 

1995 
Market 

Share (%) 
66.5 
10.6 
10.2 
5.4 
2.8 
1.0 
0.7 

0.4 
0.4 
0.4 

1.5 

97.4 

1.7 

0.2 
0.7 

100.0 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Section 2: IVIicroprocessor Unit Sliipments—Overview 

Table 2-1 
Ranking of Each Company's Shipments of Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1994 
Rank Company 

1994 
Units 

1995 
Units 

Percentage 
Change 

1995 Market 
Share (%) 

1 
2 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
2 

3 
4 

6 
5 
7 
8 

10 
11 
17 

13 
9 

12 
14 

18 
16 
15 
20 
21 

22 
19 
25 
24 
26 
30 
28 
29 
31 
23 

Intel 
Motorola 
Zilog 
Advanced Micro Devices 

NEC 
Hitachi 
Toshiba 
SGS-Thomson 
IBM 
Cyrix 
LSI Logic 
Sharp 
National Semiconductor 
Texas Instruments 

Oki 
Integrated Device Technology 
LG Semicon 
Ricoh 
GEC Plessey 
Fujitsu 
California Micro Devices 
Rockwell 
Harris Semiconductor 

Mitsubishi 
Hewlett-Packard 
Digital Equipment Corporation 
VLSI Technology 
Hughes 
Weitek 
Matsushita 

55,645 
38,080 
21,935 

15316 
11,440 
13,018 
7,528 
5,660 
3,515 
2,382 

900 
2,236 
3,919 
2,370 
1,400 

603 
1,000 
1,000 

550 
463 
400 
567 
275 
276 
175 
65 

109 
93 
60 

340 

65,247 
52,671 
25,604 
22,525 
15,298 
13,231 
11,310 
4,500 
4,254 
3,642 

3,100 
2,770 
2,472 
1,842 

1,190 
1,000 

950 
750 
686 
578 

500 
484 
343 
312 

225 
180 

138 
116 
62 
60 

17.3 
38.3 
16.7 
47.1 

33.7 
1.6 

50.2 
-20.5 
21.0 
52.9 

244.4 
23.9 

-36.9 
-22.3 
-15.0 
65.8 
-5.0 

-25.0 
24.7 

24.8 
25.0 

-14.6 
24.7 

13.0 
28.6 

176.9 
27.1 
24.7 
3.3 

-82.4 

27.6 
22.3 
10.8 
9.5 
6.5 
5.6 
4.8 
1.9 
1.8 
1.5 
1.3 
1.2 
1.0 
0.8 

0.5 
0.4 
0.4 
0.3 
0.3 
0.2 
0.2 
0.2 

0.1 
0.1 
0.1 
0.1 
0.1 

0 
0 
0 

(Continued) 
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Table 2-1 (Continued) 
Ranking of Each Company's Shipments of Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

31 
32 
33 
34 

1994 
Rank Company 

33 TCS 
34 United Microelectronics 
27 Chips & Technologies 
32 Performance Semiconductor 

1994 
Units 

25 
25 

147 
30 

1995 
Units 

31 
10 
0 
0 

Percentage 
Change 

24.0 
-60.0 

-100.0 
-100.0 

1995 Market 
Share (%) 

0 
0 
0 
0 

All Others 

Total Market 191,547 236,080 23.0 100.0 
Source: Dataquest (June 1996) 

» 
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Table 2-2 
Ranking of Each Company's Shipments of Embedded Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 

3 
4 

5 
6 
7 

8 
9 

10 
11 
12 

13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 

1994 
Rank 

1 
2 
5 

3 
4 
7 

6 
8 

14 

10 
9 

18 
11 
13 
17 

12 

16 
19 
15 
32 
23 
22 
21 
30 
25 
26 
27 

20 
29 
31 
24 

28 

Company 
Motorola 
Zilog 
NEC 

Intel 
Hitachi 
Advanced Micro Devices 
Toshiba 
SGS-Thomson 
LSI Logic 
Sharp 
National Semiconductor 
Texas Instruments 
Oki 
LG Semicon 
Integrated Device Technology 
Ricoh 

GEC Plessey 
California Micro Devices 
Rockwell 

IBM 
Harris Semiconductor 
Mitsubishi 
Fujitsu 
CjTix 
VLSI Technology 
Hughes 
Weitek 

Matsushita 
TCS 
Digital Equipment Corporation 
Hewlett-Packard 
Performance Semiconductor 

All Others 

Total Market 

1994 
Units 

33,750 
21,935 
11,320 

17,120 
13,018 
7,106 
7,454 
5,660 

900 
2,236 
3,919 

430 
1,400 
1,000 

539 
1,000 

550 
400 
567 

0 
275 
276 
283 

0 
109 
93 
50 

340 
25 
0 

175 
30 

0 

131,960 

1995 
Units 

50,308 
25,604 
15,030 
14,441 

13,231 
13,043 
11,205 
4,500 
3,100 
2,770 
2,472 
1,282 
1,190 

950 
875 
750 
686 
500 
484 

448 
343 
312 
308 
238 
138 
116 
62 

60 
31 
15 
0 
0 

0 

164,492 

Percentage 
Change 

49.1 
16.7 
32.8 

-15.6 
1.6 

83.5 
50.3 

-20.5 
244.4 
23.9 

-36.9 
198.1 
-15.0 
-5.0 
62.3 

-25.0 
24.7 
25.0 

-14.6 
NM 
24.7 

13.0 
8.8 

NM 
27.1 
24.7 
24.0 

-82.4 

24.0 
NM 

-100.0 
-100.0 

0 

25.0 

1995 Market 
Share (%) 

30.6 
15.6 
9.1 

8.8 
8.0 
7.9 
6.8 
2.7 
1.9 
1.7 
1.5 
0.8 
0.7 

0.6 
0.5 
0.5 
0.4 

0.3 
0.3 
0.3 
0.2 
0.2 
0.2 

0.1 
0.1 
0.1 

0 
0 
0 
0 
0 

0 

0 

100.0 

NM = Not meaningful 

Source: Dataquest (June 1996) 
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Table 2-3 
Ranking of Each Company's Shipments of Compute Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 

1994 
Rank 

1 
2 
4 

5 
3 
6 
7 

9 
15 
11 
12 

10 
13 
8 

14 

Company 
Intel 
Advanced Micro Devices 
IBM 
Cyrix 
Motorola 
Texas Instruments 
Fujitsu 

