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

(408) 468-8000 Fax (408) 954-1 780 

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, 

w^O^. 
Jeffrey A. Byrne 
Vice President 
Worldwide Marketing 
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SEMICONDUCTOR DIRECTIONS 
IN PCs AND PC MULTIMEDIA 
As PC product life cycles grow shorter than ever, semiconductor vendors must work harder 
to get and keep the big design tmns. Don't miss out on your share of this rapidly growing 
market! Datacjuest's Semiconductor Directions in PCs and PC Multimedia program keeps 
your finger on the pulse of the semiconductor industry as it relates to PCs. DatacjuesVs 
hard-hitting analysis and industry statistics ensure that you know what is selling today as 
well as what features and products you'll need to gain market share tomorrow. Grounded in 
primary research and system teardown analysis, this program provides its client with 
forward-looking analysis for all major semiconductor devices in PCs. 

What's Driving 
Next-Generation 
PC Designs? 

Want more 
information 
about 
Dataquest? 

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

1-800-328-2954 

Consider if you have ever 
asked any of the following 
questions: 

• What features should I 
integrate into my 
graphics products to 
stay competitive? 

• What type of DRAM will 
PCs use in 2 years? 

• When will audio chips 
be designed into the 
motherboard? 

• Who sells more core 
logic chips than anybody 
else? And who is 
catching up? 

• What technologies 
impact power 
management in 
notebook PCs? 

• How much does it cost 
to add wavetable sound 
to a PC? 

• How many Pentiums is 
Intel selling? 

• How does Company X's 
new product impact the 
graphics controller 
market? 

DataQuest 

Geared for Product 
Managers 

Semicor.-i ; tor Directions 
in PCs and PC Multimedia 
is geared for product 
managers emd strategic 
planners. This progreim 
offers timely, insightful 
analysis of the 
technologies, companies, 
products, and issues that 
drive the semiconductors 
in PCs. 

In fact, anyone who needs 
to understand the 
semiconductor market as it 
relates to PCs can benefit 
from this service. Clients 
of the program span the 
semiconductor food chain 
from test equipment 
companies to 
semiconductor companies 
to OEMs for PCs and other 
consumer equipment. 

The MPU is the Key 

The key to the PC is the 
microprocessor. Faster 
PCs, bus designs, new 
caching schemes, and 
memory management all 
hinge on evolving MPU 
architectures. 

Focused Research 

With this in mind, Dataquest 
has developed a program to 
focus specifically on the MPU 
and surrounding technologies 
in next-generation PC designs. 
Topical coverage and market 
statistics in this program 
include: 

• Microprocessor trends: x86 
and PowerPC 

• PC memory content 

• Advanced graphics 
processor design trends 

• Trends in standard versus 
custom IC designs 

• PC multimedia trends 

• I /O trends 

• PC core logic chipsets 

" PC semiconductor content 
analysis based on system 
teardown analysis and 
industry trends 

• Quarterly forecasts of x86 
microprocessors 

• Manufacturing issues 

• x86 competitive analysis 

• MPU price forecasts 
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SEMICONDUCTOR DIRECTIONS IN PCs AND PC MULTIMEDIA 

Perspectives Dataquest Perspectives present analysis and commentary on key technologies, 
companies, market opportunities, trends, and issues in the rruirket. Ten Perspectives 
will be published throughout the year. Scheduled Perspectives for 1996 include: 

• Teardown Analysis: Specific information about implementation trends in today's 
PCs, including drawings of current designs 

• Industry Standards: Including native signal processing (NSP), universal serial bus 
(USB), and new motherboard form factors (ATX) 

• Feature trends for functiorial subsystems and key semiconductor devices, including 
multimedia and graphics core logic, communications, media engines, and others. 

IVIarket Trends Market Trends Reports: Worldwide trends in microcomponent demand, PC unit 
production, industry competition, system architecture trends, and semiconductor 
device opportunities are addressed in these detailed reports. Also includes five-year 
revenue forecasts of the semiconductor-value composition of PCs by processor 
generation (e.g., 486, Pentium, P6) and type (e.g., RISC PC), derived by reconcihng 
device forecasts for memory, graphics, and core logic with PC unit forecasts. Separate 
reports will be published for graphics, MPU, core logic, and other devices. 

Avsilable in the Second Quarter 1996 

Market Statistics 

Reports 

Market Statistics Documents: Detailed market share statistics, unit shipments, and 
ASPs of MPUs, graphics emd core logic, I/O, and PC audio semiconductors. 

Available in the First and Second Quarters 1996 

Worldwide Semiconductor Consumption Forecast: Five-year revenue forecasts for 
the global semiconductor market by region: Asia/Pacific, North America, Japan, and 
Eurofje. 

Available in the Second and Fourth Quarters 1996 

Two In-depth reports on growing semiconductor opportunities. PC audio will be the 
subject of one report. The other will focus on another hot topic These reports will 
detail all major aspects of these markets including informabon on leading-edge 
products, the companies driving the markets, feature trends, emd a five-year forecast of 
semiconductor content. 

Available in August and September 1996 

Alerts: These are timely, industry-driven updates focused on current events and 
issues that significantly affect the semiconductor market. Alerts eire delivered via fax 
or electronic mail to get concise analysis in your hands fast. Alert topics in 1995 
ranged from trend-setting product announcements to industry impact of power 
outages in Taiwan. 

Event-driven Faxes 

The DQ Monday Report: These newsletter provides a weekly update of news, events, 
and analysis for the entire semiconductor industry. You also get regular updates of 
stock prices for Silicon Valley companies, as well as the Dataquest 100 stock index of 
leading semiconductor companies. 

Available Weekly via Electronic Mail 

Conferences Dataquest hosts the industry's preeminent semiconductor conferences in the United 
States, Europe, Japan, Taiwan, and Korea. Clients receive a discount on conference 
fees. 

Electronic News 

I>ataQLiest 
A Gartner Group Company 

Corporate Headquarters 
251 River Oaks Paiicway 
San Jose, CA 95134-1913 
United States 
Phone: 1-«8-468«IOO 
Fax 1-«»«4-1780 
Fax-Back: 1-e0l>328-2954 and press 4 
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United Kingdom 
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Hong Kong 
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Japan 
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Chuo-ku, Tokyo 104 
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Phone: 81-3-5S660411 
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December 1995 
Dear Dataquest Client: 

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

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

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

• Dataquest on Demand—OUT monthly CD-ROM containing a roUing 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 suimnary and analysis of 

top IT news, published via e-mail or fax by most Dataquest research groups 
• Dataquest Interactive — Our Internet-based electronic delivery system that you are invited to 

preview at this URL: http:/ /www.dataquest .com 

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

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

Sincerely, 

Jeffrey A. Byrne 
Vice President, Worldwide Marketing 

http://www.dataquest.com
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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 mew 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 Centred 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 Queirterly 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 CIS Applications Worldwide 
Electronic Design Automation (EDA) Worldwide 
Mechanical CAD/CAM/CAE Worldwide 
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 Market Opportunities 

Europe 
Professional Service Trends Asia/Pacific 

Sector Programs 
System Services North America 
• Desktop Services 
• Notebook Services 
• Server Services 
User Computing Services Europe 
Network Integration and Support Services North America 
Network Integration and Support Services Europe 
Software Services North America 
Strategic Service Partnering North America 
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Document 
Management 

Copiers 
Copiers North America 
Copiers Europe 

Facsimile 
Facsimile North America 

Printers 
Printers North America 

I^rinters Europe 
Coloiir 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 Supply 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 Mtiltimedia WW 
PC Teardown Anedysis 
PC Watch Europe 
Electronic Equipment Production Monitor Europe 
Electronic Apphcation Markets Europe —Automotive 
Electronic Application Markets Europe — Communications 
Electronic Application Markets Europe —Consumer 
Electronic Apphcation Markets Europe — EDP 

Manufacturing 
Semiconductor Eqmpment, Manufacturing, & Materials 

Worldwide 
LCD Industry Worldwide 
Semiconductor Contract Manufacturing Worldwide 

Telecom- Networking 
munications Networking Nortft America 

• Local Area Networks North America 
• Wide Area Networks North America 
• Modems North America 
Networking Europe 
• Asynchronous Transfer Mode Europe 
• ISDN Europe 
• Modems Europe 
• Local Area Networks Europe 
• WANs Europe 
Quarterly Market Watch North America 
• InteUigent 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 
Pubhc Network Equipment & Services North America 
• Pubhc Network Equipment North America 
• Pubhc Network Services North America 
Pubhc Network Equipment & Services Europe 
• PubUc Network Equipment Europe 
• Pubhc Network Services Europe 

Personal 
Cellular Telephony Worldwide 
Personal Communications North America 
Personal Communicatioiw 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 Organizations 
IS and Purchasing Organizations 
IT Supporting Industries 

Emerging IT 
Markets 

Central and Eastem 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 

CoipoFate Headquarters 
251 River Oaks Parkway 
San Jose. CA 95134-1913 
United States 
Ptwne: 1-40&-468-8000 
Fax: 1-408-954-1780 
Fax-on-Demand Dial 1-80O-32&-2954 
and press 4 (Limited to North America) 

@1996 Dataquest Incorporated 

Boston Area 
Nine Technology Drive 
P.O. Box 5093 
Westtxvough, MA 01581-5093 
United States 
Phone: 1-508-871-5555 
Fax: 1-508«71-6262 

United Kingdom 
Holmers Fami Way 
High V\tycombe, Buckinghamshire 
HP124XH 
United Kingdom 
Phone: -1441494422 722 
Fax: +441494422742 

Tokyo 
Shinkawa Sanko Building 
6th Floor 
1-3-17, Shinkawa 
Chuo4(u, Tokyo 104 
Japan 
Phone: 81-3-5566-0411 
Fax: 81-3-55660425 

Dataquest is a registered trademark of the A.C. Nielsen Company 
Program Code: NONE-WW MKTG 1/96 (PSB) 
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DATAQUEST 1996 CONFERENCES 
Dataquest sponsors an on-going series of conferences and invitational events focusing on 
trends and issues in information technology and IT services. These conferences are the 
preeminent source of insight and analysis of global IT market dynamics. 

North America 

Europe 

Japan 

Dataquest 
Invitational 
Computer 
Conferences 

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 

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 

Capitalizing on the Wireless Phenomenon 

Dataquest Predicts 

Dataquest Predicts 

Channel Trends Conference 

ServiceTrends Conference 

Mining the Internet 

Personal Computer Conference 

Copier Conference 

Storage Track Corvference 

SEMICON/West 

Multimedia 

Semiconductors '96 

Mining the Internet 

Computer Storage 

Semiconductors '96 

Computer Storage 

Semiconductors '96 

Computers and Peripherals 

Telecommunications 

Asia/Pacific Series 

Asia/Pacific Series 

Asia/Pacific Series 

Asia/Pacific Series 

Asia/Pacific Series 

Asia/Pacific Series 

Dataquest Storage Solutions Series - USA 

Dataquest Storage Solutions Series - USA 

Dataquest Storage Solutions Series - USA 

Dataquest Storage Solutions Series - USA 

Mediterranean Series 

Mediterranean Series 

Mediterranean Series 

Mediterranean Series 

San Jose, CaUfomia 

Boston, Massachusetts 

San Jose, CaUfomia 

San Jose, California 

Orlando, Florida 

Boston, Massachusetts 

San Jose, California 

Boston, Massachusetts 

Monterey, California 

San Francisco, California 

San Jose, California 

Palm Desert, CaUfomia 

San Jose, California 

Munich, Germany 

Frankfurt, Germany 

London, England 

Tokyo, Japan 

Tokyo, Japan 

Tokyo, Japan 

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) 

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 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Dataquest Storage 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Solutions 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Series-Europe 

Paris, France 

Munich, Germany 

Milan, Italy 

Rome, Italy 

Budapest, Hungary 

Prague, Czech Republic 

St. Petersburg, Russia 

Moscow, Russia 

Warsaw, Poland 

Amsterdam, Holland 

Stockholm, Sweden 

London, England 

Frankfurt, Germany 

Want more 
information 
about 
Dataquest? 

Place your request 
by calling our 
Fax-on-Demand 
system at 
1-800-328-2954 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

October 1 * 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Latin America Series 

Caracas, Venezuela 

Mexico City, Mexico 

Sao Paulo, Brazil 

Buenos Aires, Argentina 

Santiago, Chile 

Bogota, Columbia 

Lima, Peru 

February 19 South Africa Series 

February 22 South Africa Series 

Capetown, South Africa 

Johaimesburg, South Africa 

April 11 

April 30 

M a y l 

May 9 

May 14 

May 21 

November 1 * 

November 1 * 

November 1 * 

November 1 * 

November 1 * 

UNK Series-

LINKSeries-

LINK Series -

LINK Series-

LINKSeries• 

LINK Series -

LINK Series -

LINK Series • 

LINKSeries-

LINK Series -

LINK Series-

North America 

North America 

North America 

North America 

North America 

North America 

North America 

North America 

North America 

North America 

North America 

Orlando, Florida 

Austin, Texas 

Philadelphia, Peiuisylvania 

Charlotte, North Carolina 

Denver, Colorado 

Portland, Oregon 

Montreal, Quebec 

Ottawa, Ontario 

Calgary, Alberta 

Vancouver, BC 

Toronto, Ontario 

*Date tentative/may change 

Dataquest 
A Gartner Group Company 

Corporate Headquarters 
251 River Oaks Parltway 
San Jose, CA 95134-1913 
United States 
Phone; 1-408-468-6000 
Fax: 1-408-954-1780 
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®1996 Dataquest Incorporated 

United Kingdom 
Holmers Farm Way 
HgfnVJyaonibe, 
6ud<inghamshire 
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United Kingdom 
Phone: +441494422 722 
Fax: +441494422742 

Boston Area 
Nine Techrwiogy Dr»e 
P.O. Box 5093 
Wfesttxrajgh, HM 01581-S093 
United States 
Phone: 1-S0&«71-S555 
Fax: 1-506-871-6262 

France 
Immetiile Defense Bergetes 
345, avenue Georges 
Clemenceau 
TSA 40002 
92882 - Nanterre CTC Cedex 9 
Fiance 
Phone: +33141351300 
Fax; +33141 351313 

Germany 
Kronstadler Stiasse 9 
81677 MQnchen 
Deulschland 
Phone: +49899309090 
Fax; +49899303277 

Asia/Pacific 
7/F China Undervwiters 
Centre 
88 Gloucester Road 
V\^Chai 
Hong Kong 
Phone; 85228246168 
Fax 85228246138 

Japan 
Shinkawa Sanko Building 
6th Floor 
1-3-17, Shinkawa 
Chuo-ku, Tokyo 104 
Japan 
Phone: 81-3-55660411 
Fax; 81-a«6643425 

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

Italy 
Phone; +39 2 24 40 539 
Fax; +3922624400 

South Africa 
Phone; +27 11468 1084/7 
Fax: +27114681241 

Spain 
Phone; +341 57 13 804 
Fax; +3415714266 

Dataquest is a registered trademark of the AC. Nielsen Company 
Program Code; DQGE-WW MKTG 1/96 (PSB) 
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Here's How to Order Your Electronic News Binder 

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

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

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

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

Thank you for helping us serve you better. 

Customer Name 

Title 

Company 

Street Address 

City State/Province 

Country Postal/Zip Code 

Telephone Fax 

Total number of Electronic News binders needed: 

Dataquest 
251 River Oaks Parkway, San Jose, CA 95134-1913 
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Memo to Professor Murakami, re MPU Project 
Murakami-san: 

1 read with interest the notice of the consortium that you have formed to create a new^ 
microprocessor to challenge Intel's hold on the microprocessor market. I wish you and your 
associates at Toshiba, Matsushita, NEC, Hitachi, Sony, Fuji Xerox, TI Japan, and SGS-Thomson 
much success in your undertaking. I'd Like to assist your efforts by suggesting a few metrics 
you can use to target your program and measure your success. 

First and foremost, make sure that whatever you develop can run Windows 95 and Windows 
NT, along with all the 16-bit and 32-bit applications available on these platforms (including 
those old DOS and Windows 3.1 programs for which nobody can find the source code 
anymore). By the way, if your chip can't run all these programs, and rtm them much, faster than 
whatever Intel is selling at the time, buyers will not even take a second look. The RISC guys 
tried the "twice the performance at half the cost" approach, but ignored the x86 compatibility 
issues, and look where they ended up. 

Next, be prepared to match the price per bit that commodity DRAM vendors wiU be charging 
when you get to market. Since your design combines CPU and memory on one chip, you ŵ iU 
need a more complex manufacturing process than is needed to make either DRAM or logic 
devices alone, but I'm sure you can find other places to trim costs. Some users may need more 
memory than others, and the design you are proposing includes a CPU on each memory 
device. To remain competitive with commodity DRAMs, you might not be able to charge for 
these additional CPUs. Analysts like me have been talking about the ever-decreasing cost of 
computing cycles. Your approach could hasten this trend. 

Third, be careful that any cost savings you introduce by integrating the memory and processor 
on one chip do not get eaten up by other logic you need to make the system operational. Take a 
look at any contemporary Pentium or Pentium Pro motherboard. Aside from the CPU, a few 
core logic chips, and the memory SIMMs or DIMMs, there isn't a lot on it. And be prepared to 
design the motherboard for your key OEMs; the last engineer at a PC company who knew how 
to design a motherboard took early retirement a few years ago. 

Finally, take a good look at Intel's financial statements. It's easy to be dazzled by the $20 billion 
or so in revenue, but look too at the capital investment needed to keep buying new state-of-the-
art fabs the way most of us buy bottles of good wine. Given its margins, Intel obviously has a 
bit of room to adjust its prices in response to any serious threat, but maybe you will catch the 
company napping. It's not as if it were paranoid or anything like that. 

1 wish you much luck in your endeavors. I suspect you wiU need it. 
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Now There Are Two 

Not too long ago, analysts everywhere went on record with forecasts that showed how the 
architecturally neutral Windows NT spelled the end for Intel's domination of mainstream 
computer markets. NT would usher in a new era in which software developers could support 
multiple hardware platforms (possessing differing underlying architectures) with alm.ost no 
incremental effort, and users could source systems w^ith little or no regard for the underlying 
hardware, as long as it supported Windows NT. Had I been analyzing and forecasting at the 
time, 1 would have joined in these forecasts. Last week, IBM quietly announced its intent to 
drop Windows NT-based PowerPC platforms from its workstation lineup. (The announcement 
was whispered from rooftops in the dead of night and received little attention.) The current 
release (version 4.0) of Windows NT on PowerPC will be the final release. The few^ customers 
who signed up for this package can file this new information, along with other declarations of 
architecture neutrality, between "Santa Claus" and "tooth fairy." At this point, Windows NT 
spans just two architectures — x86 and Alpha. To date, Microsoft has only hinted at ending 
support for the PowerPC version of NT, unUke IBM, which has bludgeoned it to death. 

The promise of Windows NT on PowerPC appealed primarily to those who accepted the "Win" 
part of "Wintel" but who wanted an alternative to the "tel." Those who do not mind the "tel," 
but seek "Win" alternatives, still have OS/2, SCO UNIX, Solaris, and NetWare. Of the three 
AIM (Apple, IBM, and Motorola) partners, only Motorola placed a priority on Windows NT. 
Apple always cared more for the Mac OS environment, and IBM's interests fell into the AIX 
and AS/400 camps. Like Shelley's Ozymandias, these vendors focused on preserving, rather 
than expanding, their spheres of influence, at best a difficult proposition. 

The collapse of the Windows NT/PowerPC platform raises interesting questions about the 
future of the PowerPC Platform (PPCP) formerly known as the Common Hardware Reference 
Platform (CHRP). PPCP aimed at making aU major PowerPC software systems work with all 
standard PowerPC configurations, in much the same way that all major PC operating 
environments can be used across all "IBM-compatible" PCs. Because IBM's AIX plays but a 
small role in aU this, the PPCP's real goal was to allow users to buy Macintosh systems today 
that can be converted (via future software upgrades) to Windows NT systems. This could have 
provided a "graceful migration path" for users unsure of Apple's long-term product direction. 
The ability to move to alternate software platforms at a later date has little value if one does not 
expect alternate software platforms to exist at a later date. Dataquest anticipates that while 
PPCP momentum has built slowly (no vendor has introduced a PPCP-based system yet), 
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vendors are well past the point of no return, and we expect to see such systems emerge in the 
latter part of 1997. 

The PowerPC camp now must depend entirely on the Macintosh market to fuel its growth. 
Unfortunately, the Macintosh market is poorly positioned to support any major vendor's 
growth objectives. Large customers, still nervous from. Apple's recent near-death experiences, 
anxiously aw^ait the unveiling of a new strategy that will provide the Macintosh community 
w^ith a new^, contem^porary operating system environment in the wake of the Copland collapse. 
Macintosh clones have finally emerged, but are they too late to spark renewed interest in the 
platform? 

For the swelling ranks of Windows NT users, there now remain but two architectural choices — 
x86 and Alpha. Digital Equipment Corporation must now demonstrate that it can capitalize on 
its tmdisputed No. 2 position in the NT marketplace. If it can keep up with the blistering rate of 
growth for NT overall, it wiU strengthen its position. As usual. Digital brings impressive 
technology to the table but fails to present it in ways understandable to the nondigerati. 
Compute-intensive programs ported directly to Alpha outrun the x86 versions on the speediest 
Pentium Pros. So could programs running on 240-MHz 604es, although the advantage was not 
as great. The principal difference between Digital's approach to the NT market and PowerPC's 
approach lies in their approaches to the installed base of x86 software that any would-be Intel 
competitor must address. Fx32! emulation capability (available only recently) lets customers 
run a mixture of x86 and Alpha-based software simultaneously on the same hardware system, 
without seriously compromising performance. This frees users from the choice of a very fast 
machine with limited software versus a slower machine that runs virtually aU software titles. 
The PowerPC camp never addressed the migration issue in as coherent a manner as Digital 
has. Now the PowerPC camp will not need to solve this problem at all. 

By Nathan Brookwood 

Ozymandias 

I met a traveller from an antique land 
Who said: Two vast and trimkless legs of stone 
Stand in the desert. Near them, on the sand, 
Half stink, a shattered visage Hes, whose frown, 
And wrinkled lip, and sneer of cold command, 
Tell that its sculptor well those passions read 
Which yet survive, stamped on these lifeless things, 
The hand that mocked them, and the heart that fed; 
And on the pedestal these words appear: 
"My name is Ozymandias, king of kings: 
Look on my works, ye Mighty, and despair!" 
Nothing beside remains. Rotmd the decay 
Of that colossal w^reck, boundless and bare 
The lone and level sands stretch far away. 
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Intel Smashes Earnings Expectations and Bashes 
Proposition 211 

If it seems like just yesterday that almost everyone was worried about the health of the PC 
industry foUow^ing three flat revenue quarters at Intel (and the prospect for a fourth), it is 
because it was just yesterday. In July, Intel suggested that third quarter revenues would be 
essentially flat with the $4.62 billion reported for the second quarter. About a month ago, the 
company officially hinted that things looked a bit rosier and sales might actually increase five 
percent from the prior quarter. That action kept analysts busy for several days as they revised 
their sales and earnings projections, and investors bid up the Intel share price. 

Yesterday, when the company posted sales of $5.14 billion, up 11 percent on a sequential basis, 
and 23 percent on a year-to-year basis, the results exceeded most everyone's expectations. 
These increased revenues w^ere accompanied by a dramatic increase in gross margins to 57.2 
percent, up from 53.5 percent in the second quarter. At this level of sales, each incremental 
point of gross margin adds approximately $50 million to Intel's gross profit for the quarter. 

Intel blamed its inability to forecast its revenues more precisely on its customers' newly 
acquired habit of waiting until the very last minute to place their orders for microprocessors. In 
the good old days, customers would place orders three or four months in advance of shipment, 
and this allowed the company to use its backlog as a fairly accurate predictor of quarterly 
revenue. This year, these same customers have learned to delay placing their purchase orders 
until just days before they needed the parts. This behavior lets them tune their purchases to 
near-term rharket conditions, so they do not end up holding a bag of microprocessors that 
nobody wants. With the thin gross profit margins system vendors earn today, they cannot 
afford very many costly mistakes in this regard. 

While system vendors may be forced to find new techniques to make large profits on thin 
margins by turning inventories ever faster, Intel stiU makes its money the old fashioned w^ay — 
it sells products for a lot more than it costs to make them. This is especially true now that it has 
reined in its low^-margin motherboard operations. Intel still controls enough of this market to 
keep other board vendors on their toes, but does not need, nor should it want to dilute its 
margins any more than necessary in this cause. Consumer preference for higher clock rate 
processors (with higher gross margins) also helped the quarter's results. Intel charges $100 for 
a 100-MHz CPU, $200 for a 133-MHz CPU, $400 for a 166-MHz CPU, and $500 for the top-of-
the-line 200-MHz variety. AU these speed grades have about the same manufacturing cost. The 
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extra dollars customers pay for higher-performance models swell both the top and bottom lines 
on Intel's financial statements. 

It is hard to take issue w^ith financial results like these, but Intel's report raises two forward-
looking concerns regarding future market conditions. Dataquest's biggest worry is that Intel's 
strong performance might reflect vendor purchases in excess of actual end-user demand for the 
coming quarter. Two major players, Sony and Toshiba, have entered the home market in a 
major way, and nobody knows how successful they will be in the near term. The sum of aU the 
market shares projected in all the business plans of all the major vendors quite likely exceeds 
100 percent. If it exceeds this figure by too much, we will face the same kind of inventory glut 
and correction in 1997 that we had to deal with at the start of this year. Our second concern 
involves Intel's statement that "flash memory, embedded processors, and microcontrollers 
were slightly down in unit volumes ... and strong downward pricing pressure continued 
throughout the quarter." This statement, although consistent with Dataquest's view of the 
market, demonstrates that even Intel finds the competition tough, once it strays beyond the 
bovmdaries of its w^ell-protected x86 turf. 

Of course, in the topsy-turvy, litigious world of late twentieth-century American jurisprudence, 
Intel appears concerned that some CaUfomia shareholder, led by greedy securities lawyers, 
might sue the company for understating last month's projections for this quarter's results. 
Recent federal legislation makes such suits much more difficult, but the Proposition 211 
initiative on next month's California baUot, should it pass, would make them easier, at least in 
California. The prospect that voters might approve this initiative (as polls suggest they might) 
caused Intel to shut up Uke a clam and refrain from issuing any "forward-looking statements." 

By Nathan Brookwood 

This Alert was published by Dataquest's Semiconductor Directions in PCs and PC Multimedia 
Worldwide service. We are sending it to you because we thought the subject matter would be of interest 
to other semiconductor clients. 
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S3 Enters the PC Audio Market 

S3 Inc. officially entered the PC audio market today. In a press release today, the company 
formally announced the Sonic Vibes chip, which is a complete audio subsystem on a single 
chip. This announcement is a major step for S3 because it follows through on the company's 
stated goals of expanding beyond its core competencies of graphics and video processing. 

The new product has an impressive list of features, including wave table synthesis, FM 
synthesis, SRS stereo enhancement, a speed-compensating joystick interface, and a PCI bus 
interface. Yes ... that is correct... a PCI bus interface. The Sonic Vibes chip may also be 
implemented on the ISA bus but then requires an external memory device for wave table 
synthesis. The new chip takes advantage of the higher bandw^idth over PCI to use the PC's 
main memory for the wave table samples. S3 has reduced the total subsystem cost by 
eliminating the external ROM (typically 512KB or 1MB) that many other solutions require. A 
typical implementation requires only the Sonic Vibes chip. This reduces cost as well as board 
space for a wave table solution. 

SonicVibes is sampling now and is scheduled for volume production in the first quarter of 
1997. List price for quantities of 10,000 is $30 per chip in a PQFP-160 package. 

Dataquest Perspective 

This is a bold step for S3. The company's rapid growth has been fueled by its graphics and 
video accelerator business as S3 has grown to be the largest supplier of PC graphics 
accelerators. S3's success in the graphics arena has been a trend of capturing a growing share of 
a growing market. Now that S3 has such a large share of that business, additional market share 
is more difficult to get. S3 needs to address new product segments within the PC 
semiconductor market to continue its trend of growing so much faster than the overall market. 
S3 has been working on expanding its available market, and SonicVibes is part of that effort. 

The SonicVibes product is a step ahead of the mainstream PC audio chips today. This is 
necessary for S3 to break into this market because a "me too" solution would not compel very 
many OEMs to switch from the established audio chip suppliers. S3 is early to the market for 
PCl-based audio chips. The SonicVibes chip is compatible with the ISA bus, but is much more 
compelling with the PCI bus because of memory issues. This makes the risk of switching to an 
unproven audio chip vendor more palatable for an OEM because there are rewards (lower cost 
given the feature set) associated with that risk. One open issue is Sound Blaster compatibility. 
S3 has arranged for compatibility testing by a third party and has already received results from 
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testing using an ISA-based implementation. Those results show solid compatibility w^ith the 
Sound Blaster standard, but Dataquest is very interested in the results from the PCI-based 
implementation. The distinction is important because of the challenges associated with Sound 
Blaster compatibility over the PCI bus. 

S3's foray into the PC audio market should be very exciting to watch. The company has 
executed very well in the graphics market, bruiging compelling products to market on time 
and at an attractive price. S3 also has strong relationships with key OEMs at the PC and the 
add-in board level. These strengths will help to open doors for Sonic Vibes, but the company 
must build credibility in the audio market as well. It appears that S3 has hired the talent and 
experience to enter the audio market with a bang, so a measure of credibility has been 
established through the reputations and relationships of those employees. The task of winning 
new designs is next on the list. 

By Geoff Ballew 

# 
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Intel Adjusts P55C, Klamath Schedules: 
"All the Nonnews That's Fit to Print" 
Last week, several publications broke the story that Intel had moved the introduction date for its best-known 
unannounced product, the P55C, out one quarter, to January 1997. Intel blamed the delay on its inabiUty to ramp 
P55C production fast enough to meet an anticipated increase in market demand on the original schedule. The fact 
that Intel had pulled the introduction date of its second-best-known imannounced product, Klamath (the redesigned 
Pentium Pro), into the first quarter of 1997 (from the second quarter) received far less attention but is far more 
significant. 
The media coverage this minor event received boggles the mind. Dataquest hates to think what would have 
happened had Bob Dole named Andy Grove as his running mate, given the maimer in which the press pursued this 
story. Intel last used the "we can't make enough of them, so we are delaying the introduction" story when it 
rescheduled the original Pentium launch (from September 1992 to March 1993), and nobody believed it then, 
either. 
This delay in the P55C launch a good thing, regardless of the reasons behind it. Dataquest has heard a variety of 
conspiracy theories, along with doubts about the whole MMX program. Quite frankly, we don't care. MMX 
availability in 1996 could only have added sizzle but little steak to the Pentium story. Most applications will use 
MMX indirectly, via support that Microsoft plans to incorporate in its DirectX libraries. DirectX is gaining 
momentum, but the final version of DirectSD is only now hitting software developers' labs and will have at best a 
•minor effect on programs to be released this calendar year. Independent of the MMX and production issues (if 
any), the P55C introduction in the fourth quarter posed many potential problems. System vendors do not want to 
worry about introducing new models during their busiest selling season. End users, confused over the positioning 
and relative merits of the 200-MHz Pentium, the 200-MHz Pentium Pro, and the 200-MHz P55C, might have 
decided to postpone their purchases until things settled down, much as they did the last time they got confused in 
1994. Nobody wants a repeat of that awful market stall. 
The Klamath pull-in is far more significant than the P55C push-out. Like the P55C, Klamath adds MMX 
capability, along with higher speeds and a new packaging scheme (no more L2 cache inside the package). The 
Klamath launch had moved into the second quarter to accommodate a new generation of core logic that supports 
AGP, the new, fast Accelerated Graphics Port that Intel launched at last spring's WinHec conference. Now, Intel 
apparently 
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has opted to launch Klamath using an old, non-AGP chipset instead. (By then, the 440FX chipset introduced this 
June will be nine months old. Ordinarily, it would be destined for the old chips' home at that point, but now it will 
get a second chance in the market.) 
The Klamath laimch will mark the beginning of Intel's campaign to shift the market from Pentium to Pentium Pro. 
Pentium and Pentium Pro competitors like the Cyrix 6x86 and M2 and the AMD K6 need to be in the market close 
on the heels of the IGamath product, or they will lose even more ground. AMD and Cyrix liked the idea of a 
second quarter Klamath introduction, which gave them a little bit of time to fix whatever problems may show up in 
their own next-generation designs, but Intel just pulled that slack out of their schedules. There is no rest for the 
weary. 

by Nathan Brookwood 
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Macworld Ushers in New Power Macs; 
Is PowerPC Catching Up? 
This week's Macworld show in Boston differs from all that preceded it. Although Apple Computer introduced new 
versions of the 604-based Power Macintosh and the 603-based Performa, the big news came from the newly 
emerging Macintosh clone camp. For the first time, the fastest machine on the floor comes not from Apple but 
from Power Computing. And the least-expensive machine to be annotmced comes not from Apple but from UMAX 
Computer Corporation. These new alternatives provide real-world demonstrations of the advantages and 
disadvantages that result from the opening of the Mac architecture. Some users, who might otherwise have 
defected to the Wintel camp for reasons of price, performance, or availability, now have alternatives to keep them 
in the Macintosh family, even if the hardware they purchase doesn't come from Apple. This is a real plus for 
Apple; those who defect to Wintel are lost forever, but those who stray into PowerPC platforms from other vendors 
may eventually return. Of course, some users who might otherwise purchase Apple's systems may opt instead for 
those of a doner. Welcome to the competitive world, Gil. 

Apple Uses the Processor as a Way to Differentiate Product Lines 
Apple introduced updates to its two Macintosh product line^: the Power Macintosh, sold primarily to businesses, 
and the Macintosh Performa, sold mostly into the home. Aside from the entry-level 7200/120, which uses a 120-
MHz PowerPC 601 processor, the Power Macintosh line was upgraded to 150-MHz, 180-MHz, and 200-MHz 
PowerPC 604e processors. Prices start at $2,299 and go up to $4,899 for the 9500/200. For the first time, Apple 
also added multiprocessor-capable Macs on the high-end 8500 and 9500 Power Macintosh lines. Based on the 
posted prices, Apple appears more interested in boosting profitability than market share with these offerings. 
The new Performa 6400 line uses the PowerPC 603e processor, an enhanced version of the earlier 603 model, and 
drives it at speeds of 180 MHz and 200 MHz. Several nonprocessor enhancements have been made to the line, 
including faster CD-ROMs, larger drives, PC-compatible cards, and some very interesting multimedia capabilities, 
such as Avid Cinema, a digital video editing system, and 3-D sound that uses the computer case as a subwoofer. 

Power Computing Forges Ahead of Apple 
In late July, Power Computing announced a new Macintosh with a 225-MHz PowerPC 604e. The system is based 
on Apple's Power Mac 9500 six-slot PCI design. By introducing the 225-MHz configuration before Apple, Power 
Computing gains a performance advantage. Apple has hesitated to introduce its 225-MHz system, because it 
cannot get enough of the very fastest chips it needs to feed its huge worldwide distribution chaimels. Power needs 
far fewer chips and systems to kick off its launch and is able to meet its needs using PowerPC chips manufactured 
by IBM, which announced its 225-MHz version of the chip last week. (Motorola's fastest chips top out at 200 
MHz.) End users. Power Computing, and Apple all come out of this as winners. End users get a taste of the high-
performance systems they need, but which Apple cannot deliver in volume. Power Computing gets to claim it 
brings both price and performance advantages to the party. And Apple gets to hang onto Macintosh users who 
otherwise might now be test-driving Windows NT/Pentium Pro systems. 
In all. Power Computing announced three members of its PowerTower Pro line. They use 180-MHz, 200-MHz, and 
225-MHz PowerPC 604e processors and start at $4,200, $4,500 and $5,000, respectively. 

UMAX Stakes Out the Low End 
UMAX announced the Typhoon SuperMac line, which uses 140-MHz and 200-MHz 603e chips priced at $1,500 
and $2,500, respectively. A 160-MHz or 180-MHz processor may be added shortly to fill the $2,000 price point. 
These products are significantly lower in price than Apple's and should allow the company to grow its new 
Macintosh revenue quickly, once again demonstrating the advantages (to Apple) of the cloning strategy Apple is 
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finally executing. Mac users looking for low-cost solutions will no longer be forced into the Wintel "white box" 
camp. UMAX also updated its high-end line, the SuperMac line, by announcing the S900/200, which uses a 200-
MHz 604e processor. 

Power Mac versus Wintel: Who's Faster Now? 
Performance comparisons between high-end Macintosh and Wintel systems have become so complicated that both 
sides can now claim victory. There exists no accepted set of benchmarks that runs in both enviromnents and 
produces unambiguous results. UNIX is the only software environment that encompasses both architectures, but 
UNIX accounts for a very small part of actual x86 and PowerPC usage. The UNIX-based SPEC95 benchmarks give 
the PowerPC at 225 MHz a slight performance edge over the 200-MHz Pentimn Pro: 8.3 to 9.0 versus 8.1 in 
integer (general-purpose) calculations and 6.5 to 7.5 versus 6.8 for floating-point calculations. After adjusting 
these results for the relative efficiencies and inefficiencies of the UNIX, Macintosh, Windows, and Windows NT 
environments, everyone emerges a winner. This stalemate in high-end performance actually works to Apple's 
detriment. Existing Wintel customers have little price or performance motivation to migrate to Macintosh, while 
some Macintosh customers will surely be tempted to cross over for reasons of price and software availability. In a 
war of attrition, the side with the biggest starting position wins. 

Power Mac versus Wintel: Who's Faster Later? 
The performance battle must be fought not only today but also tomorrow. End users require periodic assurance that 
their strategic computing platforms vnll not run out of steam in the foreseeable future. Road maps are the weapons 
of choice in the battle for future performance advantage. Until recently, Intel's road maps, covering a wide range of 
rivers in the Western United States, provided a far more exciting future than the maps drawn up by the PowerPC 
partners. This week, IBM and Motorola gave their first indications of two new Somerset-based PowerPC design 
efforts, cleverly labeled "G3" and "G4." (Hey, don't they have rivers in Texas?) These new products still are far off 
(1997 for G3 and 1999 for G4), but they represent the first major additions to the PowerPC family since the kick-
off of the architecture in 1992. If both the Intel and PowerPC camps achieve their goals, the performance battle 
will continue to be too close to call. 

PowerPC Chips from IBM and Motorola: Who's Cheaper Now? 
One of the major arguments for a multivendor partnership model like the PowerPC consortium is that competition 
between individual members will drive prices to the optimum economic point. Until now, there has been littie 
overlap between the IBM and Motorola versions of the chips, and both vendors had trouble meeting demand as the 
Macintosh base converted from the 68000 to PowerPC. This year, supply and demand are better matched, and we 
are beginning to see signs of the promised price competition. The official prices announced by IBM and Motorola 
(for essentially the same components) differ dramatically (see Table 1). 
Tab le 1 
P o w e r P C Prices 
Model/Speed 

604e/166 MHz 

604e/180 MHz 
604e/200 MHz 
604e/225 MHz 

IBM Price ($) 

375 
424-, 
523 
594 

Motorola Price ($) 
243 

365 
520 
NA 

NA = Not applicable 
Source: Dataquest (August 1996) 

From a market dynamics viewpoint, there are relatively few customers to whom IBM or Motorola can sell 
PowerPCs in interesting quantities, and this gives the buyers of these chips a negotiating advantage about which 
Intel's customers can only dream. (Intel rarely needs to cut prices for competitive reasons, although it has chosen of 
late to lower prices aggressively in order to maintain a high rate of growth for unit shipments to fiiel its own 
growth.) 

Dataquest Perspective 
Apple's efforts to spawn clone vendors are finally bearing fruit. In the first quarter of 1996, Power Computing 
accounted for just over 5 percent of Macintosh unit sales worldwide. However, the major long-term problem that 
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confronts Apple is how to keep the entry-level buyer from bypassing the Macintosh and going directly to Wintel. 
After all, this is why the cloning effort was implemented in the first place. Many buyers have moved from the 
Macintosh to Wintel for a variety of reasons (for example, lack of high-integrity, high-security system software, 
trailing performance, poor offerings in portables), but we see little movement from Wintel to the Macintosh. 
The doners have, in general, attacked the low end of the market, but they are more focused on the high end where 
margins are better. They tend to compete with Apple based on better price and performance, not just better price. 
Power Computing's announcement of the 225-MHz 604e-based Mac demonstrates that they are now attacking with 
higher-performance products than Apple can bring to market. 
The Macintosh market still lacks systems priced below the name-brand vendors. White box Wintel PC vendors 
offer PCs at far lower prices than are available from name-brand makers. These are products offered from mail 
order businesses or storefronts without a recognized name or that are built from parts by customers. They account 
for over one-third of the PC market. There is no equivalent in the Macintosh world. IBM's chip division (IBM 
Microelectronics) is trying to jump-start such a market, and if Apple can deliver a shrink-wrap version of the Mac 
OS that runs on PowerPC platform-compliant systems, then we may see white box Macs next year. Apple needs 
this to happen so that cost-conscious customers can enter the Macintosh market and so that maybe eventually that 
customer will upgrade to 
one of its Macs. 
by Nathan Brookwood and Kimball Brown 
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The Intel Internet Media Symposium Tells Us Why 
Everyone Needs a Fast Pentium PC to Surf the Web 

What do you get when you cross big, multimedia data files with analog modems operating at 
speeds measured in kilobits per second? 

Anyone w^ho answered "a big mess" probably did not attend the Intel Internet Media 
Symposium on July 24. This one-day event was sponsored by Intel to demonstrate some new 
Internet applications and the underlying technologies necessary for those applications. Intel 
also used this event to reiterate the need for fast PCs (and therefore Intel microprocessors) in 
every consumer's home. Those who've been thinking about using a Network Computer (NC) 
rather than a PC for surfing the World Wide Web may find that it's time to think again. 

A new^ breed of Internet applications is forming, and fast, multimedia PCs will be more 
important than ever before. Intel calls these new applications hybrid applications because they 
combine the local resources of a multimedia PC with the benefits of connectivity over the 
Internet. Hybrid applications promise to maintain an acceptable level of online performance as 
multimedia content grow^s on the Web. This acceptable level of performance is necessary 
despite the trend that users' demand for bandwidth will increase faster than their actual 
bandwidth. 

Intel and a host of other companies, such as Microsoft, Macromedia, 3DO, CNET, Adobe 
Systems, and NBC, demonstrated new technologies that are enabling these applications as well 
as the applications themselves. 

In each case, the local resources of the PC are used to maximize the PC user's online experience 
by making the most of the available bandwidth to the Internet. This is achieved through 
several techniques, including delivering bulk content on static media such as CD-ROM discs 
and supplementing it with online content, downloading information and caching it on the hard 
disk before the user requests it, and segmenting information so the user receives the requested 
information quickly, without having to wait for related (but unrequested) information to be 
downloaded. Examples of hybrid applications are online gaming, TV programming with 
Intercast data delivery, and information services that deliver content during off hours rather 
than on demand. 

One example is Meridian 59, an online role-playing game from 3DO. This game uses a CD-
ROM disc to deliver bulk information such as the castle layout, 3-D models, and 
documentation. During game play, only information Like the positions and actions of 
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characters as they move around in the 3-D scene needs to be exchanged over the Internet. The 
user needs a full-featured PC to play this game because a CD-ROM drive, space on a hard disk, 
and 3-D graphics features (either dedicated graphics hardware or a fast MPU) are all necessary 
for smooth game play. 

NBC demonstrated its Intercast capability with a short segment of the broadcaster's 1996 
Olympics programming. Intercast uses the available bandwidth between the lines in analog 
television broadcast signals to transmit data. The result is a display that includes the TV picture 
in the corner of the PC display, with additional information formatted much Kke a Web page. 
This allows the viewer to watch TV while getting related information on the same screen. The 
Olympics example included biographical information about athletes and other information, 
such as the judges' scores before the TV camera panned to show them. A PC used for receiving 
Intercast programming must be able to parse the television signal from the data stream and 
display both on a real-time basis. 

A third example of a hybrid application is downloading information before the user requests it 
and caching it on the hard disk. CNET offers this service in conjunction with its television 
programming. The service allows large data files to be transferred and stored, so users gain 
immediate access to the multimedia files once they start browsing CNET's Web page for the 
day. This of course requires megabytes of available hard disk space and merely serves to 
minimize the user's perception of waiting time rather than the actual time required for 
downloading. 

Another application demonstrated was Intel's Internet Phone. This is not a hybrid application, 
but it does w^arrant discussion. Intel must be applauded for the very reasonable positioning of 
this product during the symposium. The Internet phone was portrayed not as a replacement 
for the phone company but as an integrated enhancement to the online experience. The 
example was shopping online. A Web surfer was perusing the site of a videocassette store and 
wanted to make a purchase but had a few questions. Instead of walking over to the phone and 
calling the store, the user clicked a button and was connected with a salesperson. The 
salesperson answ^ered a few^ questions and completed the order. In this case, the phone call was 
not the central activity, as it would have been if the user had been telephoning a friend. Voice 
quality was fine for a quick business transaction, and the seamless integration of the call with 
the Web site made this demonstration impressive. 

Each of these examples is important because the actual bandwidth is less of an issue than the 
user's perception of performance. Typical users do not care about the bandwidth of their 
Internet connection as long as they do not spend a lot of time waiting for a Web page to come 
up or for a requested file to download. This does not mean that higher bandwidth is not 
necessary, it simply means that a user's perception of performance is based on waiting time as 
well as data rate. Leveraging the dedicated resources of a PC to store, cache, and accelerate 
multimedia content over the Web gives the user the impression of higher performance. 

Dataquest Perspective 

Hybrid applications are good news for semiconductor manufacturers and PC OEMs. With all 
the talk about the NC and lower-cost PCs, these applications are real examples of why 
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consumers can justify purchasing more powerful PCs than they have today and why the $2,000 
PC will remain compelling compared with lower-cost variations. Performance standards for 
multimedia applications have been established in consumers' minds by the applications they 
run from their CD-ROM drives. They will apply these standards to Web-based multimedia in 
the same way that consumers compare digital video on PCs to analog television. 

Higher-speed communications and powerful PCs are both necessary to meet these 
expectations, but only one of the two, powerful PCs, is widely available today. Dedicated 
resources in PCs wiU be the difference between compelling multimedia over the Web and the 
wake-me-up-when-it-finishes-downloading multimedia that many consumers will not tolerate. 
Local storage will be a requirement, and fast microprocessors (or other multimedia 
semiconductors) wiU be necessary to decompress audio and video data. High-bandwidth 
communications could reduce these requirements but cannot replace them in the near term. As 
the World Wide Web continues to drive sales of consumer PCs, consumers who want to access 
the latest sites will continue to buy feature-rich PCs. Even as consumer bandwidth increases 
with technologies such as cable modems and digital subscriber loop (DSL), there is plenty of 
headroom to continue leveraging the PC's dedicated resources to deliver a better user 
experience than a terminal or a NC will be able to match. 
By Geoff Ballew 
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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. 
Samsimg 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 commimity 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 Samsimg 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 fiirther 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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If It's the First Day of the Second Month of the Quarter, 
It Must Be Tinne for Intel to Lower Processor Prices 

Intel has established a practice of reducing its microprocessor prices once each quarter, usually on 
the first day of the second month. Today's the day. It is no longer a question of if or when, but of 
how much. Table 1 shows the latest prices for quantities of 1,000. 

Table 1 
Intel Microprocessor Prices (U.S. Dollars) 

Processor 
Pentium Pro 
Pentium Pro 
Pentium Pro 
Pentium 
Pentium 
Pentium 
Pentitmi 
Pentitun 

Clock Speed (MHz) 
200 
180 
150 
166 
150 
133 

90/100 
75 

May 1,1996, Price 
707 
632 
534 
498 
364 
257 
134 
106 

Source: Dataquest (May 1996) 

It is easy to lose sight of what is happening here. In May 1994, Intel had just begun shipping the 
90-MHz Pentium, its fastest ever, at a price of $750. In just two years, that model has gone from 
being too expensive to think about to being the lowest-performing chip worth thinking about. One 
year ago, Intel's fastest chip was a 133-MHz Pentium that sold for $750. It has come down 66 
percent in the past year. Today, a 200-MHz Pentium Pro, with about twice the performance of the 
133-MHz Pentium (at least on 32-bit applications under Windows NT), occupies the $700 price 
point, and an entry-level Pentium Pro sells for little more than a midrange Pentium did a year 
ago. Combined with the well-publicized decrease in DRAM pricing over the past two quarters, 
this means that Windows NT/Pentium Pro systems are definitely entering the affordability zone 
($2,500 to $3,000), at least within corporate America. We expect to see Intel place great emphasis 
on this combination throughout the remainder of the year. This can only increase the already 
torrid pace at v^^hich corporate accounts, having tried Windows 95, plan their migration to 
Windows NT. If Microsoft meets the August release date for NT version 4.0, IS departments will 
be very busy during the second half of the year. 
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Intel has been aggressively lowering prices to keep demand high. Based on recent reports from 
Compaq and Gateway, the strategy seems to be working. Intel needs to keep demand high if it is 
to recoup the massive capital investment it has made over the past three years in anticipation of 
continued high demand. These latest pricing actions appear completely unrelated to the recent 
commencement of shipments of Pentium-class products by Cyrix and Advanced Micro Devices. 
These two vendors can ship a combined total of 10 million chips this year, less than 20 percent of 
the 50 million units Dataquest anticipates that Intel will ship in 1996. 

Intel's recent pricing actions bring prices to a far lower level than the company itself projected just 
six months ago; in some cases, up to 30 percent lower than projections. This in turn suggests that 
Intel has either decided to accept lower gross margins to spur demand or is experiencing better 
than anticipated yields on its new 0.35-micron lines. Given the company's recent guidance to Wall 
Street that margins w îll rise in the second quarter, we suspect that the latter is the more likely 
explanation. 

Price reductions like this usually raise concerns within the financial community that customers 
will purchase less expensive systems and thus destroy Intel's margins. There is now lots of data 
that suggests that this view^ is incorrect. Corporate accounts tend to buy to a price point, rather 
than a fixed amount of capacity. They buy "all the computer they can get for $2,500" rather than 
buying a model as powerful as last year's $2,500 system for only $2,000 this year. They have 
learned that the initial hardw^are purchase is one of the smallest costs of owning a computer, so it 
rarely pays to be penny-wise and pound-foolish. Even the man on the street has figured this out; 
last Christmas, purchasers opted for systems with faster CPUs rather than bigger m.emories. It's 
relatively expensive to upgrade a 75-MHz CPU to a 133-MHz model after the fact, but it's easy 
and not too expensive to buy another 8MB or 16MB of memory, should you later discover you 
need it. Since most of Intel's cost structure is tied up in fixed investment in development and 
manufacturing, it hardly matters what chips customers buy as long as they buy chips. We would 
expect that this extraordinary level of performance will keep them buying. It should be noted that 
this is the third year in a row that Intel plans to play "double the performance at the price point 
across the product line." No wonder Intel's competitors are getting tired. 

Of course, everybody knows that eventually systems will become "fast enough for all practical 
purposes." Everybody wants an early warning signal, since at that point, users will no longer be 
motivated to buy new systems, and the entire pyramid scheme based on ever-increasing 
performance will come to a crashing halt. We would argue that, to the contrary, as long as process 
and processor designers can figure out w^ays to make systems go faster, softw^are designers will be 
able to come up with new approaches and applications that make them go slower. It is this 
"virtuous circle" of more hardware performance enabling more ambitious software applications at 
affordable prices that has driven the computer industry for the past twenty years, and there is 
little reason to expect a change in the foreseeable future. Unlike fixed-function machines (cars, 
airplanes, factories, stereos, and millions of others), the personal computer's complexion and 
utility evolves and absorbs all the processing power w ê can throw at it. In the course of history, 
humans have invented only one other commodity with insatiable demand — money. If you need 
an early warning sign regarding the impending satiation of demand for computational power, 
here it is: watch for BiU Gates and Warren Buffett both to declare they have enough money and 
they plan to take it easy for a while. When this occurs, aU bets are off. 
By Nathan Brookzvood 
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If It Seems Like Things Are Moving at an Ever-Faster 
Pace, It's Only Because They Are. 
A week ago, Cyrix introduced its 6x86 P200-I- and seized control of the high ground for fifth-generation x86 
microprocessors. This marked the first time that any of Intel's competitors actually had a product that outperformed 
Intel's. Cyrix's advantage was short-lived. Today Intel launches its 200-MHz Pentium processor, and the two 
vendors are in a virtual tie for mainstream desktop performance. This still represents an unusual state of affairs; 
Intel's x86 competitors typically have run far behind Intel and often have struggled just to stay in the race. 
Dataquest anticipates the rapid availability of systems containing these devices. 
Motorola announced that it has begun deliveries of the 200-MHz PowerPC 603e that it announced a few weeks 
ago. Apple indicates that it will incorporate this device into its Power Macintosh systems before the end of the year. 
It is no illusion that the rate at which performance is improving is itself accelerating. The first microprocessor, 
Intel's 4004, ran at 0.11 MHz when it appeared in 1971. Microprocessors did not reach 10 MHz until the middle of 
the 286 era in 1985. Speeds for 486DX2 and Pentium processors got to 100 MHz just two years ago, in mid-1994. 
This month, Cyrix, Intel, and Motorola all begin shipping 200-MHz parts. Last year's high-end personal computer 
contained a 133-MHz Pentium; by the end of this year, that system is likely to be the entry-level configuration. 
This is pretty awesome stuff and shows no sign of slowing down. Table 1 and Figure I summarize this incredible 
journey to 200 MHz. 
The Cyrix 6x86 P200-I- actually runs at an internal speed of 150 MHz, but outperforms Intel's 200-MHz part (91.6 
on Winstone 96, versus 89.0 for the Pentium.) To accommodate this CPU, Cyrix needed core logic and 
motherboards capable of operation at 75 MHz; most boards designed for Pentium processors cannot run faster than 
66 MHz. Cyrix persuaded several chipset vendors, including VLSI Technology, VIA Technologies, and Silicon 
Integrated Systems to create 75-MHz versions of their core logic. Thus far, only VLSI has introduced such a 
product, based on its Lynx chipset. The faster bus speed of this design gives Cyrix's systems a slight (1 percent to 2 
percent) performance edge. 

Table 1 
M i c r o p r o c e s s o r O p e r a t i n g F r e q u e n c i e s 

Date 
November 1971 
April 1972 
April 1974 
March 1976 

June 1978 
February 1982 
October 1985 
October 1989 
March 1992 
March 1994 
March 1994 
March 1995 

June 1995 

(Megaher tz ) 

Frequency 
0.1 
0.2 

2 
5 
5 
6 

16 
25 
66 

100 
100 
120 

133 

Product 
4004 
8008 
8080 
8086 
8086 
286 
386 

486DX 
486DX2 
486DX4 
Pentium 

Pentium 
Pentium 
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January 1996 
June 1996 

166 
200 

Pentium 
Pentium 

Source: Dataquest (June 1996) 

Figure 1 
Microprocessor Operating Frequencies 

Source: Dataquest (June 1996) 

The 200-MHz Pentium runs at an internal speed of 200 MHz and uses a 66-MHz external bus. The 3x multipher 
between the core and external bus makes this version slightly less efficient in converting its clock frequency into 
delivered performance. At 5.47 on the SPECint95 scale (a measure of general performance), this processor delivers 
0.027 SPECint95 per MHz, the lowest of any Pentium to date and far below the 0.033 figure for the 100-MHz 
model. This comes as no surprise; as the ratio between internal and external speed increases, overall efficiency 
drops. The larger caches planned for future Pentium and 6x86 processors should offset some of this loss in 
efficiency. Table 2 and Figure 2 show operating efficiencies. 

Table 2 
Operating Efficiency (SPECinl95/ Megahertz) 

P-75 
P-90 
P-100 
P-120 
P-133 
P-150 
P-166 
P-200 

Clock Spee 

7 
9 

10 
12 
13 
15 
16 
20 

SPECint9 

2.3 
2.7 
3.3 
3.7 
4.1 
4.2 
4.7 
5.4 

SPECint95/MH 

0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 

Source: Dataquest (June 1996) 
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Figure 2 
Operating BflHciency 
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Clock Speed (MHz) 
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Source: Dataquest (June 1996) 

The 200-MHz Pentium is also notable for its new plastic pin-grid array (PPGA) package. Until now, Pentiums 
have always used ceramic PGA packages (or the more exotic thermal conductivity package, or TCP, for mobile 
applications). The new plastic package uses a copper/nickel metallic slug to draw heat out of the die and is more 
efficient at removing heat from this chip than the earlier ceramic package. Dataquest anticipates that Intel will 
move the rest of the Pentium line to a similar package over the next 18 months. 
The 200-MHz PowerPC 603e from Motorola measures 5.1 on the SPECint95 scale, which puts it about halfway 
between the 166-MHz and 200-MHz versions of the Pentium; this is about where Dataquest expected it to fall. Of 
course, these SPECint95 measurements are performed in special environments, and these speeds are unlikely to be 
achieved in practice on either the Intel or Motorola devices. (Cyrix argues that SPECint is so misleading it doesn't 
even bother to post these results.) 
All three vendors claim to be shipping initial units now. Intel's price for quantities of 1,000 for its 200-MHz device 
is $599. Cyrix prices its P200+ at $499. At $360, the Motorola part is the least expensive, although Apple has not 
been known to pass these savings on to the end-user purchasers of its systems. (Based on recent financial reports, 
Apple needs the money more than they do.) End users should be able to purchase systems containing the Intel and 
Cyrix components now, but they will have to wait a few months to get systems containing the new version of the 
PowerPC. 
By Nathan Brookwood 
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If It Seems Like Things Are Moving at an Ever-Faster 
Pace, It's Only Because They Are. 
A week ago, Cyrix introduced its 6x86 P200-1- and seized control of the high groimd for fifth-generation x86 
microprocessors. This marked the first time that any of Intel's competitors actually had a product that outperformed 
Intel's. Cyrix's advantage was short-lived. Today Intel launches its 200-MHz Pentium processor, and the two 
vendors are in a virtual tie for mainstream desktop performance. This still represents an unusual state of affairs; 
Intel's x86 competitors typically have run far behind Intel and often have struggled just to stay in the race. 
Dataquest anticipates the rapid availability of systems containing these devices. 
Motorola announced that it has begun deliveries of the 200-MHz PowerPC 603e that it announced a few weeks 
ago. Apple indicates that it will incorporate this device into its Power Macintosh systems before the end of the year. 
It is no illusion that the rate at which performance is improving is itself accelerating. The first microprocessor, 
Intel's 4004, ran at 0.11 MHz when it appeared in 1971. Microprocessors did not reach 10 MHz until the middle of 
the 286 era in 1985. Speeds for 486DX2 and Pentium processors got to 100 MHz just two years ago, in mid-1994. 
This month, Cyrix, Intel, and Motorola all begin shipping 200-MHz parts. Last year's high-end personal computer 
contained a 133-MHz Pentium; by the end of this year, that system is likely to be the entry-level configuration. 
This is pretty awesome stuff and shows no sign of slowing down. Table 1 and Figure 1 summarize this incredible 
journey to 200 MHz. 
The Cyrix 6x86 P200-I- actually runs at an internal speed of 150 MHz, but outperforms Intel's 200-MHz part (91.6 
on Winstone 96, versus 89.0 for the Pentium.) To accommodate this CPU, Cyrix needed core logic and 
motherboards capable of operation at 75 MHz; most boards designed for Pentium processors cannot run faster than 
66 MHz. Cyrix persuaded several chipset vendors, including VLSI Technology, VIA Technologies, and Silicon 
Integrated Systems to create 75-MHz versions of their core logic. Thus far, only VLSI has introduced such a 
product, based on its Lynx chipset. The faster bus speed of this design gives Cyrix's systems a slight (1 percent to 2 
percent) performance edge. 

Table 1 
Microprocessor Operating Frequencies 

Date 
November 1971 
April 1972 
April 1974 
March 1976 

June 1978 
February 1982 
October 1985 
October 1989 
March 1992 
March 1994 
March 1994 
March 1995 
June 1995 

(Megahertz) 
Frequency 

0.1 
0.2 

2 
5 

5 
6 

16 
25 

66 
100 
100 
120 
133 

Product 
4004 
8008 
8080 
8086 
8086 
286 

386 
486DX 

486DX2 
486DX4 
Pentium 
Pentium 
Pentium 
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Microprocessor Operatinfi Frequencies 
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The 200-MHz Pentium runs at an internal speed of 200 MHz and uses a 66-MHz external bus. The 3x multiplier 
between the core and external bus makes this version slightly less efficient in converting its clock frequency into 
delivered performance. At 5.47 on the SPECint95 scale (a measure of general performance), this processor delivers 
0.027 SPECint95 per MHz, the lowest of any Pentium to date and far below the 0.033 figure for the 100-MHz 
model. This comes as no surprise; as the ratio between internal and external speed increases, overall efficiency 
drops. The larger caches planned for future Pentium and 6x86 processors should offset some of this loss in 
efficiency. Table 2 and Figure 2 show operating efficiencies. 

Table 2 
Operating Efficiency (SPECinl95/ Megahertz) 

P-75 
P-90 
P-100 
P-120 
P-133 
P-150 
P-166 
P-200 

Clock Spec 
7 
9 

10 
12 
13 
15 
16 
20 

SPECint9 
2.3 
2.7 
3.3 
3.7 
4.1 
4.2 
4.7 
5.4 

SPECint95/MH 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 

Source: Dataquest (June 1996) 
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Figure 2 
Operating Efficiency 
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The 200-MHz Pentium is also notable for its new plastic pin-grid array (PPGA) package. Until now, Pentiums 
have always used ceramic PGA packages (or the more exotic thermal conductivity package, or TCP, for mobile 
applications). The new plastic package uses a copper/nickel metallic slug to draw heat out of the die and is more 
efficient at removing heat from this chip than the earlier ceramic package. Dataquest anticipates that Intel will 
move the rest of the Pentium line to a similar package over the next 18 months. 
The 200-MHz PowerPC 603e from Motorola measures 5.1 on the SPECint95 scale, which puts it about halfway 
between the 166-MHz and 200-MHz versions of the Pentium; this is about where Dataquest expected it to fall. Of 
course, these SPECint95 measurements are performed in special environments, and these speeds are unlikely to be 
achieved in practice on either the Intel or Motorola devices. (Cyrix argues that SPECint is so misleading it doesn't 
even bother to post these results.) 
All three vendors claim to be shipping initial units now. Intel's price for quantities of 1,000 for its 200-MHz device 
is $599. Cyrix prices its P200+ at $499, At $360, the Motorola part is the least expensive, although Apple has not 
been known to pass these savings on to the end-user purchasers of its systems. (Based on recent financial reports, 
Apple needs the money more than they do.) End users should be able to purchase systems containing the Intel and 
Cyrix components now, but they will have to wait a few months to get systems containing the new version of the 
PowerPC. 
By Nathan Brookwood 

June 10, 1996 ©1996 Dataquest MCRO-WW-DA-9605 



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

Intel's First Quarter Results: Is the Glass Half Full or Half 
Empty? 

Yesterday, Intel reported first quarter sales and earnings in line with what the company had 
said it expected back in January (up a little from the fourth quarter of 1995) and in line w^ith 
Wall Street expectations; the results beat the consensus estimate by a few^ cents, just as they had 
missed by a few^ cents in December. This event provides a few more tea leaves for professional 
tea leaf readers to examine. The key question to be answered: Is the spate of earnings 
disappointments we have witnessed over the past few months a sign of weakening PC demand 
or just the result of a variety of company-specific issues? 

We view Intel's results as a positive indicator for the industiy's performance during the 
remainder of the year. Revenue and profits increased on a quarter-to-quarter basis as well as on 
a year-to-year basis; a relatively rare event as first quarters go. There were no announcements 
of massive layoffs, restiucturing, or curtailments of capital investment programs. Cash is up, 
even after the company spent $234 million buying back its own stock. Inventories and accounts 
receivable are down, in spite of the larger revenue base. Andy Grove even got to take a long-
deferred sabbatical. Intel's competitors must wish he would take vacations more often. 

A few tea leaves stand out in this report. The company indicated that its transition from 0.6-
micron to 0.35-micron manufacturing technology was going better than expected. This reduces 
the size of its high-volume Pentium processor by 40 percent, from 150 square miUimeters to 90 
square miUimeters, and dramatically increases the number of useful parts that result from each 
8-inch wafer that goes through the line. These new parts run faster, so they command a higher 
price in the market. Given the company's desire to spur market demand, Intel has shown a 
willingness of late to share the results of its technical virtuosity and capital investment program 
w^ith its customers. Consequently, the 133-MHz Pentium it intioduced less than a year ago at a 
price of $750 w îll sell for less than $200 by the end of this year. Do not shed too many tears 
over these eroding Pentium prices; Intel seems always ready to intioduce a new $750 processor 
for those users w^ho need more pow^er than today's fastest machines can deliver. Just when you 
think your system is finally fast enough, some software developer figures out how to do 
something new^ and exciting with all this horsepower, and the cycle begins anew. This game 
can continue as long as Intel (or other x86 vendors) can find techniques to make systems go 
faster and greedy software types can find new applications that make them go slower. 
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Another positive tea leaf comes in the form of Intel's guidance that it expects its gross margin 
to rise above 50 percent in the current quarter. It attributes this increase to a shift in its revenue 
mix away from low-margin motherboards, especially those populated with DRAM. We never 
vmderstood why Intel wanted to dilute its high-margin semiconductor sales with these low-
margin commodity sales, and we are glad to see that it seems to be kicking this habit. 

Dataquest sees only one potential problem on Intel's near-term horizon. The company reported 
that its book-to-bill ratio fell below 1.0 in the quarter just ended. We have been somewhat 
skeptical of the Wall Street reaction to the SlA's book-to-bill reports because the SIA bases its 
calculations on sales in North America, where markets have cooled over the past year, and 
entirely misses the strong growth in the Japanese and Asia/Pacific markets. We assume Intel 
calculates its ratio on a worldwide basis, since 58 percent of its revenue came from non-U.S. 
markets in the first quarter. Nevertheless, we choose to interpret Intel's declining book-to-bill 
ratio more as a change in its customers' behavior (they do not feel compelled to order far in 
advance, given the adequate supply of components), rather than as a sign of weakness in end-
user markets. 
By Nathan Brookivood 
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Intel Moves to Close Workstation/PC 3-D Performance 
Gap 

At this year's just-completed Windows Hardware Engineering Conference (WinHEC), 
Intel unveiled a new aspect of PC system architecture that has the potential to drive a 
wave of system upgrades and, quite by accident, do major damage to vendors focused 
on the classic workstation market. Intel calls its new technology the "Accelerated 
Graphics Port" or AGP. The good news, if you are a workstation vendor, is that this 
technology will not enter the market until mid-1997 and will be introduced then only 
on P6-based products. 

The driving force behind AGP is the need to increase the available bandwidth between 
the system's main memory elements and its graphics controller, in order to accelerate 
the task of creating realistic on-screen 3-D images. Personal computers already have all 
the performance they need for today's 2-D graphic user interfaces (GUIs). When most 2-
D images are dragged around on the screen, they move as fast as the eye can foUow .̂ 
They do not need to move any faster—the eye cannot sense it. But when systems try to 
create 3-D images, the computational task becomes far more daunting. For every pixel 
on the screen (there are over 300,000 of them in a 640 x 480 screen, small by today's 2-D 
standards), the system must figure out which of several objects will be visible, what 
color it will be, and how that color will be affected by available lighting sources within 
the image. Then the system must determine where everything will be in the next frame, 
and repeat all these shading and lighting calculations. It must accomplish all this at a 
rate of thirty frames per second, or the eye can tell the difference. Developers refer to 
the process of translating the abstract definition of 3-D objects in the computer's 
memory into a series of shaded pixels on the computer's screen as rendering, and it is 
key to 3-D imaging. 

Until just a few years ago, computers had no way to accomplish all the calculations 
needed to render realistic 3-D simulation in real time, so developers cheated. They did 
all the calculations offline and stored the final result (that is, the completed frames) on 
the disk for later playback in real time. Even this is not easy, because the system must 
move lots of data very quickly to the display buffer, but it at least eliminates all the 
real-time calculations. Of course, it also eliminates any opportunity for interaction; the 
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system is merely replaying a digitally created movie, so this approach is of limited 
value for games, hi order to create the movie Toy Story, Pixar needed to render a few 
billion polygons each second. Arcade-quality games must be capable of rendering one 
half million polygons per second in order to achieve a more impressive visual effect 
than "Donkey Kong" provided a few years ago. Today's fastest PCs can render about 
100,000 polygons per second, and midrange technical workstations (from Sun, Hewlett-
Packard, Silicon Graphics, and others) achieve rates of 500,000 to 750,000 polygons per 
second. Table 1 provides a rough estimate of the graphics performance needed to 
render scenes of varying complexity in real time. Some really neat games can be played 
on a $20,000 workstation! Of course, it does not take a sophisticated market research 
analyst at Dataquest to figure out that the consumer market for $20,000 game consoles 
is quite small, and thus few game developers have put any effort into this segment. 

Table 1 
Graphics Performance Requirements for Image Rendering 

Hardware 
Enviroranent 

3-D Graphics 
Capabilities 

Bandwidth 
(Polygons per 
Second) 

Today's 
personal 
computer 

Low-
resolution 
games 

100,000 

Today's 
workstation 

Complex 
interiors 

1 million 

Today's 
super
computer 

Realistic 
interiors 

10 million 

No real
time 
solution 

Realistic 
faces 

100 million 

No real
time 
solution 

Toy Story 

1 billion 

No real
time 
solution 

Photo
realism 

10 biUion 

Source: Rendition inc. 

With its new^ AGP technology, Intel set out to solve the price/performance problem for 
3-D graphics rendering in personal computers. Intel hopes to bring the system cost of 
rendering 500,000 pixels per second from $20,000 to $2,000, a more workable figure for 
high-end consumer devices. In order to accomplish this, the system must provide 250 
MB/sec to 300 MB/sec of bandwidth between the display controller and the system's 
main memory. Today, a well-implemented PCI interface between these two points 
delivers a peak rate of 100 MB/sec, not nearly enough capacity. In order to break this 
bottleneck, the PCI specification would need to be increased from 32 bits and 33 MHz 
to 64 bits and 66 MHz. This would take years to implement and would add extra cost to 
other PCI devices (disk controllers, LAN controllers, and so forth) that really do not 
need increased performance. Instead, Intel chose a more expedient path, one that 
erJiances a single PCI-like port on the system to 133-MHz operation, and provides over 
500 MB/sec of memory bandwidth. Intel ended up calling this port the Accelerated 
Graphics Port, or AGP. Before this armouncement, Intel had referred to it as the 
Graphics Attachment Point, or GAP. 
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All this memory bandwidth would be useless w^ithout a graphics controller that knows 
how to use it, and Intel is not (yet) in the graphics controller business. So, Intel took its 
concept to ATI, S3, and Cirrus Logic, and together they worked out the details of the 
interface between the graphics controller and main memory. This interface will be 
incorporated into chipsets Intel plans to deliver early next year. Dataquest anticipates 
that the graphics vendors will target a similar introduction date for their wares. Intel 
plans to add this feature only to its P6 chipsets; there may be an opportunity for astute 
Pentium-class chipset vendors to incorporate this technology. Figure 1 shows 
Dataquest's latest estimate of 586-class and 686-class unit shipments by quarter through 
the end of 1997. The majority of units will still comprise 586-class components and 686-
type devices with Pentium pinouts, including the Cyrix 6x86 and the AMD 6K86, at the 
end of 1997. 

Figure 1 
Quarterly x86 Unit Shipments by Processor Generation in Computational 
Applications 
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Source: Dataquest (April 1996) 

Historically, the lack of 3-D software standards meant that hardware vendors 
designing a new 3-D controller had to undertake a major selling effort with software 
developers to get them to support his device. This took time and limited the market for 
such devices. This situation is about to change dramatically. For the past year, 
Microsoft has been getting ready to release Direct3D, a new software component for 
Windows 95 and Windows NT, DirecBD enters its beta test phase this month. With 
Direct3D, application software developers design their programs to work with an 
abstract 3-D device, and then the operating system maps these commands into the 

Aprils, 1996 ©1996 Dataquest PSAI\/l-WW-DA-9604 



Dataquest Alert Semiconductor Directions in PCs and PC Multimedia 

specific instructions needed by each individual hardware controller. Microsoft claims 
that this can be done without adding lots of overhead, which historically has limited 
customer acceptance of approaches like this. The proof of this pudding will be in the 
testing, which starts soon. If it delivers acceptable levels of performance, it will unleash 
a wave of 3-D software applications late this year and early in 1997. Users will be 
clamoring for increased 3-D performance at the precise monient that AGP hits the 
market, and its arrival will trigger the onset of a major upgrade cycle to lower-cost 
($2,500 to $3,000) Pentium Pro systems equipped with AGP graphics. 

Dataquest Perspective 

Dataquest sees the AGP technology as a major enhancement to PC architecture that 
should benefit everyone, with the exception of traditional workstation vendors (Sun, 
HP, IBM, Digital Equipment, and Silicon Graphics), and dedicated game console 
vendors (Sega, Sony, and Nintendo). We are particularly encouraged that the DirectX 
APIs in Window^s 95 can permit such radical architectural changes with so little impact 
on application-level software. If the AGP scenario plays out as smoothly as it was 
presented at WinHEC, it will signal the start of a new boom in PC hardware 
innovation, which historically has been held back by the need to be compatible with 
older hardware interfaces in order to gain software support. Rapid hardware 
innovation drives industry growth and provides increased value to end customers. 

Workstation vendors should pay special attention to this announcement. Three years 
ago, it w^as easy to differentiate w^orkstations selling for $10,000 to $50,000 from 
personal computers selling for $1,500 to $5,000. Workstations had sophisticated 
multitasking operating systems based on UNIX that were far more capable than the 
DOS/Windows environment on PCs. A variety of designer RISC CPUs allowed 
w^orkstations to compute much faster than PCs with mass-market 486 processors or 
clunky early Pentiums. Workstations could display their results faster, and in more 
colors, using high-performance 3-D graphics subsystems with lots of dedicated 
processing pow^er. The introduction of Windows NT in 1993 began the erosion of the 
workstation's software advantage, a process that continues today. The introduction of 
the Pentium Pro began to diminish the workstation's computational advantage, w^hich 
continues to erode today. The intioduction of AGP accelerators in 1997 will eradicate 
the last major competitive advantage that expensive workstations have over mass-
market personal computers. It will become increasingly difficult for workstation 
vendors to justify the premium prices they need to charge to support their relatively 
low^-volume (compared with PC markets) products. It is ironic that Intel does not 
appear to have targeted workstations with its AGP initiative; workstations are merely 
innocent bystanders impacted by Intel's desire to expand the PC market through 
improved 3-D gaming facilities. 

PC chipset vendors need to move quickly on this opportunity or they run the risk of 
being at a substantial performance disadvantage. Intel has proclaimed that the AGP 
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specification, to be released this quarter, w îll be an open specification, available 
royalty-free. It has avoided the confusing gobbledygook that surrounded last fall's 
unveiling of MMX technology. 

CPU vendors (both x86 and RISC) must find a way to tap the AGP performance 
potential and must respond to Intel's MMX extensions, or they will find themselves at a 
serious competitive disadvantage by the end of 1997. 

Graphics controller chip developers have a wide-open field with lots of rurming room. 
They w îll have four times the memory bandwidth they've had up to now, and DirectX 
puts them squarely in charge of their own software destinies. 

Developers of gaming hardw^are and software also need to take note. Intel has put them 
on notice that it intends to make the personal computer the ultimate 3-D virtual reality 
gaming platform. Intel's moves here mesh nicely with Microsoft's gaming initiatives 
and its DirectX programs. 

Content developers for the World Wide Web and for intranets should also study the 
opportunities created by Intel's 3-D initiative. The combination of Intel's MMX and 
AGP initiatives means that 3-D capabilities will become a standard feature in personal 
computers in the 1997 to 1998 period. As the installed base of such systems grows, there 
will be opportunities for program content to rise above the network clutter via 
compelling 3-D user interfaces. It hardly matters whether content is authored in VRML, 
Java, or C++ over DirectX; the hardware will move into place to support a major shift in 
user interface styles. 

By Nathan Brookwood 
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Multimedia Extensions Spark Pentium Performance 

Intel today introduced an expanded instruction set for future x86 microprocessors. The new^ 
instructions, collectively referred to as multimedia extensions (MMX), wiU allow future 
Pentium, Pentium Pro, and P7 processors to manipulate digital data for audio, video, and 
graphics applications far more efficiently than has been possible until now. This will allow 
personal computers to tackle tasks previously reserved for high-end workstation-class systems. 
Those RISC and CISC vendors competing with Intel-based systems had best take notice of the 
enhemced performance wrought by this new technology. 

Dataquest anticipates that these new MMX features will appear first in Intel's next half-
generation Pentium processor, popularly known as the P55C, in the second half of 1996. 
Pentium Pro processors launched in 1997 wiU also include these features, as wiU Merced, the 
next-generation 64-bit version of the x86 family due "before the end of the century." 
Application software must be modified to exploit these new instructions, and this will limit the 
initial impact of this new capability on the market. We anticipate a few^ "showcase" applications 
this year, with many more to follow in 1997 and 1998. Independent software vendors (ISVs) 
with the applications that wiU benefit the most from MMX (including image processing, 
videoconferencing, and voice recognition) wiU gain competitive advantage by moving to 
support MMX ahead of their competitors. 

MMX gains its performance advantage by better use of the internal 64-bit data paths found in 
most contemporary systems. These paths speed 64-bit floating-point performance, a key aspect 
of traditional w^orkstation computing that primarily benefits engineers and scientists doing 
heavy-duty number crunching. MMX allows these same paths to be used simultaneously to 
process two 32-bit streams, four 16-bit streams, or eight 8-bit streams. This means that a 150-
MHz Pentium processor that previously had a maximum of approximately 250 million 
operations per second now has a theoretical maximum of 2 billion operations per second. This 
is not bad performance for a chip that Intel can manufacture for less than $50 and that OEMs 
can purchase for less than $500. It wasn't too long ago that the price for this level of 
performance w^as measured in millions of dollars. 

Intel claims that MMX wiU enhance performance by up to 400 percent in selected applications, 
although improvement of 50 percent to 100 percent wiU be more typical. The performance 
benefit wiU depend on the way that a hardware vendor builds the system and that software 
vendors adapt their codes to use MMX. 
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Dataquest Perspective 

Intel's performance claims for MMX closely match those that Stm Microsystems has 
demonstrated can be achieved with its Visual Instruction Set (VIS), an MMX-Kke extension that 
Sun introduced in its UltraSparc processor last year. MMX clearly has the potential to increase 
system performance at virtually no increase in cost, and this formula usually works to propel 
market demand. 

Unlike the clock-rate scaling, which drives much of the increased system performance that 
users have come to expect and which is transparent to most software programs, MMX, in 
computer lingo, is "software-visible." That is, MMX can deliver improved performance only if 
software developers modify their codes to use it. This explains why Intel chose to unveil MMX 
at InterMedia World, a conference for multimedia software developers. Whether and how 
these developers incorporate of support for MMX wiU have an effect not only on the 
performance of their programs but also on the manner in which the industry evolves over the 
next few years. 

Many MMX hardware instructions perform the work now performed by library subroutines. 
Intel argues that, in order to extract the maximum performance benefit from MMX, developers 
should embed MMX instructions directly in their codes, rather than merely replace the old 
non-MMX libraries with newer ones that incorporate these features. This represents the path of 
maximum effort for the ISV, and the tools needed to incorporate MMX into these applications 
make this an even more difficult task. If ISVs follow this path, the industry wiU become locked 
into Intel's very specific definition of MMX, and vendors offering functionally similar but 
technically incompatible solutions, as planned by some x86 doners, wiU have trouble gaining 
support. On the other hand, ISVs may conclude they can gain enough performance benefit 
w^ith less effort if they segregate MMX support into standard libraries, such as the DirectX calls 
recently introduced by Microsoft. Proceeding down this path would give both hardware and 
software developers more flexibility and would allow multiple incompatible versions of MMX 
to coexist in the market without undue technical complexity. This approach opens the door for 
alternative approaches to improved performance, such as those advocated by Chromatic 
Research and Philips. It is too early in the game to determine which path is likely to prevail. 

By Nathan Brookwood 
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$100 Million Memory Writedown Mars Intel's Otherwise 
Awesonrie 1995 Finish 

Intel yesterday posted earnings of $3,566 biUion ($4.03 per share) on revenue of $16.2 billion for 
1995. Had the (memory) chips fallen in a slightly different fashion, the company would have 
been able to report higher earnings — Intel said the effect of a memory inventory writedown 
cost it $0.06 to $0.08 per share. 

But, in spite of the company's overly ambitious forecast for the fourth quarter and its memory 
inventory hangover, 1995 really was a bang-up year for Intel. The company drove its Pentium 
processor into the mainstream PC market and left its x86 competitors in the dust. Its recently 
latmched Pentium Pro processor provided performance that embarrassed those who have for a 
long time predicted the imminent demise of CISC. Intel's aggressive capital investment 
program positioned it to deliver an awesome number of advanced CPUs and put even more 
distance between Intel and other CPU vendors from a manufacturing capacity standpoint. 

It's a shame that too many people will remember 1995 as the year Intel overbought DRAMs in 
anticipation of a spectacular holiday selling season that turned out to be really good but fell 
short of spectacular. What went wrong? 

Dataquest suspects that Intel feared that a fourth quarter DRAM shortage might constrain 
system sales. To forestall this possibility, the always-vigilant Intel stockpiled DRAMs for use in 
the motherboards that have become a key part of its one-stop shopping mail for system vendor 
customers. The anticipated DRAM crunch never arrived, both because of the slower-than-
forecast adoption of Windows 95 and a consumer buying preference for higher-speed (and 
higher-margin) CPUs instead of larger DRAM configurations. It also appears likely that some 
of the top five PC vendors missed their goal of capturing 30 percent of the market. The DRAM 
supplies intended to facilitate CPU and board sales instead became a dead weight. The recent 
spot market erosion in DRAM pricing forced an inventory writedown, making Intel's mistake 
all too visible on the bottom line. 

In a conference caU, Intel indicated that it was not changing its capital investment or its 1996 
spending plans in any significant manner as a result of the fourth quarter DRAM misfire. We 
agree with that decision. Intel also indicated that it sees its motherboard business as a key 
element in its program to move PC users to ever-increasing performance levels and that the 
problems it experienced in the fourth quarter will not deter it from continuing in the board 
business. This is bad news for those motherboard suppliers hoping that Intel would turn away 
from this arena in the face of razor-thin board margins. 
By Nathan Brookwood 
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NICs Get Nixed as Ethernet Controllers Migrate onto the PC 
Motherboard 

Many PC OEMs are changing the face of PC networking by integrating Ethernet 
chips onto their motherboard designs. This bucks the long-term trend of adding 
networking capability with network interface cards (NICs) and opens a new 
opportunity for PC OEMs to add value to their products. This trend toward 
integrated networking is fueled by the availability of low-cost, single-chip Ethernet 
controllers and the popularity of 10-Mbps Ethernet as a standard. This report 
provides an overview of the market dynamics for Ethernet controllers in PCs, 
including implementation trends and insight into the strategies of key chip suppliers 
for PC networking and a forecast for unit shipments and revenue. For the purposes of 
this report, the term " controller" refers to a chip rather than a NIC. 

More PCs Are Getting Integrated Networking 

PC peripherals often migrate to the motherboard when technology is relatively stable and chip count is 
minimal. Ethernet controllers satisfy both of those requirements and are getting designed onto PC 
motherboards with greater frequency. Ethernet is the most popular standard for PC networking, and chip 
suppliers are delivering single-chip controllers for well under $10. Dual-speed controllers that provide a 
complete 10-Mbps solution as well as a low-cost upgrade path to 100 Mbps are attractive for 
motherboards as well and sell for a decreasing premium over the 10-Mbps-only chips. Figure 1 shows 
how a 10/100-Mbps Ethernet controller might be implemented on a PC motherboard. Improvements in 
software are also helping this trend toward integrated networking as corporations move away from 
Windows 3.x running on top of DOS in favor of Windows 95 and Windows NT. These newer operating 
systems simplify network configuration and maintenance by including network driver support for the 
more popular networking controllers. 

Figure 1 
Possible Motherboard 

Implementation for a 10/100-Mbps 
Ethernet Controller 

Source: Dataquest (November 1996) 

Many PC OEMs are integrating Ethernet controllers onto their motherboard designs for their business 
desktop lines. Some of those designs use a custom daughtercard or module approach rather than 
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soldering the controller onto the motherboard itself. For the purposes of this report, daughtercard 
implementations will be considered motherboard implementations because the PC OEMs are sourcing the 
chips directly instead of buying network interface cards (NICs). Table 1 lists a few PCs that have 
integrated Ethernet controllers. 

Figure 2 shows Dataquest's forecast for integrated networking in PCs through the year 2000. (The data 
for this figure is located in Table 3.) 

Figure 2 
Forecast for Integrated Networking in PCs 
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Source: Dataquest (November 1996) 
Table 1 

Several PC Product Lines Featuring Integrated 
Network Controllers 

Brand 
Compaq 

Dell 
Hewlett-Packard 
IBM 

Apple 

AST Research 

ICL 
Siemens-Nixdorf 

Product Line 
Deskpro 4000 
Deskpro 6000 
Optiplex (some models) 
Vectra XM2, XM3, XU 
PC Power Series 830, 850 

Quadra (some models) 
Power Macintosh (some models) 

Premmia GX 

ErgoPRO 
RM4000 

Source: Dataquest (November 1996) 

Integrated Networking Allows PC OEMs to Add Value and Differentiate Their Products 

PC OEMs benefit in two ways fi-om integrating networking ICs onto their motherboards. First, a PC with 
networking capabilities sells for a higher price, so the OEM gets a higher dollar margin on the sale of that 
PC. Motherboard implementations are less expensive than using ISA or PCI add-in cards, so OEMs get 
maximum economic benefit fi-om integrating the network controller onto the motherboard. 
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Strategic benefits arise as well. Several PC OEMs use integrated networking to position themselves as 
solution providers rather than just equipment providers. The difference is that solution providers address 
cost-of-ownership issues. The message is "value" rather than "lowest price." 

Some New Features Require Motherboard Implementation 

Some new features available in network controllers are easier to implement on motherboards than on 
NICs. The Magic Packet technology, 3.3V operation, and user-visible status LEDs are some specific 
examples. (Magic Packet is a trademark of Advanced Micro Devices Inc.) 

Magic Packet technology was developed by AMD and Hewlett-Packard as a way to turn on a PC 
remotely by sending a special message or "magic packet" over the network. This enables corporate IS 
staffs to remotely manage a number of functions, such as software or BIOS update, system backups, and 
other tasks, even if the PC is turned off. PC users can turn off their PCs at night to save electricity, and 
the IS staff can do its job without having to run around a building turning PCs on and off. 

This technology requires that the network controller be powered up, although in a low-power sleep 
mode, when the PC is turned "oflF." The network controller must also be able to turn the PC "on" so that 
the PC boots up and is ready for operation. The PCI specification does not include these capabilities, so 
PC OEMs must enable these features through their motherboard designs. Special motherboard features 
require the network controller to be integrated into the motherboard design, even though the network 
controller may be soldered to a custom module or daughtercard. Hewlett-Packard and IBM are two PC 
OEMs that offer Magic Packet or similar features in their PC products. 

Another benefit OEMs can realize by implementing network controllers on the motherboard is 3.3V 
operation. Some PCI motherboards do not include 3.3V power signals to the PCI connectors, so 
designers of PCI-based NICs must add a 3.3 V voltage regulator if they want 3.3 V signals on their card. 
The advantage of operating at 3.3 V instead of 5V is lower power requirements. 

Another opportunity for PC OEMs to differentiate their products is adding a simple network-activity 
LED, similar to the hard disk-activity LED and visible to the PC user. Many NICs have status LEDs 
today that are visible from the back of the PC, but few users can see the back of their PCs. Standard 
NICs do not provide an opportunity to route the LED signal to the fi^ont of the PC, so a motherboard 
implementation (and appropriate redesign of the PC case) would be necessary. This feature must be 
enabled through the controller itself for a true indication of network activity. 