NEC 
Hewlett-Packard 
Digital Equipment Corporation 
Integrated Device Technology 
Toshiba 
United Microelectronics 
Chips & Technologies 
Weitek 

All Others 

Total Market 

NM = Not meaningful 
Source: Dataquest (June 1996) 

1994 
Units 
38,525 
8,210 
3,515 
2382 
4,330 
1,940 

180 
120 

0 
65 
64 
74 

25 
147 
10 

0 

59,587 

1995 
Units 
50,806 
9,482 
3,806 
3,404 
2,363 

561 
270 
268 
225 
165 
125 
105 
10 
0 
0 

0 

71,590 

Percentage 
Change 

31.9 
15.5 
8.3 

42.9 
-45.4 
-71.1 
50.0 

123.3 
NM 

153.8 
95.3 
41.9 

-60.0 
-100.0 

-100.0 

0 

20.0 

1995 Market 
Share (%) 

71.0 
13.2 
5.3 
4.8 
3.3 
0.8 
0.4 
0.4 
0.3 
0.2 
0.2 
0.1 

0 
0 

0 

0 

100.0 
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Section 3: IVIicroprocessor Unit Shipments by Word Width 

Table 3-1 
Ranking of Each Company's Shipments of 8-Bit Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 
17 
18 
19 

1994 
Rank 

1 
2 

3 
4 
5 
6 
7 
9 

10 
8 

13 
11 
12 

16 
15 
17 
19 
14 
18 

Company 
ZUog 
Toshiba 
Hitachi 
SGS-Thomson 
Sharp 
Motorola 
Oki 
LG Semicon 
Intel 
Ricoh 
California Micro Devices 
Rockwell 

NEC 
National Semiconductor 
Mitsubishi 

Hughes 
Harris Semiconductor 
Texas Instruments 
Fujitsu 

All Others 

Total Market 

1994 
Units 

21,780 
6,200 
5,060 
4,510 
2,180 
1,891 
1,200 
1,000 

700 
1,000 

400 
567 
540 

219 
255 
93 
50 

260 
85 

0 

47,990 

1995 
Units 
25,411 
9,580 
4,420 
3,350 
2,630 
1,049 
1,030 

950 
875 
750 
500 
484 
440 
262 
210 
116 
62 
6 
0 

0 

52,125 

Percentage 
Change 

16.7 

54.5 
-12.6 
-25.7 
20.6 

-44.5 
-14.2 
-5.0 
25.0 

-25.0 
25.0 

-14.6 
-18.5 
19.6 

-17.6 
24.7 

24.0 
-97.7 

-100.0 

0 

9.0 

1995 Market 
Share (%) 

48.7 
18.4 
8.5 
6.4 
5.0 
2.0 
2.0 
1.8 
1.7 
1.4 
1.0 
0.9 
0.8 
0.5 
0.4 
0.2 

0.1 
0 
0 

0 

100.0 

Source: Dataquest (June 1996) 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Table 3-2 
Ranking of Each Company's Shipments of 16-Bit Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

• 11 

1994 
Rank 

1 

3 

2 

4 

7 

5 

9 

8 

10 

6 

11 

Company 

NEC 

Advanced Micro Devices 

Intel 

Hitachi 

Harris Semiconductor 

SGS-Thomson 

Zilog 

Oki 

Sharp 

Matsushita 

Performance Semiconductor 

All Others 

Total Market 

1994 
Units 

10,580 

4,582 

10,500 

400 

225 

350 

155 

200 

56 

340 

15 

0 

27,403 

1995 
Units 

12,050 

9,718 

6,405 

400 

281 

200 

193 

160 

140 

60 

0 

0 

29,607 

Percentage 
Change 

13.9 

112.1 

-39.0 

0 

24.9 

-42.9 

24.5 

-20.0 

150.0 

-82.4 

-100.0 

0 

8.0 

1995 Market 
Share (%) 

40.7 

32.8 

21.6 

1.4 

0.9 

0.7 

0.7 

0.5 

0.5 

0.2 

0 

0 

100.0 

Source: Dataquest (June 1996) 
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Table 3-3 
Ranking of Each Company's Shipments of 32-Bit-and-Up Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1994 
Rank 

1 
2 
3 
4 

6 
7 

10 
15 
5 
8 
9 

12 
11 

13 
14 

16 
19 
18 
23 
20 
21 
22 
17 
24 

Company 
Intel 
Motorola 
Advanced Micro Devices 
Hitachi 
IBM 
Cyrix 
LSI Logic 
NEC 
National Semiconductor 
Texas Instruments 
Toshiba 
Integrated Device Technology 
SGS-Thomson 

GEC Plessey 
Fujitsu 

Hewlett-Packard 
Digital Equipment Corporation 
VLSI Technology 
Mitsubishi 
Weitek 

TCS 
United Microelectronics 
Chips & Technologies 
Performance Semiconductor 

All Others 

Total Market 

1994 
Units 

44,445 
36,189 
10,734 
7,558 
3,515 
2,382 

900 
320 

3,700 
2,110 
1,328 

603 
800 
550 
378 
175 
65 

109 
21 
60 
25 
25 

147 

15 

0 

116,154 

1995 
Units 

57,967 
51,621 
12,807 

8,411 
4,254 
3,642 
3,100 
2,808 
2,210 
1,836 
1,730 
1,000 

950 
686 
578 
225 
180 
138 
102 
62 

31 
10 
0 
0 

0 

154,347 

Percentage 
Change 

30.4 

42.6 
19.3 
11.3 
21.0 
52.9 

244.4 
777.5 
-40.3 
-13.0 
30.3 
65.8 
18.8 
24.7 

52.9 
28.6 

176.9 
27.1 

385.7 
3.3 

24.0 
-60.0 

-100.0 
-100.0 

0 

33.0 

1995 Market 
Share (%) 

37.6 
33.4 
8.3 
5.4 

2.8 
2.4 
2.0 
1.8 
1.4 
1.2 
1.1 
0.6 
0.6 
0.4 
0.4 
0.1 
0.1 

0.1 
0.1 

0 
0 
0 
0 
0 

0 

100.0 

Source: Oataquest (June 1996) 
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Table 3-4 
Ranking of Each Company's Shipments of 32-Bit-and-Up Embedded Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 