Feature Comparison of Several Ethernet Controllers 

Suppliers of Ethernet controllers compete on features and price just like other chip vendors. Table 2 
shows some of the basic features of several Ethernet controllers that are available today. 

Table 2 
Feature Comparison of Several Ethernet Controllers 
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AMD 

AMD 

AMD 

Digital 

Digital 

Digital 

Fujitsu 
Fujitsu 
National 
Semiconductor 

Standard 
Microsystems 
Standard 
Microsystems 
Texas 
Instruments 
Texas 
Instruments 

Product 
Family 
PCnet-PCI 

PCnet-PCI II 

PCnet-Fast 

None 

None 

None 

None 
None 

SONIC-T 

None 

None 

ThunderLAN 

ThunderLAN 

Part 
Number 
-

-

79C971 

21041 

21142 

21143 

MB86965 
MB86965B 

DP83936 

SMC91C94 

SMC91C100 

TNETEIOO 

TNETEUO 

Speed 
(Mbps) 
10 

10 

10/100 

10 

10/100 

10/100 

10 
10 

10 

10 

10/100 

10/100 

10 

Integrated 
Transceiver? 
Yes 

Yes 

10 Mbps Only 

Yes 

10 Mbps Only 

10 Mbps Only 

Yes 
Yes 

Yes 

Yes 

10 Mbps Only 

10 Mbps Only 

Yes 

Full-Duplex 
Operation? 
No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
Yes 

Yes 

No 

No 

No 

Yes 

Voltage 

3.3,5 

3.3,5 

3.3,5 

3.3,5 

3.3,5 

3.3,5 

5 
5 

5 

5 

5 

3.3,5 

3.3,5 

Bus 
Interface 
PCI 

PCI 

PCI 

PCI 
PCI 
CardBus 
PCI 
CardBus 
ISA 
ISA 
Direct to 
MPU 

ISA 

ISA 
PCMCIA 

PCI 

PCI 

Po 
M 
Ye 

Ye 

Ye 

Ye 

Ye 

Ye 

Ye 
Ye 

N 

N 

N 

Ye 

Ye 

Source: Dataquest (November 1996) 

10/100-Mbps Controllers Provide an Upgrade Path 

PC OEMs must balance the cost benefits of integrating peripherals versus configuration flexibility. 
Suppliers of Ethernet controllers have addressed this dilemma by offering 10/100-Mbps Ethernet 
controllers. These controllers offer 10-Mbps operation with a single chip, but are easily upgradable to 
100-Mbps capability by adding a 100-Mbps transceiver chip. 

Full-Duplex Operation Gives 10 Mbps a Boost 

Full-duplex operation is a new feature for 10-Mbps Ethernet controllers that doubles the peak bandwidth 
to 20 Mbps (10 Mbps into the controller and 10 Mbps out). The performance increase is moderate (2x 
compared to the lOx increase offered by 100-Mbps Ethernet) but is compelling because of the low cost 
and single-chip configuration. 

Power-Saving Modes Are a Requirement for Network Controllers in Mobile PCs 

Most of the network controllers shown in Table 1 have some ability to go into a low power mode or 
sleep mode. This is a critical feature as semiconductor suppliers target the mobile PC market. Mobile PCs 
are fi^equently connected to networks when users are in their offices, so integrated networking makes 
sense, but battery life must be considered. Some mobile PCs fi^om Hitachi have integrated network 
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controllers today, and models from other vendors are sure to follow. 

Forecast for Ethernet Controllers 

Networking continues to be a critical function of the corporate PC. Dataquest's forecast for Ethernet 
controllers reflects this with almost a 17 percent compound annual growth rate (CAGR) from 1995 to 
2000. Figure 3 and Table 3 show the actual forecast. This forecast shows a dramatic shift toward 
controllers capable of Fast Ethernet speeds (100 Mbps) as demand for network bandwidth continues to 
climb and the price premium for 10/100 Mbps gets smaller. 

Figure 3 
Forecast for Unit Shipments of Ethernet Controllers 

li1lahii''a1lUn(iUi; 

n 
' Citiiiins«'CiiiitR)liifB 

f^ lOiyi^-Kriharnql 
: [^ . .CoAJbelltiii*.' 

ift», »Ofc 

Source: Dataquest (November 1996) 

PCI will play a greater role for networking in the fijture, as system vendors want the performance and 
configuration benefits that that interface provides. True plug-and-play capability as well as lower CPU 
utilization are two tremendous advantages that PCI has over ISA. 

Another major trend is the rising tide of application-specific standard products (ASSPs) in the Fast 
Ethernet category. Dataquest believes that ASSPs will increase from 30 percent of Fast Ethernet unit 
shipments to 70 percent over the next four years. ASIC vendors will enjoy higher unit growth from 1996 
to 1997 if the total Ethernet controller market is considered, but subsequent years will bring slower 
growth for ASICs as ASSPs begin to dominate the Fast Ethernet category in addition to the 10-Mbps 
Ethernet category. 

One ASIC vendor, 3Com, is selling chips directly to at least one PC OEM. In the past, 3Com has used its 
ASICs to sell board-level networking products and capture the added value of board-level integration. 
Dataquest believes that 3Com's willingness to sell chip-level products validates the trend toward 
integrated networking. 

Transfer interrupted! 

12/03/96 08:08:03 

http://www.dataquest.coni/purchase/psam-ww...-ww-dp-9613/doc/5093/psain-vvw-dp-9613.html


CD-ROM Controllers Enable New Classes of CD Drives http://www.dataquest.com/register/abstracts/psam-ww/psam-ww-dp-9612-ab-OOO 1 .html 

•Abstract:: 

CD-ROM 
Controllers Enable 
New Classes of CD 
Drives 

PS.EVf£W 

PUKCHASE 

Author: 
Geoff Ballew, Industry 
Analyst 

Product Code: 
PSAM-WW-DP-9612 

Publication Date: 
October 14, 1996 

Research Program: 
Semiconductor 
Directions in PCs and 
PC Multimedia 
Worldwide 

Number of Pages: 
8 

File Size: 
26249 bytes 

Price: 
US$795 

Abstract 

Suppliers of CD-ROM controllers are adding 
new features to their chips that will change the 
dynamics of the CD-ROM drive market. 
CD-ROM drives are typically judged by data 
transfer rate and price, and CD-ROM 
controllers are a key component. The speed 
race from 2x- to 4x-speed and now 12x-speed 
drives is pushing several technc^ogy limits. 
Differentiation among CD-ROM controllers 
from the leading suppliers will continue to be 
performance-oriented, but the integration of 
new features is essential for the higher speeds 
to be usable. Support for other types of 
compact disc drives such as CD-Recordable 
(CD-R) and CD-ReWritable (CD-RW, also 
called CD-Erasable or CD-E) is necessary for 
CD drives to compete with other mass storage 
options. For the purposes of this document, 
the term "CD-ROM controller" will be used to 
describe controllers for CD drives that are 
CD-ROM-compatible but may have CD-R or 
CD-RW capabilities as well. 
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Dataquest Predicts 

Quarterly x86 Compute Microprocessor Forecast 

t 

Abstract: Dataquest has lowered its forecast of average selling prices (ASPs) to better 
reflect both our final 1995 estimates and Intel's ongoing, relentless price reductions intended 
to spur continued market growth (and succeeding). We have increased our first quarter 1997 
estimate for Pentium Pro shipments to reflect Intel's recent decision to launch its Klamath 
design in the first quarter instead of the second quarter. We do not believe that Intel's 
decision to delay the P55C launch until early 1997 will have a material effect on Pentium 
unit shipments this year or next. 
By Nathan Brookwood 

"Steady as Slie Goes"; Only Minor Tweaks to Our Prior Forecast 
Dataquest has tuned its x86 computational processor forecast to reflect recent 
changes in market conditions and strategies of key vendors. The Computer 
Systems program stands by its earlier forecast for x86-based systems, and we 
have held steady our x86 unit shipment forecast (largely driven by PC unit 
shipment demand), as well. Based on oux final roll-up of 1995 data, we have 
adjusted average selling prices (ASPs) downward for 1995 through 1999. 
These changes result in minor adjustments to factory revenue generated by 
x86 processor sales during the period. 

Two recent Intel decisions cause minor perturbations to the forecast. First, 
Intel announced that it intends to forgo its customary November price 
adjustments for the Pentium (but not the Pentium Pro) line in the interest of 
maintaining market stability during the busiest season of the year for most 
system OEMs. Some of the price reductions we anticipated for November 
were incorporated in the August adjustments, and some will be deferred 
until February. Second, Intel armounced a plan to delay the launch of its 
Pentium-class processor with MMX capabilities (the P55C) by a quarter, until 
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early 1997, again in the interest of market stability. It also announced its 
intent to pull in the release of its Pentiiun Pro-class product with MMX 
(Klamath) to early 1997, even though initial platforms may not be able to use 
all of the chip's performance potential. We see this pull-in increasing slightly 
the number of Pentium Pros sold in the first half of the year. 

Figures 1,2, and 3 and Table 1 illustrate Dataquest's projections for unit 
shipments, revenue, and ASPs over 1995 to 2000. 

Figure 1 
x86 Unit Shipments by Processor Generation in Computational Applications 
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Figure 2 
x86 Revenue by Processor Generation in Computational Applications 
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Figures 
x86 Average Selling Prices by Processor Generation in Computational Applications 
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Source: Dataquest (July 1996) 

Quarterly Projections: Strong PC Unit Growtli to Continue 
Dataquest projects that worldwide PC unit sales will continue to grow at an 
annual rate of about 19 percent over the next two years. Intel's reduced 
processor prices, combined with continued erosion in DRAM and hard disk 
prices, make this year's personal computers an incredible bargain by any 
standard, especially any standard more than two years old. The most 
successful vendors in the current market have learned how best to cope with 
the ever-decreasing product life cycles for systems and the need to manage 
assets and turn inventories as never before. This environment has produced 
incredible values for the consumer—and incredible headaches for PC system 
vendors. Dataquest regrets to report that it sees no letup in sight for these 
vendors, who have been dragged by Intel onto an ever-accelerating 
treadmill. 

Table 2 and Figture 4 provide a quantitative view of Dataquest's forecast for 
x86 compute microprocessors over the next eight quarters. 
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Table 1 
x86 Units, Revenue, and ASPs by Processor Generation in Computational Applications 

386 Class 

Units (K) 

ASP ($) 
Revenue ($K) 

486 Class 

Units (K) 

ASP ($) 
Revenue ($K) 

586 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

686 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

786 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

Total Compute x86 

Units (K) 

ASP ($) 

Revenue ($K) 

1995 

290 

20 
5,771 

31,904 

68 
2,169,472 

33,214 

278 
9,216,904 

95 

900 

85,500 

65,503 
175 

11,477,646 

1996 

7,976 
44 

352,539 

66,428 

173 

11,521,130 

3,800 

522 

1,983,600 

78,204 

177 

13,857,269 

1997 

1,994 

33 

66,101 

63,107 

108 
6,840,671 

26,600 

386 

10,275,048 

91,701 
187 

17,181,820 

1998 

499 
27 

13,220 

47,330 

65 
3,078,302 

58,520 

286 

16,727,778 

1,000 

1,000 

1,000,000 

107,349 
194 

20,819,^)0 

1999 

40,231 

39 
1,569,934 

65,542 

214 

14,051,334 

20,000 

460 

9,200,000 

125,773 
197 

24,821,268 

2000 

34,196 

24 

827,355 

70,786 

163 

11,533,335 

42,000 

396 

16,615,200 

146,982 

197 

28,975,890 

CAGR(%) 
1995-2000 

-100 

-100 

-100 

-100 

-100 

-100 

1 

-39 

-38 

275 

-29 

167 

NM 

NM 

NM 

18 

2 

20 
NM = Not meaningful 
Source: Dataquest (July 1996) 

Table 2 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
(Thousands of Units) 
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3,192 

0 

Q2/97 

598 

17,039 

5,320 

0 

Q3/97 

499 

15,146 

7,448 

0 

Q4^7 

199 

11,990 

10,640 

0 

Qiy98 

249 

11,833 

12,289 

0 

Q2/98 

125 

11,833 

14,045 

0 

Q3/9S 

75 

11,833 

15,800 

50 
Source: Dataquest (July 1996) 
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t Figure 4 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 

Thousands of Units 

25,000-

20,000 -

15,000 - ^ ^ ^ ^ ^ f f i 

10,000 - ^ B I ^ ^ ^ B 

5,000 • • M j ^ H 

0 p ^ ^ -> -> ^p ^-r 

Q4/96 Q1/97 
Q2/97 Q3/97 Q4/97 Q1/98 Q2/98 

• 
m 
• 
H 

Q3/98 

786 Class 

686 Class 

586 Class 

486 Class 

965303 

Source: Dataquest (July 1996) 

PSAM-WW-DP-9610 ©1996 Dataquest September 16,1996 



Semiconductor Directions in PCs and PC IVIultimedia Worldwide 

For More Information... 
Nathan Brookwood, Prindpal Analyst (408) 468-8537 
Internet address nbrookwood@dataquest.com 
Via fax (408)954-1780 
The content of this report represents our interpretation and analysis of information generally available to the 
public or released by responsible individuals in the subject companies, but is not guaranteed as to accuracy or 
completeness. It does not contain material provided to us in confidence by our clients. Reproduction or 

I J 3 T ? l C ^ l . i ^ S t '^'^l°*"''S ̂  whole or in part to other parties shall be made upon the written and express consent of Dataquest. 
^ ^ ^ * ; ; ©1996 Dataquest—Reproduction Prohibited 

A Gartner Group Company Dataquest is a registered trademark of A.C. Nielsen Company 

mailto:nbrookwood@dataquest.com


Perspective 

Semiconductor Directions in PCs and PC Multimedia Worldwide 

Market Analysis 

PCs Will Consume $88 Billion of Semiconductor Content in the 
Year 2000 

Abstract: PCs are the largest application for semiconductors and represent over one-quarter 
of total semiconductor market revenue. This document provides an update to the PC 
semiconductor content forecast published earlier this year. The new forecast is based on 
Dataquest's latest PC forecast, which is also presented in this document. The semiconductor 
content of a typical PC peaked in 1995, and total revenue for the PC semiconductor market 
is forecast to decline significantly for 1996 in spite of nearly 20 percent growth in PC unit 
shipments. Dramatic (and well-publicized) changes in memory prices are the primary cause 
of the decline for 1996. Growth for the PC semiconductor market is forecast to resume in 
1997 and continue through the year 2000. 
By Geoff Ballew 

1996 PC Semiconductor Revenue Is Leaner than 1995, But Growth Will 
Return for 1997 

PCs are the largest single application for semiconductors and continue to be 
the major driver of semiconductor growth. That growth does not always 
proceed unchecked, and 1996 clearly stands out as a year of decline. The PC 
semiconductor revenue forecast for 1996 is down primarily because of the 
dramatic declines in memory prices over the past year. PC OEMs have 
responded by stuffing more megabytes into each PC, but the increased bit 
consumption does not offset the declines in price per bit. Figure 1 shows 
Dataquest's latest forecast for the PC semiconductor market. 

Overall, the PC market is forecast to corisume $88 billion worth of 
semiconductor devices in the year 2000, up from $48 billion in 1995. This 
reflects a 12.9 percent compound annual growth rate (CAGR) despite the 14 
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percent decline from 1995 to 1996. Table 1 includes the data from Figure 1. In 
1997, revenue will show growth over 1996, but it is expected to be lower than 
1995 revenue. 

Figure 1 
PC Semiconductor Revenue Forecast 

Source: Dataquest (December 1996) 

Table 1 
PC Semiconductor Revenue Forecast 

PC Semiconductor Revenue ($B) 

Growth over Previous Year (%) 

1995 

47.8 

1996 
41.2 

-13.9 

1997 

46.4 
12.6 

1998 
63.2 

36.2 

1999 
75.2 

19.0 

2000 
88.3 

17.5 
Source: Dataquest (December 1996) 

The decline in PC semiconductor revenue is softened by the continued 
strong demand for PCs. PC shipments are on track to meet Dataquest's latest 
forecast of almost 20 percent unit growth for 1996. Figure 2 and Table 2 show 
Dataquest's most recent PC forecast. Note that unit shipments are expected 
to grow slightly faster than revenue over the forecast period. 

The worldwide growth of the PC market is getting a boost from the markets 
in Japan and the Asia/Pacific region. Dataquest forecasts 40 percent unit 
growth for Japan and 35 percent for Asia/Pacific. These two markets are 
getting significant growth from home PC sales, just as the U.S. market was 
buoyed by sales of consumer PCs through most of the 1990s. The U.S. 
market is forecast to be a bit slower, at 15.5 percent vmit growth. This is due 
in part to a level of saturation in the U.S. home PC market. Most consumers 
who want PCs (and can afford them) have purchased one, so th^ U.S. market 
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is increasingly characterized by a replace-and-upgrade cycle rather than the 
dynamic of increasing market penetration. Economic issues in western 
Europe are limiting the unit growth there, and Dataquest expects only a 10.9 
percent increase for that region. 

Figure 2 
PC Unit Shipment and Revenue Forecast 

Millions of Units and 
Billions of Dollars 
300 — 

250-

200-

150-

100-

50 -

0 -
19 

PC Revenue ($B) 

^ ^ - " ^ 

35 1996 mm 

^ ^ ^ ' - -

1 
1998 

CAGR = 16.7% 

CAGR=16.9% 

i999 20 DO 

966526 

Source: Dataquest (December 1996) 

Table 2 
PC Unit Shipment and Revenue Forecast 

PC Shipments (M Units) 

PC Revenue ($B) 

PC ASP ($K) 

Other Equipment Included in Semiconductor 

Additional PC Motherboards (M Units) 

Handheld PCs (M Units) 

Total Shipments (M Units) 

PC Semiconductor Revenue ($B) 

Semiconductor Revenue per Unit ($) 

1995 

60.2 

123.6 

2.05 

1996 

72.0 

147.3 

2.05 

1997 

84.8 

179.5 

2.12 

Consumption Forecast 

5.5 

0.5 

66.2 

47.8 

722 

6.6 

0.6 

79.2 

41.2 

520 

7.7 

0.8 

93.4 

46.4 

497 

1998 

98.5 

207.1 

2.10 

9.0 

1.3 

108.8 

63.2 

581 

1999 

114.1 

229.2 

2.01 

10.3 

2.4 

126.8 

75.2 

593 

2000 

131.5 

267.1 

2.03 

11.9 

5.1 

148.5 

88.3 

595 

CAGR(%) 
1995-2000 

16.9 

16.7 

ôa 

ms 
60.0 

17.5 

13.1 

-3.8 
Source: Dataquest (December 1996) 
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Semiconductor Content per PC Will Decline through 1997 
Declining memory prices have driven the average semiconductor content of 
a PC from $722 in 1995 to $520 in 1996. This trend will continue into 1997 as 
semiconductor content falls to $497 before rebounding in 1998. Figure 3 
shows the forecast for semiconductor content per PC through the year 2000. 
There is good news in these numbers for compaiues selling nonmemory 
devices rather than memory devices. The semiconductor content excluding 
niain memory is forecast to grow each year through the year 2000. Table 3 
provides the data from Figure 3. 

Figure 3 
Semiconductor Content of a Typical PC 

Dollars 
800-

Other 
[\ ] Semiconductor 

Content 

m Main Memory* 

m MPU 
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966527 

'Main memory includes factory-installed as well as aftermarket memory upgrades. 
Source: Dataquest (December 1996) 

Table 3 
Semiconductor Content per PC (Dollars per PC) 

MPU 

Main Memory* 

Main Memory* (MB per System) 

Cost per MB Assumption ($) 

Other Semiconductor Content 

Total 

1995 

165.6 

419.2 

15.8 

26.5 

137.3 

722.2 

1996 

176.3 

208.4 

23.0 

9.1 

135.0 

519.8 

1997 

188.3 

152.6 

31.8 

4.8 

155.9 

496.8 

1998 

212.6 

177.0 

44.1 

4.0 

191.3 

581.0 

1999 

228.6 

157.1 

46.8 

3.4 

207.4 

593.1 

2000 

228.4 

146.3 

52.1 

2.8 

220.3 

595.1 

CAGR(%) 
1995-2000 

6.6 

-19-0 

26.9 

-36.1 

9.9 

-3.8 
'Main memory includes factory-installed as well as aftermarket memory upgrades. 
Source: Dataquest (Decemtier 1996) 
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Multimedia features and performance are the key drivers for PC 
semiconductor growth in the future. This trend is driven by peripheral 
chipsets but also includes microprocessors. 

PC OEMs will spend significantly more dollars per PC on peripheral 
chipsets over the next few years as business PCs gain many of the 
multimedia features that characterize consumer PCs today. Audio and 
digital video features are penetrating the business PC market, particularly on 
mobile PCs. Networking is another driver as PC OEMs integrate Ethernet 
controllers onto many of their motherboard designs and make this a 
standard feature for many of their corporate PC product lines. The 9.9 
percent growth of the Other Semiconductor Content line in Table 3 is due 
primarily to the growth of multimedia functions. 3-D graphics, higher-
quality video and audio processing, and LAN/WAN peripheral chipsets are 
all part of this trend. 

Consumer PCs will also get more new features that require additional 
semiconductor content. Examples are MPEG-2 and AC-3 decoding, new 
plug-and-play interfaces, 3-D graphics, and 3-D audio. These features will be 
added with a combination of fixed-logic and programmable devices. The 
programmable devices include media processors, as well as others that are 
not openly programmable but can be updated with software. One example is 
the U.S. Robotics 28.8-Kbps modem chipset that can be upgraded to 56-Kbps 
via software. 

Microprocessor average selling prices (ASPs) continue to climb slowly. The 
higher prices are justified by advances in architecture (such as transition 
from Pentium-class to Pentium Pro-class MPUs) as well as new functionality, 
such as the multimedia instruction sets (for example, Intel's MMX) that all 
major MPU manufacturers are adding to their products. Demand for faster 
microprocessors is increasingly driven by requirements for processing 
multimedia types of data. 

Dataquest Perspective 
Demand for semiconductors in PCs is forecast to decline this year before 
resuming a pattern of growth. The revenue decline for 1996 is expected to be 
14 percent, even though PC unit shipments are forecast to increase almost 20 
percent. Higher unit shipments of PCs are necessary to offset in part the 
decline in dollars of semiconductor content per PC. PC OEMs are putting 
more megabytes of memory in PCs than ever before, but the larger memory 
sizes do not compensate entirely for the memory price erosion. PC 
semiconductor revenue growth is dependent on strong PC unit shipments. 

Demand for PC semiconductors, excluding main memory, is much stronger 
and is forecast to grow at an 8.2 percent CAGR in terms of revenue per PC or 
26.5 percent in actual revenue. The two growth rates are multiplied because 
the dollars per PC are growing at the same time that unit shipments are 
growing (that is, 1.082 x 1.169 = 1.265). The 8.2 percent growth rate is 
derived by adding the MPU revenue line and the Other Semiconductor 
Content revenue line from Table 3 and calculating the CAGR on the sum. 
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This is good news for microprocessor and peripheral chipset vendors 
because their products are the growth opportunities in the PC market. 
Memory suppliers will have a tougher time as the dollars per PC spent on 
main memory will decline at almost a 20 percent CAGR from 1995 to 2000. 

PC semiconductor revenue will resume double-digit growth in 1997 and 
mirror the growth of PC revenue over the long term as supply and demand 
for semiconductor devices come back into balance. 
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Via fax (408)954-1780 
The content of this report represents our interpretation and analysis of information generally available to the 
public or released by responsible individuals in the subject companies, but is not guaranteed as to accuracy or 
completeness. It does not contain material provided to us in confidence by our clients. Reproduction or disclosure 
in whole or in part to other parties shall be made upon the written and express consent of Dataquest. 
©1996 Dataquest—Reproduction Prohibited 
Dataquest is a registered trademark of A.C. Nielsen Company 

Dataquest 
A Gartner Group Company 

mailto:gballew@dataquest.com


Perspective 

Semiconductor Directions in PCs and PC Multimedia Worldwide 

Dataquest Predicts 

Quarterly x86 Forecast: A River Runs through It 
Abstract: We have adjusted our chip forecast up slightly, to reflect the strong market 
conditions in the fourth quarter, and a slightly more optimistic forecast on the part of 
Dataquest's Computer Systems and Peripherals group. VJe have also reclassified the 
forthcoming "M2" from Cyrix and "K6" from AMD as sixth-generation devices, albeit sixth-
generation devices with fifth-generation external buses. 
By Nathan Brookwood 

Sixth-Generation Microprocessors Go Mainstream 
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Dataquest anticipates that shipments of fifth-generation ("586") x86 
microprocessors—including the Intel Pentium, the Cyrix 6x86, and the AMD 
5K86—wUl reach a peak of about 21.3 mOlion units per quarter in the fourth 
quarter of 1996, and will then begin their slow descent into history, at least 
within computational (or general purpose) markets. New sixth-generation 
("686") parts from Intel, AMD, and Cyrix wUl begin to ship in meaningful 
quantities in the first half of 1997, and the generational transition will be in 
full force by the end of the year; quarterly shipments of sixth-generation 
processors will surpass fifth-generation MPUs by the fourth quarter, a bit 
earlier than previously forecast. 

Our reclassification of the planned AMD and Cyrix processors as sixth-
generation devices contributes to the acceleration of this transition. In earUer 
forecasts, the Dataquest Semiconductor group classified these devices as 
"fifth-generation," primarily because they use the same external bus interface 
as Intel's Pentium processor, instead of the newer (and more complex) 
external interface used in Intel's Pentium Pro line. It now appears certain 
that AMD and Cyrix wiQ avoid the Pentium Pro bus entirely, primarily 
because of intellectual property concerns. These vendors also argue that the 
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newer bus fails to provide any performance benefit in xxniprocessor 
configurations. Intel markets its Pentium Pro Line into both uniprocessor 
(desktop) and multiprocessor (server) environments, and the latter do 
benefit from the more complex bus. In any event, given that Dataquest's 
Semiconductor group counts chips, while the Computer Systems and 
Peripherals group more properly looks at sockets, we are parting ways with 
regard to this generational taxonomy. The Computer Systems and 
Peripherals group will continue to use bus architecture (and its associated 
processor socket) as the key determinants for generational definitions, and 
will thus categorize systems containing the K6 and M2 as "fifth-generation" 
personal computer architectures. Alert readers may observe slight 
differences in the forecast transition between generations as published by 
each group; the inclusion of K6- and M2-based systems in the fifth 
generation (586-class) tends to slow the Computer Systems and Peripherals 
group's transition from 586 to 686 systems, relative to the Semiconductor 
group's chip forecast. 

Intel faced no sixth-generation competition during 1996, but this was a year 
of market development, and Dataquest estimates that fewer than three 
million Pentitim Pro devices will have been sold by year end. Neither AMD 
nor Cyrix has shipped a sixth-generation device to date, although AMD 
claims to be shipping samples of its K6 device this quarter. This represents a 
remarkable turnaround for AMD, which could not ship any fifth-generation 
processors until March of this year. If AMD continues to execute well on this 
program, and if its sales and marketing departments can match the success 
of its engineering and manufacturing staff, then the company will be well 
positioned as 1997 imfolds. Although Cyrix has yet to see first silicon for its 
"M2" processor, this effort is primarily an enhancement to the existing Ml 
design, as contrasted to the radical new designs incorporated in the Pentium 
Pro and K6 programs. Consequently, it carries a lower level of technology 
risk than those other two programs. 

Table 1, along with Figures 1 and 2, provides Dataquest's estimate of the size 
of the computational x86 market, and the shift in the generational mix within 
that market. 

MMX and AGP Enhancements Facilitate IVIuitimedia Performance 
All three new processors incorporate the MMX extensions Intel originally 
defined for its (as yet unannounced) P55 microprocessor. The new MMX 
instructions allow an x86 processor to operate simultaneously on multiple 
data items (2 by 32 bits, 4 by 16 bits, or 8 by 8 bits), and facilitate video and 
audio decoding, DSP-like compression and decompression algorithms, and 
image processing. Both Cyrix and AMD are striving to provide binary 
compatibility with Intel in their MMX designs, which means software 
developers can exploit MMX extensions with the knowledge th^ such 
MMX-aware coding wiU operate on most x86 processors shipped in 1997 and 
beyond. -̂  f, 

t i f 

.i> t. 
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Table 1 
Compute x86 Shipments, Average Selling Prices, and Revenue 

Shipments (Thousands of Units) 

486 

586 

686 

786 
Total 

Average Selling Price (U.S. Dollars) 

486 

586 

686 

786 
Total 

Revenue (Millions of U.S. Dollars) 

486 
586 

686 
786 

Total 

1996 

6,700 

66,200 

2,834 

-

75,733 

40 
182 

530 

183 

268 

12,070 
1,502 

-
13,840 

1997 

335 
59,200 

29,916 

-

89,451 

30 

116 

344 

192 

10 
6,896 

10,279 

-
17,185 

1998 

17 

29,301 

73,625 

800 

103,743 

24 

91 
235 

1,000 

201 

0 

2,678 

17,322 

800 
20,801 

1999 

-
5,226 

99,533 

16,000 

120,759 

54 

171 

470 

205 

-
282 

17,005 

7,520 
24,807 

2000 

-
395 

105,302 

33,600 

139,296 

20 

150 

395 

209 

-
8 

15,813 

13,272 
29,093 

Source: Dataquest (December 1996) 

Figure 1 
Compute x86 Revenue (Millions of U.S. Dollars) 
Mllltons ot U.S. Dollars 
30,000 
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Source: Dataquest (December 1996) 

PSAM-WW-DP-9616 ©1996 Dataquest December 9,1996 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

Figure 2 
Compute x86 Shipments (Thousands of Units) 
Thousands of Units 
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Source: Dataquest (December 1996) 

Along with its MMX extensions, Intel also defined a new high-speed 
interconnection between a system's main memory and its graphics 
controller. This architecture, known as the Accelerated Graphics Port (AGP) 
is (in theory) processor independent, and can be incorporated into other 
system architectures, merely by redesigning the core logic that supports 
those architectures. Intel has indicated its intent to offer AGP features only in 
conjunction with its Pentiiom Pro core logic. Intel's decision not to provide 
these features in its popular line of Pentium core logic products could impact 
AMD and Cyrix. These x86 clone chips contain a Pentiim:i-style bus, and 
thus require Pentiimi-style core logic. Dataquest anticipates that several 
suppliers of Pentium core logic wiU incorporate the AGP features into their 
products, and thus provide a functionally equivalent platform for vendors 
choosing to pursue high-end, non-Pentium Pro desktop alternatives in 1997. 

Bus Structures Diverge 
Fourth- and fifth-generation x86 processors experienced an tmusual 
convergence of external bus architectures. From the first 486 design in 1989 
to the last in 1995, the nature of the protocol between an x86 microprocessor 
and its host environment barely changed. AU Pentium processors, along 
with 6x86s and K5s, have shared a common bus architecture that simplified 
compatibility and design efforts for system vendors. Historically, this is an 
exception, rather than a rule. First-generation processors (the 8086 and 8088) 
used different interfaces (16- and 8-bits wide, respectively), while the third-
generation 386 came with both 32-bit (DX) and 16-bit (SX) bus architectures. 
Sixth-generation systems wiU once again experience a multitude of 
incompatible busing arrangements. 
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Intel introduced a new bus architecture (the P6 bus) in 1995 with its initial 
Pentium Pro products. Although Dataquest expects the shape of the 
Pentium Pro package to change with the BQamath introduction early in 1997, 
the electrical properties of the Pentium Pro bus should remain imchanged. 
The new bus architecture was driven largely by Intel's desire to make 
Pentium Pro performance scale more closely in multiprocessor systems, and 
over a higher range of operating frequencies. The original Pentium design 
forces high-speed cache operations to a bus aimed primarily at input-output 
tasks, and this makes the cache less and less efficient as the core processor 
speed increases. The Pentium Pro design includes a bus for I/O, and a 
separate "backdoor bus" to access the cache. 

Dataquest speculates that as Cyrix and AMD finalize their M3 and K7 
designs, they will be forced to add backdoor buses for performance (NexGen 
already had such a bus, and removed it in the final K6 design). But the wall 
of IP protection Intel erected around the P6 bus may keep the clones away 
from that design. Consequently, they will be driven to adopt some variation 
of the current Pentium scheme, augmented by a separate backdoor bus. 
Thus, the sixth-generation x86 architecture will encompass three different 
bus designs, which we will name simply as "6A," "6B," and "6C." 6A 
products include the original Pentium Pro, along with the planned BQamath 
and Deschutes processors. 6B includes the soon-to-be-released M2 and K6 
products. 6C wiU include the K7 and M3 designs. It is not yet clear whether 
AMD and Cyrix will converge on a single "6C" architecture, or if they will 
further bifurcate the market; an eventuality that will aid neither vendor. 
Table 2 and Figures 3 and 4 illustrate the interplay between products based 
on these three distinct sbcth-generation bus designs. 

Table 2 
Sixth-Generation Bus Architectures 

Shipments (Thousands of Units) 

6A—Pentium Pro 

6B—M2/K6 

6C—M3/K7 

Average Selling Price (U.S. Dollars) 

6A—Pentium Pro 

6B—M2/K6 

6C—M3/K7 

Revenue (Millions of U.S. Dollars) 

6A—Pentium Pro 

6B—M2/K6 

6C—M3/K7 

1996 

2,834 

• • • 

-

530 

1,502 

-

-

1997 

25,460 

4,456 

-

360 

250 

9,165 

1,114 

-

1998 

65,360 

8,264 

-

245 

160 

16,000 

1,322 

-

1999 

81,858 

15,679 

1,997 

179 

80 

550 

14,653 

1,254 

1,098 

2000 

82,037 

7,496 

15,769 

120 

60 

350 

9,844 

450 

5,519 
Source: Dataquest (December 1996) 
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Figure 3 
Revenue from Sixth-Generation Bus Architectures (Millions of U.S. Dollars) 
Millions of U.S. Dollars 
18,000-

^ M3/K7 

^ M2/K6 

Pentium 
Pro 

1996 1997 1998 1999 2000 
9&SS03 
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Figure 4 
Shipments of Sixth-Generation Bus Architectures (Thousands of Units) 
Thousands of Units 
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x86 Clone Market to Grow Dramatically 
Historically, products offered by x86 clone vendors have lagged the 
performance of those offered by Intel by one to three years, and this has 
precluded these vendors from participating in mainstream markets. By the 
time AMD and Cyrix have gotten to market, Intel has moved on and the 
doners must deal with constantly eroding price structures. Events may play 
out differently during this cycle. 

Dataquest anticipates that both AMD and Cyrix will introduce processors 
that can compete across the board with Intel's products in desktop 
environments. This has never happened before. Although Intel is highly 
regarded for its marketing prowess, and feared because of its market 
presence, it has always had a technological lead over other x86 vendors. 
Given Intel's margin structure, AMD and Cyrix may well be able to offer 
competitive products at substantial discoimts to Intel's prices. Intel may be 
reluctant to respond with across-the-board price reductions, which would 
reduce its revenue stream far more than any competitive inroads AMD or 
Cyrix might achieve. Should such a competitive environment develop, 
Dataquest believes the x86 clone market could grow to over 23 million units, 
worth over $6 billion by the year 2000. Table 3 and Figures 5 and 6 illustrate 
how the small trickle of x86 clones may turn into a raging flood over the next 
few years. This river of clones will carve an ever-larger canyon between 
Intel's Pentium and Pentium Pro (and later Merced) product lines. 

Figure 5 
x86 Clone Market Shipments, 1996-2000 (Thousands of Units) 

Thousands of Units 
140,000 
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Source: Dataquest (December 1996) 
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Figure 6 
x86 Clone Market Revenue, 1996-2000 (Millions of U.S. Dollars) 

Millions of U.S. Dollars 
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Table 3 
Clone Penetration of x86 Market, 1996-2000 

Shipments (Thousands of Units) 

486 
Pentium 

Ml, 1,3+K5, 6, 7 

Pentium Pro 

786 

Total 

Average Selling Price (U.S. Dollars) 
, 486 

Pentium 

Ml, 2,3+K5,6,7 

Pentium Pro 

786 

Average 

Revenue (Millions of U.S. Dollars) 
486 

Pentium 

Ml, 2,3+K5, 6, 7 

Pentium Pro 

786 

Total 

1996 

6,700 
62,228 

3,972 

2,834 

75,733 

40 

187 

109 

530 

183 

268 
11,637 

433 

1,502 

-
13,840 

1997 

335 

55,381 
8,275 

25,460 

89,451 

30 

119 

172 

360 

192 

10 

6,590 

1,420 

9,165 

-
17,185 

1998 

17 

25,545 

12,021 

65,360 

800 

103,743 

24 

96 

129 

245 

1,000 
201 

0 
2,452 

1,548 

16,000 

800 
20,801 

1999 

-
3,136 

19,766 

81,858 

16,000 

120,759 

70 

122 
179 

470 

205 

-

219 

2,415 

14,653 

7,520 
24,807 

2000 

-

-
23,659 

82,037 

33,600 

139,296 

253 

120 

395 

209 

-

-

5,977 

9,844 

13,272 

29,093 
Source: Dataquest (December 1996) 
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Declining Chip Prices Lead to Higher Average Selling Prices 
Dataquest projects that the x86 market will continue to display its 
paradoxical behavior in which rapidly falling prices for each product family 
accompany an overall increase in the average selling price of an x86 
microprocessor. A product mix that continually shifts toward the high end 
accounts for this unusual phenomenon, which is illustrated in Table 4 and 
Figure 7. 

Figure 7 
x86 Average Selling Prices 
Average Selling Price (Dollars) 
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Source: Dataquest (Decemtser 1996) 

Table 4 
x86 Average Selling Prices (Dollars) 

486 

586 

686 

786 

Average 

1996 

40 

182 

530 

-

183 

1997 

30 

116 

344 

-

192 

1998 

24 

91 

235 

1,000 

201 

1999 

-

54 

171 

470 

205 

2000 

-

20 

150 

395 

209 
Source: Dataquest (December 1996) 

Shipments of Fifth-Generation Microprocessors Begin to Decline 
Table 5 and Figure 8 illustrate the manner in which sixth-generation designs 
win seize the mainstream market over the next four quarters, while fifth-
generation designs move increasingly toward the low end. Quarterly sales of 
686 processors wiU increase tenfold, from just over a mUlion units in the 
fourth quarter of 1996, to just londer 12 million in fourth quarter 1997. 
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During this same period, shipments of 586-class products will decrease 45 
percent, from over 21 million to just imder 12 million in fourth quarter 1997. 
Dataquest anticipates that Merced, the first of Intel's seventh-generation 
products, and the first 64-bit x86, will stage an appearance in the latter part 
of 1998, but win not achieve mainstream status until the next century. 

Table 5 
Quarterly Shipments of Compute x86 Microprocessors (Thousands of Units) 

486 

586 

686 

786 

Q4/% 

1,005 

21,310 

1,134 

0 

01/97 

117 

17,760 

2,992 

0 

Q2/97 

100 

15,392 

5,983 

0 

Q3/97 

84 

14,208 

8,975 

0 

Q4/97 

33 

11,840 

11,966 

0 

Ql/98 

8 

8,790 

14,725 

0 

Q2/98 

4 

7,911 

17,670 

0 

Q3/98 

3 

7,325 

19,510 

40 

Q4/98 

2 

5,274 

21,719 

760 

Source: Dataquest (December 1996) 

Figure 8 
Compute x86 Microprocessors Shipments (Thousands of Units) 
Thousands of Units 
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Dataquest Predicts 

Quarterly x86 Forecast: A River Runs through It 
Abstract: We have adjusted our chip forecast up slightly, to reflect the strong market 
conditions in the fourth quarter, and a slightly more optimistic forecast on the part of 
Dataquest's Computer Systems and Peripherals group. We have also reclassified the 
forthcoming "M2 "from Cyrix and "K6" from AMD as sixth-generation devices, albeit sixth-
generation devices with fifth-generation external buses. 
By Nathan Brookwood 

Sixth-Generation IVIicroprocessors Go IVIainstream 
Dataquest anticipates that shipments of fifth-generation ("586") x86 
microprocessors—including the Intel Pentium, the Cyrix 6x86, and the AMD 
5K86—will reach a peak of about 21.3 million units per quarter in the fourth 
quarter of 1996, and wUI then begin their slow descent into history, at least 
within computational (or general purpose) markets. New sbcfh-generation 
("686") parts from Intel, AMD, and Cyrix will begin to ship in meaningful 
quantities in the first half of 1997, and the generational transition will be in 
full force by the end of the year; quarterly shipments of sixth-generation 
processors will surpass fifth-generation MPUs by the fourth quarter, a bit 
earlier than previously forecast. 

Our reclassification of the planned AMD and Cyrix processors as sixth-
generation devices contributes to the acceleration of this transition. In earlier 
forecasts, the Dataquest Semiconductor group classified these devices as 
"fifth-generation," primarily because they use the same external bus interface 
as Intel's Pentium processor, instead of the newer (and more complex) 
external interface used in Intel's Pentimn Pro line. It now appears certain 
that AMD and Cyrix will avoid the Pentium Pro bus entirely, primarily 
because of intellectual property concerns. These vendors also argue that the 
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newer bus fails to provide any performance benefit in uniprocessor 
configurations. Intel markets its Pentium Pro line into both vmiprocessor 
(desktop) and multiprocessor (server) environments, and the latter do 
benefit from the more complex bus. In any event, given that Dataquest's 
Semiconductor group counts chips, while the Computer Systems and 
Peripherals group more properly looks at sockets, we are parting ways with 
regard to this generational taxonomy. The Computer Systems and 
Peripherals group will continue to use bus architecture (and its associated 
processor socket) as the key determinants for generational definitions, and 
will thus categorize systems containing the K6 and M2 as "fifth-generation" 
personal computer architectures. Alert readers may observe slight 
differences in the forecast transition between generations as published by 
each group; the inclusion of K6- and M2-based systems in the fifth 
generation (586-class) tends to slow the Computer Systems and Peripherals 
group's transition from 586 to 686 systems, relative to the Semiconductor 
group's chip forecast. 

Intel faced no sixth-generation competition diiring 1996, but this was a year 
of market development, and Dataquest estimates that fewer than three 
million Pentium Pro devices will have been sold by year end. Neither AMD 
nor Cyrix has shipped a sixth-generation device to date, although AMD 
claims to be shipping samples of its K6 device this quarter. This represents a 
remarkable turnaround for AMD, which could not ship any fifth-generation 
processors untU March of this year. If AMD continues to execute well on this 
program, and if its sales and marketing departments can match the success 
of its engineering and manufacturing staff, then the company will be weU 
positioned as 1997 lonfolds. Although Cyrix has yet to see first silicon for its 
"M2" processor, this effort is primarily an enhancement to the existing Ml 
design, as contrasted to the radical new designs incorporated in the Pentium 
Pro and K6 programs. Consequently, it carries a lower level of technology 
risk than those other two programs. 

Table 1, along with Figures 1 and 2, provides Dataquest's estimate of the size 
of the computational x86 market, and the shift in the generational mix within 
that market. 