1994 
Rank 

1 
2 
3 
5 
7 

11 
4 

6 
14 
8 

10 
9 

22 
12 

20 
15 
18 
16 
17 
21 

13 
19 

Company 
Motorola 
Hitachi 
Intel 
Advanced Micro Devices 
LSI Logic 
NEC 
National Semiconductor 
Toshiba 
Texas Instruments 
SGS-Thomson 
Integrated Device Technology 
GEC Plessey 
IBM 
Fujitsu 
Cyrix 
VLSI Technology 
Mitsubishi 
Weitek 
TCS 
Digital Equipment Corporation 
Hewlett-Packard 
Performance Semiconductor 

All Others 

Total Market 

NM = Not meaningful 
Source: Dataquest (June 1996) 

1994 
Units 
31,859 
7,558 
5,920 
2,524 

900 
200 

3,700 
1,254 

170 
800 
539 

550 
0 

198 
0 

109 
21 
50 
25 
0 

175 
15 

0 

56,567 

1995 
Units 

49,258 
8,411 
7,161 
3,325 
3,100 
2,540 
2,210 
1,625 
1,276 

950 
875 
686 
448 
308 
238 
138 
102 
62 
31 
15 
0 
0 

0 

82,759 

Percentage 
Change 

54.6 
11.3 
21.0 
31.7 

244.4 
1,170.0 

-40.3 
29.6 

650.6 
18.8 
62.3 
24.7 
NM 
55.6 
NM 
27.1 

385.7 
24.0 
24.0 
NM 

-100.0 
-100.0 

0 

46.0 

1995 Market 
Share (%) 

59.5 
10.2 
8.7 

4.0 
3.7 
3.1 
2.7 

2.0 
1.5 
1.1 
1.1 

0.8 
0.5 
0.4 

0.3 
0.2 
0.1 
0.1 

0 
0 

0 
0 

0 

100.0 
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Table 3-5 
Ranking of Each Company's Shipments of 32-Bit-and-Up Compute Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1994 
Rank 

1 

2 

4 

5 

3 

6 

7 

9 

15 

11 

12 

10 

13 

8 

14 

Company 

Intel 

Advanced Micro Devices 

IBM 

Cyrix 

Motorola 

Texas Instruments 

Fujitsu 

NEC 

Hewlett-Packard 

Digital Equipment Corporation 

Integrated Device Technology 

Toshiba 

United Microelectronics 

Chips & Technologies 

Weitek 

AU Others 

Total Market 

NM = Not meaningful 
Source; Dataquest (June 1996) 

1994 
Units 

38,525 

8,210 

3,515 

2,382 

4,330 

1,940 

180 

120 

0 

65 

64 

74 

25 

147 

10 

0 

59,587 

1995 
Units 

50,806 

9,482 

3,806 

3,404 

2,363 

561 

270 

268 

225 

165 

125 

105 

10 

0 

0 

0 

71,590 

Percentage 
Change 

31.9 

15.5 

8.3 

42.9 

-45.4 

-71.1 

50.0 

123.3 

NM 

153.8 

95.3 

41.9 

-60.0 

-100.0 

-100.0 

0 

20.0 

1995 Market 
Share (%) 

71.0 

13.2 

5.3 

4.8 

3.3 

0.8 

0.4 

0.4 

0.3 

0.2 

0.2 

0.1 

0 

0 

0 

0 

100.0 
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Table 3-6 
Shipments of Compute Microprocessors Worldwide, by Word Length and Company 
Base (Thousands of Units) 

32-Bit 

64-Bit 

Total 

Total Americas Companies 
Total Japanese Companies 
Total European Companies 

Total Asia/Pacific Companies 
Total 32-Bit Market 

Total Americas Companies 
Total Japanese Companies 
Total European Companies 
Total Asia/Pacific Companies 
Total 64-Bit Market 

1994 
Units 

59,059 
180 

0 
25 

59,264 

129 
194 

0 
0 

323 

59,587 

1995 
Units 

70,634 
270 

0 
10 

70,914 

303 
373 

0 
0 

676 

71,590 

Percentage 
Change 

19.6 
50.0 

0 
-60.0 
19.7 

134.9 
92.3 

0 
0 

109.3 

20.1 

1995 Market 
Share (%) 

98.7 
0.4 

0 
0 

99.1 

0.4 

0.5 
0 
0 

0.9 

100.0 

Source: Dataquest (June 1996) 
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Table 3-7 
Each Company's Factory Revenue from Shipments of 8-Bit and 16-Bit CISC 
Microprocessors Worldwide (Millions of U.S. Dollars) 

Total Market 
Americas Companies 

Advanced Micro Devices 
California Micro Devices 
Chips & Technologies 
Harris 
Hughes 
Intel 
Motorola 
National Semiconductor 
Performance Semiconductor 

RockweU 
Texas Instruments 
Zilog 

Japanese Companies 

Fujitsu 
Hitachi 
Matsushita 
Mitsubishi 
NEC 
Oki 
Ricoh 
Sharp 
Toshiba 

European Companies 

Philips 
Asia/Pacific Companies 

LG Semicon 

1993 
440 
221 
38 
2 
0 

11 
3 

90 
0 
4 
7 
5 

22 
39 

215 
8 

73 
10 
15 
43 
9 
4 

11 
42 

1 
1 
3 
3 

1994 
536 
301 
81 
2 
0 

12 
3 

115 
5 
4 

11 
5 

20 
43 

234 
8 

80 
12 
9 

46 
9 
4 

12 
54 
0 
0 
1 
1 

Revenue 
1995 
517 
319 
61 
3 
5 

14 
3 

137 

10 
3 

15 
7 

20 
42 

190 
8 
2 

12 
11 
67 
10 
0 

16 
63 
0 
0 
8 
8 

Market Share (%) 
1993 
100.0 
50.2 
8.6 
0.5 

0 
2.5 
0.7 

20.5 
0 

0.9 
1.6 
1.1 

5.0 
8.9 

48.9 
1.8 

16.6 
2.3 
3.4 
9.8 
2.0 
0.9 
2.5 
9.5 
0.2 

0.2 
0.7 
0.7 

1994 
100.0 
56.2 
15.1 
0.4 

0 
2.2 
0.6 

21.5 
0.9 
0.7 
2.1 
0.9 
3.7 
8.0 

43.7 

1.5 
14.9 
2.2 
1.7 
8.6 
1.7 
0.7 
2.2 

10.1 
0 
0 

0.2 
0.2 

1995 
100.0 
61.8 
11.8 
0.5 
1.0 
2.6 
0.6 

26.6 
1.9 
0.5 
3.0 
1.3 
3.8 
8.1 

36.7 

1.6 
0.4 
2.4 
2.2 

13.0 
1.9 

0 
3.1 

12.2 

0 
0 

1.5 
1.5 

Source: Dataquest (June 1996) 
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Table 3-8 
Top 20 Companies' Factory Revenue from Shipments of 8-Bit and 16-Bit CISC 
Microprocessors Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1994 
Rank 

1 

5 
4 
2 

6 
7 

10 
11 

8 
9 

12 

13 
15 
14 
21 
16 
95 
19 
17 

20 

Intel 
NEC 
Toshiba 
Advanced Micro Devices 
Zilog 

Texas Instraments 
Sharp 

Performance Semiconductor 
Harris 
Matsushita 
Mitsubishi 
Oki 

Motorpla 
Fujitsu 
LG Semicon 
Rockwell 
Chips & Technologies 
Hughes 
National Semiconductor 
California Micro Devices 

All Others 

Americas Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

115 
46 
54 
81 
43 
20 
12 
11 
12 
12 
9 
9 
5 
8 
1 
5 
0 
3 
4 
2 

84 

301 
234 

0 
1 

536 

1995 
Revenue 

137 
67 
63 
61 
42 
20 
16 
15 
14 
12 
11 
10 
10 
8 
8 
7 
5 
3 
3 
3 

2 

319 

190 
0 
8 

517 

Percentage 
Change 

19.0 
46.0 
17.0 

-25.0 
-3.0 
-1.0 
33.0 
40.0 
13.0 
2.0 

24.0 
12.0 

100.0 
3.0 

700.0 
38.0 
NM 

0 
-30.0 
34.0 

-98.0 

6.0 
-19.0 

0 
700.0 

-4.0 

1995 Market 
Share (%) 

26.6 
13.0 
12.2 
11.8 
8.1 
3.8 
3.1 
3.0 
2.6 
2.4 
2.2 

1.9 
1.9 
1.6 
1.5 
1.3 
1.0 
0.6 
0.5 
0.5 

0.4 

61.8 
36.7 

0 
1.5 

100.0 

NM = Not meaningful 

Source: Dataquest (June 1996) 
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Table 3-9 
Each Company's Factory Revenue from Shipments of 32-Bit CISC Microprocessors 
Worldwide (Millions of U.S. Dollars) 

Total Market 

Americas Companies 

Advanced Micro Devices 

Chips & Technologies 

Cyrix 

IBM 

Intel 

Motorola 

National Semiconductor 

Performance Semiconductor 

Texas Instruments 

Japanese Companies 

Fujitsu 

Hitachi 

Mitsubishi 

NEC 

European Companies 

TCS 

Asia/Pacific Companies 

United Microelectronics 

1993 

7,701 

7,666 

440 

6 

95 

46 

6,319 

685 

34 

9 

32 

25 

1 

2 

0 

22 

10 

10 

0 

0 

Revenue 

1994 

9,812 

9,763 

823 

7 

231 

0 

8,050 

561 

46 

4 

41 

29 

1 

3 

0 

25 

10 

10 

10 

10 

1995 

12,043 

11,980 

750 

0 

212 

75 

10,386 

479 

43 

6 

30 

34 

1 

1 

6 

25 

14 

14 

15 

15 

Market Share (%) 

1993 

100.0 

99.5 

5.7 

0.1 

1.2 

0.6 

82.1 

8.9 

0.4 

0.1 

0.4 

0.3 

0 

0 

0 

0.3 

0.1 

0.1 

0 

0 

1994 

100.0 

99.5 

8.4 

0.1 

2.4 

0 

82.0 

5.7 

0.5 

0 

0.4 

0.3 

0 

0 

0 

0.3 

0.1 

0.1 

0.1 

0.1 

1995 

100.0 

99.5 

6.2 

0 

1.8 

0.6 

86.2 

4.0 

0.4 

0 

0.2 

0.3 

0 

0 

0 

0.2 

0.1 

0.1 

0.1 

0.1 

Source: Dataquest (June 1996) 
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Table 3-10 
Top 15 Companies' Factory Revenue from Shipments of 32-Bit CISC Microprocessors 
Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1994 
Rank 

1 
2 
3 
4 

28 
5 
6 
7 

9 
8 

19 
11 
13 
12 

10 

Intel 
Advanced Micro Devices 
Motorola 
Cyrix 
IBM 
National Semiconductor 
Texas Instruments 

NEC 
United Microelectronics 

TCS 
Mitsubishi 
Performance Semiconductor 
Fujitsu 
Hitachi 
Chips & Technologies 

All Others 

Americas Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

8,050 
823 
561 
231 

0 
46 
41 

25 
10 
10 
0 
4 
1 
3 
7 

0 

9763 
29 
10 
10 

9,812 

1995 
Revenue 

10,386 
750 
479 
212 
75 
43 
30 
25 
15 
14 
6 
6 
1 
1 
0 

0 

11,980 
34 
14 
15 

12,043 

Percentage 
Change 

29.0 
-9.0 

-15.0 
-8.0 
NM 

-8.0 
-27.0 

2.0 
50.0 
40.0 
NM 
40.0 
27.0 

-67.0 
-100.0 

0 

23.0 
16.0 
40.0 
50.0 

23.0 

1995 Market 
Share (%) 

86.2 
6.2 

4.0 
1.8 
0.6 
0.4 
0.2 
0.2 
0.1 
0.1 

0 
0 
0 
0 
0 

0 

99.5 
0.3 

0.1 
0.1 

100.0 

NM = Not meaningful 

Source: Dataquest (June 1996) 
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Table 3-11 
Ranking of Each Company's Shipments of 32-Bit CISC Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1994 
Rank 

1 

2 

3 

5 

4 

8 

7 

9 

6 

10 

12 

16 

13 

14 

15 

11 

Company 

Intel 

Motorola 

Advanced Micro Devices 

Cyrix 
National Semiconductor 

reM 
Hitachi 

Toshiba 

Texas Instruments 

SGS-Thomson 

NEC • 

Mitsubishi 

TCS 

United Microelectronics 

Fujitsu 

Chips & Technologies 

All Others 

Total Market 

NM = Not meaningful 
Source: Dataquest (June 1996) 