MMX and AGP Enhancements Facilitate IVIultimedia Performance 
All three new processors incorporate the MMX extensions Intel originally 
defined for its (as yet imannotmced) P55 microprocessor. The new MMX 
instructions allow an x86 processor to operate simultaneously on multiple 
data items (2 by 32 bits, 4 by 16 bits, or 8 by 8 bits), and facilitate video and 
audio decoding, DSP-like compression and decompression algorithms, and 
image processing. Both Cyrix and AMD are striving to provide binary 
compatibility with Intel in their MMX designs, which means software 
developers can exploit MMX extensions with the knowledge that such 
MMX-aware coding wiU operate on most x86 processors shipped in 1997 and 
beyond. 
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Table 1 
Compute x86 Shipments, Average Selling Prices, and Revenue 

Shipments (Thousands of Units) 
486 

586 

686 
786 

Total 

Average Selling Price (U.S. Dollars) 

486 

586 

686 

786 

Total 

Revenue (Millions of U.S. Dollars) 

486 
586 

686 
786 

Total 

1996 

6,700 

66,200 

2,834 

-

75,733 

40 
182 

530 

183 

268 

12,070 
1,502 

-
13,840 

1997 

335 

59,200 

29,916 

-

89,451 

30 

116 

344 

192 

10 
6,896 

10,279 

-
17,185 

1998 

17 

29,301 

73,625 

800 

103,743 

24 
91 

235 

1,000 

201 

0 

2,678 
17,322 

800 
20,801 

1999 

-
5,226 

99,533 
16,000 

120,759 

54 
171 

470 

205 

-
282 

17,005 

7,520 
24,807 

2000 

-
395 

105,302 
33,600 

139,296 

20 

150 

395 
209 

-
8 

15,813 

13,272 
29,093 

Source: Dataquest (December 1996) 

Figure 1 
Compute x86 Revenue (Millions of U.S. Dollars) 
Millions of U.S. Dollars 
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Figure 2 
Compute x86 Shipments (Thousands of Units) 
Thousands of Units 
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Source: Dataquest (December 1996) 

Along with its MMX extensions, Intel also defined a new high-speed 
interconnection between a system's main memory and its graphics 
controller. This architecture, known as the Accelerated Graphics Port (AGP) 
is (in theory) processor independent, and can be incorporated into other 
system architectures, merely by redesigning the core logic that supports 
those architectures. Intel has indicated its intent to offer AGP features only in 
conjunction with its Pentium Pro core logic. Intel's decision not to provide 
these features in its popular line of Pentivim core logic products could impact 
AMD and Cyrix. These x86 clone chips contain a Pentium-style bus, and 
thus require Pentium-style core logic. Dataquest anticipates that several 
suppliers of Pentium core logic will incorporate the AGP features into their 
products, and thus provide a functioiiaUy equivalent platform for vendors 
choosing to pursue high-end, non-Pentium Pro desktop alternatives in 1997. 

Bus Structures Diverge 
Fourth- and fifth-generation x86 processors experienced an xmusual 
convergence of external bus architectures. From the first 486 design in 1989 
to the last in 1995, the nature of the protocol between an x86 microprocessor 
and its host environment barely changed. AH Pentium processors, along 
with 6x86s and K5s, have shared a corrmion bus architecture that simplified 
compatibility and design efforts for system vendors. Historically, this is an 
exception, rather than a rule. First-generation processors (the 8086 and 8088) 
used different interfaces (16- and 8-bits wide, respectively), while the third-
generation 386 came with both 32-bit (DX) and 16-bit (SX) bus architectures. 
Sixth-generation systems will once again experience a multitude of 
incompatible busing arrangements. 
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Intel introduced a new bus architecture (the P6 bus) in 1995 with its initial 
Pentium Pro products. Although Dataquest expects the shape of the 
Pentium Pro package to change with the Klamath introduction early in 1997, 
the electrical properties of the Pentium Pro bus should remain lonchanged. 
The new bus architecture was driven largely by Intel's desire to make 
Pentium Pro performance scale more closely in multiprocessor systems, and 
over a higher range of operating frequencies. The original Pentium design 
forces high-speed cache operations to a bus aimed primarily at input-output 
tasks, and this makes the cache less and less efficient as the core processor 
speed increases. The Pentium Pro design includes a bus for I/O, and a 
separate "backdoor bus" to access the cache. 

Dataquest speculates that as Cyrix and AMD finalize their M3 and K7 
designs, they wiU be forced to add backdoor buses for performance (NexGen 
already had such a bus, and removed it in the final K6 design). But the wall 
of IP protection Intel erected around the P6 bus may keep the clones away 
from that design. Consequently, they will be driven to adopt some variation 
of the current Pentiimi scheme, augmented by a separate backdoor bus. 
Thus, the sixth-generation x86 architecture will encompass three different 
bus designs, which we wiU riame simply as "6A," "6B," and "6C." 6A 
products include the original Pentium Pro, along with the planned Klamath 
and Deschutes processors. 65 includes the soon-to-be-released M2 and K6 
products. 6C wiU include the K7 and M3 designs. It is not yet clear whether 
AMD and Cyrix wUl converge on a single "6C" architecture, or if they will 
further bifurcate the market; an eventuality that will aid neither vendor. 
Table 2 and Figures 3 and 4 illustrate the interplay between products based 
on these three distinct sbcth-generation bus designs. 

Table 2 
Sixth-Generation Bus Architectures 

Shipments (Thousands of Units) 
6A—Pentium Pro 

6B—M2/K6 

6C—M3/K7 

Average Selling Price (U.S. Dollars) 
6A—Pentium Pro 

6B—M2/K6 

6C—M3/K7 

Revenue (Millions of U.S. Dollars) 
6A—Pentium Pro 

6B—M2/K6 

6C—M3/K7 

1996 

2,834 

- • 

- - • 

530 

1,502 

-

-

1997 

25,460 

4,456 

-

360 

250 

9,165 

1,114 

-

1998 

65,360 

8,264 

-

245 

160 

16,000 

1,322 

-

1999 

81,858 

15,679 

1,997 

179 

80 

550 

14,653 

1,254 

1,098 

2000 

82,037 

7,496 

15,769 

120 

60 

350 

9,844 

450 

5,519 
Source: Dataquest (December 1996) 
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Figure 3 
Revenue from Sixth-Generation Bus Architectures (Millions of U.S. Dollars) 

Millions of U.S. Dollars 
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Figure 4 
Shipments of Sixth-Generation Bus Architectures (Thousands of Units) 
Thousands of Units 

120.000-

H 

^ 

11 

M3/K7 

M2/K6 

Pentium 
Pro 

1996 1997 1998 1999 2000 
966604 

Source: Dataquest (December 1996) 

PSAM-WW-DP-9616 ©1996 Dataquest December 9,1996 



Semiconductor Directions in PCs and PC IViultimedia Worldwide 

x86 Clone Market to Grow Dramatically 
Historically, products offered by x86 clone vendors have lagged the 
performance of those offered by Intel by one to three years, and this has 
precluded these vendors from participating in mainstream markets. By the 
time AMD and Cyrix have gotten to market, Intel has moved on and the 
doners must deal with constantly eroding price structures. Events may play 
out differently during this cycle. 

Dataquest anticipates that both AMD and Cyrix will introduce processors 
that can compete across the board with Intel's products in desktop 
environments. This has never happened before. Although Intel is highly 
regarded for its marketing prowess, and feared because of its market 
presence, it has always had a technological lead over other x86 vendors. 
Given Intel's margin structure, AMD and Cyrix may well be able to offer 
competitive products at substantial discoimts to Intel's prices. Intel may be 
reluctant to respond with across-the-board price reductions, which would 
reduce its revenue stream far more than any competitive inroads AMD or 
Cyrix might achieve. Should such a competitive environment develop, 
Dataquest believes the x86 clone market could grow to over 23 million imits, 
worth over $6 billion by the year 2000. Table 3 and Figures 5 and 6 illustrate 
how the small trickle of x86 clones may turn into a raging flood over the next 
few years. This river of clones will carve an ever-larger canyon between 
Intel's Pentium and Pentium Pro (and later Merced) product lines. 

Figure 5 
x86 Clone Market Shipments, 1996-2000 (Thousands of Units) 

Thousands of Units 
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Source: Dataquest (December 1996) 
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Figure 6 
x86 Clone Market Revenue, 1996-2000 (Millions of U.S. Dollars) 
Millions of U.S. Dollars 
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Table 3 
Clone Penetration of x86 Market, 1996-2000 

Shipments (Thousands of Units) 

486 
Pentium 

Ml, 1,3+K5, 6, 7 

Pentium Pro 

786 

Total 

Average Selling Price (U.S. Dollars) 
486 

Pentium 

Ml, 2,3+K5,6,7 

Pentium Pro 

786 

Average 

Revenue (Millions of U.S. Dollars) 
486 

Pentium 

Ml, 2,3+K5, 6,7 

Pentium Pro 

786 

Total 

1996 

6,700 

62,228 

3,972 

2,834 

75,733 

40 
187 

109 

530 

183 

268 
11,637 

433 

1,502 

-
13,840 

1997 

335 

55,381 

8,275 

25,460 

89,451 

30 

119 

172 

360 

192 

10 

6,590 

1,420 

9,165 

-
17,185 

1998 

17 

25,545 

12,021 

65,360 

800 

103,743 

24 

96 

129 

245 

1,000 

201 

0 

2,452 

1,548 

16,000 

800 

20,801 

1999 

-

3,136 
19,766 

81,858 

16,000 

120,759 

70 

122 

179 

470 

205 

-

219 

2,415 

14,653 

7,520 
24,807 

2000 

-

-
23,659 

82,037 

33,600 

139,296 

253 

120 

395 

209 

-

-

5,977 

9,844 

13,272 

29,093 
Source: Dataquest (December 1996) 
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Declining Chip Prices Lead to Higher Average Selling Prices 
Dataquest projects that the x86 market will continue to display its 
paradoxical behavior in which rapidly falling prices for each product famUy 
accompany an overall increase in the average selling price of an x86 
microprocessor. A product mix that continually shifts toward the high end 
accotmts for this unusual phenomenon, which is illustrated in Table 4 and 
Figure 7. 

Figure 7 
x86 Average Selling Prices 
Average Selling Price (Dollars) 
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2 0 0 - ^ . 
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Source: Dataquest (December 1996) 

Table 4 
x86 Average Selling Prices (Dollars) 

486 

586 

686 

786 

Average 

1996 

40 

182 

530 

-

183 

1997 

30 

116 

344 

-

192 

1998 

24 

91 

235 

1,000 

201 

1999 

-

54 

171 

470 

205 

2000 

-

20 

150 

395 

209 
Source: Dataquest (December 1996) 

Shipments of Fifth-Generation Microprocessors Begin to Decline 
Table 5 and Figure 8 illustrate the manner in which sixth-generation designs 
will seize the mainstream market over the next four quarters, while fifth-
generation designs move increasingly toward the low end. Quarterly sales of 
686 processors will increase tenfold, from just over a million units in the 
fourth quarter of 1996, to just under 12 million in fourth quarter 1997. 
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E>uring this same period, shipments of 586-class products will decrease 45 
percent, from over 21 million to just imder 12 million in fourth quarter 1997. 
Dataquest anticipates that Merced, the first of Intel's seventh-generation 
products, and the first 64-bit x86, will stage an appearance in the latter part 
of 1998, but will not achieve mainstream status until the next century. 

Table 5 
Quarterly Shipments of Compute x86 Microprocessors (Thousands of Units) 

486 

586 

686 

786 

Q4/96 

1,005 

21,310 

1,134 

0 

Ql/97 

117 

17,760 

2,992 

0 

Q2/97 

100 

15,392 

5,983 

0 

Q3/97 

84 

14,208 

8,975 

0 

Q4/97 

33 

11,840 

11,966 

0 

Ql/98 

8 

8,790 

14,725 

0 

Q2/98 

4 

7,911 

17,670 

0 

Q3/98 

3 

7,325 

19,510 

40 

Q4/98 

2 

5,274 

21,719 

760 

Source: Dataquest (December 1996) 

Figure 8 
Compute x86 Microprocessors Shipments (Thousands of Units) 
Thousands of Units 
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Event Summary 

COIVIDEX Demonstrations Herald Exciting Year to Come 
Abstract: This document is a collection of short news items with analysis about some of the 
major semiconductor announcements at this year's COMDEX show in Las Vegas. 
Contributions were made by several analysts, so the topics range from microprocessors to 
multimedia ICs, with a smattering of other software and semiconductor issues. 
By Geoff Ballew, Nathan Brookwood, Xavier Pucel, and George Iwanyc 

1997 Brings New Technologies witli IVIass Appeal 
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If the displays on and off the floor at this year's COMDEX show in Las 
Vegas are any indication, 1997 will see the introduction of much new 
personal computer technology, which will have the potential to drive strong 
unit growth. "The 19 percent market growth Dataquest expects to see for 1996 
was achieved the old-fashioned way—^vendors offered incredible values and 
kept prices low while they increased feeds and speeds across the board. At 
this time last year, the fastest machines included 133-MHz CPUs and 16MB 
DRAM and were priced at $2,500 to $3,000. Do not kick yourself too hard if 
you bought one then, just because the same configurations are going for 
$1,400 today. But aside from the improved speed and lower cost, there is 
nothing you can do on this year's systems that you cannot do with last year's 
machines. 

IVIMXandlVIPUs 
The year 1997 appears likely to be one in which the shape of new PCs may 
change more than usual. New x86 microprocessors from Intel, Advanced 
Micro Devices, and Cyrix, all with MMX technology, should hit the street 
during the first four months of the year. Several notebook vendors offered 
"technology demonstrations" of new, faster notebooks based on Intel's as-
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yet-unarmounced P55C Pentium processors. AMD demonstrated (behind 
semiclosed doors) a side-by-side comparison of its forthcoming K6 processor 
and a 200-MHz Intel Pentium Pro; the two performed similarly on 32-bit 
applications, which are the Pentium Pro's strongest suit. Cyrix indicated that 
it is waiting for the first silicon on its next-generation M2 processor, which 
should also hit the market in this time frame. All three vendors have 
experienced strong demand over the past few months, with Intel and Cyrix 
(and its partners, IBM and SGS-Thomson) needing to allocate processor 
deliveries to customers that want to buy more units than they can supply. 
These system vendors clearly expect a strong selling season. If they do not 
get it, there could be some finished goods inventory hangover in January. 
The risk of an inventory hang for semiconductor devices is buffered by the 
relatively low inventories at most PC OEMs. At this time last year, PC OEMs 
had large inventories that they spent the first half of 1996 working through. 
This year presents a different scenario, but, nevertheless, Christmas sell-
through of PCs will impact chip orders in the first quarter. 

Core Logic 
The coming year should see an interesting struggle at the PC infrastructure 
level. Intel will push hard to ramp Klamath, its next-generation Pentium Pro, 
which requires motherboards and core logic that differ significantly from the 
boards used for Pentium-based products. AMD and Cyrix will argue that 
boards originally designed for Pentium sockets can provide adequate 
perfonnance for their new products, which will offer Pentium-Pro levels of 
performance. Pentium core logic vendors, which have been squeezed badly 
by Intel this past year, are poised to return next year with low-cost core logic 
for AMD, Cyrix, and Pentium systems that support features Intel plans only 
for its Pentium Pro products. Intel will thus leave its Pentium flank exposed; 
if the market votes for the lower-priced AMD and Cyrix approach, then 
these core logic vendors stand to benefit as well. 

Media Processors 
Chromatic Research and its partners demonstrated the Mpact media 
processor, now shipping, on and off the floor, and armounced that the 
partnership had been broadened to include SGS-Thomson as well as Toshiba 
and LG Semicon. Philips demonstrated production prototypes of its 
forthcoming TM-1 media processor on and off the floor, as well. The open 
demonstrations included AC-3 audio decoding that produced sound that 
could be heard and felt. (This COMDEX set new decibel records and 
probably caused untold damage to participants' auditory systems. Doses of 
aspirin were a popular giveaway.) Off the floor. Philips showed early 
versions of MPEG-2 decoding and H.324 videoconferencing over plain old 
telephone service (POTS). Apple Computer acknowledged publicly, for the 
first time, its intent to incorporate the TM-1 into future Macintosh products. 

3-D Graphics 
The market for 3-D graphics chips is heating up! Several suppliers are' 
shipping parts now, and virtually all of the others have 3-D products in their 
1997 road map. These new chip offerings will raise the level of competition 
in the 3-D segment of the PC graphics market, and unit volumes should 
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explode as a result. The year 1996 was a battle between S3 and ATI because 
only those two companies brought single-chip graphics subsystems (2-D, 3-
D, video, and RAMDAC all in one chip) to market in time for motherboard 
design-wins. Both those companies have already "refreshed" their lines with 
faster versions of their 3-D chips. Cirrus Logic is shipping its LagunaSD 
chip, and Trident Microsystems was showing its new SDImage, which was 
just out of the fab. Those four companies are the largest suppliers of PC 
graphics chips. Smaller graphics vendors are also into this game, including a 
number of start-up companies and even some big companies newly 
targeting this market. 3Dfx's Voodoo Graphics chips were running 
demonstrations in a number of booths. Voodoo Graphics does not include 2-
D functions, so a traditional graphics chip is also required for PC 
applications. The company is teaming with Alliance Semiconductor and 
Trident Microsystems. Alliance Semiconductor was showing a reference 
design using its 3-D graphics chip with connectors for upgrading to 3Dfx's 
3-D chipset. These pairings offer PC OEMs considerable scalability while 
maintaining software compatibility. NEC and VideoLogic were showing off 
the PowerVR chip called PCXl. Like 3Dfx's current product, PCXl needs an 
additional graphics chip for 2-D functions. 3Dlabs is now shipping 
Permedia, which has a much lower price point than its popular GLint 
products. Permedia is being manufactured by both IBM and Texas 
Instruments. TI will serve as a foundry for 3Dlabs, as well marketing and 
selling Permedia itself. Both companies will develop and sell products based 
on 3Dlabs' 3-D graphics technology. 

Software MPEG 
It seemed like everjrwhere the COMDEX enthusiast might go on the show 
floor, there was a TV or a monitor showing MPEG demos. Most of the 
attention was on MPEG-2, but MPEG-1 still has a bit of life left in it. Sony's 
own software MPEG-1 codec, running on its VAIO PC line, looked great. 
With software decompression that looks this good, it is really hard to justify 
paying for MPEG-1 hardware. On the MPEG-2 side, demonstrations of 
software codecs were quite promising for the future. Some of the differences 
between MPEG-1 and MPEG-2 revolve around the variable-rate bitstream 
and higher data rate for MPEG-2, as well as the issue that MPEG-2 was 
designed for playback on interlaced displays such as TVs rather than 
progressive-scan monitors. These differences require more processing power 
for MPEG-2 decompression compared with MPEG-1, as well as additional 
processing to compensate for image defects caused by displaying interlaced 
video on a progressive display. The bottom line is that software MPEG-2 will 
be a reality for high-end PCs in the Christmas 1997 time frame and will 
migrate into the mainstream PC market as high-speed (200 MHz and higher) 
versions of Intel's Klamath MPU proliferate. This trend will be boosted by 
graphics controllers that have motion compensation engines, effectively 
offloading some (not all) of the video processing from the CPU. 

Quicktime on Wintel 
Macintosh-related armouncements tend to be few and far between at 
COMDEX, but this year, Apple was pushing its new "platform agnostic" 
stance. Apple's Ellen Hancock gave a stirring speech in which she indicated 
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her intent to sweep all vestiges of Apple's legendary NIH ("not invented 
here") syndrome out of the company. Apple is also taking a more aggressive 
attitude toward the licensing of its technology on non-Macintosh platforms 
and plans to emphasize the presence of its Quicktime Media Library (QTML) 
on Wintel platforms. This may help these standards achieve critical mass in 
the market but will also deny Apple the use of these features to differentiate 
itself from Wintel platforms. Neither alternative is ideal for Apple, but we 
would agree that it has chosen the better alternative. 

Flat-Panel Displays 
Flat panel vendors emphasized bigger and cheaper, but not necessarily both 
together. Crowds gathered at the Fujitsu booth to view a new 42-inch-
diagonal (about 1.1-meter) plasma display. NEC showed the largest TFT (20 
inches, or 0.5m) that this analyst has ever seen. Both these displays are 
showpieces, and neither is manufacturable in high volume today. Nor are 
they priced for volume markets—yet. The good news is that TFTs priced for 
volume markets are getting bigger all the time. Fourteen-inch displays are 
the next step beyond 12 inches, and many vendors were showing off 
displays of that size. Although 14-inch-and-larger flat panels are tough to 
shoehorn into a notebook PC, these displays will help to bring TFTs into 
other applications where a thin screen is preferred to a bulky CRT, including 
deskbound PCs. Dataquest expects CRTs will continue to dominate the 
desktop for several years, but these larger panels will make TFTs more 
attractive for desktop applications. 

Windows CE 
A myriad of Windows CE handheld computers debuted at this show. 
Typically the size of a classic handheld organizer, these devices possess a 
user interface close enough to Windows 95 to allow most users to use the 
handhelds with little or no retraining, and they address the "data 
synchronization" problem (between desktop and mobile devices) in a fairly 
clean manner. Just as standardization of the desktop environment with DOS, 
Windows, and Windows 95 has driven growth in that segment, the 
extension of these standards to handhelds may spur further growth here, 
too. These new handhelds use RISC microprocessors from Hitachi (SH-3) 
and MIPS (via NEC). Thus, growth in this area could give the RISC vendors 
a fighting chance in computational microprocessor markets, where they have 
been struggling of late. 

Memory Devices 
Memory producers have a lot to look forward to in the next decade. 
Everywhere Dataquest looked, another digital camera or 3-D graphics card 
screamed a need for more memory. It looks as though 32MB of EDO DRAM 
will soon become the standard configuration for desktop PCs, and 1997 will 
be the year that synchronous DRAM starts to gain market share. Looking 
further into the future, Andy Grove shared Intel's prediction that PCs will be 
configured with 512MB of memory in 2011. Samsung, NEC, Hitachi, and the 
rest of the DRAM producers are definitely up to the task. Samsung 
displayed several 8-inch wafers with 1Gb DRAMs. Even at 0.18-micron 
geometries, Samsung can fit only 28 of the huge chips—easily 1 inch by 1/2 

PSAI\/I-WW-DP-9615 ©1996 Dataquest December 9,1996 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

inch—on an 8-inch wafer! It's a certainty that the company will be one of the 
first to go to 300mm wafers. Samsung estimates that a single 1Gb chip can 
store 8,000 pages of text, 400 photos, or 14 hours of audio. 

Memory Modules 
Third-party memory module manufacturers were well represented at 
COMDEX. Kingston Technology remains the largest and most visible 
module manufacturer, but an abundance of competitors offered slight twists 
to the quick and flexible manufacturing business model Kingston 
champions. If there is a common ground for this camp, it is its dedication to 
educating the distribution charmels and end users about the benefits of more 
megabytes and the undiluted interest in growing OEM relationships with PC 
manufacturers and DRAM producers. The memory module manufacturers 
have followed up on Samsung's announcement two months ago about the 
benefits of increased memory sizes on system performance. The module 
manufacturers realize they have a lot to gain if end users pick up on the 
megabyte message, so they have grabbed the megaphone. As for the 
common goal of increasing third-party presence in the PC OEM channel, 
Kingston again was the most visible with its announcement last week about 
its teaming with Toshiba. Kingston announced that it has been selected by 
Toshiba America Information Systems as the company's official supplier of 
memory upgrades for Toshiba's entire line of notebook and desktop personal 
computers. All the manufacturers Dataquest met with expressed a strong 
desire to expand their presence in this charmel. Dataquest expects that more 
than a few will be successful in growing this channel in 1997. There is a clear 
need for PC OEMs to have quick and flexible manufacturing, and the 
module manufacturers are very well positioned to fill this need. 

Convergence and the Modular PC 
With the rapid convergence of computers, telecommunications, and 
consumer electronics, cormectivity and data transfer speed are top priorities 
and are offering tremendous opportunities. Dataquest can envision a 
scenario in which modular PCs give consumers the flexibility and 
affordability they currently enjoy with modular stereos. Such a scenario 
could significantly impact the business models of every personal computer 
vendor in business today and open new directions as well as challenges for 
the semiconductor manufacturers. COMDEX revealed the status of several 
emerging data exchange technologies that represent a critical step toward 
the modular PC. Universal Serial Bus (USB) exhibited an impressive 
presence and assertively positioned itself as a raging new wave to watch in 
1997. IrDA is also very promising for the mobile worker because it has wide 
industry support and is already on the mainstream hardware and software, 
but it needs a marketing boost in order to really take off next year. Fibre 
Channel/Arbitrated Loop is a viable solution for decreasing connectivity 
cost and increasing performance for server clusters, mass storage, and LANs, 
possibly including home networking applications. For EC/AL, 1997 should 
provide opportunity. IEEE 1394 will see growing acceptance as the bus of the 
future for audio/video systems and PCs, but it has still a few challenges to 
be ironed out before it can be widely implemented. 
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IrDA 
Members of the Infrared Data Association (IrDA) demonstrated many 
products and applications that now feature "beaming" infrared (IR) two-way 
communications based on the globally accepted and market-established 
cordless data link standards. The IR technology positions itself mainly in the 
mobile computer market but also has application in telephony, automotive, 
industrial, and consumer. For example, IR provides a convenient connection 
for file transfer and synchronization between notebook, personal digital 
assistant (PDA), and PC. Digital still cameras, watches, pagers, and phones 
are other applications for data exchange with a computer unit. A traveler is 
able to easily cormect his/her notebook to a printer wherever he/she goes, 
as well as connect to an office network through a walk-up LAN connection. 
Virtually all notebook PCs shipped today (and shown at COMDEX) have an 
IrDA port capable of 115 Kbps and/or 4-Mbps data transfer rate with a 
range of 1 to 3 meters. At COMDEX, many companies featured digital 
cameras, cellular phones, pagers, handhelds PCs, PDAs, printers, and 
Ethernet LAN access adapters with IrDA ports. A number of motherboards, 
including Intel, Asustek, and Elitegroup, provide IrDA signals as part of the 
front panel connectors. Several Super I/O chips have IrDA functions, and 
operating system drivers from Microsoft, Apple, IBM, and Geoworks 
support IrDA usage. Phoenix Technologies has announced IrDA enabling 
software for embedded system appliances. IrDA-equipped public and 
business phones, USB adapters, watches, and many vertical applications in 
such areas as distribution, warehouse, field services, utility, medical, and 
automotive are expected to emerge in 1997. IrDA also anticipates completion 
of new "Control IR" specifications by mid-1997 for devices having a 10-meter 
range and moderate speeds (60 Kbps). 

USB 
Like 3-D and DVD, USB was one of more popular buzzwords of the show, 
and most COMDEX buses stopped at the Universal Serial Bus booth. The PC 
industry has divided into two USB camps: those that have already 
introduced USB-compatible products and those that will make their 
introductions next year. USB is gairung industry acceptance for many 
peripheral connectivity applications enabling low-cost, outside-the-box plug-
and-play to the computer user. USB allows for a data transfer rate of 12 
Mbps and therefore is aimed at I/O devices such as monitors, keyboards, 
joysticks, mice, printers, scanners, digital cameras, modems, phones, and 
speakers, among others. USB monitors still plug into a VGA port for the 
video signal, but monitor control parameters can be handled over USB. 
Several core logic chipsets from Intel are USB compliant, and major PC 
OEMs (IBM, Compaq, Digital, and Toshiba) have already introduced USB-
capable units. On October 29, Microsoft started shipping core OHCI-based 
USB drivers to OEMs as an update to the current operating system and will 
include class drivers in its next OS to be released in June or July 1997. In the 
meantime, products in the long line of peripherals introduced at the show 
come with their own drivers. Various microcontrollers, chipsets, and 
developer kits are available from many companies. Intel's Jim Pappas claims 
that more than 200 designers have USB peripherals and systems in 
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development; at a similar stage of development, the PCI community 
included about 20 companies. Pappas should know; he was one of the PCI 
progenitors, as well. 

IEEE 1394 (Also Known as FireWire) 
IEEE 1394 complements USB by providing outside-the-box plug-and-play for 
devices requiring much higher speed. IEEE 1394 is being targeted at the 
multimedia/entertainment segment and enables the consumer to plug or 
unplug, without rebooting, devices such as digital VCRs, digital camcorders, 
audio systems, and digital set-top boxes, among others. After a quick survey 
of companies exhibiting at COMDEX but not present among the 14 
companies in the 1394 association booth, it became apparent that IEEE 1394 
has attracted industrywide attention but that wide adoption and 
implementation are still a couple of years away. Although the chipsets 
(physical and link layers) are coming down in price rapidly, the technology 
is still viewed as too expensive and as "requiring too many gates to be 
integrated on the motherboard in the near term," said Jim Pappas of Intel. 
However, Microsoft reported that it is planning on having 1394 software 
drivers in the June or July 1997 OS, and PC host adapter and audio/video 
add-in cards are currently available. Some speculated that IEEE 1394 could 
replace IDE and PCI by end of the decade. Xyratex, now providing 
development tools for USB, SCSI, and Fibre Channel, reported that it is 
ready to roll out IEEE 1394 emulators and analyzers as soon as demand 
appears on the horizon. Besides concerns about cost issues, several 
exhibitors expressed their concern about the controversy surrounding the 
next generation of the current IEEE 1394-1995. Current versions of the 
standard achieve speeds of 100 Mbps and 200 Mbps. The technology road 
map calls for 800 Mbps by 1998 and 2 Gbps by 2001. Two proposed 
extensions are being discussed at the IEEE working level, 1394a and 1394-2 
(also known also as Serial Express). Both proposals have advantages and 
disadvantages, but only 1394a is backwardly compatible. "Until there is a 
clear indication of the path the technology will take, my company is 
postponing an implementation plan." said one exhibitor. 

FC/AL 
Fibre (pronounced fiber) Channel Arbitrated Loop (FC/AL) is a technology 
derived from the Fibre Channel connectivity standard for high-speed storage 
access and server clustering. FC/AL was developed with peripheral 
connectivity in mind. FC/AL can support 126 nodes and either 30m (copper) 
or 10km (optical) cable lengths between nodes. Also, it can deliver 800 Mbps 
per port, does not require jumpers to configure the drive, and has a 
sophisticated error detection code (EDO that provides high data integrity. 
FC/AL is expected to appear first in redundant arrays of independent disks 
(RAID) and mass storage subsystems, in clustered servers, and video and 
graphics networks. Fiber Channel technology is intended to complement 
wide area networks (WANs) and offer a valid option for LANs and campus 
applications. With support for 16 million switched port connections, PC's 
switched topology is as much of a network as Asynchronous Transfer Mode 
(ATM) is. Current silicon cost ranges between $80 and $250. Although 
FC/AL will most likely prevail in high-end servers (supercomputers, 
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mainframes, and top midrange computers), storage access, and clustering, it 
will compete strongly with Ultra SCSI in the workstation segment. The 
merging of IBM's Serial Storage Architecture (SSA) with FC/AL, recently 
announced informally, will bring the aggressive, two-year-old competition to 
an end. 
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Market Analysis 

PC Graphics: Does Third Quarter Momentum Bode Well for Fourth 
Quarter Results? 

Abstract: This document provides a quick overview of the third quarter financial results for 
the leading PC graphics chip suppliers, as well as a qualitative outlook for the fourth 
quarter. Third quarter results indicate that the inventory correction that has characterized 
1996 is over, and Dataquest continues to forecast double-digit growth for PCs as well as 
some other categories of electronic equipment. New orders for PC semiconductor 
components should be in sync with PC production over the quarter because of the low 
inventories held by major PC OEMs. These trends together provide a positive outlook for 
fourth quarter results. 
By Geoff Ballew 

Third Quarter Earnings Were Good but Weren't the Upside Surprise That Some 
Expected 

The largest suppliers of PC graphics controllers posted good results for the 
third calendar quarter but not as good as Intel had posted just a few days 
earlier. Stock prices for the leading graphics vendors fell about 10 percent 
even though the earnings per share (EPS) figures exceeded official estimates 
made by many stock market analysts. The results simply did not have the 
upside surprise that Intel's earnings showed, and the investment community 
was disappointed. Table 1 shows some third calendar quarter financial data 
for the three largest graphics vendors, S3 Inc., Cirrus Logic Inc., and Trident 
Microsystems Inc. 
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Table 1 
Financial Highlights from the Top Three 

Company 

S3 

Cirrus Logic 

Trident 

Fiscal Year Q3/96 
Ends Revenue 
December 119.4 

March 236.0 

June 44.8 

Semiconductor Directions 

Graphics 

Q3/96 
EPS ($) 

0.23 
0.05 

0.26 

in PCs and PC IVIultimedia Worldwide 

Chip Suppliers (Millions of Dollars) 

Q3/95 
Revenue 

84.8 

317.8 

36.6 

Q3/95 Year-to-Year Revenue 
EPS ($) Growth, Q3 (%) 

0.20 41 
0.47 -25.7 
0.34 22.6 

Source: Dataquest (December 1996) 

Outlook for Fourth Quarter 

Despite the perception that results should have been better, the trends that 
produced the third quarter results also provide optimism for the current 
quarter, the fourth quarter. This optimism hinges on several factors—the 
transition to 3-D graphics, relatively low inventories at key OEMs, and 
expectations of a strong Christinas buying season. 

Shift to 3-D Increases ASPs 
The shift to 3-D graphics chips allows graphics vendors to command higher 
average selling prices (ASPs), reversing the previous trend of declining 
ASPs. Severe competition for 2-D graphics chips (including video 
acceleration features, too) drove the trend of price erosion over the past 12 
months. The falling prices were driven by a sudden shift from 32-bit 
graphics chips to 64-bit graphics chips in the fall of 1995, coupled with a 
general surplus of 64-bit graphics chips this year. Suppliers were dependent 
on greater unit shipments for revenue growth during this period because of 
the lower ASPs. The transition to 3-D graphics does offer graphics vendors a 
chance to push ASPs back up to the $15 mark. Dataquest believes that the 
low-end 3-D graphics chips are selling in the low $20s, compared with $11 to 
$13 for a t5rpical 2-D graphics chip. 

Two of the top five graphics chip companies, S3 Inc. and ATI Technologies 
Inc., brought their 3-D chips to market early enough to win motherboard 
designs for PC OEMs' fall updates to their product lines. Cirrus Logic was 
too late for motherboard design-wins, but its LagunaSD chip will sell 
through to end users on add-in cards such as Creative Labs' Graphics 
Blaster. S3's family of 3-D accelerators is called ViRGE, while ATI's line is 
called RAGE. Both companies crossed the million-unit shipment mark for 3-
D graphics chips earlier this year, with the lead held by S3, which shipped 1 
million 3-D chips by the end of the June and as many as 2 million more last 
quarter. Trident Microsystems announced its 3DImage graphics chip and is 
sampling now, preparing for volume shipments in 1997. Chips & 
Technologies will be the last of the top five graphics suppliers to bring a 3-D 
chip to market, as the company's cooperative efforts with Lockheed'Martin 
are expected to bear fruit in the first half of 1997. The timing of Chip ' 3-D 
graphics chip is less critical than the timing for other major graphic| vendors 
because of Chips' focus on the mobile PC graphics market. 3-D features will 
migrate into mobile PCs, but desktop PCs are leading the way. w 
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OEM Inventories Are Relatively Low 
Low inventories at some of the largest PC OEMs are good news for the PC 
graphics suppliers as well as other semiconductor companies. New orders 
for chips will be required to replenish inventories as OEMs continue their 
production ramp for the holiday PC bupng season. This has not been the 
case for most of 1996. The large inventories that many OEMs carried into 
1996 allowed them to produce PCs and other electronic equipment without 
placing new orders for all of the semiconductors their production required. 
Table 2 shows the reported inventories and sales revenue for both Compaq 
and Dell Computer. Note that revenue is up, while inventory value is down. 

Table 2 
Revenue and Inventory Data for Compaq and Dell Computer (Millions of Dollars) 

Compaq 

Dell 

Revenue 
lH/96 

8,206 

3,328 

Revenue 
lH/95 

6,460 
2,342 

Change 
(%) 
17 
42 

Inventory 
lH/96 

1,535 
204 

Inventory 
lH/95 

2,036 
382 

Change 
(%) 
-25 
-47 

Notes: Inventory Includes parts, raw materials, work in process, and finished goods. 
All periods for Dell are shifted one month fonward. For example. Dell's numbers for the first half of 1996 are actually for the six-month period 
from February through July rather than January through June. 
Source: Dataquest (December 1996) 

The third quarter of 1996 was the turning point, as many semiconductor 
companies reported a strong increase in September orders. OEMs are likely 
to maintain conservative inventory strategies as long as lead times for new 
orders stay relatively short. PC OEMs face ongoing price competition and 
are keeping tighter controls on inventory to increase the number of "turns" 
they have each year. Inventory turns are defined as the average dollar 
amount of inventory on hand divided by the total value of goods moved 
through inventory in a year. For example, a company that has $100,000 of 
inventory on hand and will move $1 million worth of goods through its 
inventory over the year has 10 turns ($1 million divided by $100,000 equals 
10). 

19.7 Percent Growth Expected for PC Unit Shipments in 1996 
One more reason for optimism about the fourth quarter outlook for the PC 
graphics chip market is robust demand for PCs. The PC market consumes a 
lot of semiconductor content (about $41 billion expected in 1996, climbing to 
$88 billion in the year 2000), so continued demand for PCs is good news for 
the semiconductor market. PC OEMs will not be able to buUd all of those 
new PCs with their existing inventories, so it is likely that the recent 
upswing in new orders for PC semiconductors will keep pace with PC 
production. 

The worldwide PC market is on track to match Dataquest's forecast of 19.7 
percent unit growth, year over year. Continued strength in the PC market 
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will predictably create growing demand for PC semiconductors such as 
graphics chips, microprocessors, and DRAM. 

Dataquest Perspective 
The third quarter results of the leading graphics chip companies do bode 
well for fourth quarter. New orders during the quarter should be in sync 
with PC production for the Christmas selling season. If PC inventories at 
retailers sell through to end customers, then the first quarter of 1997 will 
bring new orders to restock those depleted shelves. There is also a buffer 
against a repeat of last year's inventory hangover caused by the 
overoptimistic forecasts that many OEMs had for December PC sales. The 
conservative inventory policies of many PC OEMs today do provide a 
measure of protection against such a severe inventory correction, even if PCs 
do not sell through as well as expected. 
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Event Summary 

COMDEX Demonstrations Herald Exciting Year to Come 
Abstract: This document is a collection of short news items with analysis about some of the 
major semiconductor announcements at this year's COMDEX show in Las Vegas. 
Contributions were made by several analysts, so the topics range from microprocessors to 
multimedia ICs, with a smattering of other software and semiconductor issues. 
By Nathan Brookwood, Geoff Ballew, Xavier Pucel, and George Iwanyc 

1997 Brings New Technologies with Mass Appeal 
If the displays on and off the floor at this year's COMDEX show in Las Vegas 
are any indication, 1997 will see the introduction of much new personal 
computer technology, which wiU have the potential to drive strong unit 
growth. The 19 percent market growth Dataquest expects to see for 1996 was 
achieved the old-fashioned way — vendors offered incredible values and kept 
prices low while they increased feeds and speeds across the board. At this 
time last year, the fastest machines included 133-MHz CPUs and 16MB 
DRAM and were priced at $2,500 to $3,000. Do not kick yourself too hard if 
you bought one then, just because the same configurations are going for 
$1,400 today. But aside from the improved speed and lower cost, there is 
nothing you can do on this year's systems that you cannot do with last year's 
machines. 

MMX and MPUs 
The year 1997 appears likely to be one in which the shape of new PCs may 
chcinge more than usual. New x86 microprocessors from Intel, Advanced 
Micro Devices, and Cyrix, all with MMX technology, should hit the street 
during the first four months of the year. Several notebook vendors offered 
"technology demonstrations" of new, faster notebooks based on Intel's as-yet-
unannounced P55C Pentium processors. AMD demonstrated (behind 
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semiclosed doors) a side-by-side comparison of its forthcoming K6 processor 
and a 200-MHz Intel Pentium Pro; the two performed similarly on 32-bit 
applications, which are the Pentium Pro's strongest suit. Cyrix indicated that 
it is waiting for the first silicon on its next-generation M2 processor, which 
should also hit the market in this time frame. All three vendors have 
experienced strong demand over the past few months, with Intel and Cyrix 
(and its partners, IBM and SGS-Thomson) needing to allocate processor 
deliveries to customers that want to buy more units than they can supply. 
These system, vendors clearly expect a strong selhng season. If they do not 
get it, there could be some finished goods inventory hangover in January. 
The risk of an inventory hang for semiconductor devices is buffered by the 
relatively low inventories at most PC OEMs. At this time last year, PC OEMs 
had large inventories that they spent the first half of 1996 w^orking through. 
This year presents a different scenario, but, nevertheless, Christmas sell-
through of PCs will impact chip orders in the first quarter. 

Core Logic 
The coming year should see an interesting struggle at the PC infrastructure 
level. Intel will push hard to ramp Klamath, its next-generation Pentium Pro, 
which requires motherboards and core logic that differ significantly from the 
boards used for Pentium-based products. AMD and Cyrix will argue that 
boards originally designed for Pentium sockets can provide adequate 
performance for their new products, which wiU offer Pentium-Pro levels of 
performance. Pentium core logic vendors, which have been squeezed badly 
by Intel this past year, are poised to return next year with low-cost core logic 
for AMD, Cyrix, and Pentium systems that support features Intel plans only 
for its Pentium Pro products. Intel will thus leave its Pentium flank exposed; 
if the market votes for the lower-priced AMD and Cyrix approach, then these 
core logic vendors stand to benefit as well. 

Media Processors 
Chromatic Research and its partners demonstrated the Mpact media 
processor, now shipping, on and off the floor, and announced that the 
partnership had been broadened to include SGS-Thomson as well as Toshiba 
and LG Semicon. Philips demonstrated production prototypes of its 
forthconiing TM-1 media processor on and off the floor, as weU. The open 
demonstrations included AC-3 audio decoding that produced sound that 
could be heard and felt. (This COMDEX set new decibel records and 
probably caused untold damage to participants' auditory systems. Doses of 
aspirin were a popular giveaway.) Off the floor. Philips showed early 
versions of MPEG-2 decoding and H.324 videoconferencing over plain old 
telephone service (POTS). Apple Computer acknowledged publicly, for the 
first time, its intent to incorporate the TM-1 into future Macintosh products. 

3-D Graphics 
The market for 3-D graphics chips is heating up! Several suppliers are 
shipping parts now, and virtually all of the others have 3-D products in their 
1997 road map. These new chip offerings will raise the level of competition 
in the 3-D segment of the PC graphics market, and unit volumes should 
explode as a result. The year 1996 was a battle between S3 and ATI because 
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only those two companies brought single-chip graphics subsystems (2-D, 3-
D, video, and RAMDAC all in one chip) to market in time for motherboard 
design-wins: Both those companies have already "refreshed" their lines with 
faster versions of their 3-D chips. Cirrus Logic is shipping its LagunaSD chip, 
and Trident Microsystems was showing its new SDImage, which was just out 
of the fab. Those four companies are the largest suppliers of PC graphics 
chips. Smaller graphics vendors are also into this game, including a number 
of start-up companies and even some big companies newly targeting this 
market. 3Dfx's Voodoo Graphics chips were running demonstrations in a 
number of booths. Voodoo Graphics does not include 2-D functions, so a 
tiaditional graphics chip is also required for PC applications. The company is 
teaming with Alliance Semiconductor and Trident Microsystems. Alliance 
Semiconductor was showing a reference design using its 3-D graphics chip 
with cormectors for upgrading to 3Dfx's 
3-D chipset. These pairings offer PC OEMs considerable scalability while 
maintaining software compatibility. NEC and VideoLogic were showing off 
the PowerVR chip called PCXl. Like 3Dfx's current product, PCXl needs an 
additional graphics chip for 2-D functions. 3Dlabs is now shipping Permedia, 
which has a much lower price point than its popular GLint products. 
Permedia is being manufactured by both IBM and Texas Instruments. Tl wiU 
serve as a foundry for 3Dlabs, as well marketing and selling Permedia itself. 
Both companies will develop and sell products based on 3Dlabs' 3-D 
graphics technology. 

Software MPEG 
It seemed like everywhere the COMDEX enthusiast might go on the show 
floor, there was a TV or a monitor showing MPEG demos. Most of the 
attention was on MPEG-2, but MPEG-1 still has a bit of life left in it. Sony's 
own software MPEG-1 codec, running on its VAIO PC line, looked great. 
With software decompression that looks this good, it will be really hard to 
justify paying for MPEG-1 hardware. On the MPEG-2 side, demonstiations 
of software codecs were quite promising for the future. Some of the 
differences between MPEG-1 and MPEG-2 revolve around the variable-rate 
bitstieam and higher data rate for MPEG-2, as well as the issue that MPEG-2 
was designed for playback on interlaced displays such as TVs rather than 
progressive-scan monitors. These differences require more processing power 
for MPEG-2 decompression compared with MPEG-1, as well as additional 
processing to compensate for image defects caused by displaying interlaced 
video on a progressive display. The bottom line is that software MPEG-2 will 
be a reality for high-end PCs in the Christmas 1997 time frame and will 
migrate into the mainstieam PC market as high-speed (200 MHz and higher) 
versions of Intel's Klamath MPU proliferate. This tiend will be boosted by 
graphics contioUers that have motion compensation engines, effectively 
offloading some (not all) of the video processing from the CPU. 