1994 
Units 

40,290 

36,157 

9,595 

2,382 

3,700 

1,515 

1,550 

1,250 

1,710 

650 

90 

4 

25 

25 

8 

147 

0 

99,098 

1995 
Units 

52,250 

50,315 

10,877 

3,642 

2,190 

2,133 

1,900 

1,600 

1,392 

600 

110 

77 

31 

10 

8 

0 

0 

127,135 

Percentage 
Change 

29.7 

39.2 

13.4 

52.9 

-40.8 

40.8 

22.6 

28.0 

-18.6 

-7.7 

Til 

1,825.0 

24.0 

-60.0 

NM 

-100.0 

0 

28.0 

1995 Market 
Share (%) 

41.1 

39.6 

8.6 

2.9 

1.7 

1.7 

1.5 

1.3 

1.1 

0.5 

0.1 

0.1 

0 

0 

0 

0 

0 

100.0 
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Table 3-12 
Ranking of Each Companj^s Shipments of 32-Bit CISC Embedded Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1994 
Rank 

1 

2 

4 

6 

3 

5 

8 

7 

14 

13 

9 

12 

10 

11 

Company 

Motorola 

National Semiconductor 

Hitachi 

Toshiba 

Intel 

Advanced Micro Devices 

Texas Instruments 

SGS-Thomson 

IBM 

CjTix 

NEC 

Mitsubishi 

TCS 

Fujitsu 

All Others 

Total Market 

1994 
Units 

31,859 

3,700 

1,550 

1,250 

1,850 

1,385 

170 

650 

0 

0 

90 

4 

25 

8 

0 

42,541 

1995 
Units 

49,202 

2,190 

1,900 

1,600 

1,444 

1,395 

1,276 

600 

448 

238 

110 

77 

31 

8 

0 

60,519 

Percentage 
Change 

54.4 

-40.8 

22.6 

28.0 

-21.9 

0.7 

650.6 

-71 

NM 

NM 

22.2 

1,825.0 

24.0 

NM 

0 

42.0 

1995 Market 
Share (%) 

81.3 

3.6 

3.1 

2.6 

2.4 

2.3 

2.1 

1.0 

0.7 

0.4 

0.2 

0.1 

0.1 

0 

0 

100.0 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Table 3-13 
Ranking of Each Company's Shipments of 32-Bit CISC Compute Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 
. 2 

3 
4 
5 
6 
7 
8 

1994 
Rank 

1 
2 
4 
6 
3 
5 
8 
7 

Company 
Intel 
Advanced Micro Devices 
Cyrix 
ffiM 
Motorola 
Texas Instruments 
United Microelectronics 
Chips & Technologies 

All Others 

Total Market 

1994 
Units 

38,440 
8,210 
2,382 

1,515 
4,298 
1,540 

25 
147 

0 

56,557 

1995 
Units 
50,806 
9,482 
3,404 

1,685 
1,113 

116 
10 
0 

0 

66,616 

Percentage 
Change 

32.2 
15.5 
42.9 
11.2 

-74.1 
-92.5 
-60.0 

-100.0 

0 

18.0 

1995 Market 
Share (%) 

76.3 
14.2 
5.1 
2.5 
1.7 
0.2 

0 
0 

0 

100.0 

Source: Dataquest (June 1996) 
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Table 3-14 
Each Company's Factory Revenue from Shipments of 32-Bit-and-Up RISC 
Microprocessors Worldwide (Millions of U.S. Dollars) 

Total Market 

Americas Companies 

Advanced Micro Devices 

AT&T 

Cypress Semiconductor 

IBM 

Integrated Device Technology 

Intel 

LSI Logic 

Motorola 

Texas Instruments 

VLSI Technology 

Weitek 

Japanese Companies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Toshiba 

European Companies 

GEC Plessey 

SGS-Thomson 

Siemens 

Asia/Pacific Companies 

1993 

642 

521 

33 

2 

6 

42 

43 

160 

47 

20 

146 

3 

19 

71 

16 

4 

1 

2 

22 

26 

50 

7 

39 

4 

0 

Revenue 

1994 

1,089 

834 

81 

0 

0 

246 

51 

205 

51 

31 

153 

2 

14 

198 

47 

T7 

2 

0 

34 

38 

57 

6 

51 

0 

0 

1995 

1,720 

1,310 

74 

0 

0 

525 

63 

231 

36 

177 

180 

4 

20 

339 

68 

132 

3 

0 

84 

52 

71 

3 

68 

0 

0 

Market Share (%) 

1993 

100.0 

81.2 

5.1 

0.3 

0.9 

6.5 

6.7 

24.9 

7.3 

3.1 

22.7 

0.5 

3.0 

11.1 

2.5 

0.6 

0.2 

0.3 

3.4 

4.0 

7.8 

1.1 

6.1 

0.6 

0 

1994 

100.0 

76.6 

7.4 

0 

0 

22.6 

4.7 

18.8 

4.7 

2.8 

14.0 

0.2 

1.3 

18.2 

4.3 . 

7.1 

0.2 

0 

3.1 

3.5 

5.2 

0.6 

4.7 

0 

0 

1995 

100.0 

76.2 

4.3 

0 

0 

30.5 

3.7 

13.4 

2.1 

10.3 

10.5 

0.2 

1.1 

19.7 

4.0 

7.7 

0.2 

0 

4.9 

3.0 

4.1 

0.2 

4.0 

0 

0 

Source: Dataquest (June 1996) 
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Table 3-15 
Top 16 Companies' Factory Revenue from Shipments of 32-Bit-and-Up RISC 
Microprocessors Worldwide (Millions of U.S. Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 

1994 
Rank 

1 
2 
3 

12 

5 
11 

. 4 
7 
9 
6 

10 
8 

13 
16 
14 

15 

IBM 
Intel 
Texas Instruments 
Motorola 
Hitachi 

NEC 
Advanced Micro Devices 
SGS-Thomson 
Fujitsu 
Integrated Device Technology 
Toshiba 
LSI Logic 
Weitek 
VLSI Technology 
GEC Plessey 
Matsushita 