Quicktime on Wintel 
Macintosh-related announcements tend to be few and far between at 
COMDEX, but this year, Apple was pushing its new "platform agnostic" 
stance. Apple's Ellen Hancock gave a stirring speech in which she indicated 
her intent to sweep all vestiges of Apple's legendary NIH ("not invented 
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here") syndrome out of the company. Apple is also taking a more aggressive 
attitude toward the licensing of its technology on non-Macintosh platforms 
cind plans to emphasize the presence of its Quicktime Media Library (QTML) 
on Wintel platforms. This may help these standards achieve critical mass in 
the market but will also deny Apple the use of these features to differentiate 
itself fromi Wintel platforms. Neither alternative is ideal for Apple, but we 
would agree that it has chosen the better alternative. 

Flat-Panel Displays 
Flat panel vendors emphasized bigger and cheaper, but not necessarily both 
together. Crowds gathered at the Fujitsu booth to view a new 42-inch-
diagonal (about 1.1-meter) plasma display. NEC showed the largest TFT (20 
inches, or 0.5m) that this analyst has ever seen. Both these displays are 
showpieces, and neither is manufacturable in high volume today. Nor are 
they priced for volume markets —yet. The good news is that TFTs priced for 
volume markets are getting bigger all the time. Fourteen-inch displays are 
the next step beyond 12 inches, and many vendors were showing off 
displays of that size. Although 14-inch-and-larger flat panels are tough to 
shoehorn into a notebook PC, these displays will help to bring TFTs into 
other applications where a thin screen is preferred to a bulky CRT, including 
deskbound PCs. Dataquest expects CRTs will continue to dominate the 
desktop for several years, but these larger panels will make TFTs more 
attractive for desktop applications. 

Windows CE 
A myriad of Windows CE handheld computers debuted at this show. 
Typically the size of a classic handheld organizer, these devices possess a 
user interface close enough to Windows 95 to allow most users to use the 
hcindhelds with little or no retrairung, and they address the "data 
synchronization" problem (between desktop and mobile devices) in a fairly 
clean manner. Just as standardization of the desktop environment with DOS, 
Windows, and Windows 95 has driven growth in that segment, the extension 
of these standards to handhelds may spur further growth here, too. These 
new handhelds use RISC microprocessors from Hitachi (SH-3) and MIPS (via 
NEC). Thus, growth in this area could give the RISC vendors a fighting 
chance in computational microprocessor markets, where they have been 
stiuggling of late. 

Memory Devices 
Memory producers have a lot to look forward to in the next decade. 
Everywhere Dataquest looked, another digital camera or 3-D graphics card 
screamed a need for more memory. It looks as though 32MB of EDO DRAM 
will soon become the standard configuration for desktop PCs, and 1997 will 
be the year that synchronous DRAM starts to gain market share. Looking 
further into the future, Andy Grove shared Intel's prediction that PCs will be 
configured with 512MB of memory in 2011. Samsung, NEC, Hitachi, and the 
rest of the DRAM producers are definitely up to the task. Samsung displayed 
several 8-inch wafers with 1Gb DRAMs. Even at 0.18-micron geometiies, 
Samsung can fit only 28 of the huge chips —easily 1 inch by 1/2 inch—on an 
8-inch wafer! It's a certainty that the company will be one of the first to go to 
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300mm wafers. Samsung estimates that a single 1Gb chip can store 8,000 
pages of text, 400 photos, or 14 hours of audio. 

Memory Modules 
Third-party memory module manufacturers were well represented at 
COMDEX. Kingston Technology remains the largest and most visible 
module manufacturer, but an abtmdance of competitors offered slight twists 
to the quick and flexible manufacturing business model Kingston champions. 
If there is a common ground for this camp, it is its dedication to educating 
the distribution charmels and end users about the benefits of more 
megabytes and the undiluted interest in growing OEM relationships with PC 
manufacturers and DRAM producers. The memory module manufacturers 
have followed up on Samsung's announcement two months ago about the 
benefits of increased memory sizes on system performance. The module 
manufacturers realize they have a lot to gain if end users pick up on the 
megabyte message, so they have grabbed the megaphone. As for the 
common goal of increasing third-party presence in the PC OEM channel, 
Kingston again was the most visible with its announcement last week about 
its teaming with Toshiba. Kingston announced that it has been selected by 
Toshiba America Information Systems as the company's official suppHer of 
memory upgrades for Toshiba's entire line of notebook and desktop personal 
computers. AU the manufacturers Dataquest met with expressed a strong 
desire to expand their presence in this channel. Dataquest expects that more 
thcin a few will be successful in growing this channel in 1997. There is a clear 
need for PC OEMs to have quick and flexible manufacturing, and the module 
manufacturers are very well positioned to fiU this need. 

Convergence and the Modular PC 
With the rapid convergence of computers, telecommunications, and 
consumer electronics, connectivity and data transfer speed are top priorities 
and are offering tremendous opportunities. Dataquest can envision a 
scenario in which modular PCs give consumers the flexibility and 
affordability they currently enjoy with modular stereos. Such a scenario 
could significantly impact the business models of every personal computer 
vendor in business today and open new directions as well as challenges for 
the semiconductor manufacturers. COMDEX revealed the status of several 
emerging data exchange technologies that represent a critical step toward the 
modular PC. Universal Serial Bus (USB) exhibited an impressive presence 
and assertively positioned itself as a raging new wave to watch in 1997. IrDA 
is also very promising for the mobile worker because it has wide industry 
support and is already on the mainstream hardware and software, but it 
needs a marketing boost in order to really take off next year. Fibre 
Channel/Arbitrated Loop is a viable solution for decreasing connectivity 
cost and increasing performance for server clusters, mass storage, and LANs, 
possibly including home networking applications. For FC/AL, 1997 should 
provide opportunity. IEEE 1394 will see growing acceptance as the bus of the 
future for audio/video systems and PCs, but it has still a few challenges to 
be ironed out before it can be widely implemented. 
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IrDA 
Members of the Infrared Data Association (IrDA) demonstrated many 
products and applications that now feature "beaming" infrared (IR) two-way 
conununications based on the globally accepted and market-established 
cordless data link standards. The IR technology positions itself mainly in the 
mobile computer market but also has application in telephony, automotive, 
industrial, and consumer. For example, IR provides a convenient connection 
for file transfer and synchronization between notebook, personal digital 
assistant (PDA), and PC. Digital still cameras, watches, pagers, and phones 
are other applications for data exchange with a computer tmit. A traveler is 
able to easily connect his/her notebook to a printer wherever he/she goes, as 
well as connect to an office network through a walk-up LAN connection. 
Virtually aU notebook PCs shipped today (and shown at COMDEX) have an 
IrDA port capable of 115 Kbps and/or 4-Mbps data transfer rate with a range 
of 1 to 3 meters. At COMDEX, many companies featured digital cameras, 
cellular phones, pagers, handhelds PCs, PDAs, printers, and Ethernet LAN 
access adapters with IrDA ports. A number of motherboards, including Intel, 
Asustek, and Elitegroup, provide IrDA signals as part of the front panel 
connectors. Several Super I/Os also integrate IrDA function, and operating 
system drivers from Microsoft, Apple, IBM, and Geoworks support IrDA 
usage. Phoenix Technologies has announced IrDA enabling software for 
embedded system appliances. IrDA-equipped public and business phones, 
Uruversal Serial Bus (USB) adapters, watches, and many vertical applications 
in such areas as distiibution, warehouse, field services, utility, medical, and 
automotive are expected to emerge in 1997. IrDA also anticipates completion 
of new "Control IR" specifications by mid-1997 for devices having a 10-meter 
range and moderate speeds (60 Kbps). 

USB 
Like 3-D and DVD, USB was one of more popular buzzwords of the show, 
and most COMDEX buses stopped at the Universal Serial Bus booth. The PC 
industiy has divided into two USB camps: those that have already 
intioduced USB-compatible products and those that will make their 
intioductions next year. USB is gaining industiy acceptance for many 
peripheral connectivity applications enabling low-cost, outside-the-box plug-
and-play to the computer user. USB allows for a data transfer rate of 12 Mbps 
and therefore is aimed at I/O devices such as monitors, keyboards, joysticks, 
mice, printers, scanners, digital cameras, modenis, phones, and speakers, 
among others. USB monitors still plug into a VGA port for the video signal, 
but monitor contiol parameters can be handled over USB. Since mid-1996, 
USB has been on Intel's motherboards, and major PC OEMs (IBM, Compaq, 
Digital, and Toshiba) have already intioduced USB-capable units. On 
October 29, Microsoft started shipping core OHCI-based USB drivers to 
OEMs as an update to the current operating system and will include class 
drivers in its next OS to be released in June or July 1997. In the meantime, 
products in the long line of peripherals intioduced at the show come with 
their own drivers, and PCI host adapter cards are also available to upgrade 
the installed base of PCs. Various nucrocontioUers, chipsets, and developer 
kits are available from many companies. Intel's Jim Pappas claims that more 
than 200 designers have USB peripherals and systems in development; at a 

PSAM-V\/W-DP-9615 ©1996 Dataquest November 25, 1996 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

similar stage of development, the PCI community included about 20 
companies. Pappas should know; he was one of the PCI progenitors, as well. 

IEEE 1394 (Also Known as FireWire) 
IEEE 1394 complements USB by providing outside-the box plug-and-play for 
devices requiring much higher speed. IEEE 1394 is being targeted at the 
multimedia/entertainment segment and enables the consumer to plug or 
unplug, without rebooting, devices such as digital VCRs, digital camcorders, 
audio systems, and digital set-top boxes, among others After a quick survey 
of compcinies exhibiting at COMDEX but not present among the 14 
compcinies in the 1394 association booth, it became apparent that IEEE 1394 
has attracted industrywide attention but that wide adoption and 
implementation are still a couple of years away. Although the chipsets 
(physical and link layers) are coming down in price rapidly, the technology 
is still viewed as too expensive and as "requiring too many gates to be 
integrated on the motherboard in the near term," said Jim Pappas of Intel. 
However, Microsoft reported that it is planning on having 1394 software 
drivers in the June or July 1997 OS, and PC host adapter and audio/video 
add-in cards are currently available. Some speculated that IEEE 1394 could 
replace IDE cind PCI by end of the decade. Xyratex, now providing 
development tools for USB, SCSI, and Fiber Charmel, reported that it is ready 
to roll out IEEE 1394 emulators £ind analyzers as soon as demand appears on 
the horizon. Besides concerns about cost issues, several exhibitors expressed 
their concern about the controversy surrounding the next generation of the 
current IEEE 1394-1995. Current versions of the standard achieve speeds of 
100 Mbps and 200 Mbps. The technology road map calls for 800 Mbps by 
1998 and 2 Gbps by 2001. Two proposed extensions are being discussed at 
the IEEE working level, 1394a and 1394-2 (also known also as Serial Express). 
Both proposals have advcintages and disadvantages, but only 1394a is 
backwardly compatible. "Until there is a clear indication of the path the 
technology will take, my company is postponing an implementation plan." 
said one exhibitor. 

FC/AL 
Fibre (pronounced fiber) Channel Arbitrated Loop (FC/AL) is a technology 
derived from the Fibre Charmel connectivity standard for high-speed storage 
access and server clustering. FC/AL w âs developed with peripheral 
connectivity in mind. FC/AL can support 126 nodes and either 30m (copper) 
or 10km (optical) cable lengths between nodes. Also, it can deliver 800 Mbps 
per port, does not require jumpers to configure the drive, and has a 
sophisticated error detection code (EDC) that provides high data integrity. 
FC/AL is expected to appear first in redundant arrays of independent disks 
(RAID) and mass storage subsystems, in clustered servers, and video and 
graphics networks. Fiber Channel technology is intended to compliment 
wide area networks (WANs) and offer a vaUd option for LANs and campus 
applications. With support for 16 million switched port connections, PC's 
switched topology is as much of a network as Asynchronous Transfer Mode 
(ATM) is. Current siUcon cost ranges between $80 and $250. Although 
FC/AL will most likely prevail in high-end servers (supercomputers, 
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mainframes, and top midrange computers), storage access, and clustering, it 
will compete strongly with Ultra SCSI in the workstation segment. The 
merging of IBM's Serial Storage Architecture (SSA) with FC/AL, recently 
announced informally, will bring the aggressive, two-year-old competition to 
an end. 
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S3 Enters the PC Audio Market 

S3 Inc. officially entered the PC audio market today. In a press release today, the 
company formally announced the SonicVibes chip, which is a complete audio 
subsystem on a single chip. This announcement is a major step for S3 because it 
follows through on the company's stated goals of expanding beyond its core 
competencies of graphics and video processing. 

The new product has an impressive list of features, including wave table synthesis, FM synthesis, SRS 
stereo enhancement, a speed-compensating joystick interface, and a PCI bus interface. Yes ... that is 
correct... a PCI bus interface. The SonicVibes chip may also be implemented on the ISA bus but then 
requires an external memory device for wave table synthesis. The new chip takes advantage of the higher 
bandwidth over PCI to use the PC's main memory for the wave table samples. S3 has reduced the total 
subsystem cost by eliminating the external ROM (typically 512KB or 1MB) that many other solutions 
require. A typical implementation requires only the SonicVibes chip. This reduces cost as well as board 
space for a wave table solution. 

SonicVibes is sampling now and is scheduled for volume production in the first quarter of 1997. List 
price for quantities of 10,000 is $30 per chip in a PQFP-160 package. 

Dataquest Perspective 

This is a bold step for S3. The company's rapid growth has been fueled by its graphics and video 
accelerator business as S3 has grown to be the largest supplier of PC graphics accelerators. S3's success 
in the graphics arena has been a trend of capturing a growing share of a grov^ng market. Now that S3 
has such a large share of that business, additional market share is more diflScult to get. S3 needs to 
address new product segments within the PC semiconductor market to continue its trend of growing so 
much faster than the overall market. S3 has been working on expanding its available market, and 
SonicVibes is part of that effort. 

The SonicVibes product is a step ahead of the mainstream PC audio chips today. This is necessary for S3 
to break into this market because a "me too" solution would not compel very many OEMs to switch from 
the established audio chip suppliers. S3 is early to the market for PCI-based audio chips. The SonicVibes 
chip is compatible with the ISA bus, but is much more compelling with the PCI bus because of memory 
issues. This makes the risk of switching to an unproven audio chip vendor more palatable for an OEM 
because there are rewards (lower cost given the feature set) associated with that risk. One open issue is 
Sound Blaster compatibility. S3 has arranged for compatibility testing by a third party and has already 
received results from testing using an ISA-based implementation. Those results show solid compatibility 
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with the Sound Blaster standard, but Dataquest is very interested in the results from the PCI-based 
implementation. The distinction is important because of the challenges associated with Sound Blaster 
compatibility over the PCI bus. 

S3's foray into the PC audio market should be very exciting to watch. The company has executed very 
well in the graphics market, bringing compelling products to market on time and at an attractive price. S3 
also has strong relationships with key OEMs at the PC and the add-in board level. These strengths will 
help to open doors for Sonic Vibes, but the company must build credibility in the audio market as well. It 
appears that S3 has hired the talent and experience to enter the audio market with a bang, so a measure of 
credibility has been established through the reputations and relationships of those employees. The task of 
winning new designs is next on the list. 
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Perspective 

Semiconductor Directions in PCs and PC Multimedia 

Market Analysis 

NICs Get Nixed as Ethernet Controllers Migrate onto the PC 
Motherboard 

Abstract: Many PC OEMs are changing the face of PC networking by integrating Ethernet 
chips onto their motherboard designs. This bucks the long-term trend of adding networking 
capability with network interface cards (NICs) and opens a new opportunity for PC OEMs 
to add value to their products. This trend toward integrated networking is fueled by the 
availability of low-cost, single-chip Ethernet controllers and the popularity of 10-Mbps 
Ethernet as a standard. 
This report provides an overview of the market dynamics for Ethernet controllers in PCs, 
including implementation trends and insight into the strategies of key chip suppliers for PC 
networking and a forecast for unit shipments and revenue. For the purposes of this report, 
the term "controller" refers to a chip rather than a NIC. 
By Geoff Ballew 

More PCs Are Getting Integrated Networking 
PC peripherals often migrate to the motherboard when technology is 
relatively stable and chip count is minimal. Ethernet controllers satisfy both 
of those requirements and are getting designed onto PC motherboards with 
greater frequency. Ethernet is the most popular standard for PC networking, 
and chip suppliers are delivering single-chip controllers for well under $10. 
Dual-speed controllers that provide a complete 10-Mbps solution as well as a 
low-cost upgrade path to 100 Mbps are attractive for motherboards as well 
and sell for a decreasing premium over the 10-Mbps-only chips. Figure 1 
shows how a 10/100-Mbps Ethernet controller might be implemented on a 
PC motherboard. Improvements in software are also helping this trend 
toward integrated networking as corporations move away from Windows 
3.x running on top of DOS in favor of Windows 95 and Windows NT. These 
newer operating systems simplify network configuration and maintenance 
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by including network driver support for the more popular networking 
controllers. 

Figure 1 
Possible Motherboard Implementation for a 10/100-Mbps Ethernet Controller 
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Many PC OEMs are integrating Ethernet controllers onto their motherboard 
designs for their business desktop lines. Some of those designs use a custom 
daughtercard or module approach rather than soldering the controller onto 
the motherboard itself. For the purposes of this report, daughtercard 
implementations will be considered motherboard implementations because 
the PC OEMs are sourcing the chips directly instead of buying network 
interface cards (NICs). Table 1 lists a few PCs that have integrated Ethernet 
controllers. 

Figure 2 shows Dataquest's forecast for integrated networking in PCs 
through the year 200(D. (The data for this figure is located in Table 3.) 

PSAI\/I-WW-DP-9613 ©1996 Dataquest November 4,1996 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

Table 1 
Several PC Product Lines Featuring Integrated Network Controllers 

Brand 
Compaq 

DeU 

Hewlett-Packard 

IBM 

Apple 

AST Research 

ICL 

Siemens-Nixdorf 

Product Line 
Deskpro 4000 

Deskpro 6000 

Optiplex (some models) 

Vectra XM2, XM3, XU 

PC Power Series 830,850 

Quadra (some models) 
Power Macintosh (some models) 

Premmia GX 

ErgoPRO 
RM4000 

Source: Dataquest (November 1996) 

Figure 2 
Forecast for Integrated Networking in PCs 
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Integrated Networking Allows PC OEMs to Add Value and Differentiate 
Their Products 
PC OEMs benefit in two ways from integrating networking ICs onto their 
motherboards. First, a PC with networking capabilities sells for a higher 
price, so the OEM gets a higher dollar margin on the sale of that PC. 
Motherboard implementations are less expensive than using ISA or PCI add-
in cards, so OEMs get maximum economic benefit from integrating the 
network controller onto the motherboard. 
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Strategic benefits arise as well. Several PC OEMs use integrated networking 
to position themselves as solution providers rather than just equipment 
providers. The difference is that solution providers address cost-of-
ownership issues. The message is "value" rather than "lowest price." 

Some New Features Require Motherboard Implementation 
Some new features available in network controllers are easier to implement 
on motherboards than on NICs. The Magic Packet technology, 3.3V 
operation, and user-visible status LEDs are some specific examples. (Magic 
Packet is a trademark of Advanced Micro Devices Inc.) 

Magic Packet technology was developed by AMD and Hewlett-Packard as a 
way to turn on a PC remotely by sending a special message or "magic 
packet" over the network. This enables corporate IS staffs to remotely 
manage a number of functions, such as software or BIOS update, system 
backups, and other tasks, even if the PC is turned off. PC users can turn off 
their PCs at night to save electricity, and the IS staff can do its job without 
having to run around a building turning PCs on and off. 

This technology requires that the network controller be powered up, 
although in a low-power sleep mode, when the PC is turned "off." The 
network controller must also be able to turn the PC "on" so that the PC boots 
up and is ready for operation. The PCI specification does not include these 
capabilities, so PC OEMs must enable these features through their 
motherboard designs. Special motherboard features require the network 
controller to be integrated into the motherboard design, even though the 
network controller may be soldered to a custom module or daughtercard. 
Hewlett-Packard and IBM are two PC OEMs that offer Magic Packet or 
similar features in their PC products. 

Another benefit OEMs can realize by implementing network controllers on 
the motherboard is 3.3V operation. Some PCI motherboards do not include 
3.3V power signals to the PCI cormectors, so designers of PCl-based NICs 
must add a 3.3V voltage regulator if they want 3.3V signals on their card. 
The advantage of operating at 3.3V instead of 5V is lower power 
requirements. 

Another opportunity for PC OEMs to differentiate their products is adding a 
simple network-activity LED, similar to the hard disk-activity LED and 
visible to the PC user. Many NICs have status LEDs today that are visible 
from the back of the PC, but few users can see the back of their PCs. 
Standard NICs do not provide an opportunity to route the LED sigrial to the 
front of the PC, so a motherboard implementation (and appropriate redesign 
of the PC case) would be necessary. This feature must be enabled through 
the controller itself for a true indication of network activity. 

Feature Comparison of Several Ethernet Controllers 
Suppliers of Ethernet controllers compete on features and price just like 
other chip vendors. Table 2 shows some of the basic features of several 
Ethernet controllers that are available today. 
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Table 2 
Feature Comparison of Several Ethernet Controllers 

• 

AMD 

AMD 

AMD 

Digital 

Digital 

Digital 

Fujitsu 

Fujitsu 

National 

Semiconductor 

Standard 

Microsystems 

Standard 

Microsystems 

Texas 

Instruments 

Texas 

Instruments 

Product 
Family 

PCnet-PCI 

PCnet-PCI II 

PCnet-Fast 

None 

None 

None 

None 

None 

SONIC-T 

None 

None 

ThuTKlerLAN 

ThunderLAN 

Fart Number 

-
-

79C971 

21041 

21142 

21143 

MB86965 

MB86965B 

DP83936 

SMC91C94 

SMC91C100 

TNETEIOO 

TNETEllO 

Speed 
(Mbps) 

10 

10 

10/100 

10 

10/100 

10/100 

10 

10 

10 

10 

10/100 

10/100 

10 

Integrated 
Transceiver? 

Yes 

Yes 

10 Mbps Only 

Yes 

10 Mbps Only 

10 Mbps Only 

Yes 

Yes 

Yes 

Yes 

10 Mbps Only 

10 Mbps Only 

Yes 

Full-Duplex 
Operation? 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

No 

No 

No 

Yes 

Voltage 

3.3,5 

3.3,5 

3.3,5 

3.3,5 

3.3,5 

3.3,5 

5 

5 

5 

5 

5 

3.3,5 

3.3,5 

Bus 
Interface 

PCI 

PCI 

PCI 

PCI 

PCI 
CardBus 

PCI 
CardBus 

ISA 

ISA 

Direct to 
MFU 

ISA 

ISA 
PCMCIA 

PCI 

PCI 

Power-Saving 
Mode? 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

PatkaKe 

PQFP-160 

PQFP-132, 
TQFP-144 

PQFP-160, 
TQFP-176 

PQFP-120 

PQFP-144, 
TQFP-144 

PQFP-144, 
TQFP-144 

QFP-160 

QFP-160 

QFP-160 

QFP-100, 

TQFP-100 

QFP-208 

PQFP-144, 
TQFP-144 

PQFP-144, 
TQFP-144 

Source: Dataquest (November 1996) 

10/100-Mbps Controllers Provide an Upgrade Path 
PC OEMs must balance the cost benefits of integrating peripherals versus 
configuration flexibility. Suppliers of Ethernet controllers have addressed 
this dilemma by offering 10/100-Mbps Ethernet controllers. These 
controllers offer 10-Mbps operation with a single chip, but are easily 
upgradable to 100-Mbps capability by adding a 100-Mbps transceiver chip. 

Full-Duplex Operation Gives 10 Mbps a Boost 
Full-duplex operation is a new feature for 10-Mbps Ethernet controllers that 
doubles the peak bandwidth to 20 Mbps (10 Mbps into the controller and 10 
Mbps out). The performance increase is moderate (2x compared to the lOx 
increase offered by 100-Mbps Ethernet) but is compelling because of the low 
cost and single-chip configuration. 

Power-Saving Modes Are a Requirement for Network Controllers in 
Mobile PCs 
Most of the network controllers shown in Table 1 have some ability to go 
into a low power mode or sleep mode. This is a critical feature as 
semiconductor suppliers target the mobile PC market. Mobile PCs are 
frequently connected to networks when users are in their offices, so 
integrated networking makes sense, but battery life must be considered. 
Some mobile PCs from Hitachi have integrated network controllers today, 
and models fromi other vendors are sure to follow. 
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Forecast for Ethernet Controllers 
Networking continues to be a critical function of the corporate PC. 
Dataquest's forecast for Ethernet controllers reflects this with almost a 17 
percent compound annual growth rate (CAGR) from 1995 to 2000. Figure 3 
and Table 3 show the actual forecast. This forecast shows a dramatic shift 
toward controllers capable of Fast Ethernet speeds (100 Mbps) as demand for 
network bandwidth continues to climb and the price premium for 10/100 
Mbps gets smaller. 

Figure 3 
Forecast for Unit Shipments of Ethernet Controllers 
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Source: Dataquest (November 1996) 

PCI will play a greater role for networking in the future, as system vendors 
want the performance and configuration benefits that that interface provides. 
True plug-and-play capability as well as lower CPU utilization are two 
tremendous advantages that PCI has over ISA. 

Another major trend is the rising tide of application-specific standard 
products (ASSPs) in the Fast Ethernet category. Dataquest believes that 
ASSPs will increase from 30 percent of Fast Ethernet unit shipments to 70 
percent over the next four years. ASIC vendors will enjoy higher unit growth 
from 1996 to 1997 if the total Ethernet controller market is considered, but 
subsequent years will bring slower growth for ASICs as ASSPs begin to 
dominate the Fast Ethernet category in addition to the 10-Mbps Ethernet 
category. 

One ASIC vendor, 3Com, is selling chips directly to at least one PC OEM. In 
the past, 3Com has used its ASICs to sell board-level networking products 
and capture the added value of board-level integration. Dataquest believes 
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that 3Com's willingness to sell chip-level products validates the trend 
toward integrated networking. 

Table 3 
Forecast for Revenue and Unit Shipments of Ethernet Controllers 

Ethernet (10 Mbps) 

Units (M) 

ASP ($) 

Kevenue ($M) 

Percentage ASSP 

Percentage ASIC 

PCI I /F Units (M) 

Motherboard Units (M) 

Fast Ethernet (100,10/100 Mbps) 

Units (M) 

ASP ($) 

Revenue ($M) 

Percentage ASSP 

Percentage ASIC 

PCI I /F Units (M) 

Motherboard Units (M) 

1994 

24.00 

11.8 

283.0 

77 

23 

0.72 

1.92 

0.03 

53.0 

1.3 

20 

80 

0.02 

0 

1995 

28.00 

10.4 

291.0 

78 

22 

3.08 

3.78 

1.42 

23.0 

32.7 

25 

75 

0.71 

0 

Total Ethernet (Sum of 10, lOAOO, and 100 Mbps) 

Units (M) 

ASP ($) 

Revenue ($M) 

Percentage ASSP 

Percentage ASIC 

PCI I /F Units (M) 

Motherboard Units (M) 

24.03 

11.8 

284.3 

77 

23 

0.74 

1.92 

29.42 

11.0 

323.7 

75 

25 

3.79 

3.78 

1996 

28.80 

9.1 

263.0 

80 

20 

4.90 

4.61 

5.68 

17.3 

98.0 

30 

70 

3.69 

0.11 

34.48 

10.5 

361.0 

72 

28 

8.59 

4.72 

1997 

25.40 

8.7 

220.0 

83 

17 

7.11 

4.57 

19.31 

13.8 

266.5 

40 

60 

14.48 

1.13 

44.71 

10.9 

486.5 

64 

36 

21.59 

5.70 

1998 

22.30 

8.5 

190.0 

87 

13 

10.05 

4.02 

29.93 

11.7 

351.1 

50 

50 

25.44 

4.49 

52.23 

10.4 

541.1 

66 

34 

35.49 

8.51 

1999 

19.70 

8.3 

164.0 

95 

5 

14.74 

3.54 

38.91 

10.6 

410.8 

60 

40 

36.97 

10.90 

58.61 

9.8 

574.8 

72 

28 

51.71 

14.44 

2000 

17.30 

8.2 

141.0 

98 

2 

15.57 

3.11 

46.70 

10.0 

468.3 

70 

30 

45.30 

17.74 

64.00 

9.5 

609.3 

78 

22 

60.87 

20.85 

CAGR(%) 
1995-2000 

-9.2 

-4.7 

-13.4 

38.3 

-3.8 

101.1 

-15.3 

70.3 

129.6 

N M 

16.8 

-20 

13.5 

74.2 

40.7 
NM = Not meaningful 
Source: Dataquest (November 1996) 

Dataquest Perspective 
The market for Ethernet controllers in PCs will shift toward higher speeds 
and standard product (ASSP) solutions over the next five years. Many PC 
OEMs are integrating network controllers onto their motherboard designs, 
so they will increasingly buy chips instead of boards. This trend toward 
integrated networking favors standard products (ASSPs) for that reason. 
ASIC solutions sold at the board level will continue to have high volumes 
(about 14 million units in the year 2000) and will represent the leading edge 
in terms of performance. 
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As the market shifts toward motherboard designs, semiconductor suppliers 
have greater opportimity to add new features and differentiate their 
products. At least one chip supplier. Advanced Micro Devices, has 
integrated filters into the chip, removing this requirement from the 
inductor/isolator component shown in Figure 1. Features such as AMD's 
Magic Packet technology cannot be implemented across a PCI connector 
because the PCI specification does not provide connections for those signals. 
Motherboard implementations can use the standard PCI interface for 
standard functions but implement additional features however they like. 

Semiconductor suppliers are encouraged to differentiate their products in 
ways that allow the PC OEM to add value. Integration reduces total cost, 
which is always nice, but PC OEMs are fighting for their own product 
differentiation to increase (or maintain) their gross margins. Network 
controllers that help PC OEMs position their own products as solutions with 
unique and value-oriented features should be in high demand. 
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Market Analysis 

CD-ROM Controllers Enable New Classes of CD Drives 
Abstract: Suppliers of CD-ROM controllers are adding new features to their chips that will 
change the dynamics of the CD-ROM drive market. CD-ROM drives are typically judged by 
data transfer rate and price, and CD-ROM controllers are a key component. The speed race 
from 2x- to 4x-speed and now 12x-speed drives is pushing several technology limits. Faster 
drives may require new features in the controller chips to improve overall performance 
without requiring faster motor speeds. 
Differentiation among CD-ROM controllers from the leading suppliers will continue to be 
performance oriented, but the integration of new features is essential for the higher speeds to 
be usable. Support for other types of compact disc drives such as CD-Recordable (CD-R) and 
CD-Rewritable (CD-RW, also called CD-Erasable or CD-E) is necessary for CD drives to 
compete with other mass storage options. Suppliers of CD-ROM controllers are aware of 
this and are integrating these features to make sure that CD drives can be competitive in the 
future. For the purposes of this document, the term "CD-ROM controller" will be used to 
describe controllers for CD drives that are CD-ROM compatible hut may have CD-R or CD-
RW capabilities, as well. 
By Geoff Ballew 

Basic Functions of a CD-ROIVI Controller 

5 
UJ 

N 
.. m 
o > 
o < 
LU Ui 
=1 < 
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CD-ROM controllers are one of the major semiconductor components of CD-
ROM drives. The basic functions of a CD-ROM controller include a decoder, 
error correction circuitry, a host interface (commonly SCSI or AT API), and 
interfaces to other components. The decoder functions are necessary for 
handling the different data formats such as CD-ROM, CD-Audio, CD-
Interactive (CD-I), and others. Figure 1 shows a block diagram of CD-ROM 
drive, including the CD-ROM controller. 
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Additional functions are reqxiired for CD-Recordable (CD-R) and CD-
Rewritable (CD-RW) capability. These include an encoder and a compact 
disc formatter, as well as circuitry for controlling the recording laser. 

Figure 1 
Block Diagram of a CD-ROM Drive 

^SS^^^P^^^ ! ^^ 
\_Jij-i-;v.J:v. l.^•..^'lif'tWlfiC 

^ ™,'; i?. r S ^ ? ^ ^ ^ ^ 

Read 
Channel 1 

3 iH^^" Cable, 
Host 

Interface 
(SCSI or 
ATAPI) 

CD-ROM Drive PC 
966762 

Source: Oak Technology and Dataquest 

CD-ROM Drive Speed Issues 
CD-ROM drive speed is often quoted as a whole-number multiple of the 
speed of the first, single-speed CD-ROM drives, for example 2x, 4x, 8x, and 
so on. An 8x drive can transfer data up to eight times as fast as a single-
speed drive. These numbers reflect peak transfer rates rather than real 
application performance. —-

Until now, CD-ROM drive vendors have improved the peak transfer rates by 
simply spinning the disc faster and using faster ICs for the electronics part 
of the drive. The problem with this trend is that spinning the disc faster is 
becoming increasingly difficult. Dataquest believes that suppliers will 
introduce higher-speed drives (16x, 20x or faster), but the real performance 
of those drives may be no better than a 12x drive. Higher-speed designs will 
require significant redesign of the spindle motor and motor controls for. 
reliable operation. Drive makers may find 12x-speed and faster drives 
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difficult to manufacture in very high volume because of motor issues such as 
heat, vibration, and the time lag reqxiired for the motor to change speeds. 

Performance may also be limited by physical imperfections of the discs. 
Many CDs are warped, dirty, scratched, or have a hole that is slightly off-
center. These imperfections can cause data errors at higher speeds, 
particularly 12x and faster, even though they are readable at 2x or 4x speed. 
The consequence is that faster CD-ROM drives may not translate to better 
performance in real applications. 

Another component of CD-ROM drive performance is access time. Typical 
access times for CD-ROM drives are 180ms to 250ms compared to 9ms to 
12ms access times for rigid disk drives (RDDs). CD-ROM drive suppliers 
have downplayed access time in favor of promoting peak transfer rate, but 
this is changing. Overall performance, including access time, will receive 
greater attention in the future as faster motor speeds become increasingly 
difficult to achieve. 

New Controllers Pave the Way for Better CD-ROM Drives 
CD-ROM controllers are getting new features that will increase performance 
and make these drives more versatile by lowering the cost for CD-R and CD-
RW capabilities. These improvements are important to keep the CD-ROM 
drive competitive with other mass storage options, such as DVD and other 
optical drives. 

CAV Mode Helps to Solve CD-ROM Drive Speed Problems 
Data rates are climbing to 20x-speed (3.0 MB/sec) and beyond, but true 
motor speeds may stagnate temporarily at 12x. Suppliers of CD-ROM 
controllers are addressing this performance mismatch by adding support for 
constant angular velocity (CAV) modes, in addition to the constant linear 
velocity (CLV) modes used in CD-ROM drives today. (See the glossary at the 
end of this document for a description of CAV and CLV.) 

CAV mode will change the performance of CD-ROM drives in two ways. 
First, access time will be shorter when the drive is vising CAV mode because 
the motor will not have to change speed. Access time is a combination of 
seek time, the time lag for the motor to stabilize at the appropriate rotational 
speed, and the time for the specific part of the disc to be read to pass over the 
optical head. For drives using CAV mode, the motor does not need to 
change speed, so that part of the access time is reduced to zero. The motor 
speed delays are most significant for interactive applications such as 
multimedia titles and are less significant for linear playback applications. 

The second effect that CAV mode will have on CD-ROM drives is variable 
transfer rates. Transfer rates for drives using CLV are constant regardless of 
which part of the disc is being read. CAV causes the transfer rate to increase 
as the head moves outward from the center of the disc. For this reason, the 
transfer rate for a future CD-ROM drive might be 1.8MB/sec (12x) for the 
iimermost part of the disc and 2.7MB/sec (18x) for the outermost part of the 
disc. At least one drive manufacturer expects to use CAV mode for reading 
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the innermost part of the disc and CLV mode for reading the outermost part 
of the disk. Using this example, the drive would start reading the disc at 12x 
speed and the transfer rate would gradually increase to 18x speed, where it 
would stay for the rest of the disc. These are not exact numbers but serve to 
highlight an example. Figures 2 and 3 illustrate this relationship. 

CAV mode will allow the higher data rates of new controllers to be used 
even if motor speeds do not increase. The example showed 18x peak transfer 
rate on a drive with an 12x speed motor. This 3:2 ratio applies to higher 
motor speeds as well: an 24x transfer rate can be achieved with a 16x speed 
motor. This is important because it will allow controller vendors to continue 
to differentiate their products on performance. Otherwise, CD-ROM drive 
performance could be limited by physical issues, and faster semiconductor 
components will not be necessary. 

Integration Includes CD-R and CD-RW Features 
The market for CD-ROM drives is dominated by drives that can only read 
discs rather than record data on them. CD-R and CD-RW drive shipments 
are growing at much faster rates than shipments of the read-only CD-ROM 
drives, but high costs are preventing the recordable drives from making the 
read-only drives obsolete. 

Semiconductor vendors are tackling this issue by integrating the CD-R and 
CD-RW features into the basic CD-ROM controller. The recordable drives 
require additional semiconductor content for CD-ROM data encoding, CD 
formatting, and control circuits for the recording laser. 

Figure 2 
Example of Transfer Rates Using a Dual-Mode Drive with a 12x-Speed Spindle Motor 

2.7 MB/Sec -
(18x) 

I.SMB/Sec 
(12x) 

Innermost 
Track 

Outermost 
Track 

9667S3 

Source: Dataquest (October 1996) 
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Figure 3 
Example of Motor Speed Using a Dual-Mode Drive with a 12x-Speed Spindle Motor 

• .^True 18x 

• ^True 12x 

RPMl 

Innermost 
Track 

Oirtermost 
Track 

96S764 

Source: Dataquest (October 1996) 

Current Products 
The general specifications of current CD-ROM controllers show the trend 
toward higher performance and new features. Key differentiators are CAV 
support and CD-ROM speed. Table 1 lists the general features of several CD-
ROM controllers that are shipping or have been announced by suppliers. 
CD-ROM speed is the peak data rate supported for read operations, and CD-
R speed is the peak data rate supported for recording operations. The 
maximum host transfer rate is dependent on the type of interface, SCSI or 
ATARI, and the specific host transfer modes that are used. 

Cirrus Logic Inc. recently announced two new controller chips that are more 
highly integrated than competing products. The CL-CR3460 is the first CD-
R/CD-RW controller chip with an ATARI interface and follows the SCSI 
version of the chip. The ATARI interface is critical for recordable drives to 
compete with the lower-cost read-only drives for high-volume shipments. 
Cirrus' new chips are a good step in reducing the costs for CD-R and CD-
RW drives. Dataquest believes that Sony is Cirrus' biggest customer for CD-
ROM controller chips. The advanced features of these new chips could help 
Cirrus win some new designs with other major CD-ROM drive OEMs. 

Oak Technology Inc. is the volume leader in shipments of CD-ROM 
controllers. Estimates of Oak's market share for calendar 1995 are between 70 
and 75 percent of the market on a unit basis. Having such a large part of the 
market is a double-edged sword. Oak's shipments suffered as the 
overproduction of 4x-speed drives last winter caused CD-ROM drive OEMs 
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to postpone new orders for many components, including CD-ROM 
controllers. Those large inventories have since been worked through, and 
production of 8x and faster drives has ramped up for the Christmas bujdng 
season. Oak continues to have a good product line and is positioned to 
participate in the market transition to higher-speed drives. The company has 
not announced a single-chip CD-R controller, but Dataquest believes Oak 
will participate in the CD-R controller market as unit volumes increase in the 
future. CD-R is currently a relatively small market because of the high cost of 
CD-R drives, approximately $225 or $250 in OEM quantities, compared to 
less than $100 for fast CD-ROM drives in similar quantities. 

It is important for new controllers to be faster than current drives. The drive 
OEMs need time to evaluate new controllers, and they want some 
"headroom" to allow for drives to get incrementally faster without having to 
change controllers. Oak needs to bring faster products to market to remain 
dominant in this market, 

Philips Semiconductors Inc. has been slower to integrate functions than 
either Cirrus Logic or Oak Technology. As shown in Table 1, Philips' CD-
ROM controller products do not include the decoder function, and the 
SAA7390 does not include a host interface. The SAA7385 does have an 
integrated microcontroller, but an external ROM is required, so the total chip 
count is not reduced. Philips does have a captive market for its controllers 
and may not be pushed competitively for that business. Philips' CD-ROM 
drives are more expensive than other leading brands. Relatively low levels of 
semiconductor integration could be a cause of higher manufacturing costs. 

Table 1 
Comparison of Several CD-ROM Controller Chips from Leading Vendors 

Vendor 

Cirrus Logic 

Cirrus Logic 

Cirrus Logic 

Oak Technology 

Oak Technology 

Philips 

Philips 

Philips 

Part 
Number 

CL-CR3460 

CL-CR3560 

CL-CR3410 

OTI-911 

OTI-910 

SAA7390 

SAA7388 
SAA7385 

On-Chip 
Decoder 

Yes 

Yes 
Yes 

Yes 

Yes 

No 

No 

No 

CAV 
Support 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

Host 
Interface 

ATAPI 

SCSI 
ATAPI 

ATAPI 

ATAPI 

None 

ATAPI 

SCSI 

CD-ROM 
Speed 
(MB/Sec) 

18x (2.7) 

18x (2.7) 

lOx (1.5) 

20x (3.0) 

9.5x (1.4) 

8x (1.2) 

8x (1.2) 

8x (1.2) 

CD-R 
Speed 
(MB/Sec) 

8x (1.2) 

8x (1.2) 

NA 

NA 

NA 

4x 
(600KB/sec) 

NA 

NA 

Availability 

Ql/97 

Q4/96 

Now 

Now 

Now 

7 

Now 

Now 
NA = Not appflcatile 
Note: Sanyo Semiconductor is another supplier of CD-ROM controllers, but current product information was unavailable. 
Source: Dataquest (Octot^er 1996) 

Market Forecast 
The market for CD-ROM controllers is tied to the market for the actual 
drives. Figure 4 and Table 2 show Dataquest's forecast for tmit demand of all 
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types of CD-ROM drives and DVD drives through the year 2000. The DVD 
drive forecast is shown because any delays in the ramp-up for DVD drives 
will impact the CD-ROM drive market positively. 

The growth rate forecast for combined shipments of CD-ROM and DVD 
drives is slower from 1998 through 2000 than for 1996 and 1997 because of 
changes in the retail market. Dataquest expects that the attach rate of CD-
ROM and DVD drives will continue to increase at the PC OEM level, but 
these increases will be largely offset by declines in the retail upgrade market 
for these drives. 

Figure 4 
Unit Shipment Forecast for All Types of CD-ROM and DVD Drives 
(Thousands of Units) 

Thousands of Units 

80,000 
DVD—All Types 

CD-ROM—All Types 

1995 1996 1997 1998 1999 2000 
Bssres 

Note: Includes ROM, recordable, and rewritable versions) 
Source: Dataquest (October 1996) 

Table 2 
Unit Shipment Forecast for All Types of CD-ROM and DVD Drives 
(Thousands of Units) 

CD-ROM—All Types 

DVD—All Types 

1995 

38,969 

0 

1996 

50,014 

150 

1997 

60,952 

1,600 

1998 

63,280 

4,800 

1999 

55,250 

14,800 

2000 

50,145 

23,500 
Source: Dataquest (October 1996) 

Dataquest Perspective 
Suppliers of CD-ROM controllers should continue their current strategies of 
enhancing performance and integrating CD-R and CD-RW features. Both of 
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these improvements are necessary to ward off competition from competing 
mass-storage drives, such as Panasonic's PD drives. PD drives can read CD-
ROM discs while offering rewritability on PD discs. DVD will eventually 
replace the CD-ROM, but cost is a major factor in the market dynamics. Any 
delays in bringing inexpensive DVD drives to market will create greater 
opportunity for CD-ROM drives. 

As CD-ROM drives change from CLV devices to dual-mode devices 
supporting CAV and CLV, performance improvements can be made entirely 
through improvements in the semiconductor components. This is a boon for 
semiconductor vendors because it plays into their strengths of continually 
improving features and performance through improvements in circuit 
design and process technology. 

Replacement of the CD-ROM platform is inevitable, so new product 
development should include controllers for DVD drives. Suppliers are 
advised to support both platforms because Dataquest believes the transition 
will take several years, with very high volumes of CD-ROM drives required 
through the year 2000. However, investment in DVD is important for long-
term business growth. 