All Others 

Americas Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1994 
Revenue 

246 
205 
153 
31 
77 
34 
81 
51 
47 

51 
38 
51 
14 
2 

6 
2 

0 

834 

198 
57 

0 

1,089 

1995 
Revenue 

525 
231 
180 
177 
132 
84 
74 
68 
68 
63 
52 
36 
20 
4 
3 
3 

0 

1,310 
339 
71 
0 

1,720 

Percentage 
Change 

113.0 
13.0 
18.0 

471.0 
71.0 

147.0 
-8.0 
34.0 
45.0 
24.0 
37.0 

-29.0 
40.0 
86.0 

-50.0 
33.0 

0 

57.0 
71.0 
25.0 

0 

58.0 

1995 Market 
Share (%) 

30.5 
13.4 
10.5 
10.3 

in 
4.9 
4.3 
4.0 
4.0 
3.7 
3.0 
2.1 
1.1 
0.2 
0.2 
0.2 

0 

76.2 
19.7 
4.1 

0 

100.0 

Source: Dataquest (June 1996) 
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Table 3-16 
Ranking of Each Company's Shipments of 32-Bit-and-Up RISC Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 
17 
18 
19 
20 

1994 
Rank 

1 
2 
5 

10 
3 
4 

17 
6 
7 
9 
8 

12 
11 
15 
13 
14 

16 
18 
21 

19 

Company 
Hitachi 
Intel 
LSI Logic 

NEC 
IBM 
Advanced Micro Devices 
Motorola 
Integrated Device Technology 

GEC Plessey 
Fujitsu 
Texas Instruments 
SGS-Thomson 
Hewlett-Packard 
Digital Equipment Corporation 

VLSI Technology 
Toshiba 
Weitek 
Mitsubishi 
National Semiconductor 
Performance Semiconductor 

All Others 

Total Market 

1994 
Units 
6,008 
4,155 

900 
230 

2,000 
1,139 

32 

603 
550 
370 
400 
150 
175 
65 

109 
78 
60 
17 
0 

15 

0 

17,056 

1995 
Units 
6,511 
5,717 
3,100 
2,698 
2,121 

1,930 
1,306 
1,000 

686 
570 
444 

350 
225 
180 
138 
130 
62 
25 
20 
0 

0 

27,212 

Percentage 
Change 

8.4 
37.6 

244.4 

1,073.0 
6.1 

69.4 
3,981.3 

65.8 
24.7 
54.1 
11.0 

133.3 
28.6 

176.9 

27.1 
66.7 
3.3 

47.1 
NM 

-100.0 

0 

60.0 

1995 Market 
Share (%) 

23.9 
21.0 
11.4 
9.9 

7.8 
7.1 

4.8 
3.7 

2.5 
2.1 
1.6 

1.3 
0.8 
0.7 

0.5 
0.5 
0.2 
0.1 
0.1 

0 

0 

100.0 

NM = Not meaningful 
Note: Hitachi's 1994 total includes devices that were reclassified as microcontrollers in the 1995 numbers. 
Source: Dataquest (June 1996) 
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Table 3-17 
Ranking of Each Company's Shipments of 32-Bit-and-Up RISC Embedded 
Microprocessors Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

1994 
Rank 

1 
2 
4 

10 
3 
6 
5 
9 
7 

11 
12 
17 
13 
15 
18 
16 
8 

14 

Company 
Hitachi 
Intel 
LSI Logic 
NEC 
Advanced Micro Devices 
Integrated Device Technology 
GEC Plessey 
SGS-Thomson 
Fujitsu 
VLSI Technology 
Weitek 
Motorola 
Mitsubishi 
Toshiba 
National Semiconductor 
Digital Equipment Corporation 
Hewlett-Packard 
Performance Semiconductor 

All Others 

Total Market 

1994 
Units 
6,008 
4,070 

900 
110 

1,139 
539 
550 
150 
190 
109 
50 
0 

17 
4 

0 
0 

175 
15 

0 

14,026 

1995 
Units 
6,511 
5,717 
3,100 
2,430 
1,930 

875 
686 
350 
300 
138 
62 

56 
25 
25 
20 
15 
0 
0 

^ 

22,240 

Percentage 
Change 

8.4 
40.5 

244.4 
2,109.1 

69.4 

62.3 
24.7 

133.3 
57.9 
27.1 

24.0 
NM 
47.1 

525.0 
NM 
NM 

-100.0 
-100.0 

0 

59.0 

1995 Market 
Share (%) 

29.3 
25.7 
13.9 
10.9 
8.7 

3.9 
3.1 
1.6 
1.3 
0.6 
0.3 
0.3 
0.1 
0.1 
0.1 
0.1 

0 
0 

0 

100.0 

NM = Not meaningful 
Note: Hitachi's 1994 total includes devices that were reclassified as microcontrollers in the 1995 numbers. 
Source: Dataquest (June 1996) 
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Table 3-18 
Ranking of Each Company's Shipments of 32-Bit-and-Up RISC Compute 
Microprocessors Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1994 
Rank 

1 
9 
2 

3 
4 

11 
7 
8 
6 
5 

10 

Company-
IBM 
Motorola 
Texas Instruments 
Fujitsu 
NEC 
Hewlett-Packard 
Digital Equipment Corporation 
Integrated Device Technology 

Toshiba 
Intel 

Weitek 

All Others 

Total Market 

NM = Not meaningful 
Source: Dataquest (June 1996) 

1994 
Units 
2,000 

32 
400 
180 
120 

0 
65 
64 
74 
85 
10 

0 

3,030 

1995 
Units 
2,121 
1,250 

445 
270 
268 
225 
165 
125 
105 

0 
0 

0 

4,974 

Percentage 
Change 

6.1 
3,806.3 

11.3 
50.0 

123.3 
NM 

153.8 
95.3 
41.9 

-100.0 
-100.0 

0 

64.0 

1995 Market 
Share (%) 

42.6 
25.1 
8.9 
5.4 
5.4 
4.5 
3.3 
2.5 
2.1 

0 
0 

0 

100.0 

MCRO-WW-MS-9603 ©1996 Dataquest July 29,1996 
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Section 4: R/licroprocessor Unit Siiipments—Processor Families 

Table 4-1 
Shipments of Microprocessors by Family Worldwide (Thousands of Units) 

1995 1994 
Rank Rank 

1994 
Units 

1995 
Units 

Percentage 
Change 

1995 Market 
Share (%) 

1 
2 
3 
4 

5 
6 
7 
8 

1 
2 

3 
4 

6 

5 
9 

10 

x86 
68K 
SH 
i960 
MIPS 
PowerPC 
SPARC 
ARM 

All Others 

81,927 
39,632 

6,000 
4,070 
1,732 
2,000 

780 
659 

99,109 
54,446 
6,500 
5,610 
4,678 
3,427 

1,015 
822 

21.0 
37.4 

8.3 
37.8 

170.1 
71.4 

30.1 
24.8 

42.0 
23.1 
2.8 
2.4 
2.0 
1.5 
0.4 
0.3 

61,013 67,823 11.2 28.5 

Total 191,547 236,080 23.2 100.0 

Source: Dataquest (June 1996) 

Table 4-2 
Shipments of Embedded Microprocessors by Family Worldwide (Thousands of Units) 

1995 
Rank 

1994 
Rank 

1994 
Units 

1995 
Units 

Percentage 
Change 

1995 Market 
Share (%) 

1 
2 
3 
4 

5 
6 
7 

1 
2 
3 
4 

5 
8 

10 

68K 
x86 
SH 
i960 
MIPS 

ARM 
SPARC 

All Others 

35,334 
29,668 
6,000 
4,070 
1,474 

659 
190 

53,333 
33,606 
6,500 
5,610 

4,180 
824 
300 

50.9 
13.3 
8.3 

37.8 
183.6 

25.1 
57.9 

32.4 
20.4 
4.0 
3.4 

2.5 
0.5 
0.2 

54,565 60,138 10.2 34.9 

Total 131,960 164,492 24.7 100.0 

Source: Dataquest (June 1996) 
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Table 4-3 
Shipments of Compute Microprocessors by Family Worldwide (Thousands of Units) 

1995 
Rank 

1994 
Rank 

1994 
Units 

1995 
Units 

Percentage 
Qiange 

1995 Market 
Share (%) 

1 
2 

3 
4 
5 

6 
7 

1 
2 
3 
4 
5 
6 
7 

x86 
PowerPC 
68K 
SPARC 
MIPS 
PA-RISC 
Alpha 

All Others 

52,259 
2,000 
4,298 

590 
258 

0 
65 

65,503 
3,371 

1,113 
715 
498 
225 
165 

25.3 
68.6 

-74.1 
21.2 
93.0 
NM 

153.8 

91.5 
4.7 
1.6 
1.0 
0.7 

0.3 
0.2 

117 -100.0 

Total 59,587 7130 20.0 100.0 
NM = Not meaningful 

Source: Dataquest (June 1996) 

Table 4-4 
Shipments of CISC Microprocessors by Family Worldwide (Thousands of Units) 

1995 1994 
Rank Rank 

1994 
Units 

1995 
Units 

Percentage 
Change 

1995 Market 
Share (%) 

1 
2 

1 x86 
2 68K 

81,927 
39,632 

99,109 
54,446 

21.0 
37.4 

475 
26.1 

All Others 52,932 52,142 6.5 25.0 

Total 174,491 208,868 20.0 100.0 
Source: Dataquest (June 1996) 
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Table 4-5 
Shipments of RISC Microprocessors by Family Worldwide (Thousands of Units) 

1995 1994 1994 1995 Percentage 1995 Market 
Rank Rank Units Units Change Share (%) 

1 
2 
3 
4 
5 

6 
7 
8 

1 
2 
3 
4 
5 
6 
7 

8 

SHX 
i960 
MIPS 
PowerPC 
SPARC 
ARM 

PA-RISC 
Alpha 

All Others 

6,000 
4,070 
1,732 
2,000 

780 
659 
179 
65 

6,500 
5,610 
4,678 
3,427 
1,015 

822 

229 
180 

8.3 
37.8 

170.1 
71.4 
30.1 

24.8 
27.9 

176.9 

23.9 
20.6 
17.2 
12.6 
3.7 

3.0 
0.8 
0.7 

1,571 4,751 202.4 17.5 

Total 17,056 27,212 600 100.0 

Note: IHitachi's 1994 total includes devices that were reclassified as microcontrollers In the 1995 numbers. 

Source: Dataquest (June 1996) 
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Section 5: IVIicroprocessor Unit Sliipments—x86 Processor Family 

Table 5-1 
Ranking of Each Company's Shipments of x86 Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1994 
Rank 

1 
2 
3 
4 
6 
5 
7 
8 

10 
11 
9 

Company 
Intel 
Advanced Micro Devices 
NEC 
Cyrix 

reM 
Texas Instruments 
Oki 
Harris Semiconductor 
Sharp 
United Microelectronics 
Chips & Technologies 

All Others 

Total x86 Market 

1994 
Units 
50,790 
14,177 

10,670 
2,382 
1,515 
1,540 

400 
225 
56 
25 

147 

0 

81,927 

1995 
Units 
58,655 
20,595 
12,160 
3,642 
2,133 
1,153 

340 
281 
140 
10 
0 

0 

99,109 

Percentage 
Change 

15.5 
45.3 
14.0 
52.9 
40.8 

-25.1 
-15.0 
24.9 

150.0 
-60.0 

-100.0 

0 

21.0 

1995 Market 
Share (%) 

59.2 
20.8 
12.3 
3.7 
2.2 
1.2 

0.3 
0.3 
0.1 

0 
0 

0 

100.0 

Source: Dataquest (June 1996) 

Table 5-2 
Shipments of x86 Microprocessors by Family Worldwide (Thousands of Units) 

1994 
Units 

1995 
Units 

Percentage 
Change 

1995 Market 
Share (%) 

Pentium Pro 
Pentium/CjTix-6x86 
486/CyTix-5x86 
386 
286 
186/188 
8086/88 

0 
5,040 

43,587 
6,957 

444 
14,650 
11,249 

95 
33,214 
35,235 
1,631 

281 
16,017 
12,636 

NM 
559.0 
-19.2 
-76.6 
-36.7 

9.3 
12.3 

0.1 
33.5 
35.6 
1.6 
0.3 

16.2 
12.7 

All Others 

Total 81,927 99,109 21.0 100.0 
NM = Not meaningful 
Source: Dataquest (June 1996) 
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Table 5-3 
Ranking of Each Company's Shipments of 16-Bit x86 Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 

1994 
Rank 

1 

3 
2 
4 

5 
6 

Company 
NEC 

Advanced Micro Devices 
Intel 
Harris Semiconductor 
Oki 

Sharp 

All Others 

Total 16-Bit Market 

1994 
Units 
10^80 
4,582 

10,500 
225 
200 
56 

0 

26,143 

1995 
Units 
12,050 
9,718 
6,405 

281 
160 
140 

0: 

28,754 

Percentage 
Change 

13.9 
112.1 
-39.0 
24.9 

-20.0 

150.0 

0 

10.0 

1995 Market 
Share (%) 

41.9' 
33.8 
22.3 

1.0 
0.6 
0.5 

0 

100.0 

Source: Dataquest (June 1996) 