Glossary 
• CAV—Constant angular velocity (CAV) mode uses a constant motor 

RPM for reading all tracks of a disc, whether they are near the center of 
the disc or near the outer edge. Most disk-based mass-storage 
peripherals use a CAV mode. CD-ROM drives are the major exception. 
Using CAV mode reduces the requirements for the motor and its control 
system because it uses a constant motor speed. 

• CLV—Coiistant linear velocity (CLV) uses a variable motor speed. The 
motor speed changes to ensure that the linear speed of the head over the 
track remains constant. As the head assembly moves outward from the 
center of the disc, the rotational speed is reduced in proportion to the 
circumference. CD-ROM drives use this mode because of the original 
Audio CD specification, which was designed for linear playback with 
limited random access capabilities. CLV is not well suited for 
applications requiring random access because it requires frequent 
changes to motor speed. 

• CD-ROM—^This stands for CD-read only memory. CD-ROM drives are 
playback drives for prerecorded discs, including audio CDs, standard 
CD-ROM discs, and others. 

• CD-R—^This stands for CD-recordable, that is, a type of CD drive that 
allow the user to write data to a CD. Special discs are required, and the 
data carmot be changed once it is written to the disc. CD-R discs can be 
read in a standard CD-ROM drive. 
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• CD-RW—This stands for CD-rewritable, that is, a type of CD drive that 
allows the user to write data to a CD, erase that data, and write to that 
disc again. These capabilities make CD-RW drives suitable for backup 
applications and other applications in which discs need to be reused as 
information changes. Special discs are required and are different from 
CD-R discs. CD-RW discs can be read in many newer CD-ROM drives, 
but older CD-ROM drives are not capable of reading those discs. 

DVD—^This stands for digital versatile disc. DVD is essentially a high-
density CD. DVD drives use discs that are the same size as a CD but 
hold about seven times as much information. Several different versions 
of DVD drives will be produced, including DVD-ROM (read-only 
memory), DVD-WORM (write once, read many), and DVD-RAM 
(random access memory). A DVD-WORM is similar to a CD-R, and a 
DVD-RAM is similar to a CD-RW. 

PD—^This is an optical drive from Panasonic that can read, write, and 
erase information on PD discs as well as read CD-ROM discs. 
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Market Analysis 

PCs Will Consume $88 Billion of Semiconductor Content in the 
Year 2000 

Abstract: PCs are the largest application for semiconductors and represent over one-quarter 
of total semiconductor market revenue. This document provides an update to the PC 
semiconductor content forecast published earlier this year. The new forecast is based on 
Dataquest's latest PC forecast, which is also presented in this document. The semiconductor 
content of a typical PC peaked in 1995, and total revenue for the PC semiconductor market 
is forecast to decline significantly for 1996 in spite of nearly 20 percent growth in PC unit 
shipments. Dramatic (and well-publicized) changes in memory prices are the primary cause 
of the decline for 1996. Growth for the PC semiconductor market is forecast to resume in 
1997 and continue through the year 2000. 
By Geoff Ballew 

1996 PC Semiconductor Revenue is Leaner than 1995, But Growth Will 
Return for 1997 

PCs are the largest single application for semiconductors and continue to be 
the major driver of semiconductor growth. That growth does not always 
proceed unchecked, and 1996 clearly stands out as a year of decline. The PC 
semiconductor revenue forecast for 1996 is down primarily because of the 
dramatic declines in memory prices over the past year. PC OEMs have 
responded by stuffing more megabytes into each PC, but the increased bit 
consumption does not offset the declines in price per bit. Figure 1 shows 
Dataquest's latest forecast for the PC semiconductor market. 

Overall, the PC market is forecast to consume $88 billion worth of 
semiconductor devices in the year 2000, up from $48 billion in 1995. This 
reflects a 12.9 percent compound annual growth rate (CAGR) despite the 14 
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percent decline from 1995 to 1996. Table 1 includes the data from Figure 1. In 
1997, revenue will show growth over 1996, but it is expected to be lower than 
1995 revenue. 

Figure 1 
PC Semiconductor Revenue Forecast 

Source: Dataquest (December 1996) 

Table 1 
PC Semiconductor Revenue Forecast 

PC Senuconductor Revenue ($B) 
Growth over Previous Year (%) 

1995 

47.8 

1996 
41.2 

-13.9 

1997 
46.4 

12.6 

1998 
63.2 

36.2 

1999 
75.2 

19.0 

2000 
88.3 

17.5 
Source: Dataquest (December 1996) 

The decline in PC semiconductor revenue is softened by the continued 
strong demand for PCs. PC shipments are on track to meet Dataquest's latest 
forecast of almost 20 percent unit growth for 1996. Figure 2 and Table 2 show 
Dataquest's most recent PC forecast. Note that unit shipments are expected 
to grow slightly faster than revenue over the forecast period. 

The worldwide growth of the PC market is getting a boost from the markets 
in Japan and the Asia/Pacific region. Dataquest forecasts 40 percent tmit 
growth for Japan and 35 percent for Asia/Pacific. These two markets are 
getting significant growth from home PC sales, just as the U.S. market was 
buoyed by sales of consumer PCs through most of the 1990s. The U.S. 
market is forecast to be a bit slower, at 15.5 percent unit growth. This is due 
in part to a level of saturation in the U.S. home PC market. Most consumers 
who want PCs (and can afford them) have purchased one, so the U.S. market 
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is increasingly characterized by a replace-and-upgrade cycle rather than the 
dynamic of increasing market penetration. Economic issues in western 
Europe are limiting the unit growth there, and Dataquest expects only a 10.9 
percent increase for that region. 

Figure 2 
PC Unit Shipment and Revenue Forecast 

Millions of Units and 
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Source: Dataquest (December 1996) 

Table 2 
PC Unit Shipment and Revenue Forecast 

PC Shipments (M Units) 

PC Revenue ($B) 

PC ASP ($K) 

Other Equipment Included in Semiconductor 

Additional PC Motherboards (M Units) 

Handheld PCs (M Units) 

Total Shipments (M Units) 

PC Semiconductor Revenue ($B) 

Semiconductor Revenue per Unit ($) 

1995 

60.2 

123.6 

2.05 

1996 

72.0 

147.3 

2.05 

1997 

84.8 

179.5 

2.12 

Consumption Forecast 

5.5 

0.5 

66.2 

47.8 

722 

6.6 

0.6 

79.2 

41.2 

520 

in 
0.8 

93.4 

46.4 

497 

1998 

98.5 

207.1 

2.10 

9.0 

1.3 

108.8 

63.2 

581 

1999 

114.1 

229.2 

2.01 

10.3 

2.4 

126.8 

75.2 

593 

2000 

131.5 

267.1 

2.03 

11.9 

5.1 

148.5 

88.3 

595 

CAGR(%) 
1995-2000 

16.9 

16.7 

-0.2 

16.5 

60.0 

17.5 

13.1 

-3.8 
Source: Dataquest (Decemlser 1996) 
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Semiconductor Content per PC Will Decline througli 1997 
Declining memory prices have driven the average semiconductor content of 
a PC from $722 in 1995 to $520 in 1996. This trend will continue into 1997 as 
semiconductor content falls to $497 before rebounding in 1998. Figure 3 
shows the forecast for semiconductor content per PC through the year 2000. 
There is good news in these numbers for companies selling nonmemory 
devices rather than memory devices. The semiconductor content excluding 
main memory is forecast to grow each year through the year 2000. Table 3 
provides the data from Figure 3. 

Figure 3 
Semiconductor Content of a Typical PC 

Dollars 
800-

s 

B 
^ 

other 
Semiconductor 
Content 

Main Memory* 

MPU 

2000 
986527 

•Main memory includes factory-installed as well as aftermarket memory upgrades. 
Source: Dataquest (Decemt>er 1996) 

Table 3 
Semiconductor Content per PC (Dollars per PC) 

MPU 
Main Memory* 

Main Memory* (MB per System) 

Cost per MB Assumption ($) 

Other Semiconductor Content 

Total 

1995 
165.6 
419.2 

15.8 

26.5 

137.3 
722.2 

1996 
176.3 

208.4 

23.0 

9.1 

135.0 
519.8 

1997 
188.3 

152.6 

31.8 

4.8 

155.9 

496.8 

1998 
212.6 

177.0 

44.1 

4.0 

191.3 
581.0 

1999 
228.6 
157.1 

46.8 
3.4 

207.4 

593.1 

2000 
228.4 

146.3 
52.1 

2.8 

220.3 

595.1 

CAGR(%) 
1995-2000 

44 
-19.0 

26.9 

-36.1 

9.9 

-3.8 
"Main memory includes factory-Installed as well as aftermarket memory upgrades. 
Source: Dataquest (December 1996) 
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Multimedia features and performance are the key drivers for PC 
semiconductor growth in the future. This trend is driven by peripheral 
chipsets but also includes microprocessors. 

PC OEMs will spend significantly more dollars per PC on peripheral 
chipsets over the next few years as business PCs gain many of the 
multimedia features that characterize consumer PCs today. Audio and 
digital video features are penetrating the business PC market, particularly on 
mobile PCs. Networking is another driver as PC OEMs integrate Ethernet 
controllers onto many of their motherboard designs and make this a 
standard feature for many of their corporate PC product lines. The 9.9 
percent growth of the Other Semiconductor Content line in Table 3 is due 
primarily to the growth of multimedia functions. 3-D graphics, higher-
quality video and audio processing, and LAN/WAN peripheral chipsets are 
all part of this trend. 

Consumer PCs will also get more new features that require additional 
semiconductor content. Examples are MPEG-2 and AC-3 decoding, new 
plug-and-play interfaces, 3-D graphics, and 3-D audio. These features will be 
added with a combination of fixed-logic and programmable devices. The 
programmable devices include media processors, as well as others that are 
not openly programmable but can be updated with software. One example is 
the U.S. Robotics 28.8-Kbps modem chipset that can be upgraded to 56-Kbps 
via software. 

Microprocessor average selling prices (ASPs) continue to climb slowly. The 
higher prices are justified by advances in architecture (such as transition 
from Pentium-class to Pentium Pro-class MPUs) as well as new functionality, 
such as the multimedia instruction sets (for example, Intel's MMX) that all 
major MPU manufacturers are adding to their products. Demand for faster 
microprocessors is increasingly driven by requirements for processing 
multimedia types of data. 

Dataquest Perspective 
Demand for semiconductors in PCs is forecast to decline this year before 
resuming a pattern of growth. The revenue decline for 1996 is expected to be 
14 percent, even though PC unit shipments are forecast to increase almost 20 
percent. Higher unit shipments of PCs are necessary to offset in part the 
decline in dollars of semiconductor content per PC. PC OEMs are putting 
more megabytes of memory in PCs than ever before, but the larger memory 
sizes do not compensate entirely for the memory price erosion. PC 
semiconductor revenue growth is dependent on strong PC unit shipments. 

Demand for PC semiconductors, excluding main memory, is much stronger 
and is forecast to grow at an 8.2 percent CAGR in terms of revenue per PC or 
26.5 percent in actual revenue. The two growth rates are multiplied because 
the dollars per PC are growing at the same time that unit shipments are 
growing (that is, 1.082 x 1.169 = 1.265). The 8.2 percent growth rate is 
derived by adding the MPU revenue line and the Other Semiconductor 
Content revenue line from Table 3 and calculating the CAGR on the sum. 
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This is good news for microprocessor and peripheral chipset vendors 
because their products are the growth opportunities in the PC market. 
Memory suppliers will have a tougher time as the dollars per PC spent on 
main memory will decline at almost a 20 percent CAGR from 1995 to 2000. 

PC semiconductor revenue will resume double-digit growth in 1997 and 
mirror the growth of PC revenue over the long term as supply and demand 
for semiconductor devices come back into balance. 
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Geoff Ballew, Senior Industry Analyst (408) 468-8676 
Internet address gballew@dataquest.com 
Via fax (408)954-1780 
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Dataquest Predicts 

Quarterly x86 Compute Microprocessor Forecast 
Abstract: Dataquest has lowered its forecast of average selling prices (ASPs) to better 
reflect both our final 1995 estimates and Intel's ongoing, relentless price reductions intended 
to spur continued market growth (and succeeding). We have increased our first quarter 1997 
estimate for Pentium Pro shipments to reflect Intel's recent decision to launch its Klamath 
design in the first quarter instead of the second quarter. We do not believe that Intel's 
decision to delay the P55C launch until early 1997 will have a material effect on Pentium 
unit shipments this year or next. 
By Nathan Brookwood 

"Steady as Slie Goes"; Only IVIinor TweaJcs to Our Prior Forecast 
Dataquest has tuned its x86 computational processor forecast to reflect recent 
changes in market conditions and strategies of key vendors. The Computer 
Systems program stands by its earlier forecast for x86-based systems, and we 
have held steady our x86 unit shipment forecast (largely driven by PC unit 
shipment demand), as well. Based on our final roll-up of 1995 data, we have 
adjusted average selling prices (ASPs) downward for 1995 through 1999. 
These changes result in minor adjustments to factory revenue generated by 
x86 processor sales during the period. 

^ Two recent Intel decisions cause minor perturbations to the forecast. First, 
Intel announced that it intends to forgo its customary November price 
adjustments for the Pentium (but not the Pentium Pro) line in the interest of 
maintaining market stability during the busiest season of the year for most 
system OEMs. Some of the price reductions we anticipated for November 
were incorporated in the August adjustments, and some will be deferred 
until February. Second, Intel announced a plan to delay the launch of its 
Pentium-class processor with MMX capabilities (the P55C) by a quarter, until 
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early 1997, again in the interest of market stability. It also announced its 
intent to pull in the release of its Pentium Pro-class product with MMX 
(Klamath) to early 1997, even though initial platforms may not be able to use 
all of the chip's performance potential. We see this pull-in increasing slightly 
the number of Pentium Pros sold in the first half of the year. 

Figiues 1,2, and 3 and Table 1 illustrate Dataquest's projections for vmit 
shipments, revenue, and ASPs over 1995 to 2000. 

Figure 1 
x86 Unit Shipments by Processor Generation in Computational Applications 

Thousands of Units 
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Source: Dataquest (July 1996) 

Figure 2 
x86 Revenue by Processor Generation in Computational Applications 
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Figure 3 
x86 Average Selling Prices by Processor Generation in Computational Applications 

U.S. Dollars 

1995 1996 1997 1998 1999 2000 
965902 

Source: Dataquest (July 1996) 

Quarterly Projections: Strong PC Unit Growtii to Continue 
Dataquest projects that worldwide PC unit sales will continue to grow at an 
annual rate of about 19 percent over the next two years. Intel's reduced 
processor prices, combined with continued erosion in DRAM and hard disk 
prices, make this year's personal computers an incredible bargain by any 
standard, especially any standard more than two years old. The most 
successful vendors in the cttrrent market have learned how best to cope with 
the ever-decreasing product life cycles for systems and the need to manage 
assets and turn inventories as never before. This environment has produced 
incredible values for the consumer—and incredible headaches for PC system 
vendors. Dataquest regrets to report that it sees no letup in sight for these 
vendors, who have been dragged by Intel onto an ever-accelerating 
treadmill. 

Table 2 and Figure 4 provide a quantitative view of Dataquest's forecast for 
x86 compute microprocessors over the next eight quarters. 
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Table 1 
x86 Units, Revenue, and ASPs by Processor Generation in Computational Applications 

386 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

4S6 Class 

Units (K) 

ASP ($) 

Revenue($K) 

586 Class 

Units (K) 

ASP ($) 

Revenue($K) 

686 Class 

Units (K) 

ASP ($) 

Revenue($K) 

786 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

Total Compute x86 

Units (K) 

ASP ($) 

Revenue($K) 

1995 

290 

20 

5,771 

31,904 

68 

2,169,472 

33,214 

278 

9,216,904 

95 

900 

85,500 

65,503 

175 

11,477,646 

1996 

7,976 

44 

352,539 

66,428 

173 

11,521,130 

3,800 

522 

1,983,600 

78,204 

177 

13,857,269 

1997 

1,994 

33 

66,101 

63,107 

108 

6,840,671 

26,600 

386 

10,275,048 

91,701 

187 

17,181,820 

1998 

499 

17 

13,220 

47,330 

65 

3,078,302 

58,520 

286 

16,727,778 

1,000 

1,000 

1,000,000 

107,349 

194 

20,819,300 

1999 

40,231 

39 

1,569,934 

65,542 

214 

14,051,334 

20,000 

460 

9,200,000 

125,773 

197 

24,821,268 

2000 

34,196 

24 

827,355 

70,786 

163 

11,533,335 

42,000 

396 

16,615,200 

146,982 

197 

28,975,890 

CAGR{%) 
1995-2000 

-100 

-100 

-100 

-100 

-100 

-100 

1 

-39 

-38 

275 

-29 

167 

NM 

NM 

NM 

18 

2 

20 
NM = Not meaningful 
Source: Dataquest (July 1996) 

Table 2 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
(Thousands of Units) 

486 Class 

586 Class 

686 Class 

786 Class 

Q4/96 

1,196 

21,384 

1,520 

0 

Ql/97 

698 

18,932 

3,192 

0 

Q2/97 

598 

17,039 

5,320 

0 

Q3/97 

499 

15,146 

7,448 

0 

Q4«7 

199 

11,990 

10,640 

0 

Ql/98 

249 

11,833 

12,289 

0 

Q2/98 

125 

11,833 

14,045 

0 

Q3/98 

75 

11,833 

15,800 

50 
Source: Dataquest (July 1996) 
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Figure 4 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
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Market Analysis 

Quarterly x86 Compute Microprocessor Forecast 
AbStf8Ctl We have extended our quarterly forecast into 1998 and increased the rate of 
growth in unit shipments from 15 percent to 18 percent through the year 2000 to match the 
anticipated growth in personal computer unit shipments, as forecast by our PC systems 
group. We have increased the rate of average selling price erosion in 586 markets to reflect 
increased unit shipments by Cyrix and Advanced Micro Devices. We have slowed the rate of 
average selling price erosion for the Pentium Pro over this period to reflect Intel's recent 
decision to abandon its fourth quarter price adjustments and to reflect Cyrix's recent 
announcement that its 6x86 follow-on product will continue to use a Pentium-style bus. 
Cyrix's product thus will be categorized by Dataquest as a 586-class processor. 
By Nathan Brookwood 

Lower System Prices Will Continue to Spur Growth in Unit Shipments 
Dataquest has adjusted its x86 computational processor forecast to reflect 
recent changes in market conditions and strategies of key vendors. 
Compared with our x86 compute forecast issued last April, Dataquest now 
anticipates higher unit shipments—147 million units in the year 2000, 
compared with 130 million units before and slightly higher average selling 
prices (ASPs)—$198 in 1999, compared with $188 before. The result of higher 
unit shipments at higher ASPs is a larger projected market: $29 billion in the 
year 2000, compared with an earlier forecast of $24 billion. Several factors 
account for the slower rate of ASP erosion at the high end (Pentium Pro) of 
the line. One of these is technical; it now appears that the Cyrix competitor to 
the Pentium Pro will use a Pentium-style bus and thus be classified by 
Dataquest as a 586, rather than a 686, regardless of Cyrix's naming 
conventions. This also accounts for a slight decrease in our 686 forecast, 
along with a slight increase in the 586-class product forecast. Industry 
rumors abound that Intel may delay the introduction of its next Pentium Pro 
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products by one or two quarters, and this too will slow the rate at which the 
Pentium Pro penetrates the market. Finally, we anticipate that Cyrix and 
Advanced Micro Devices will be forced to use pricing as a key weapon to 
drive their products into the market, and this, in turn, will lower ASPs for 
586-class products. 

The rate at which the overall ASP of compute x86 processors increases will 
slow to just 1 percent during this period, down from 3 percent in our earlier 
forecast. As we have noted in other documents, this overall ASP tends to 
grow even as the average selling prices of individual product lines fall. This 
is because of a shift in customer preferences; customers tend to move up the 
line in terms of processor power as they upgrade their systems. Both the 
lengthening of the Pentium Pro ramp and increased low-end competition 
put downward pressure on this measure. 

Figures 1, 2, and 3 and Table 1 illustrate Dataquest's projections for unit 
shipments, revenue, and ASPs from 1995 to 2000. 

Figure 1 
x86 Unit Shipments by Processor Generation in Computational Applications 
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Figure 2 
x86 Revenue by Processor Generation in Computational Applications 
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Figure 3 
x86 Average Selling Prices by Processor Generation in Computational Applications 
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Table 1 
x86 Units, Revenue, and ASPs by Processor Generation in Computational Applications 

386 Class 

Units (K) 

ASP (S) 

Revenue (SK) 

486 Class 

Units (K) 

ASP (S) 

Revenue ($K) 

586 Class 

Units (K) 

ASP (S) 

Revenue (SK) 

686 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

786 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

Total Compute x86 

Units (K) 

ASP (S) 

Revenue ($K) 

1995 

290 

20 

5,771 

31,904 

72 

2,297,088 

33,214 

300 

9,964,220 

95 

900 

85,500 

65,503 

189 

12,352,579 

1996 

7,976 

47 

373,277 

66,428 

188 

12,455,275 

3,800 

522 

1,983,600 

78,204 

189 

14,812,152 

1997 

1,994 

35 

69,989 

63,107 

117 

7,395,320 

26,600 

386 

10,275,048 

91,701 

193 

17,740,357 

1998 

499 

28 

13,998 

47,330 

70 

3,327,894 

58,520 

286 

16,727,778 

1,000 

1,000 

1,000,000 

107,349 

196 

21,069,670 

1999 

40,231 

42 

1,697,226 

65,542 

214 

14,051,334 

20,000 

460 

9,200,000 

125,773 

198 

24,948,560 

2000 

34,196 

26 

894,438 

70,786 

163 

11,533,335 

42,000 

396 

16,615,200 

146,982 

198 

29,042,973 

CAGR(%) 
1995-2000 

-lap 
- i S 

-m 

-100 

-100 

-100 

I 
-39 
-38 

275 

-29 

167 

NM 

NM 

NM 

m 
1 

19 
NM = Not meaningful 
Source: Dataquest (July 1996) 

Quarterly Projections: Will PC Industry Growth Continue? 
Dataquest projects that worldwide PC unit sales will continue to grow at an 
annual rate of about 19 percent over the next two years. The recent revenue 
and earnings shortfalls reported by several system vendors reflect a 
tremendously competitive pricing environment in 1996. Intel's recently 
announced results for the June quarter point to continued strong demand at 
the end-user level. The increased pressure on system vendors, caused in part 
by their inability to differentiate their products by other means, will only 
spur demand and should lead to greater increases in unit growth. 

Figure 4 and Table 2 provide a quantitative view of Dataquest's forecast for 
x86 compute microprocessors over the next eight quarters. 
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Figure 4 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
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Table 2 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
(Thousands of Units) 

486 Class 

586 Class 

686 Class 

Total 

Q3/96 

1,595 

17,820 

1,140 

20,555 

Q4/96 

1,196 

21,384 

1,520 

24,100 

Ql/97 

698 

18,301 

2,660 

21,659 

Q2/97 

598 

17,039 

5,320 

22,957 

Q3/97 

499 

15,146 

7,980 

23,624 

Q4/97 

199 

12,621 

10,640 

23,461 

Ql/98 

249 

11,833 

11,704 

23,786 

02/98 

125 

11,833 

13.460 

25,417 

Source: Dataquest (July 1996) 
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Market Analysis 

Quarterly x86 Compute Microprocessor Forecast 
AbStrSCti We have extended our quarterly forecast into 1998 and increased the rate of 
growth in unit shipments from 15 percent to 18 percent through the year 2000 to match the 
anticipated growth in personal computer unit shipments, as forecast by our PC systems 
group. We have increased the rate of average selling price erosion in 586 markets to reflect 
increased unit shipments by Cyrix and Advanced Micro Devices. We have slowed the rate of 
average selling price erosion for the Pentium Pro over this period to reflect Intel's recent 
decision to abandon its fourth quarter price adjustments and to reflect Cyrix's recent 
announcement that its 6x86 follow-on product will continue to use a Pentium-style bus. 
Cyrix's product thus will be categorized by Dataquest as a 586-class processor. 
By Nathan Brookwood 

Lower System Prices Will Continue to Spur Growth in Unit Shipments 
Dataquest has adjusted its x86 computational processor forecast to reflect 
recent changes in market conditions and strategies of key vendors. 
Compared with our x86 compute forecast issued last April, Dataquest now 
anticipates higher unit shipments—147 million units in the year 2000, 
compared with 130 million units before and slightly higher average selling 
prices (ASPs)—$198 in 1999, compared with $188 before. The result of higher 
unit shipments at higher ASPs is a larger projected market: $29 billion in the 

^ year 2000, compared with an earlier forecast of $24 billion. Several factors 
- I account for the slower rate of ASP erosion at the high end (Pentium Pro) of 

the line. One of these is technical; it now appears that the Cyrix competitor to 
the Pentium Pro will use a Pentium-style bus and thus be classified by 
Dataquest as a 586, rather than a 686, regardless of Cyrix's naming 
conventions. This also accounts for a slight decrease in our 686 forecast, 
along with a slight increase in the 586-class product forecast. Industry 
rumors abound that Intel may delay the introduction of its next Pentium Pro 
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products by one or two quarters, and this too will slow the rate at which the 
Pentium Pro penetrates the market. Finally, we anticipate that Cyrix and 
Advanced Micro Devices will be forced to use pricing as a key weapon to 
drive their products into the market, and this, in turn, will lower ASPs for 
586-class products. 

The rate at which the overall ASP of compute x86 processors increases will 
slow to just 1 percent during this period, down from 3 percent in our earlier 
forecast. As we have noted in other documents, this overall ASP tends to 
grow even as the average selling prices of individual product lines fall. This 
is because of a shift in customer preferences; customers tend to move up the 
line in terms of processor power as they upgrade their systems. Both the 
lengthening of the Pentium Pro ramp and increased low-end competition 
put downward pressure on this measure. 

Figures 1, 2, and 3 and Table 1 illustrate Dataquest's projections for unit 
shipments, revenue, and ASPs from 1995 to 2000. 

Figure 1 
x86 Unit Shipments by Processor Generation in Computational Applications 

Thousands of Units 
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Figure 2 
x86 Revenue by Processor Generation in Computational Applications 

Millions of U.S. Dollars 
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Figure 3 
x86 Average Selling Prices by Processor Generation in Computational Applications 
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Table 1 
x86 Units, Revenue, and ASPs by Processor Generation in Computational Applications 

386 Class 

Units (K) 

ASP (S) 

Revenue ($K) 

486 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

586 Class 

Units (K) 

ASP (S) 

Revenue ($K) 

686 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

786 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

Total Compute x86 

Units (K) 

ASP ($) 

Revenue ($K) 

1995 

290 

20 

5,771 

31,904 

72 

2,297,088 

33,214 

300 

9,964,220 

95 

900 

85,500 

65,503 

189 

12,352,579 

1996 

7,976 

47 

373,277 

66,428 

188 

12,455,275 

3,800 

522 

1,983,600 

78,204 

189 

14,812,152 

1997 

1,994 

35 

69,989 

63,107 

117 

7,395,320 

26,600 

386 

10,275,048 

91,701 

193 

17,740,357 

1998 

499 

28 

13,998 

47,330 

70 

3,327,894 

58,520 

286 

16,727,778 

1,000 

1,000 

1,000,000 

107,349 

196 

21,069,670 

1999 

40,231 

42 

1,697,226 

65,542 

214 

14,051,334 

20,000 

460 

9,200,000 

125,773 

198 

24,948,560 

2000 

34,196 

26 

894,438 

70,786 

163 

11,533,335 

42,000 

396 

16,615,200 

146,982 

198 

29,042,973 

CAGR(%) 
1995-2000 

-li? 
-100 

-100 

-100 

-100 

-iDi3 

X 
-39 

-38 

275 

-29 

167 

NM 

NM 

NM 

la 
1 

19 
NM = Not meaningful 
Source: Dataquest (July 1996) 

Quarterly Projections: Will PC Industry Growth Continue? 
Dataquest projects that worldwide PC unit sales will continue to grow at an 
annual rate of about 19 percent over the next two years. The recent revenue 
and earnings shortfalls reported by several system vendors reflect a 
tremendously competitive pricing environment in 1996. Intel's recently 
announced results for the June quarter point to continued strong demand at 
the end-user level. The increased pressure on system vendors, caused in part 
by their inability to differentiate their products by other means, will only 
spur demand and should lead to greater increases in unit growth. 

Figure 4 and Table 2 provide a quantitative view of Dataquest's forecast for 
x86 compute microprocessors over the next eight quarters. 

PSAM-WW-DP-9609 ©1996 Dataquest Augusts, 1996 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

Figure 4 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
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Table 2 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
(Thousands of Units) 

486 Class 

586 Class 

686 Class 

Total 

Q3/96 

1,595 

17,820 

1,140 

20,555 

Q4/96 

1,196 

21,384 

1,520 

24,100 

Ql/97 

698 

18,301 

2,660 

21.659 

Q2/97 

598 

17,039 

5,320 

22,957 

Q3/97 

499 

15,146 

7,980 

23,624 

Q4/97 

199 

12,621 

10,640 

23,461 

Ql/98 

249 

11,833 

11,704 

23,786 

Q2/98 

125 

11,833 

13,460 

25,417 
Source: Dataquest (July 1996) 
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Dataquest Predicts 

DVD Poised to Drive IVIarl(et for Digital Video Chips to New 
Heights 

AbStrSCt: Digital technologies and advanced semiconductors are reshaping the consumer 
electronics world. The introduction of exciting new products such as DVD-Video players 
and direct broadcast satellite (DBS) set-top boxes creates new destinations for chips such as 
microprocessors (MPUs), digital signal processors (DSPs), application-specific ICs (ASICs), 
application-specific standard products (ASSPs), and memory. Although these markets are 
still in their infancy, they are forecast to experience rapid growth. This report provides a 
brief overview of the market opportunity presented by DVD, along with some of the major 
hurdles that remain on the path to market. Forecasts of DVD production and the DVD semi
conductor market are provided, along with a list of companies making early semiconductor 
product announcements. 

This document is an excerpt from an in-depth Focus Report on D VD titled DVD: The Hot 
New Digital Video Destination for Semiconductors that has been published by the 
Consumer Multimedia Semiconductor Application Markets (MSAM) program. This Focus 
Report provides detailed analysis and forecasts of the semiconductor opportunity in DVD 
products. Dataquest is also engaged in research on leading-edge electronic eefuipm.ent 
through its Teardown Analysis program. Dataquest plans to publish a detailed teardown 
analysis of a selected DVD player after the players reach the market. 
By Dale Ford 

The DVD Opportunity 
Standing on the shoulders of major technological advances in areas such as 
video and audio compression, laser diode physics, and optical storage tech
nology, DVD is poised to boost both the consumer electronics and personal 
computer markets to nev^ heights. The exciting capabilities promised by 
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DVD have captured the imagination and investment budgets of companies 
from at least seven major industries. The major players in the development 
of DVD continue to struggle with balancing the cooperative and competi
tive forces that have swirled around this promising product for over two 
years. Although all the players recognize that a coordinated, cooperative 
effort is essential for the creation of a successful market, their zeal to capital
ize on one of the most exciting products of the 1990s has brought DVD to 
the brink of digital video disaster on a number of occasions. 

Dataquest is optimistic that the remaining hurdles on the path to the suc
cessful launch and growth of the DVD market will be overcome. Although 
it does not match thie hyped expectations of some DVD proponents, 
Dataquest's forecast for the growth of the DVD market would make this 
one of the most successful products ever introduced in the consumer elec
tronics and PC markets. After assessing the many factors that will influence 
the DVD market, Dataquest projects that market shipments of DVD-Video 
players and DVD optical drives will top 33 million by the year 2000. More 
than 2.3 million DVD systems are expected to ship between the first prod
uct introductions in October and November 1996 and the end of 1997. The 
semiconductor opportunity generated by the DVD market is forecast to 
exceed $3.6 biUion by the year 2000. 

DVD: What Is It? Where Is It Going? 
Perhaps the easiest way to think of DVD is as a CD drive on steroids. With 
higher storage capacity, faster data transfer rates, interactive capabilities, 
and applications across computer, video, and audio markets, DVD has 
moved the capabilities of optical storage forward by an order of magnitude, 
and DVD supporters are already beginning to "feel the burn." In its incarna
tion as a video player, it offers the ability to view full-length movies in 
multiple aspect ratios, languages, and Motion Picture Association of 
America (MPAA) ratings (R, PG-13, PC, G), all stored on a single CD-ROM-
size disc. As a PC peripheral, DVD offers new levels of interactivity for 
next-generation software titles and the storage capacity to handle more con
tent than developers currently know what to do with. In reality, DVD is 
actually five separate standards, as shown in Figure 1. The physical specifi
cations and file system for the first three standards are the same so that a 
cornmon platform can be created for multiple applications in the video, 
audio, computer, and next-generation consumer electronics markets. 

Books A, B, and C in the standard are "read-only memory standards" 
(ROM), while Book D will specify a "write-once, read-many" (WORM) stan
dard, and Book E will offer the ability to read, write, and erase. Because of 
its ability to read and write, it is often called DVD-RAM, referring to a ran
dom access memory capability. Book A, also known as DVD-ROM, and 
Book B, DVD-Video or DVD-Movie, are close to final and should enable the 
launch of products based on these standards at the end of 1996. Manufac
turers would say that the standards are final. They are close, but there are 
some details that remain to be decided, such as copy protection and encryp
tion. The DVD-Audio standard, or Book C, is in the early stages of discus
sion, and some preliminary proposals have been presented for this 
standard. Although hardware manufacturers are eager to move to market 
as quickly as possible, the music industry is intent on protecting its interests 
and has signaled its intention to set a slower pace of development. The 
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DVD-WORM and DVD-RAM standards will be established over the com
ing one to two years. In the meantime, the promoters of DVD have their 
hands full trying to bring the first DVD products to market. 

The title of "convergence product" has been bestowed on DVD because of 
the common platform it will create for multiple apphcations across com
puter and consumer devices. Although obvious uses are found in TV, PC, 
and high-end audio systems, the set-top box, network computer, and video 
game console will also be impacted by DVD. Manufacturers of set-top 
boxes already have plans to leverage the common MPEG-2 chipset into a 
hybrid device that may provide the ability to record content sent over satel
lite or cable in the future. When the Bandai Pippen was introduced at the E3 
1996 show, the manufacturer was already talking about the eventual 
replacement of the CD-ROM drive with a DVD drive in the next version. 
Even video game consoles will upgrade to DVD eventually. 

The success of DVD tn the market is highly dependent on the ability of 
seven major industries to cooperate in translating this product concept into 
a market reality. If the major companies in any one of the industries decide 
that they are not benefiting sufficiently from DVD and decide to withdraw 
support, or if they fail to develop the necessary support infrastructure in a 
timely fashion, the near-term success of DVD would be seriously harmed. If 
disputes involving issues such as royalties and copyrights are not resolved 
soon, the launch of this market could be delayed. However, Dataquest is 
optimistic that present difficulties can be overcome and that the long-term 
prospects for DVD are very bright. 

As they race to the market, DVD proponents will have to avoid being 
tripped up by some of the major hurdles shown in Figure 2. They have 
already overcome significant technological and standards hurdles, but they 
still do not have a clear sprint to the finish line. It is to be hoped that the 
potential rewards will provide the necessary momentum to allow the 
emerging DVD market to reach its full potential. 

Based on an analysis of consumer market behavior and expected price 
trends, Dataquest has developed the market forecast for DVD-Video play
ers, DVD optical storage drives, and DVD PC decode/encode add-in 
boards shown in Figure 3. This market forecast demonstrates Dataquest's 
optimism regarding the future of DVD. Our projections show the combined 
annual market shipments of DVD-Video players and DVD drives growing 
to over 33 million by the year 2000, making it one of the most successful 
products introduced in the 1990s. The combined market shipments of all 
DVD products, including decode/encode add-in boards, would drive fac
tory revenue over $10 bilhon by the year 2000. 

Certainly, there are factors that could drive the market above or below this 
forecast. If manufacturers are able to drive prices below Dataquest's expec
tations, this would stimulate higher growth. On the other hand, if the 
creative community fails to develop software products in a timely fashion 
that exploit the advanced capabilities of DVD, it will be hard to push the 
installed base of CD-ROM users and VCR owners to a more expensive plat
form. All the hurdles discussed earlier in this report could impact the 
growth of the DVD market. 
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Figure 3 
DVD Market Revenue Forecast 

Millions of Dollars 
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DVD Production Forecast and Semiconductor Opportunity 
Based on the predicted market growth. Figure 4 and Table 1 present 
Dataquest's DVD production forecast. 

The semiconductor community has invested in DVD technology early. 
Although the early DVD players that come to market will have little inte
gration, they will be replaced in a matter of a few months by products 
that will take advantage of integrated chipsets that have already been 
announced. The second-generation chipsets will be ready before the first-
generation systems have even shipped. Semiconductor manufacturers have 
outlined aggressive integration plans for DVD and other products that are 
based on MPEG-2 and AC-3 compression technology. Some companies 
have even presented plans to develop single-chip DVD processing solu
tions. Dataquest stops short of predicting this level of integration because of 
the belief that there are no cost or performance advantages to be gained 
from integrating the channel-processing function and audio/video coder/ 
decoder (codec). 

Announced chipsets for audio and video processing, the servo processor, 
and some channel demodulation functions will be based on a 0.35-micron 
CMOS process, which will migrate to 0.25-micron CMOS over the follow
ing two years. Other components in the DVD-drive electronics will be 
based on bipolar technology. As chipsets move along the integration path, a 
growing opportunity for BiCMOS will develop. 

Figure 5 illustrates the semiconductor forecast for chips used in DVD appli
cations. (The data for this figure is found in Table 1.) This forecast is based 
on the DVD production forecast and an analysis of semiconductor content 
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Figure 4 
DVD Production Forecast 
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Table 1 
DVD Production Forecast 

DVD-Video Player 

Units (K) 

Factory ASP ($) 

Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

DVD Optical Drive 

Units (K) 

Factory ASP ($) 

Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

DVD Decode/Encode Boards and Chipsets 

Units (K) 

Factory ASP ($) 

Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

1996 

360 

428 

154 

146 

53 

295 

230 

68 

81 

24 

40 

258 

10 

85 

3 

1997 

1,495 

394 

589 

133 

199 

2,440 

218 

533 

76 

185 

1,623 

218 

354 

n 
126 

1998 

3,956 

365 

1,443 

122 

481 

6,467 

204 

1,316 

70 

451 

5,361 

210 

1,125 

75 

403 

1999 

7,755 

357 

2,772 

116 

903 

17,500 

194 

3,402 

67 

1,170 

11,108 

175 

1,941 

64 

709 

2000 

10,283 

331 

3,406 

108 

1,112 

24,898 

175 

4,348 

62 

1,532 

16,611 

164 

2,720 

60 

993 

CAGR (%) 
1996-2000 

131.2 

-6.2 

116.9 

-7.3 

114.4 

203.1 

-6.7 

182.9 

-6.6 

183.1 

352.8 

-10.7 

304.3 

-8.4 

315.0 

Source: Dataquest (June 1996) 
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Figure 5 
D V D Semiconductor Market Forecast by Platform 
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and chip pricing trends. Dataquest forecasts the total DVD semiconductor 
market to grow from less than $80 million in 1996 to over $3.6 billion in just 
four years. 

The following chip companies have been working with DVD manufactur
ers for many months leading up to the launch of DVD products. 

• Motorola 

• Hyundai 

• Zoran 

• Philips 

• Texas Instruments 

• Silicon Systems 

• SGS-Thomson 

• Oak Technology 

• LSI Logic 

• VLSI Technology 

• Toshiba 
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Summary and Conclusions 
The number of systems manufacturers and chip companies that wUl com
pete in the DVD arena will create a dynamic and highly competitive envi
ronment. Although the forecast market growth will create very profitable 
opportunities, the nature of the competition will lead to a number of casual
ties among systems and semiconductor players. Competitors should expect 
the consumer to be very demanding in terms of system performance and 
price. These demands will be reflected to the semiconductor companies, 
which will be placed under heavy price and performance pressures. 

Because the technologies shaping this market will continue to develop over 
the forecast period, chip companies seeking to be successful in this market 
should be prepared to continue making major investments in their product 
development. As they seek to reduce their product development costs, sys
tems manufacturers will value complete systems solutions from semicon
ductor manufacturers. Chip companies unable to provide a complete 
solution with their own product line should seek alliances with other com
panies to complement their strengths. Also, semiconductor manufacturers 
should develop strategies that will allow them to leverage their products 
across multiple next-generation consumer electronics products. This will 
allow them to maximize their profits and reduce their risks in this exciting, 
but turbulent, market segment. 
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Dataquest Predicts 

DVD Poised to Drive IViaritet for Digital Video Cliips to New 
Heights 

Abstract: Digital technologies and advanced semiconductors are reshaping the consumer 
electronics world. The introduction of exciting new products such as DVD-Video players 
and direct broadcast satellite (DBS) set-top boxes creates new destinations for chips such as 
microprocessors (MPUs), digital signal processors (DSPs), application-specific ICs (ASICs), 
application-specific standard products (ASSPs), and memory. Although these markets are 
still in their infancy, they are forecast to experience rapid growth. This report provides a 
brief overview of the market opportunity presented by DVD, along with some of the major 
hurdles that remain on the path to market. Forecasts of DVD production and the DVD semi
conductor market are provided, along with a list of companies making early semiconductor 
product announcements. 

This document is an excerpt from an in-depth Focus Report on DVD titled DVD: The Hot 
New Digital Video Destination for Semiconductors that has been published by the 
Consumer Multimedia Semiconductor Application Markets (MSAM) program.. This Focus 
Report provides detailed analysis and forecasts of the semiconductor opportunity in DVD 
products. Dataquest is also engaged in research on leading-edge electronic equipment 
through its Teardown Analysis program. Dataquest plans to publish a detailed teardown 
analysis of a selected DVD player after the players reach the market. 
By Dale Ford 

The DVD Opportunity 
Standing on the shoulders of major technological advances in areas such as 
video and audio compression, laser diode physics, and optical storage tech
nology, DVD is poised to boost both the consumer electronics and personal 
computer markets to new heights. The exciting capabilities promised by 
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DVD have captured the imagination and investment budgets of companies 
from at least seven major industries. The major players in the development 
of DVD continue to struggle with balancing the cooperative and competi
tive forces that have swirled around this promising product for over two 
years. Although all the players recognize that a coordinated, cooperative 
effort is essential for the creation of a successful market, their zeal to capital
ize on one of the most exciting products of the 1990s has brought DVD to 
the brink of digital video disaster on a number of occasions. 

Dataquest is optimistic that the remaining hurdles on the path to the suc
cessful launch and growth of the DVD market will be overcome. Although 
it does not match the hyped expectations of some DVD proponents, 
Dataquest's forecast for the growth of the DVD market would make this 
one of the most successful products ever introduced in the consumer elec
tronics and PC markets. After assessing the many factors that will influence 
the DVD market, Dataquest projects that market shipments of DVD-Video 
players and DVD optical drives will top 33 million by the year 2000. More 
than 2.3 miUion DVD systems are expected to ship between the first prod
uct introductions in October and November 1996 and the end of 1997. The 
semiconductor opportunity generated by the DVD market is forecast to 
exceed $3.6 billion by the year 2000. 

DVD: What Is It? Where Is It Going? 
Perhaps the easiest way to think of DVD is as a CD drive on steroids. With 
higher storage capacity, faster data transfer rates, interactive capabilities, 
and apphcations across computer, video, and audio markets, DVD has 
moved the capabilities of optical storage forward by an order of magnitude, 
and DVD supporters are already beginning to "feel the burn." In its incarna
tion as a video player, it offers the ability to view fuU-length movies in 
multiple aspect ratios, languages, and Motion Picture Association of 
America (MPAA) ratings (R, PG-13, PC, G), all stored on a single CD-ROM-
size disc. As a PC peripheral, DVD offers new levels of interactivity for 
next-generation software titles and the storage capacity to handle more con
tent than developers currently know what to do with. In reality, DVD is 
actually five separate standards, as shown in Figure 1. The physical specifi
cations and file system for the first three standards are the same so that a 
common platform can be created for multiple apphcations in the video, 
audio, computer, and next-generation consumer electronics markets. 

Books A, B, and C in the standard are "read-only memory standards" 
(ROM), while Book D will specify a "write-once, read-many" (WORM) stan
dard, and Book E will offer the ability to read, write, and erase. Because of 
its ability to read and write, it is often called DVD-RAM, referring to a ran
dom access memory capability. Book A, also known as DVD-ROM, and 
Book B, DVD-Video or DVD-Movie, are close to final and should enable the 
launch of products based on these standards at the end of 1996. Manufac
turers would say that the standards are final. They are close, but there are 
some details that remain to be decided, such as copy protection and encryp
tion. The DVD-Audio standard, or Book C, is in the early stages of discus
sion, and some preliminary proposals have been presented for this 
standard. Although hardware manufacturers are eager to move to market 
as quickly as possible, the music industry is intent on protecting its interests 
and has signaled its intention to set a slower pace of development. The 
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DVD-WORM and DVD-RAM standards will be established over the com
ing one to two years. In the meantime, the promoters of DVD have their 
hands full trying to bring the first DVD products to market. 

The title of "convergence product" has been bestowed on DVD because of 
the common platform it will create for multiple appUcations across com
puter and consumer devices. Although obvious uses are found in TV, PC, 
and high-end audio systems, the set-top box, network computer, and video 
game console will also be impacted by DVD. Manufacturers of set-top 
boxes already have plans to leverage the common MPEG-2 chipset into a 
hybrid device that may provide the ability to record content sent over satel
lite or cable in the future. When the Bandai Pippen was introduced at the E3 
1996 show, the manufacturer was already talking about the eventual 
replacement of the CD-ROM drive with a DVD drive in the next version. 
Even video game consoles will upgrade to DVD eventually. 

The success of DVD in the market is highly dependent on the ability of 
seven major industries to cooperate in translating this product concept into 
a market reality. If the major companies in any one of the industries decide 
that they are not benefiting sufficiently from DVD and decide to withdraw 
support, or if they fail to develop the necessary support infrastructure in a 
timely fashion, the near-term success of DVD would be seriously harmed. If 
disputes involving issues such as royalties and copyrights are not resolved 
soon, the launch of this market could be delayed. However, Dataquest is 
optimistic that present difficulties can be overcome and that the long-term 
prospects for DVD are very bright. 

As they race to the market, DVD proponents will have to avoid being 
tripped up by some of the major hurdles shown in Figure 2. They have 
already overcome significant technological and standards hurdles, but they 
still do not have a clear sprint to the finish line. It is to be hoped that the 
potential rewards will provide the necessary momentum to allow the 
emerging DVD market to reach its full potential. 

Based on an analysis of consumer market behavior and expected price 
trends, Dataquest has developed the market forecast for DVD-Video play
ers, DVD optical storage drives, and DVD PC decode/encode add-in 
boards shown in Figure 3. This market forecast demonstrates Dataquest's 
optimism regarding the future of DVD. Our projections show the combined 
annual market shipments of DVD-Video players and DVD drives growing 
to over 33 mUUon by the year 2000, making it one of the most successful 
products introduced in the 1990s. The combined market shipments of all 
DVD products, including decode/encode add-in boards, would drive fac
tory revenue over $10 bilhon by the year 2000. 

Certainly, there are factors that could drive the market above or below this 
forecast. If manufacturers are able to drive prices below Dataquest's expec
tations, this would stimulate higher growth. On the other hand, if the 
creative community fails to develop software products in a timely fashion 
that exploit the advanced capabilities of DVD, it will be hard to push the 
installed base of CD-ROM users and VCR owners to a more expensive plat
form. All the hurdles discussed earlier in this report could impact the 
growth of the DVD market. 
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Figure 3 
DVD Market Revenue Forecast 
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DVD Production Forecast and Semiconductor Opportunity 
Based on the predicted market growth, Figure 4 and Table 1 present 
Dataquest's DVD production forecast. 

The semiconductor community has invested in DVD technology early. 
Although the early DVD players that come to market will have little inte
gration, they will be replaced in a matter of a few months by products 
that will take advantage of integrated chipsets that have already been 
announced. The second-generation chipsets will be ready before the first-
generation systems have even shipped. Semiconductor manufacturers have 
outlined aggressive integration plans for DVD and other products that are 
based on MPEG-2 and AC-3 compression technology. Some companies 
have even presented plans to develop single-chip DVD processing solu
tions. Dataquest stops short of predicting this level of integration because of 
the belief that there are no cost or performance advantages to be gained 
from integrating the channel-processing function and audio/video coder/ 
decoder (codec). 

Announced chipsets for audio and video processing, the servo processor, 
and some channel demodulation functions will be based on a 0.35-micron 
CMOS process, which will migrate to 0.25-micron CMOS over the follow
ing two years. Other components in the DVD-drive electronics will be 
based on bipolar technology. As chipsets move along the integration path, a 
growing opportunity for BiCMOS will develop. 

Figure 5 illustrates the semiconductor forecast for chips used in DVD appli
cations. (The data for this figure is found in Table 1.) This forecast is based 
on the DVD production forecast and an analysis of semiconductor content 
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Figure 4 
DVD Production Forecast 
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Table 1 
DVD Production Forecast 

DVD-Video Player 

Units (K) 

Factory ASP ($) 

Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

DVD Optical Drive 

Units (K) 

Factory ASP ($) 

Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

DVD Decode/Encode Boards and Chipsets 

Units (K) 

Factory ASP ($) 

Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

1996 

360 

428 

154 

146 

53 

295 

230 

68 

81 

24 

40 

258 

10 

85 

3 

1997 

1,495 

394 

589 

133 

199 

2,440 

218 

533 

76 

185 

1,623 

218 

354 

77 

126 

1998 

3,956 

365 

1,443 

122 

481 

6,467 

204 

1,316 

70 

451 

5,361 

210 

1,125 

75 

403 

1999 

7,755 

357 

2,772 

116 

903 

17,500 

194 

3,402 

67 

1,170 

11,108 

175 

1,941 

64 

709 

2000 

10,283 

331 

3,406 

108 

1,112 

24,898 

175 

4,348 

62 

1,532 

16,611 

164 

2,720 

60 

993 

CAGR (%) 
1996-2000 

131.2 

-6.2 

116.9 

-7.3 

114.4 

203.1 

-6.7 

182.9 

-6.6 

183.1 

352.8 

-10.7 

304.3 

-8.4 

315.0 

Source: Dataquest (June 1996) 
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Figure 5 
DVD Semiconductor Market Forecast by Platform 
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and chip pricing trends. Dataquest forecasts the total DVD semiconductor 
market to grow from less than $80 million in 1996 to over $3.6 billion in just 
four years. 

The following chip companies have been working with DVD manufactur
ers for many months leading up to the launch of DVD products. 

• Motorola 

• Hyundai 

• Zoran 

• Philips 

• Texas Instruments 

• Silicon Systems 

• SGS-Thomson 

• Oak Technology 

• LSI Logic 

• VLSI Technology 

• Toshiba 
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Summary and Conclusions 
The number of systems manufacturers and chip companies that will com
pete in the DVD arena will create a dynamic and highly competitive envi
ronment. Although the forecast market growth will create very profitable 
opportunities, the nature of the competition will lead to a number of casual
ties among systems and semiconductor players. Competitors should expect 
the consumer to be very demanding in terms of system performance and 
price. These demands will be reflected to the semiconductor companies, 
which will be placed under heavy price and performance pressures. 

Because the technologies shaping this market will continue to develop over 
the forecast period, chip companies seeking to be successful in this market 
should be prepared to continue making major investments in their product 
development. As they seek to reduce their product development costs, sys
tems manufacturers will value complete systems solutions from semicon
ductor manufacturers. Chip companies unable to provide a complete 
solution with their own product line should seek alliances with other com
panies to complement their strengths. Also, semiconductor manufacturers 
should develop strategies that will allow them to leverage their products 
across multiple next-generation consumer electronics products. This will 
allow them to maximize their profits and reduce their risks in this exciting, 
but turbulent, market segment. 
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Market Analysis 

Senniconductor Vendors ... Start Your (IVIedia) Engines 
Abstract: New products called media engines and media processors could bring more 
multimedia performance to PCs for a lower price than conventional chipsets. These devices 
are too new to have been proven in the marketplace, but they offer some compelling benefits. 
Product positioning is squarely between application-specific standard products (ASSPs) and 
general microprocessors, leveraging the speed and programmability benefits of each of those 
products. Media processors must compete with ASSPs as well as with multimedia 
enhancement to general microprocessors, such as Intel's MMX, to be successful. The market 
for these products expands beyond PCs into consumer and communications equipment, but the 
scope of this document is limited to the PC market opportunity. This document defines what a 
media processor is, identifies key issues for these products, and provides a five-year forecast 
for the use of these devices in PCs. 
By Geoff Ballew 

m 

New Chips Provide IVIore Bang for the Buck in Multimedia PCs 
Multimedia. This one word has a tremendous impact on PC architecture 
because the simultaneous processing of graphics, audio, and video data 
places large demands on the major components in a PC. The trend toward 
more multimedia features and higher multimedia performance is pushing 
PCs harder than ever before. Today's PCs are much faster and better 
equipped for multimedia processing than they were just a few years ago, but 
they are clearly not powerful enough to handle new multimedia features 
such as 3-D audio, MPEG-2 decompression, and videoconferencing. 

As PC OEMs strive to provide higher multimedia performance at low prices, 
they need to find efficient ways (on a price versus performance basis) to add 
additional multimedia muscle to a PC. So far there is no single answer; we 
have a variety of new solutions and old solutions that will compete. These 
include improving the application-specific standard products (ASSPs) or 
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fixed-logic chipsets, making the CPU faster with special instructions (such as 
Intel's MMX) and higher clock speeds, and using an embedded processor 
that is optimized for multimedia data tj^es. This last category includes chips 
such as programmable DSPs and a new class of embedded processor called a 
media processor or media engine. Media processors are the newest solution 
for boosting PC multimedia performance. They offer compelling benefits, but 
have some challenges to overcome if they are going to succeed in the PC 
semiconductor market. For the pvirposes of this document, media processors 
are not distinguished from media engines. 

Each of these solutions has an impact on PC design, so a basic system 
diagram showing an example of each one is provided here. A buUeted list of 
the digital signal-processing tasks handled by each chip or chipset is 
provided, with the bullet located below the chip or chipset that performs that 
task. Figure 1 shows a typical multimedia PC with the multimedia features 
implemented with standard chipsets or ASSPs. Note that each subsystem 
(graphics, audio, and fax/modem) is implemented with a complete chipset. 
Figure 2 shows the same features using a CPU enhanced with Intel's MMX 
instruction set. This solution leverages the computing power of the CPU for 
signal processing and control functions instead of putting dedicated 
controllers in the peripheral chipsets. Figure 3 shows an implementation 
using a media processor called Mpact from Chromatic Research, a media 
processor company. This solution is similar to the one shown in Figure 2 but 
uses a dedicated processor rather than the CPU for signal processing and 
control. Each of these three solutions has price and performance advantages 
and disadvantages. Also, it is important to note that these solutions are not 
mutually exclusive. As Intel incorporates MMX into its entire x86 MPU 
product line, MMX will coexist with ASSPs and media processors in the 
same systems because the performance should be additive. This means that a 
system having MMX and a media processor will be more powerful than a 
system with a media processor but without MMX. 

Media Processors: What Are They? 
Media processors are a new class of semiconductor device. They have fixed-
logic elements just like ASSPs or standard chipsets, but they also have a 
programmable signal processing core like a programmable digital signal 
processor (pDSP). These products are designed for processing digital signals 
just like a pDSP but have additional features that make them more suitable 
for PC and consumer electronics applications. These features include 
standard bus interfaces such as Peripheral Component Interconnect (PCI) 
and fC, integrated ASSP fxmctions such as a VGA controller, greater 
processing power, and a high degree of concurrency for handling multiple 
real-time processes. A general definition of a media processor is a device that 
meets the following criteria: 

• Media processors are programmable. This separates them from highly 
integrated, multiple-function logic chipsets, such as integrated audio and 
fax/modem chipsets. 
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Figure 1 
System Diagram of a Multimedia PC with 3-D Graphics, MPEG, Telephony, and Audio 
Features Implemented with ASSPs 
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• Media processors must have a high degree of concurrency. The ability to 
handle three or more real-time processes simultaneously is essential. 

• Media processors have a dedicated purpose. The addition of application-
specific bus interfaces, such as PCI or f C, targets these devices to 
communications and multimedia applications in PCs and consumer 
electronics rather than other applications for digital signal processing. 
This also distinguishes media processors from general-purpose 
microprocessors with multimedia functions, such as Intel's MMX. 

These requirements are very general, but so is the media processor product 
category. These devices straddle the abyss between fixed logic 
implementations such as ASSPs (which are fast but not flexible) and general-
purpose microprocessors (which are flexible but not fast.) Figure 4 shows this 
positioning. 

Software Defines the Functionality 
Media processors require software to define their functionality. The 
hardware provides computational power for processing digital signals, but 
software is required for compatibility with various data types, standards, 
and protocols such as V.34 for modems, Sound Blaster compatibility for 
audio processing, and even digital video decoding standards such as 
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MPEG-1. This is in sharp contrast to ASSPs because those products have the 
required standards and protocols implemented in the chips rather than 
requiring software to provide compatibility. Of course both media processors 
and ASSPs require software drivers to interface with the PC operating 
system, such as Windows 95. Figure 5 highlights the division between 
hardware and software for media processors compared with ASSPs. 

The Advantages of Media Processors 
The major advantages of using media processors over alternative solutions 
are discussed after this bulleted list: 

• Media processors centralize signal processing to reduce redundant 
functions (and therefore redundant cost) across multiple subsystems, 
such as audio processing, fax/modem, networking, graphics, and video 
processing. 

• Media processors enable functional upgrades through software rather 
than hardware changes. This benefits PC OEMs by reducing the risk of 
inventory and design obsolescence, and it benefits PC users because 
features and performance can be enhanced without the challenges of 
opening the PC and changing hardware. 

Figure 2 
System Diagram of a Multimedia PC with 3-D Graphics, MPEG, Telephony, and Audio 
Features Implemented with MMX 
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Figure 3 
System Diagram of a Multimedia PC with 3-D Graphics, MPEG, Telephony and Audio 
Features Implemented with a Media Processor 
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• Scalability allows functions to use as much processing power as possible 
on a real-time basis. 

• Lower total system costs are possible. The potential for cost savings 
increases dramatically when high-end functions such as MPEG-2 
decompression, Dolby AC-3 decoding, and videoconferencing are 
included. 

• Media processors are more powerful than multimedia erihancements to 
microprocessors. 

Media processors have the potential to provide many benefits for PC OEMs 
and PC users by making hardware designs more flexible without incurring a 
large cost penalty. The traditional way to add features to PCs has been to add 
a new chipset for each new subsystem—for example, adding a modem 
chipset for modem functions or an audio chipset for sound processing. The 
problem with this method is simply that adding another major function 
requires another standalone chipset. All the functions for a given subsystem 
are integrated into a compact chipset, but there is little integration across 
subsystems to mirumize the total number of chips (and more specifically the 
total number of gates) for the whole PC. Media processors are designed to 
leverage processing power across mvdtiple functions by separating the 
control elements of peripheral chipsets from the interface elements of 
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peripheral chipsets. Processing power is centralized and can be allocated to 
various functions (such as MPEG decode, audio processing, or 
communications processing) on a real-time basis. Media processors do 
require support chips, such as analog-to-digital conversion (ADC) and 
digital-to-analog conversion (DAC), to interface with external peripherals. 
However, the cost of these interface chips is significantly lower than the cost 
of complete chipsets. 

Figure 4 
Relative Positioning of Media Processors 

Source: Dataquest (August 1996) 

A second benefit of using media processors instead of fixed-logic chipsets is 
software upgradability. A PC user today who wants to upgrade a modem 
must take the old modem out and put a new modeni in. If a PC has a media 
processor, its multimedia functions can be upgraded just by installing new 
software, rather than by opening the box and changing the hardware. In the 
same way, a PC OEM that designs around a media processor rather than 
ASSPs will be able to reconfigure inventory and work in process more easily 
by changing software rather than hardware. This helps protect the OEM 
against the risks of product obsolescence and having a large inventory of 
undesirable products in the midst of a technology shift. 
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Figure 5 
Media Processors Rely on Software for Compatibility 
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A third benefit of media processors is scalability. All of a media processor's 
processing power is divided among the functions in use on a real-time basis. 
When only one or two functions are used simultaneously, those functions 
receive more processing power and therefore show higher performance than 
they would have in an average ASSP. When the user requires multiple 
functions in demanding applications such as Internet gaming (a 
simultaneous use of modem, audio, graphics, and probably motion video 
decoding) each function receives only its share of the total processing power. 
For this reason, media processors must be powerful enough to process 
multiple data streams concurrently. 

A fourth benefit of using a media processor is the opportunity for a lower 
total bill-of-materials cost to implement a feature-rich, multimedia PC. A PC 
with a media processor requires only a controllerless chipset, rather than a 
standard chipset, for a given subsystem such as a fax/modem. A 
controllerless chipset is a subset of a standard chipset; it does not include the 
microcontroller and DSP functions, which makes it less expensive than a 
standard chipset. The media processor provides the microcontroller and DSP 
functions in place of having those functions in the peripheral chipset. If 
enough subsystems are added with these lower-cost controllerless chipsets, 
then the cost saving from buying less-expensive chipsets will exceed the cost 
of buying the media processor. A rule of thumb is that four or more 
subsystems must be added to make a media processor cost-effective. If an 
OEM will use the media processor for only one or two functions, then ASSPs 
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will provide a lower total cost. Figure 6 shows some Dataquest estimates of 
the semiconductor costs for implementing a multimedia subsystem with the 
following four functions: accelerated 3-D graphics, MPEG-1 decompression, 
wave table audio, and V.34 modem functions. Media processors offer more 
dramatic cost savings if high-end functions like MPEG-2 decoding, Dolby 
AC-3 decoding, and videoconferencing are added to a PC design. 

Figure 6 
Cost Comparison between Media Processors and Other Solutions for Adding 3-D 
Graphics, MPEG, Telephony, and Audio Functions to a Multimedia PC 
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The fifth advantage is simply that higher performance can be achieved by 
using a media processor than by relying solely on MMX or other MPU 
multimedia enhancements for signal-processing power. If a media processor 
is added to a system with MMX, the available multimedia processing power 
will be approximately additive. Although the two resources (MMX and a 
media processor) will not work cooperatively on a single task, the list of 
tasks can be divided between them to maximize performance. 

The Disadvantages of Media Processors 
The potential disadvantages of using media processors versus alternative 
solutions are discussed after this buUeted list: 

• Functional redundancy with MMX puts vendors in partial competition 
with Intel for low-end PC designs. 

• There is risk in adopting new design strategies. 

• Higher total system costs are possible. 
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Functional redundancy with MMX and other multimedia enhancements to 
microprocessors is a potential barrier to getting design-wins in low-end PCs. 
Media processor vendors are not the only advocates of centralizing 
multimedia processing. Intel evangelizes the centralized model because it 
creates greater demand for new microprocessors. The MMX instruction set is 
one step Intel is taking to make its microprocessors able to process 
multimedia data more efficiently. Other MPU vendors are implementing 
similar multimedia erJiancements to their own designs. Two examples are 
Svm Microsystems' Visual Instruction Set (VIS) and Cjnrix's own 
implementation of the MMX instruction set. Media processors and 
multimedia enhancements to general-purpose MPUs are variations on the 
same theme. Media processor vendors must position their products carefully 
against MMX because MMX will be shipping for "free" as it becomes a 
standard feature in aU Intel's Pentium and Pentium Pro microprocessors and 
as the non-MMX versions are discontinued. 

As PC OEMs strive to differentiate their products, there is risk associated 
with adopting a new design strategy such as using a media processor instead 
of ASSPs. OEMs that use ASSPs can choose each chipset from a different 
vendor, so their audio chipset vendor can be independent from their 
fax/modem chipset vendor. This will change slowly, because higher levels of 
integration are necessary for minimizing costs, but media processors m^ake 
this transition much more immediate. Of course, there is also potential gain 
by adopting a new strategy because it does differentiate one OEM from 
another. 

The issue of total system cost was mentioned as a possible advantage as well 
as a possible disadvantage. Media processors are new products, so the actual 
cost of implementation is not established. The total cost of implementation 
must be competitive compared with ASSP implementations because PCs are 
sold on the basis of price, performance, and features. Media processor 
vendors must make the chip and software available at a volume price that 
makes it competitive even if an OEM does not include high-end functions 
such as videoconferencing, MPEG-2 decompression, or Dolby AC-3 
decoding. 

Company Highlights 

Two companies. Chromatic Research and Philips Semiconductors, are 
leading the race to bring media processors to the PC market. Below is a brief 
description of each company's media processor strategy. 

Chromatic Research 
Chromatic is bringing a new business model—the "chipless semiconductor 
company"— to the market. The company's media processor is named Mpact, 
but will not be manufactured or sold by Chromatic. Strategic partners will 
make and sell the chip, while Chromatic will sell the software to use the chip. 
The company has annovmced two partners so far, LG Semicon and Toshiba, 
and may add one additional partner. 
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As a chipless semiconductor company. Chromatic will design new versions 
of the Mpact chip, as well as write and sell software for the chip. In fact, 
Chromatic will be the sole source of software "modules" for the Mpact chip. 
These modules are required for any implementation and will consist of a 
basic set of functions as well as optional functions so OEMs can tailor their 
purchases to their needs. This strategy keeps Chromatic focused on product 
technology and marketing rather than manufacturing and allows it to 
leverage the manufacturing expertise and process technology of its partners. 

Chromatic is making good progress on the software modules for the Mpact 
chip and expects to release the first software versions this fall. The hardware 
design is finalized and appears to be robust and manufacturable. The 
progress in both hardware and software indicates that techrucal issues will 
not be a barrier to Chromatic. Market issues such as design-wins into leading 
OEMs and sell-through to the end user are the next step. Chromatic expects 
to announce several key design-wins over the next 12 months, but this 
information is not yet public. 

Philips Semiconductors 
This consumer electronics giant has been a market leader in digital video 
chips but until recently did not actively participate in the PC semiconductor 
market. Philips is now pursuing the PC market more aggressively with PC 
graphics products as well as its TriMedia TM-1 media processor, a family of 
media processors that it plans to bring to market. TM-1 is the first actual 
product in the TriMedia family. The company plunged into the PC graphics 
market in the fall of 1995 by acquiring the multimedia products group from 
Western Digital. That acquisition gave Philips immediate access to PC 
graphics technology, as well as giving it the Paradise brand name for board-
level graphics products. 

Philips is using its expertise in signal processing (most notably video 
encoders, decoders, ADCs, and DACs) to gain a larger role in the PC 
semiconductor market. TM-1 is focused on signal processing for the PC but 
does not include a VGA controller. This makes it highly complementary to 
the graphics products acquired from Western Digital. Future products in the 
TriMedia family will be tailored for consumer applications other than PCs. 
Those products are likely to include VGA or TV output as well as greater 
capability to act as the system nucroprocessor rather than just as a 
coprocessor like the TM-1. 

Otiiers 
Several other companies have announced development efforts for media 
processors. IBM is developing a product called MFast. NEC and VideoLogic 
have announced a joint development effort. Mitsubishi and Samsung have 
each announced their intention of bringing media processors to market. Also, 
a number of companies are developing products that are similar to media 
processors but fall into other product categories. These include 
programmable DSPs like IBM's MWave chip and products from Analog 
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Devices, as v̂ êll as mvdtifunction chipsets like NVidia's NVl and JSTVS 
products. These products will compete with media processors for PC design-
wins, but they offer varying levels of performance and programmability. 

Five-Year Forecast 
Media processors are a new product that will bring new levels of flexibility 
to the PC market. These devices are becoming available at a critical time in 
the PC market, because expectations for multimedia processing are 
increasing faster than microprocessor performance. Multimedia functions 
can always be implemented in ASSPs, but the cost of adding multiple 
chipsets can be prohibitive and this approach does not take advantage of 
redtmdancies across chipsets. Media processors have the opportunity to 
balance this equation by providing lots of processing power tailored for 
multimedia data types (audio, video, communications, and graphics) at a 
competitive price versus performance level. However, the adoption of media 
processors into a product does require a shift in product design and 
configuration. For media processors, 1996 will be an interesting year, with 
some exciting announcements of design-wins, but it will not be a strong 
indicator of long-term acceptance. Philips is not scheduled to reach volume 
production until first quarter 1997, and other vendors will take even longer. 
Greater competition between media processor vendors will develop as they 
bring new products to market through 1997 and 1998. 

Media processors are a new product and had not started shipping as of the 
date of this forecast. At this early stage in the market, Dataquest has forecast 
media processor shipments based upon the best of its knowledge and 
information and has provided two scenarios (optimistic and coriservative). 
Actual shipments are expected to fall somewhere between these two 
scenarios. This forecast will be updated as more information becomes 
available and as these products begin to ship into the PC marketplace. Figure 
7 shows a forecast for media processors as well as for PCs. Tables 1 and 2 
provide the forecast for units and revenue. Critical factors that will affect 
media processor shipments are: 

• Willingness of ASSP vendors to compete in a price war 

• Willingness of OEMs to embrace programmable solutions versus ASSPs 

• Introduction of media processors from additional vendors to increase 
competition 

• Real demand for high-performance multimedia features such as MPEG-2 
decompression, AC-3 decoding, and videoconferencing 
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Figure 7 
Five-Year Forecast for Media Processor Shipments in PCs 
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Table 1 
Five-Year Unit Forecast for Media Processor Shipments for PCs (Thousands of Units) 

OEM PCs 

Optimistic Forecast 

ConservativeForecast 

1996 

71,651 

200 

100 

1997 

84,694 

5,000 

1,000 

1998 

98,693 

10,000 

3,000 

1999 

114,178 

18,000 

6,000 

2000 

131,700 

27,000 

4,000 

CAGR (%) 
1996-2000 

16.4 

240.9 

151.5 
Source: Dataquest (August 1996) 

Table 2 
Five-Year Revenue Forecast for Media Processor Shipments for PCs 
(Thousands of Dollars) 

Optimistic Forecast 

Conservative Forecast 

Dataquest Estimated ASP ($) 

1996 

8,000 

4,000 

40 

1997 

190,000 

38,000 

38 

1998 

360,000 

108,000 

36 

1999 

630,000 

210,000 

35 

2000 

945,000 

140,000 

35 

CAGR (%) 
1996-2000 

229.7 

143.2 

-3.3 
Source: Dataquest (August 1996) 
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Quarterly x86 Compute Microprocessor Forecast 
Abstract: We have extended our forecast through the year 2000. The rate of unit shipment 
growth has been increased to reflect Intel's strategy of driving prices lower to keep its 
increased manufacturing capacity fully loaded. 586-class processors will comprise the vast 
majority of CPU shipments in 1996 and 1997, given the waning presence of the 486, the 
growth of Pentium Pro shipments from a tiny base in 1995, and the ability of both AMD and 
Cyrix, after a seemingly never-ending series of delays, to ship Pentium-class products. 
By Nathan Brookwood 

Aggressive Price Reductions Spur Increased Unit Shipments and Decreased 
Average Selling Prices 

Dataquest has extended its x86 computational processor forecast through 
the turn of the century, and adjusted it to reflect changes in market 
conditions and strategies of key vendors. Compared with our previous x86 
compute forecast issued last November, we now anticipate higher unit 
shipments of 115.8 million units in 1999, compared with 105.5 million units 
before, but lower average selling prices (ASPs) of $179 in 1999, compared 
with $305 before. The key to these changes is Intel's dramatically increased 
production capacity, resulting from a substantial capital investment pro
gram over the past three years. It has been a very long time since demand, 
rather than supply, constrained Intel's growth, but we are now entering 
such a period. Intel's new manufacturing muscle produces value only when 
flexed, and Intel has demonstrated that it will price its products aggres
sively to spur market demand. Thus the 100-MHz Pentium that com
manded a $900 price two years ago now sells for less than $200. Intel 
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did not lower these prices for competitive reasons—there has been no 
Pentium-class competition until recently. Now that such competition has 
arrived from both Cyrix and AMD, we anticipate an even greater reduction 
in x86 ASPs. 

Dataquest projects that the ASP for all x86 microprocessors sold into both 
compute and embedded market segments will continue to increase at a 
compound armual growth rate (CAGR) of 8 percent, from $118 in 1995 to 
$156 in the year 1999. One of the paradoxes that makes the x86 microproces
sor market so profitable for those companies that can participate is that this 
overall ASP increases, while the ASP for each individual microprocessor 
generation decreases over time. The key challenge for x86 vendors is to con
tinually shift the mix of products sold toward the high end. So far, they 
have always met this challenge. 

Figures 1, 2, and 3, along with Table 1, illustrate Dataquest's projections for 
unit shipments, revenue, and ASPs from 1995 to 2000. During this period, 
Pentium and 586-class products will grow from 35 percent to 63 percent of 
unit shipments, and then shrink to ordy 7 percent; they will account for 
65 percent of sales in 1995, 77 percent in 1996, but only 1 percent in the year 
2000. Pentium Pro and 686-class products will be introduced, grow to over 
60 percent market share, and begin to wane. The 786-class products will just 
be reaching their ascendancy at the turn of the century. 

Figure 1 
x86 Unit Shipments by Processor Generation 
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160,000-

40,000-

20,000-

^ 

H 
S 
D 
^ 

mi 

786 Class 

686 Class 

586 Class 

80486 

80386 

<386 

nil l l l lMll l l l l^mTTtTTTt^ 

1996 1997 1998 1999 2000 
3e£23B 

Source: Dataquest (March 1996) 

# 

PSAM-WW-DP-9606 ©1996 Dataquest April 8,1996 



/ • 

# 

f 

Semiconductor Directions in PCs and PC Multimedia 

Figure 2 
x86 Revenue by Processor Generation 

Factory Revenue (Thousands of Dollars) 
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Figure 3 
x86 Average Selling Prices by Processor Generation 
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Table 1 
x86 Units, ASP, and Revenue by Processor Generation 
(Units in Thousands, ASP in U.S. Dollars, Revenue in Thousands of U.S. Dollars) 

o 
"O 

I 
CO 
a> 
o 
O ) 

@ 
CD 
CD 

cn 

cu 
I—^ 
tu 
X3 
CD 

> 
TD 

CD 
CD 
CD 

Processor 

<386 
(8086/8088 
186/188/286) 

80386 

80486 

586 Class 

686 Class 

786 Class 

886 Class 

Total x86 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

1995 

20,816 
7 

154,235 

4,050 
18 

74,573 

35,900 
98 

3,527,455 

33,295 
219 

7,274,958 

100 
900 

90,000 

94,161 
118 

11,121,220 

1996 

15,481 
7 

107,821 

1,900 
15 

27,737 

18,000 
53 

948,618 

66,250 
157 

10,371,438 

4,000 
500 

2,000,000 

105,631 
127 

13,455,613 

1997 

11,518 
7 

75,411 

1,235 
12 

14,423 

9,000 
26 

236,197 

66,000 
120 

• 7,920,000 

27,500 
270 

7,425,000 

115,253 
136 

15,671,031 

1998 

8,602 
6 

52,939 

741 
9 

6,923 

3,800 
17 

64,295 

55,000 
90 

4,950,000 

56,000 
220 

12,320,000 

1,000 
800 

800,000 

125,143 
145 

18,194,157 

1999 

6,437 
6 

37,237 

445 
7 

3,323 

2,600 
10 

26,263 

20,000 
51 

1,020,000 

84,500 
146 

12,358,125 

22,500 
350 

7,875,000 

136,481 
156 

21,319,947 

7 

17 

24 

NM = Not meaningful 
Source: Dataquest (March 1996) 
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The astute observer will note that Dataquest has pushed back its antici
pated introduction of Intel's 786-class processor until late in 1998, based on 
our understanding of Intel's current road map. This change in turn delays 
the 886 generation until after the turn of the century, and out of the current 
forecast period. Although the interval between the onset of each new gener
ation continues to hover around three years, the period from introduction 
to mainstream shipments has decreased over time and is now under 18 
months. This shrinking period, combined with the dramatically increased 
unit shipment volume of today's very large market, has forced processor 
and system vendors into ever higher rates of manufacturing acceleration. 
Today's market moves at such a high speed that even a minor hiccup in 
development programs can have major impacts on revenue and profits. 

x86 Microprocessors in Computational Applications 
Dataquest divides the microprocessor world into two major categories. 
Processors used in devices whose functional characteristics can be changed 
by software the user selects at any particular point in time are considered 
"compute" microprocessors. Processors used in devices where the func
tional characteristics are determined by the device manufacturer are consid
ered "embedded" microprocessors. x86-based microprocessors dominate 
the "compute" category but also participate in the "embedded" segment. 
This document focuses on those used in computational applications, 
including personal computers, mobile PCs, workstations, and servers. 

Dataquest projects that 586-class processors, including the Intel Pentium, 
Cyrix 6x86, and AMD 5K86, will continue to dominate unit shipments 
through the end of 1997, when the 686 class (Pentium Pro) will reach domi
nance. The lifespan of the 586 generation will be prolonged by the introduc
tion of midlife architectural kickers, including multimedia instruction set 
enhancements, in early 1997. As we noted last fall, the Pentium Pro's mar
ket share growth will be somewhat constrained by its need for 32-bit envi
ronments in order to reach its full performance potential. The desktop PC 
world has migrated to such environments at a slower pace than Intel's 
planners envisioned five years ago. Fortunately (for Intel), Windows NT 
provides such an environment and is now gaining rapid acceptance in com
mercial environments, spurred somewhat by decreased memory costs, 
along with a reluctance on the part of MIS managers to migrate to Windows 
95, despite the massive hype that surrounded this product last summer and 
fall. Intel has indicated an intent to lower Pentium Pro prices substantially 
by the end of 1996, and Dataquest anticipates that this, too, will spur 
demand. Consequently, we have increased our forecast for Pentium Pro 
shipments in 1996 from 2.5 million to 4 million units. 

Although there has been much recent discussion regarding saturation of PC 
markets in the home and office, Dataquest believes that such views apply 
only to the U.S. market, if they apply at all. Ample opportunity still exists 
for market growth in the Asia/Pacific area, and we anticipate that this 
region will drive much of the continued growth of the PC industry, and 
consequently, the semiconductor industry. 

In 1996, the computational x86 market will experience something it lacked 
in 1995—competition at the middle and high-end of desktop systems. After 
an agonizing series of delays on the part of both Cyrix and AMD, both 
vendors now can deliver meaningful quantities of 586-class products this 
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year. Cyrix has positioned its 6x86 as a Pentium Pro competitor by name 
and as a Pentium by its price, but the 6x86 really falls between the Pentium 
and Pentium Pro by its architecture. Cyrix and its partners (IBM Microelec
tronics and SGS-Thomson) can produce over 5 million units in calendar 
1996. AMD has positioned its K5 product, now known as the 5K86, at the 
lower end of the performance range, but still in the Pentium performance 
ballpark. AMD's offering should appeal primarily to OEMs and resellers, 
which can increase their gross profit dollars by substituting a lower-cost 
AMD processor for an Intel device of equivalent performance. AMD 
estimates that it can produce between 3.5 million and 4 million 5K86 
devices during 1996. 

Dataquest anticipates that ASPs for x86 processors in computational mar
kets will continue to inch up overall, despite the decreasing ASP for each 
individual generation. ASP growth will be constrained by Intel's need to 
drive market growth via aggressive pricing, along with the ever more diffi
cult problems associated with increasing the production rates for new prod
ucts from a standing start to tens of millions of units in less and less elapsed 
time. 

Table 2 and Figures 4, 5, and 6 contain Dataquest's quantitative views of the 
x86 computational market through the year 2000, with regard to unit ship
ments, revenue, and average selling prices. 

Quarterly Projections: Can We Sustain Five Consecutive Quarterly increases? 
Dataquest projects that unit shipments of x86 compute microprocessors will 
show positive growth from the fourth quarter of 1995 through the fourth 
quarter of 1996. This is a rare event; normally first quarter sales fall off a bit 
from higher sales at the prior year-end. The combination of a somewhat 
weaker-than-hoped-for final quarter of 1995, along with a strong interna
tional market early in 1996, should break this trend, and we expect demand 
to build throughout the year. During 1996, we expect 486 shipments to 
decline at almost the same rate that Pentium Pro shipments build. Pentium 
Pro sales should accelerate sharply early in 1997, when Intel introduces its 
next P6 implementation, code-named Klamath. If AMD/NexGen is ready 
with its K6 processor, and if CJTIX is ready with its M2 design, then 1997 
might be a very interesting year. 

Table 3 and Figure 7 provide a quantitative view of Dataquest's forecast for 
x86 compute microprocessors over the next eight quarters. 

Microprocessor and PC System Forecast Alignment 
Dataquest tracks and forecasts personal computer system shipments along 
with microprocessor shipments. Our forecasting methodology forces an 
alignment of x86 microprocessor forecasts by CPU and speed grade with 
anticipated PC system sales by CPU and speed grade. Given that every x86-
compatible PC contains at least one (and usually no more than one) x86 
compute processor, Dataquest attempts to balance anticipated PC demand 
with projected microprocessor availability. 
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Table 2 
x86 Units, ASP, and Revenue by Processor Generation in Computational Applications 
(Units in Thousands, ASP in U.S. Dollars, Revenue in Thousands of U.S. Dollars) 

386 Class 

486 Class 

586 Class 

686 Class 

786 Class 

Total 
Compute x86 

Units 

ASP 

Revenue 

Units 

ASP 
Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

U/U (%) 

$/$ (%) 

1995 

405 

20 

8,059 

32,310 

101 

3,258,205 

31,630 

230 

7,274,958 

100 

900 

90,000 

64,445 

165 

10,631,221 

23 

21 

1996 

14 

0 

9,900 

66 

648,918 

62,938 

159 

10,007,063 

4,000 

500 

2,000,000 

76,838 

165 

12,655,981 

19 

19 

1997 

11 

0 

1,350 

49 

66367 

59,400 

125 

7,425,000 

27300 

270 

7,425,000 

88,250 

169 

14,916,367 

15 

18 

1998 

2 

0 

380 

39 

14,945 

44,000 

100 

4,400,000 

56,000 

220 

12320,000 

1,000 

800 

800,000 

101,380 

173 

17334,945 

15 

18 

1999 

13,000 

65 

845,000 

80,275 

150 

12,041,250 

22300 

350 

7,875,000 

115,775 

179 

20,761,250 

14 

18 

2000 

3,000 

33 

97,500 

69,000 

100 

6,900,000 

58,000 

300 

17,400,000 

130,000 

188 

24397,500 

12 

18 

CAGR (%) 
1995-2000 

-100 

-100 

-100 

-100 

-100 

-100 

-38 

-32 

-58 

270 

-36 

138 

NM 

NM 

NM 

15 

3 

18 

NM = Not meaningful 
Source: Dataquest (March 1996) 
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Figure 4 
x86 Unit Shipments by Processor Generation in Computational Applications 
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Figure 5 
x86 Factory Revenue by Processor Generation in Computational Applications 
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Figure 6 
x86 Average Selling Prices by Processor Generation in Computational Applications 
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Table 3 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
(Units in Thousands) 

486 

586 

686 

AUx86 

Ql/96 

3,465 

11,725 

400 

15,590 

Q2/96 

2,970 

14,069 

800 

17,839 

Q3/96 

1,980 

16,883 

1,200 

20,063 

Q4/96 

1,485 

20,260 

1,600 

23,345 

Ql/97 

473 

17,226 

2,750 

20,449 

Q2/97 

405 

16,038 

5,500 

21,943 

Q3/97 

338 

14,256 

8,250 

22,844 

Q4/97 

135 

11,880 

11,000 

23,015 

Source: Dataquest (March 1996) 

Table 4 and Figure 8 provide the latest worldwide PC systems forecast, by 
CPU speed class, as recently released by our systems group. In all years and 
all speed grades, there is an excess of processors over systems. This excess, 
labeled "CPUs without Systems" in the table and figure, includes proces
sors (in all speed grades) sold as upgrades, or to individuals assembling 
their own systems. This category also includes the inventory "float" that 
accounts for processors sold by the chip vendor to the system vendor, but 
not yet sold by the system vendor to an end user. 
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Figure 7 

Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
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Table 4 
Worldwide x86 Unit Shipments by Processor Generation in Computational Applications 
(Units m Thousands) 

386 PC 

486 PC 

586 PC 

686/786 PC 

CPUs without Systems 
Sourne- Dataniioct Iktarr-h iOQcx 

1995 

74 

30,823 

31,469 

12 

2,067 

1996 

9,684 

60,548 

2,861 

3,745 

1997 

718 

60,096 

25,120 

2,316 

1998 

45,612 

54,943 

825 

1999 

13,905 

100,416 

1,454 
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Figure 8 
x86 Unit Shipment Mix by Processor Generation in Computational Applications 
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Quarterly x86 Compute Microprocessor Forecast 

Abstract: We have extended our forecast through the year 2000. The rate of unit shipment 
growth has been increased to reflect Intel's strategy of driving prices lower to keep its 
increased manufacturing capacity fully loaded. 586-class processors will comprise the vast 
majority of CPU shipments in 1996 and 1997, given the waning presence of the 486, the 
growth of Pentium Pro shipments from a tiny base in 1995, and the ability of both AMD and 
Cyrix, after a seemingly never-ending series of delays, to ship Pentium-class products. 
By Nathan Brookwood 

Aggressive Price Reductions Spur increased Unit Siiipments and Decreased 
Average Selling Prices 

Dataquest has extended its x86 computational processor forecast through 
the turn of the century, and adjusted it to reflect changes in market 
conditions and strategies of key vendors. Compared with our previous x86 
compute forecast issued last November, we now anticipate higher unit 
shipments of 115.8 million units in 1999, compared with 105.5 million units 
before, but lower average selling prices (ASPs) of $179 in 1999, compared 
with $305 before. The key to these changes is Intel's dramatically increased 
production capacity, resulting from a substantial capital investment pro
gram over the past three years. It has been a very long time since demand, 
rather than supply, constrained Intel's growth, but we are now entering 
such a period. Intel's new manufacturing muscle produces value only when 
flexed, and Intel has demonstrated that it will price its products aggres
sively to spur market demand. Thus the 100-MHz Pentium that com
manded a $900 price two years ago now sells for less than $200. Intel 
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did not lower these prices for competitive reasoris—there has been no 
Pentium-class competition until recently. Now that such competition has 
arrived from both Cyrix and AMD, we anticipate an even greater reduction 
in x86 ASPs. 

Dataquest projects that the ASP for all x86 microprocessors sold into both 
compute and embedded market segments will continue to increase at a 
compound armual growth rate (CAGR) of 8 percent, from $118 in 1995 to 
$156 in the year 1999. One of the paradoxes that makes the x86 microproces
sor market so profitable for those companies that can participate is that this 
overall ASP increases, while the ASP for each individual microprocessor 
generation decreases over time. The key challenge for x86 vendors is to con
tinually shift the mix of products sold toward tihe high end. So far, they 
have always met this challenge. 

Figures 1, 2, and 3, along with Table 1, illustrate Dataquest's projections for 
unit shipments, revenue, and ASPs from 1995 to 2000. During this period, 
Pentium and 586-class products will grow from 35 percent to 63 percent of 
unit shipments, and then shrink to only 7 percent; they will account for 
65 percent of sales in 1995, 77 percent in 1996, but only 1 percent in the year 
2000. Pentium Pro and 686-class products will be introduced, grow to over 
60 percent market share, and begin to wane. The 786-class products will just 
be reaching their ascendancy at the turn of the century. 