Table 5-4 
Ranking of Each Company's Shipments of 32-Bit x86 Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 

5 
6 
7 
8 

1994 
Rank 

1 
2 
3 
5 
4 
7 
8 
6 

Company 
Intel 
Advanced Micro Devices 
Cyrix 

IBM 
Texas Instruments 

NEC 
United Microelectronics 
Chips & Technologies 

AU Others 

Total 32-Bit Market 

1994 
Units 

40,290 
9,595 
2,382 

1,515 
1,540 

90 
25 

147 

0 

55,584 

1995 
Units 
52,250 
10,877 
3,642 

2,133 
1,153 

110 
10 

0 

0 

70,175 

Percentage 
Change 

29.7 
13.4 
52.9 
40.8 

-25.1 
22.2 

-60.0 
-100.0 

0 

26.0 

1995 Market 
Share (%) 

74.5 
15.5 
5.2 

3.0 
1.6 
0.2 

0 

0 

0 

100.0 

Source: Dataquest (June 1996) 
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Section 6: IVIicroprocessor Unit Sliipments—68K Processor Family 

Table 6-1 
Ranking of Each Companj^s Shipments of 68K Microprocessors Worldwide 
(Thousands of Units) 

1995 1994 
Rank Rank Company 

1994 
Units 

1995 
Units 

Percentage 
Change 

1995 Market 
Share (%) 

1 
2 

3 
4 
5 

1 
2 

3 
4 

5 

Motorola 
Hitachi 
Toshiba 
SGS-Thomson 
TCS 

All Others 

Total 68K Market 

36,157 
1,550 
1,250 

650 
25 

50,315 
1,900 
1,600 

600 
31 

39.2 
22.6 
28.0 

-in 
24.0 

92.4 
3.5 
2.9 
1.1 
0.1 

39,632 54446 37.0 100.0 
Source: Dataquest (June 1996) 
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Section 7: i\1icroprocessor Unit Sliipments—RISC Processor Families 

Table 7-1 
Ranking of Each Company's Shipments of SPARC Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 

1994 
Rank 

2 
1 
3 

Company 
Fujitsu 
Texas Instruments 
Weitek 

All Others 

Total SPARC Market 

1994 
Units 

370 
400 

10 

0 

780 

1995 
Units 

570 
445 

0 

0 

1,015 

Percentage 
Change 

54.1 

11.3 
-100.0 

0 

30.0 

1995 Market 
Share (%) 

56.2 
43.8 

0 

0 

100.0 

Source: Oataquest (June 1 

Table 7-2 
Ranking of Each Company's Shipments of MIPS Microprocessors Worldwide 
(Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 

1994 
Rank 

1 
2 
3 
4 
5 

Company 
LSI Logic 
Integrated Device Technology 
NEC 
Toshiba 
Performance Semiconductor 

All Others 

Total MIPS Market 

1994 
Units 

900 
603 
140 
74 
15 

0 

1,732 

1995 
Units 
3,100 
1,000 

448 
130 

0 

0 

4,678 

Percentage 
Change 

244.4 
65.8 

220.0 
75.7 

-100.0 

0 

170.0 

1995 Market 
Share (%) 

66.3 
21.4 
9.6 
2.8 

0 

0 

100.0 

Source: Dataquest (June 1996) 
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Section 8: IVIicroprocessor Unit Sliipments-~8-Bit and 16-Bit Embedded 
Processors 

Table 8-1 
Ranking of Each Company's Shipments of 8-Bit Embedded Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 
17 
18 
19 

1994 
Rank 

1 
2 
3 
4 
5 
6 
7 
9 

10 
8 

13 
11 
12 
16 
15 
17 
19 
14 

18 

Company 
Zilog 
Toshiba 
Hitachi 
SGS-Thomson 
Sharp 
Motorola 
Oki 
LG Semicon 
Intel 
Ricoh 

California Micro Devices 
RockweU 
NEC 
National Semiconductor 
Mitsubishi 
Hughes 
Harris Semiconductor 
Texas Instruments 
Fujitsu 

All Others 

Total Market 

1994 
Units 

21,780 
6,200 
5,060 
4,510 
2,180 
1,891 

1,200 
1,000 

700 
1,000 

400 
567 

540 
219 
255 
93 
50 

260 
85 

0 

47,990 

1995 
Units 
25,411 
9,580 
4,420 
3,350 
2,630 
1,049 
1,030 

950 
875 
750 
500 
484 

440 
262 

210 
116 
62 
6 
0 

0 

52,125 

Percentage 
Change 

16.7 
54.5 

-12.6 
-25.7 
20.6 

-44.5 
-14.2 
-5.0 
25.0 

-25.0 
25.0 

-14.6 
-18.5 
19.6 

-17.6 
24.7 

24.0 
-97.7 

-100.0 

0 

9.0 

1995 Market 
Share (%) 

48.7 
18.4 
8.5 
6.4 

5.0 
2.0 
2.0 
1.8 
1.7 
1.4 
1.0 
0.9 
0.8 
0.5 
0.4 
0.2 

0.1 
0 
0 

0 

100.0 

Source: Dataquest (June 1996) 
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Table 8-2 
Ranking of Each Company's Shipments of 16-Bit Embedded Microprocessors 
Worldwide (Thousands of Units) 

1995 
Rank 

1 
2 

3 
4 

5 
6 
7 

8 
9 

10 
11 

1994 
Rank 

1 
3 
2 
4 
7 
5 
9 
8 

10 
6 

11 

Company 
NEC 
Advanced Micro Devices 
Intel 
Hitachi 
Harris Semiconductor 
SGS-Thomson 
Zilog 
Oki 
Sharp 
Matsushita 
Performance Semiconductor 

All Others 

Total Market 

NM = Not meaningful 
Source: Dataquest (June 1996) 

1994 
Units 
10,580 
4,582 

10,500 
400 
225 
350 
155 
200 
56 

340 
15 

0 

27,403 

1995 
Units 
12,050 
9,718 
6,405 

400 
281 
200 
193 
160 
140 
60 
0 

0 

29,607 

Percentage 
Change 

13.9 
112.1 
-39.0 
NM 
24.9 

-42.9 
24.5 

-20.0 
150.0 
-82.4 

-100.0 

0 

8.0 

1995 Market 
Share (%) 

40.7 

32.8 
21.6 

' 1.4 

0.9 
0.7 
0.7 

0.5 
0.5 
0.2 

0 

0 

100.0 
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