Figure 1 
x86 Unit Shipments by Processor Generation 
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Figxire2 
x86 Revenue by Processor Generation 

Factory Revenue (Thousands of Dollars) 
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Figure 3 
x86 Average Selling Prices by Processor Generation 
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Table 1 
x86 Units, ASP, and Revenue by Processor Generation 
(Units in Thousands, ASP in U.S. Dollars, Revenue in Thousands of U.S. Dollars) 

a 
"O 
I 

CO 

a> 
a> 

@ 
CD 
CD 
CD 
C3 
CU 
I-*-

CU 
.CI 

> 
•o 

CD 
CD 
CD 

Processor 

<386 
{8086/8088 
186/188/286) 

80386 

80486 

586 Class 

686 Class 

786 Class 

886 Class 

Total x86 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

Units 
ASP 
Revenue 

1995 

20,816 
7 

154,235 

4,050 
18 

74,573 

35,900 
98 

3,527,455 

33,295 
219 

7,274,958 

100 
900 

90,000 

94,161 
118 

11,121,220 

1996 

15,481 
7 

107,821 

1,900 
15 

27,737 

18,000 
53 

948,618 

66,250 
157 

10,371,438 

4,000 
500 

2,000,000 

105,631 
127 

13,455,613 

1997 

11,518 
7 

75,411 

1,235 
12 

14,423 

9,000 
26 

236,197 

66,000 
120 

• 7,920,000 

27,500 
270 

7,425,000 

115,253 
136 

15,671,031 

1998 

8,602 
6 

52,939 

741 
9 

6,923 

3,800 
17 

64,295 

55,000 
90 

4,950,000 

56,000 
220 

12,320,000 

1,000 
800 

800,000 

125,143 
145 

18,194,157 

1999 

6,437 
6 

37,237 

445 
7 

3,323 

2,600 
10 

26,263 

20,000 
51 

1,020,000 

84,500 
146 

12,358,125 

22,500 
350 

7,875,000 

136,481 
156 

21,319,947 

7 

17 

24 

NM = Not meaningful 
Source: Dataquest (March 1996) 
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The astute observer will note that Dataquest has pushed back its antici
pated introduction of Intel's 786-class processor until late in 1998, based on 
our understanding of Intel's current road map. This change in turn delays 
the 886 generation until after the turn of the century, and out of the current 
forecast period. Although the interval between the onset of each new gener
ation continues to hover around three years, the period from introduction 
to mainstream shipments has decreased over time and is now under 18 
months. This shrinking period, combined with the dramatically increased 
unit shipment volume of today's very large market, has forced processor 
and system vendors into ever higher rates of manufacturing acceleration. 
Today's market moves at such a high speed that even a minor hiccup in 
development programs can have major impacts on revenue and profits. 

x86 Microprocessors in Computational Applications 
Dataquest divides the microprocessor world into two major categories. 
Processors used in devices whose functional characteristics can be changed 
by software the user selects at any particular point in time are considered 
"compute" microprocessors. Processors used in devices where the func
tional characteristics are determined by the device manufacturer are consid
ered "embedded" microprocessors. x86-based microprocessors dominate 
the "compute" category but also participate in the "embedded" segment. 
This document focuses on those used in computational applications, 
including personal computers, mobile PCs, workstations, and servers. 

Dataquest projects that 586-class processors, including the Intel Pentium, 
Cyrix 6x86, and AMD 5K86, will continue to dominate unit shipments 
through the end of 1997, when the 686 class (Pentium Pro) will reach domi
nance. The lifespan of the 586 generation will be prolonged by the introduc
tion of midlife architectural kickers, including multimedia instruction set 
enhancements, in early 1997. As we noted last fall, the Pentium Pro's mar
ket share growth will be somewhat constrained by its need for 32-bit envi
ronments in order to reach its full performance potential. The desktop PC 
world has migrated to such environments at a slower pace than Intel's 
planners envisioned five years ago. Fortunately (for Intel), Windows NT 
provides such an environment and is now gaining rapid acceptance in com
mercial environments, spurred somewhat by decreased memory costs, 
along with a reluctance on the part of MIS managers to migrate to Windows 
95, despite the massive hype that surrounded this product last summer and 
fall. Intel has indicated an intent to lower Pentium Pro prices substantially 
by the end of 1996, and Dataquest anticipates that this, too, will spur 
demand. Consequently, we have increased our forecast for Pentium Pro 
shipments in 1996 from 2.5 million to 4 million units. 

Although there has been much recent discussion regarding saturation of PC 
markets in the home and office, Dataquest believes that such views apply 
only to the U.S. market, if they apply at all. Ample opportunity still exists 
for market growth in the Asia/Pacific area, and we anticipate that this 
region will drive much of the continued growth of the PC industry, and 
consequently, the semiconductor industry. 

In 1996, the computational x86 market will experience something it lacked 
in 1995—competition at the middle and high-end of desktop systems. After 
an agonizing series of delays on the part of both Cyrix and AMD, both 
vendors now can deliver meaningful quantities of 586-class products this 
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year. Cyrix has positioned its 6x86 as a Pentium Pro competitor by name 
and as a Pentium by its price, but the 6x86 really falls between the Pentium 
and Pentium Pro by its architecture. Cyrix and its partners (IBM Microelec
tronics and SGS-Thomson) can produce over 5 million units in calendar 
1996. AMD has positioned its K5 product, now known as the 5K86, at the 
lower end of the performance range, but still in the Pentium performance 
ballpark. AMD's offering should appeal primarily to OEMs and resellers, 
which can increase their gross profit dollars by substituting a lower-cost 
AMD processor for an Intel device of equivalent performance. AMD 
estimates that it can produce between 3.5 million and 4 million 5K86 
devices during 1996. 

Dataquest anticipates that ASPs for x86 processors in computational mar
kets will continue to inch up overall, despite the decreasing ASP for each 
individual generation. ASP growth will be constrained by Intel's need to 
drive market growth via aggressive pricing, along with the ever more diffi
cult problems associated with increasing the production rates for new prod
ucts from a standing start to tens of millions of units in less and less elapsed 
time. 

Table 2 and Figures 4,5, and 6 contain Dataquest's quantitative views of the 
x86 computational market through the year 2000, with regard to unit ship
ments, revenue, and average selling prices. 

Quarterly Projections: Can We Sustain Five Consecutive Quarterly Increases? 
Dataquest projects that unit shipments of x86 compute microprocessors will 
show positive growth from the fourth quarter of 1995 through the fourth 
quarter of 1996. This is a rare event; normally first quarter sales fall off a bit 
from higher sales at the prior year-end. The combination of a somewhat 
weaker-than-hoped-for final quarter of 1995, along with a strong interna
tional market early in 1996, should break this trend, and we expect demand 
to build throughout the year. During 1996, we expect 486 shipments to 
decline at almost the same rate that Pentium Pro shipments build. Pentium 
Pro sales should accelerate sharply early in 1997, when Intel introduces its 
next P6 implementation, code-named Klamath. If AMD/NexGen is ready 
with its K6 processor, and if Cyrix is ready with its M2 design, then 1997 
might be a very interesting year. 

Table 3 and Figure 7 provide a quantitative view of Dataquest's forecast for 
x86 compute microprocessors over the next eight quarters. 

Microprocessor and PC System Forecast Alignment 
Dataquest tracks and forecasts personal computer system shipments along 
with microprocessor shipments. Our forecasting methodology forces an 
alignment of x86 microprocessor forecasts by CPU and speed grade with 
anticipated PC system sales by CPU and speed grade. Given that every x86-
compatible PC contains at least one (and usually no more than one) x86 
compute processor, Dataquest attenipts to balance anticipated PC demand 
with projected microprocessor availability. 
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Table 2 
x86 Units, ASP, and Revenue by Processor Generation in Computational Applications 
(Units in Thousands, ASP in U.S. Dollars, Revenue in Thousands of U.S. Dollars) 

386 Class 

486 Class 

586 Class 

686 Class 

786 Class 

Total 
Compute x86 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

Units 

ASP 

Revenue 

U/U (%) 

$/$ (%) 

1995 

405 

20 

8,059 

32310 

101 

3,258,205 

31,630 

230 

7,274,958 

100 

900 

90,000 

64,445 

165 

10,631,221 

23 

21 

1996 

14 

0 

9,900 

66 

648,918 

62,938 

159 

10,007,063 

4,000 

500 

2,000,000 

76,838 

165 

12,655,981 

19 

19 

1997 

11 

0 

1 3 0 

49 

66,367 

59,400 

125 

7,425,000 

27,500 

270 

7,425,000 

88,250 

169 

14,916,367 

15 

18 

1998 

2 

0 

380 

39 

14,945 

44,000 

100 

4,400,000 

56,000 

220 

12320,000 

1,000 

800 

800,000 

101,380 

173 

17334,945 

15 

18 

1999 

13,000 

65 

845,000 

80,275 

150 

12,041,250 

22300 

350 

7,875,000 

115,775 

179 

20,761,250 

14 

18 

2000 

3,000 

33 

97,500 

69,000 

100 

6,900,000 

58,000 

300 

17,400,000 

130,000 

188 

24397,500 

12 

18 

CAGR (%) 
1995-2000 

-100 

-100 

-100 

-100 

-100 

-100 

-38 

-32 

-58 

270 

-36 

138 

NM 

NM 

NM 

15 

3 

18 

NM = Not meaningful 
Source: Dataquest (March 1996) 
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Figure 4 
x86 Unit Shipments by Processor Generation in Computational Applications 
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Figure 5 
x86 Factory Revenue by Processor Generation in Computational Applications 
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Figure 6 
x86 Average Selling Prices by Processor Generation in Computational Applications 
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Table 3 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 
(Units in Thousands) 

486 

586 

686 

Anx86 

Ql/96 

3,465 . 

11,725 

400 

15,590 

Q2/96 

2,970 

14,069 

800 

17,839 

Q3/96 

1,980 

16,883 

1,200 

20,063 

Q4/96 

1,485 

20,260 

1,600 

23,345 

Ql/97 

473 

17,226 

2,750 

20,449 

Q2/97 

405 

16,038 

5,500 

21,943 

Q3/97 

338 

14,256 

8,250 

22,844 

Q4/97 

135 

11,880 

11,000 

23,015 

Source: Dataquest (March 1996) 

Table 4 and Figure 8 provide the latest worldwide PC systems forecast, by 
CPU speed class, as recently released by our systems group. In all years and 
all speed grades, there is an excess of processors over systems. This excess, 
labeled "CPUs without Systems" in the table and figure, includes proces
sors (in all speed grades) sold as upgrades, or to individuals assembling 
their own systems. This category also includes the inventory "float" that 
accounts for processors sold by the chip vendor to the system vendor, but 
not yet sold by the system vendor to an end user. 
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Figure 7 
Quarterly x86 Unit Shipments by Processor Generation in Computational Applications 

Quarterly Shipments (Thousands of Units) 
25,000 • 

20,000-

15,000-

10,000 

5,000 

Q1/96 Q3/96 Q4/96 

Source: Dataquest (March 1996) 

Table 4 
Worldwide x86 Unit Shipments by Processor Generation in Computational Applications 
(Units in Thousands) 

386 PC 

486 PC 

586 PC 

686/786 PC 

CPUs without Systems 

Source: Dataquest (March 1996) 

1995 

74 

30,823 

31,469 

12 

2,067 

1996 

9,684 

60,548 

2,861 

3,745 

1997 

718 

60,096 

25,120 

2,316 

1998 

45,612 

54,943 

825 

1999 

13,905 

100,416 

1,454 
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Figure 8 
x86 Unit Shipment Mix by Processor Generation in Computational Applications 
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Market Analysis 

Core Logic Hiatkei Sliare: Preliminary 1995 Statistics 
Abstract: This document provides a preliminary look at Dataquest's 1995 core logic market 
share statistics. The year 1995 brought few surprises, with only one new name in the top 10 
list for the overall market. The biggest gain was made by Intel, which seized the No. 1 posi
tion, displacing VLSI Technology. The market for mobile PC core logic also has a new leader 
as Pico Power displaced VLSI Technology. The purpose of this newsletter is to communicate 
the unit market share rankings for core logic. A more exhaustive analysis of the core logic 
market will be published in May 1996. 
By Geoff Ballew 

It's No Surprise—Intel Seizes Top Spot in Core Logic IVIarket 
Intel's dominance of the Pentium motherboard market and popular Triton 
chipset propelled the company to the top of the core logic supplier list. 
Intel's strength lies in the ability to supply varying levels of assembly/ 
integration at a compelling price as well as chipset performance. The 
synergy between core logic and MPU gives Intel a time-to-market 
advantage for core logic, which the company exploits quite well. Dataquest 
expects Intel to retain the title of biggest core logic supplier for 1996 for the 
same reasons that Intel's market share grew in 1995. 

All of the other core logic vendors fought for market share with few 
changes in rank order outside of Intel's jump. VLSI's SuperCore 590 chipset 
was an early entrant to the Pentium chipset market and won several big 
design wins in 1994, only to lose many of them to Triton in 1995. In Taiwan, 
SIS and UMC kept their unit shipments growing by rel3ang heavily on the 
486 PC market as the Asian market shifted to Pentium more slowly than did 
other regions. Only two of the top 10 suppliers other than Intel increased 
their overall market share, and both did so on the mobile PC side of the 
market. 
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The overall core logic market grew almost 36 percent in terms of unit ship
ments, which is faster than the 25 percent unit growth for PC shipments. 
Several issues caused this faster growth. Chip sales precede PC sales, and 
aggressive forecasting in 1995 by the PC OEMs accelerated chip purchases 
in fall 1995. Those "extra" chips will be sold to consumers in 1996 PCs 
instead of 1995 PCs. On the mobile side, unit shipments rose 45 percent as 
the shift toward standard product chipsets continued. Only two companies, 
Toshiba and Apple, still rely on custom logic to differentiate their mobile 
PC products. 

The mobile PC side of the core logic market promises excitement in 1996 as 
Intel enters the market. Intel's Mobile Triton chipset will compete in this 
market for 1996, but was not a factor in 1995. The mobile PC market is more 
difficult for Intel to penetrate than the desktop market for two reasons: The 
mobile PC market shifted to Pentium later than the desktop market and 
Intel is not able to leverage chipset sales from its motherboard division the 
way it can for desktop PCs. However, the current leader Pico Power in the 
mobile core logic market faces organizational challenges at the corporate 
level. Cirrus Logic, which owns Pico Power, announced a restructuring on 
March 19 and omitted core logic from its list of critical programs. Pico 
Power has a substantial lead over all of its competitors, but faces heavy 
competition from Intel, ACC Microelectronics, and OPTi for 1996. 

Table 1 shows the market share rankings of the top 10 vendors for the total 
PC core logic market, combining shipments for desktop as well as mobile 
PCs. Table 2 shows the market share rankings of the top 10 vendors for the 
desktop PC core logic market. Table 3 shows the market share rankings of 
the top six vendors for the mobile PC core logic market. 

Table 1 
Preliminary Market Share for the Total PC Core Logic Market (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 
Rank 

5 

1 

2 

3 

4 

6 

8 

7 

10 

9 

Intel 

VLSI 

SIS 

UMC 

OPTi 

Acer Labs 

Pico Power 

ACC Micro 

Symphony 

Chips & Technologies 

Others 

Total 

1994 Total 

5,300 

9,047 

8,600 

8,200 

7,775 

4,200 

1,850 

2,563 

860 

1,700 

0 

50,630 

1995 Total 

20,600 

9,280 

9,150 

8,730 

6,800 

4,800 

2,950 

2,750 

925 

750 

1,555 

68,290 

Market Share (%) 

30.2 

13.6 

13.4 

12.8 

10.0 

7.0 

4.3 

4.0 

1.4 

1.1 

2.3 

100.0 

Unit Growth (%) 

288.7 

2.6 

6.4 

6.5 

-12.5 

14.3 

59.5 

7.3 

7.6 

55.9 

NM 

35.9 

NA = Not applicable 
NM = Not meaningful 
Source: Dataquest (Marcti 1996) 
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Table 2 
Preliminary Market Share for the Desktop PC Core Logic Market (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 
Rank 

5 

1 

2 

4 

3 

6 

7 

9 

8 

NA 

Intel 

SIS 

UMC 

VLSI 

OPTi 

Acer Labs 

ACC Micro 

Symphony 

Chips & Technologies 

Via 

Others 

Total 

1994 Desktop 

5,300 

8,510 

8,200 

7,152 

7,396 

4,000 

1,774 

850 

1,700 

0 

0 

44,882 

1995 Desktop 

20,600 

9,000 

8,600 

8,130 

6,000 

4,400 

1,750 

900 

750 

100 

220 

60,450 

Market 
Share (%) 

34.1 

14.9 

14.2 

13.4 

9.9 

7.3 

2.9 

1.5 

1.2 

0.2 

0.4 

100.0 

Unit 
Growth (%) 

288.7 

5.8 

4.9 

13.7 

-18.9 

10.0 

-1.4 

5.9 

-55.9 

NM 

NM 

34.7 

NA = Not applicable 
NM = Not meaningful 
Source: Dataquest (March 1996) 

Table 3 
Preliminary Market Share for the Mobile PC Core Logic Market (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

1994 
Rank 

2 

1 

3 

5 

4 

6 

Pico Power 

VLSI 

ACC Micro 

OPTi 

Western Digital 

Acer Labs 

Others 

Total 

1994 Mobile 

1,850 

1,895 

789 

379 

500 

200 

135 

5,748 

1995 Mobile 

2,950 

1,150 

1,000 

800 

500 

400 

1,040 

7,840 

Market Share (%) 

37.6 

14.7 

12.8 

10.2 

6.4 

5.1 

13.3 

100.0 

Unit Growth (%) 

59.5 

-39.3 

26.7 

111.1 

0 

100.0 

670.4 

36.4 

Source: Dataquest (March 1996) 
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Semiconductor Directions in PCs and PC Multimedia 

Market Analysis 

Core Logic IVIarket Sliare: Preliminary 1995 Statistics 
Abstract: This document provides a preliminary look at Dataquest's 1995 core logic market 
share statistics. The year 1995 brought few surprises, with only one new name in the top 10 
list for the overall market. The biggest gain was made by Intel, which seized the No. 1 posi
tion, displacing VLSI Technology. The market for mobile PC core logic also has a new leader 
as Pico Power displaced VLSI Technology. The purpose of this newsletter is to communicate 
the unit market share rankings for core logic. A more exhaustive analysis of the core logic 
market will be published in May 1996. 
By Geoff Ballew 

It's No Surprise—Intel Seizes Top Spot In Core Logic Market 
Intel's dominance of the Pentium motherboard market and popular Triton 
chipset propelled the company to the top of the core logic supplier list. 
Intel's strength lies in the ability to supply varying levels of assembly/ 
integration at a compelling price as well as chipset performance. The 
synergy between core logic and MPU gives Intel a time-to-market 
advantage for core logic, which the company exploits quite well. Dataquest 
expects Intel to retain the title of biggest core logic supplier for 1996 for the 
same reasons that Intel's market share grew in 1995. 

All of the other core logic vendors fought for market share with few 
changes in rank order outside of Intel's jump. VLSI's SuperCore 590 chipset 
was an early entrant to the Pentium chipset market and won several big 
design wins in 1994, orJy to lose many of them to Triton in 1995. In Taiwan, 
SIS and UMC kept their unit shipments growing by relying heavily on the 
486 PC market as the Asian market shifted to Pentium more slowly than did 
other regions. Only two of the top 10 suppliers other than Intel increased 
their overall market share, and both did so on the mobile PC side of the 
market. 
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The overall core logic market grew almost 36 percent in terms of unit ship
ments, which is faster than the 25 percent unit growth for PC shipments. 
Several issues caused this faster growth. Chip sales precede PC sales, and 
aggressive forecasting in 1995 by the PC OEMs accelerated chip purchases 
in fall 1995. Those "extra" chips will be sold to consumers in 1996 PCs 
instead of 1995 PCs. On the mobile side, unit shipments rose 45 percent as 
the shift toward standard product chipsets continued. Only two companies, 
Toshiba and Apple, still rely on custom logic to differentiate their mobile 
PC products. 

The mobile PC side of the core logic market promises excitement in 1996 as 
Intel enters the market. Intel's Mobile Triton chipset will compete in this 
market for 1996, but was not a factor in 1995. The mobile PC market is more 
difficult for Intel to penetrate than the desktop market for two reasons: The 
mobile PC market shifted to Pentium later than the desktop market and 
Intel is not able to leverage chipset sales from its motherboard division the 
way it can for desktop PCs. However, the current leader Pico Power in the 
mobile core logic market faces organizational challenges at the corporate 
level. Cirrus Logic, which owns Pico Power, announced a restructuring on 
March 19 and omitted core logic from its list of critical programs. Pico 
Power has a substantial lead over all of its competitors, but faces heavy 
competition from Intel, ACC Microelectronics, and OPIl for 1996. 

Table 1 shows the market share rankings of the top 10 vendors for the total 
PC core logic market, combining shipments for desktop as well as mobile 
PCs. Table 2 shows the market share rankings of the top 10 vendors for the 
desktop PC core logic market. Table 3 shows the market share rankings of 
the top six vendors for the mobile PC core logic market. 

Table 1 
Preliminary Market Share for the Total PC Core Logic Market (Thousands of Units) 

1995 
Rank 
1 
2 

3 
4 

5 
6 
7 

8 
9 

10 

1994 
Rank 

5 
1 
2 

3 
4 

6 
8 
7 
10 

9 

Intel 

VLSI 
SIS 
UMC 
OPTi 
Acer Labs 
Pico Power 

ACC Micro 
Symphony 

Chips & Technologies 
Others 

Total 

1994 Total 
5,300 
9,047 
8,600 

8,200 
7,775 
4,200 
1,850 
2,563 

860 

1,700 
0 

50,630 

1995 Total 
20,600 

9,280 
9,150 

8,730 
6,800 
4,800 
2,950 

2,750 
925 

750 
1,555 

68,290 

Market Share (%) 
30.2 

13.6 
13.4 

12.8 
10.0 
7.0 
4.3 
4.0 
1.4 

1.1 
2.3 

100.0 

Unit Growth (%) 
288.7 

2.6 
6.4 

6.5 
-12.5 

14.3 
59.5 

7.3 
7.6 

55.9 
NM 
35.9 

NA = Not applicable 
NM = Not meaningful 
Source: Dataquest (March 1996) 
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Table 2 
Preliminary Market Share for the Desktop PC Core Logic Market (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 
Rank 

5 

1 

2 

4 

3 

6 

7 

9 

8 

NA 

Intel 

SIS 

UMC 

VLSI 

OPTi 

Acer Labs 

ACC Micro 

Symphony 

Chips & Technologies 

Via 

Others 

Total 

1994 Desktop 

5,300 

8,510 

8,200 

7,152 

7,396 

4,000 

1,774 

850 

1,700 

0 

0 

44,882 

1995 Desktop 

20,600 

9,000 

8,600 

8,130 

6,000 

4,400 

1,750 

900 

750 

100 

220 

60,450 

Market 
Share (%) 

34.1 

14.9 

14.2 

13.4 

9.9 

7.3 

2.9 

1.5 

1.2 

0.2 

0.4 

100.0 

Unit 
Growth (%) 

288.7 

5.8 

4.9 

13.7 

-18.9 

10.0 

-1.4 

5.9 

-55.9 

NM 

NM 

34.7 

NA = Not applicable 
NM = Not meaningful 
Source: Dataquest (March 1996) 

Table 3 
Preliminary Market Share for the Mobile PC Core Logic Market (Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

., 

1994 
Rank 

2 

1 

3 

5 

4 

6 

Pico Power 

VLSI 

ACC Micro 

OPTi 

Western Digital 

Acer Labs 

Others 

Total 

1994 Mobile 

1,850 

1,895 

789 

379 

500 

200 

135 

5,748 

1995 Mobile 

2,950 

1,150 

1,000 

800 

500 

400 

1,040 

7,840 

Market Share (%) 

37.6 

14.7 

12.8 

10.2 

6.4 

5.1 

13.3 

100.0 

Unit Growth {%) 

59.5 

-39.3 

26.7 

111.1 

0 

100.0 

670.4 

36.4 

Source: Dataquest (March 1996) 
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Market Analysis 

Graphics IVIaricet Share: Preliminary 1995 Statistics 

Abstract: The perennial graphics giants top this year's market share ranking list again. 
Actual rankings among the top companies did change, vrith impressive gains by S3 in 
desktop PC graphics and Chips & Technologies in mobile PC graphics. These market 
statistics are preliminary and will he finalized in the graphics Market Trends document 
to be published in April. 
By Geoff Ballew 

Cirrus Logic Retains tlie Top Ranking Despite Loss of Market Siiare 
Cirrus Logic is still the largest supplier of graphics controllers to the PC 
market, despite losing market share in 1995 to competitors such as S3 Inc. 
and Chips & Technologies. Cirrus' growth was limited throughout most of 
the year by supply constraints, which eased near the end of the year only to 
be offset by canceled orders from a major customer. Those canceled orders 
left Cirrus with too much inventory, some of which was 32-bit controllers, 
at a time when prices for 32-bit graphics controllers were sharply eroding. 

S3 showed strong imit growth in the desktop market as the Trio family of 
graphics controllers ramped to volume with an impressive list of design-
wins including Compaq Computer's Presario line. S3 led the shift to 64-bit 
controllers from the older 32-bit designs as access to manufacturing capac
ity limited the ability to support both product lines. S3 wisely chose to sup
port the higher-margin, 64-bit products and reaped the benefits of higher 
average selling prices and relative immuiuty from price erosion in the 32-bit 
market. 

Chips & Technologies seized the No. 1 position in the mobile graphics mar
ket, beating Western Digital with an array of higher-performance graphics 
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products. Chips & Technologies grew its unit shipments with an impressive 
number of design-wins for ttie 65545 and related graphics controllers. 
Dataquest expects Chips & Technologies to retain the No. 1 market share 
position for mobile PC graphics in 1996. 

Table 1 shows the market share rankings of the top 10 vendors for the total 
PC graphics market, combining shipments for desktop and mobile PCs. 
Table 2 shows the market share rankings of the top 10 vendors for the desk
top PC graphics market. Table 3 shows the market share rankings of the top 
six vendors for the mobile PC graphics market. 

Table 1 
Preliminary Market Share for the Total PC Graphics Market (Unit Shipments) 

Cirrus Logic 

S3 

Trident Microsystems 

Chips & Technologies 

ATI Technologies 

Tseng Labs 

Western Digital (Philips) 

Avance Logic 

Ark Logic 

Sierra Semiconductor 

Others 

Total 

1994 

26,000 

6,000 

7,903 

2,013 

2,500 

4,600 

3,175 

1,250 

100 

750 

4,549 

58,840 

1995 

27,900 

12,000 

10,791 

6,825 

5,000 

3,000 

2,000 

1,417 

1,300 

1,253 

3,182 

74,668 

1995 Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 Rank 

1 

3 

2 

7 

6 

4 

5 

8 

Not ranked 

9 

Growth 
(%) 

7 

100 

37 

239 

60 

-35 

-37 

13 

1,200 

67 

-30 

Market 
Share (%) 

37.4 

16.1 

14.5 

9.1 

6.7 

4.0 

2.7 

1.9 

1.7 

1.7 

4.3 

100.0 

Source: Dataquest (March 1996) 

Table 2 
Preliminary Market Share for the Desktop PC Graphics Market (Unit Shipments) 

Cirrus Logic 

S3 Inc. 

Trident Microsystems 

ATI Technologies 

Tseng Labs 

Avance Logic 

Ark Logic 

Sierra Semiconductor 

Silicon Integrated Systems 

Chips & Technologies 

Others 

Total 

1994 

24,500 

6,000 

7,903 

2,500 

4,600 

1,250 

100 

750 

0 

513 

2,695 

50,811 

1995 

26,000 

12,000 

10,381 

5,000 

3,000 

1,417 

1,300 

953 

896 

876 

1,567 

63,390 

1995 Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1994 Rank 

1 

3 

2 

5 

4 

6 

Not ranked 

7 

Not ranked 

9 

Growth 
(%) 

6 

100 

31 

60 

-35 

13 

1,200 

27 

NA 

71 

-42 

Market 
Share (%) 

41.0 

18.9 

16.4 

7.9 

4.7 

2.2 

2.1 

1.5 

1.4 

1.4 

2.5 

100.0 

NA = Not applicable 
Source: Dataquest (March 1996) 
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Table 3 
Preliminary Market Share for the Mobile PC Graphics Market (Unit Shipments 

Chips & Technologies 

Western Digital (Philips) 

Cirrus Logic 

Trident Microsystems 

S-MOS Systems 

OPTi 

Others 

Total 

1994 

1,500 

3,175 

1,500 

0 

500 

100 

1,254 

8,029 

1995 

5,949 

2,000 

1,800 

410 

300 

100 

719 

11,278 

1995 Rank 

1 

2 

3 

4 

5 

6 

1994 Rank 

3 

1 

2 

Not ranked 

4 

5 

Growth 
(%) 
297 

-37 

20 

NA 

-40 

0 

-43 

Market 
Share (%) 

52.7 

17.7 

16.0 

3.6 

2.7 

0.9 

6.4 

NA = Not applicable 
Source: Dataquest (March 1996) 
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Dataquest Predicts 

Can Any Microprocessor Vendor Compete with Intel in 1996? 

AbStrSCt: Intel entered 1996 in an extremely strong position relative to its competitors. This 
document reviews the company's major achievements during 1995, discusses the major fac
tors affecting competition in the computational microprocessor market, and projects the 
1996 fortunes of Intel's major microprocessor competitors, including Advanced Micro 
Devices, Cyrix, IBM, Digital Equipment, and Sun Microsystems. 
By Nathan Brookwood 

The Playing Field In January 1996 
Intel entered 1996 in its strongest position ever with regard to the so-called 
competition in the microprocessor arena. In 1995, it drove its Pentium line 
into the mainstream PC market and left the 486 market in tatters. It 
launched its Pentium Pro line while competitors struggled to introduce 
Pentium-class products. It began a transition to 0.35-micron semiconductor 
technology that improved performance and reduced die size. In this Per
spective, Dataquest examines what actions microprocessor vendors must 
take if they hope to compete with Intel in the future. We assess both alterna
tive x86 vendors (principally Advanced Micro Devices, Cyrix, and IBM), 
and purveyors of computational reduced-instruction-set computing (RISC) 
architectures, including the PowerPC coalition, Alpha, and SPARC. 

Before addressing the issue of which (if any) vendor can compete with Intel, 
examination of the dimensions of the battlefield is in order. Dataquest 
considers that a number of factors weigh heavily in the microprocessor 
purchase decisions of system vendors, which greatly determine which 
products will be offered to end users. 
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k. 

Performance 
Throughout the history of the computer industry, customers have tended to 
purchase as much performance as they could at whatever price they could 
afford and/or justify. The purchase of an Intel-based system represents the 
lowest risk for most purchasers—"nobody ever got fired for buying Intel." 
Intel's competitors must either offer superior performance or equivalent 
performance at a lower price in order to compete successfully. For most, this 
proved too difficult in 1995. Many RISC competitors could offer superior 
performance in their "native" (that is, RISC) mode, but none could do so 
when running Windows 3.1,95, or NT applications via emulation. They 
could not even achieve this by throwing larger, more expensive configura
tions at the problem. As we discuss later, delivering equivalent perfor
mance at a lower price also proved elusive. 

x86 Compatibility 
Like it or not, the Wintel standard dominates today's computer market. 
Software developers tj^ically create the Windows versions of their 
products first in order to reach the largest possible market. Only when 
V\̂ ntel cannot deliver the minimum features or performance do these 
developers turn their sights elsewhere. Today's RISC vendors have 
universally missed this point and deliver abysmal x86 performance, if 
they address the issue at all. Such a strategy satisfies only the continually 
shrinking segment of the market that has not made a significant investment 
in Wintel-based software. As long as Wintel platforms deliver superior per
formance for most x86 applications, end users will have few reasons to 
switch to an alternative. 

System Economics 
In the past, vendors unable to match Intel's performance at the high end 
could compete by offering a superior "value proposition," that is, lower per
formance at a substantially lower price. The weak fourth quarter perfor
mances of Advanced Micro Devices (AMD) and Cyrix suggest that this 
approach does not work as well as it used to, and Dataquest doubts that it 
will soon regain its effectiveness. Three factors accoimt for the demise of 
this formula: the shrinking gap (in absolute dollar terms) between the cost 
of high- and low-performance processors; the high impact of CPU perfor
mance on overall system performance; and the total system cost required to 
construct non-Intel-based systems. 

The shrinking gap between the cost of high and low-performance proces
sors results from Intel's recent practice of pricing its products to drive mar
ket demand. Andy Grove has not had to pay much attention to the pricing 
strategies of Jerry Sanders or Gerry Rogers, but he still heeds Adam Smith. 
Intel now sells its entry-level 75-MHz Pentium for less than $100. A main
stream $2,000 PC includes purchased components with a combined (OEM) 
price of about $1,400. Even if an Intel competitor were to give away the 
CPU, it would impact system material costs by only 7 percent. Consumers 
appear increasingly unwilling to sacrifice 50 percent of potential perfor
mance to save less than 10 percent on their system purchases. On the con
trary, their behavior during the past holiday season (when they opted for 
the 100-MHz Pentium over the less expensive 75-MHz variety) suggests 
they may be willing to spend more for a marginal performance benefit. 
Finally, Intel's aggressive pricing for chipsets and motherboards further 
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reduces the differential for the combined cost of the processor and mother
board offered by Intel, compared with the same cost for non-Intel variants. 
(This is one of several factors that makes the NexGen Nx586 increasingly 
problematic.) 

Manufacturing Technology and Capacity 
Vendors lacking access to 0.5-micron, four-layer metal intercormect 
manufacturing technology cannot hope to compete in a market in which 
the typical processor has over 3 million transistors. In a processor market 
amounting to more that 100 million units per year, a vendor that cannot 
produce at least 5 million units cannot, by definition, have a major impact. 
Intel has driven its process technology forward with impressive speed and 
has made substantial investments in increased capacity. To become or 
remain competitive, Intel competitors must do likewise. 

Technological Infrastructure 
The PC industry has evolved to include a variety of hardware, firmware, 
and software companies whose primary purpose is make Intel (and Intel-
compatible) processors useful in computer systems. These companies pro
vide the chipsets and motherboards, ttie BIOS firmware, operating systems, 
device drivers, and utility and communications software, not to mention 
the application software, that turn hunks of silicon and metal into useful 
machines. Almost all of this infrastructure focuses on products for the x86 
world. Processor vendors that cannot ride on Intel's coattails must provide 
equivalent technology because vendors assembling and selling systems are 
increasingly unable or unwilling to provide these components themselves. 
Intel's recent activities in many parts of this infrastructure have weakened 
earlier participants, many of whom are searching for markets in which Intel 
competes less actively. 

Sales and Marketing Infrastructure 
Not only can Intel depend on a highly developed infrastructure to fill in any 
of the elements of technology needed for using its chips in systems, but it 
also has the advantage of a complete infrastructure to sell and distribute its 
products downstream, at both component and system levels. It has spent 
several hundred million dollars to reinforce its own name and its Pentium 
brand in the minds of consumers around the world. Prospective computer 
system purchasers need not look very far to find a seller of Intel-based 
products. Here, too, vendors of x86-compatibles get an almost-free ride on 
Intel's coattails, although consumer awareness of the Intel and Pentium 
brands may bias some prospective buyers away from non-Intel solutions. 
As if a reminder were needed, Compaq's i*ecent decision to rejoin the "Intel 
Inside" campaign serves as yet another mark of Intel's commanding pres
ence with top-tier system vendors. 

Intel's Position in the Microprocessor Marlcet 
According to Dataquest's preliminary figures for 1995, Intel rang up sales of 
$10.9 billion in processors last year. This figure includes all of Intel's proces
sors—x86, other complex-instruction-set computing (CISC), and RISC—^but 
x86 products make up the biilk of these shipments. Given an x86 market of 
$12.9 billion, a 32-bit CISC market of $14.4 billion, and a 32-bit processor 
market of $15.7 billion, Intel's share of these markets comes to 84 percent, 
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76 percent and 69.4 percent, respectively. By the end of the year, Intel had 
converted the mainstream market to its Pentium processor; vendors with
out Pentium equivalents found themselves at a serious competitive disad
vantage. AMD, Intel's largest microprocessor competitor, had MPU sales 
just 10 percent of Intel's, in part because it lacked such a Pentium alterna
tive. Figure 1 shows the worldwide revenue history for 32-bit microproces
sors by company. 

Intel launched its next-generation processor, Pentium Pro, in 1995. This 
product displays impressive performance in the 32-bit worlds of Windows 
NT and UNIX, but its performance in the mixed 16-bit/32-bit world of Win
dows 95 and Windows 3.1 seems less compelling. Dataquest believes the 
Pentium Pro will remain a niche product (although in a multimillion-unit 
niche) in 1996 and will begin to ramp in volume in 1997. 

Figure 1 
Worldwide Revenue for 32-Bit Microprocessors by Company 

Millions of U.S. Dollars 

m Cyrix 

• LSI 

[\] Texas Instmments 

• Hitachi 

O NEC 

S 
^ 

BBB 

o 

IBM 

Motorola 

AMD 

Intel 

1991 w 1393 1994 

Source: Dataquest (February 1996) 
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Intel also continued to increase its presence in the chipset and motherboard 
businesses. The economic rationale for Intel's chipset activities makes these 
products a win for everyone except other chipset vendors. The rationale for 
Intel's participation in the motherboard business appears to rest on issues 
other than strict economics, and this seems problematic. The long-term 
impact of Intel's participation in these businesses on the existing market 
players remains to be seen. 

All in all, 1995 was a very good year for Intel. Given its size and the com
plexity of its products, the company executed its strategy with astounding 
precision. It was a far less auspicious year for Intel's competitors in the 
processor market. 

AMD's Position in tlie IVIicroprocessor IVIarlcet 
Dataquest estimates that AMD's microprocessor sales amounted to $1 bil
lion in 1995, about 8 percent of the overall 32-bit CISC market. The collapse 
of the 486 market leaves AMD without a competitive processor offering at 
the start of 1996; this situation will continue until AMD can launch a 
K5-based design that can compete with mainstream Pentium processors. 

AMD's new Fab 25 in Austin, Texas, certainly has the capacity to produce a 
meaningful number of microprocessors, but its current CS34 process pro
vides only three-layer metal interconnect. Future designs require four and/ 
or five layers, plus local interconnect capability, which AMD intends to add 
this year. We regard this as a challenging proposition for the company. 

Although 1996 will be problematic for AMD's microprocessor business,' 
there is light at the end of the tuimel. If AMD can complete the develop
ment of the NexGen Nx686 design, which has been modified to use a Pen
tium-compatible pinout and bus structure, and if the company can put the 
enhanced processes in place at Fab 25 to build this product in volume, then 
AMD wiU be well positioned in 1997 when Intel begins to move its Pentium 
Pro line into high-volume production. The change from a proprietary Nex
Gen pinout to the more standard Pentium pinout will allow AMD to lever
age the technology irvfrastructure that supports Intel-based designs. The 
enhanced manufacturing processes will be needed to transfer production 
from IBM's Essex Junction fab. If AMD cannot accomplish these two tasks, 
then the light at the end of the tunnel may prove to be on the front of Intel's 
train. 

Cyrix's Position in tlie IVIicroprocessor Market 
Cyrix limped through the second half of 1995, impacted by the collapse of 
the 486 market and delays in getting Ml, its Pentium alternative, into 
volume production. Its saving grace was its 5x86 processor, a small Ml 
derivative that fits into a 486-socket and delivers low-end Pentium perfor
mance. Cyrix said it shipped thousands of its 400-mil 6x86 device, but this 
failed to have any impact on the market or the company's performance. 
Dataquest estimates Cyrix 1995 sales to be under $230 million, consisting 
entirely of x86 microprocessors. This amovmts to less than 2 percent of the 
overall 32-bit CISC market. 
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Cyrix is one of the few Intel competitors poised to increase its sales and 
market share in 1996. Its foundry arrangements with IBM and SGS-Thom-
son should allow for the production of over 5 million 6x86 uruts this year, 
some of which will be marketed directly by IBM. 

Cyrix needs to find additional capacity during 1996 to support growth, and 
it needs to track the clock-rate scaling that Dataquest anticipates wiU drive 
Intel's Pentium performance throughout the year. If Cyrix meets these 
goals, it will have earned the opportunity to compete with Intel's future 
processor generations. 

IBM Microelectronics Division's Position in the Microprocessor Market 
IBM competes both in the x86 market, in which it uses Cyrix designs, and in 
the RISC market, in which it uses PowerPC designs that it has created with 
Motorola. Dataquest estimates that IBM's x86 sales to the merchant market 
were under $100 million in 1995; less than 1 percent of the overall 32-bit 
CISC market. We estimate IBM's PowerPC sales at about $525 million 
(32 percent of the 32-bit RISC market) in the same period. 

IBM's x86 programs ride on the coattails of Cyrix's designs and Intel's infra
structure in the x86 market. In both regards, 1996 should be a good year as 
the Cyrix 6x86 design finally hits its stride and the Intel infrastructure seeks 
CPU alternatives in the wake of Intel's entry into chipsets and boards. IBM 
has announced several major fab expansion projects, which should eventu
ally alleviate the capacity constraints that limited its production last year. 

IBM's PowerPC programs ride on the coattails of Apple's Macintosh 
activities, which have lagged noticeably of late. Dataquest anticipates that 
three major forces may converge to spark PowerPC demand in the second 
half of 1996. First, the Common Hardware Reference Platform, recently 
renamed the PowerPC Platform, will enable prospective doners to build 
one machine that can be sold into Macintosh environments (the present 
PowerPC market) and Windows NT environments (the future PowerPC 
market). Second, Apple must follow through on its threats to open its Mac
intosh technology to all comers, not just to those posing no threat to Apple. 
Third, the Windows NT market may finally begin its volume ramp after 
three years of incubation. It remains for the PowerPC edliance (Apple, IBM, 
and Motorola) to demonstrate that it can deliver performance and/or value 
superior to Intel's designs if it is to benefit from Windows NT's emergence 
as a major platform. 

Digital Equipment's Position in the Microprocessor Market 
Digital Equipment has demonstrated performance leadership in RISC mar
kets for several years but has little to show for this leadership in merchant 
chip sales or market share. Dataquest estimates Digital's Alpha sales to be 
under $40 million in 1995, giving the company less than 3 percent of the 
32-bit and greater RISC market. 

In the past, weak market share has been the death knell for microprocessor 
architectures because software developers do not willingly port software to 
tinpopular platforms. Digital's FX!32 x86 emulation tectmology addresses 
this problem directly and allows high-end Alpha systems to execute x86-
based Windows applications faster than they run on an Intel platform. This 
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technology has been demonstrated but will not be shipped as a product 
vmtil later this year. If it works as promised. Digital will be the first RISC 
vendor to demonstrate performance superior to Intel's in both native and 
x86 emulation modes, and this could provide a key advantage for Digital. 

Digital has also placed a major bet on Windows NT, which has developed 
more slowly than anticipated. As Windows NT acceptance grows, and it 
appears to be growing dramatically in 1996, this too could boost Digital's 
fortunes. 

Although Alpha has the smallest market share of any microprocessor archi
tecture, Digital does not lack resources, and Digital's FXI32 strategy may 
make a significant difference. Dataquest sees Alpha as the dark horse in the 
1996 microprocessor derby. 

Sun Microsystems' Position in ttie iVIicroprocessor IVlarlcet 
Stm's SPARC architecture lagged in RISC performance for several years, 
but its recently introduced UltraSPARC design makes up for lost time. 
UltraSPARC's Visual Instruction Set (VIS) provides an impressive demon
stration of the performance benefits that multimedia extensions provide to 
traditional architectures. (Dataquest anticipates that vendors failing to add 
such extensions to their own architectures will be at a serious competitive 
disadvantage in 1997.) Dataquest estimates that SPARC sales amounted to 
$180 million (11 percent of the RISC market) in 1995. 

UltraSPARC should continue to have a good run in the Solaris (UNIX) mar
ket, but SPARC lacks an entree into the growing Windows NT market. This 
omission has not yet affected Sun materially, given the slow rate of market 
acceptance of Windows NT to date. Dataquest anticipates that as Windows 
NT gains momentum in 1996, Sun will be at an increasing disadvantage 
unless it formulates an acceptable response in this regard. 
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Dataquest Predicts 

Can Any Microprocessor Vendor Compete witti Intel in 1996? 

AbStrSCt: Intel entered 1996 in an extremely strong position relative to its competitors. This 
document reviews the company's major achievements during 1995, discusses the major fac
tors affecting competition in the computational microprocessor market, and projects the 
1996 fortunes of Intel's major microprocessor competitors, including Advanced Micro 
Devices, Cyrix, IBM, Digital Equipment, and Sun Microsystems. 
By Nathan Brookwood 

The Playing Field in January 1996 
Intel entered 1996 in its strongest position ever with regard to the so-called 
competition in the microprocessor arena. In 1995, it drove its Pentium line 
into the mainstream PC market and left the 486 market in tatters. It 
launched its Pentium Pro line while competitors struggled to introduce 
Pentium-class products. It began a transition to 0.35-micron semiconductor 
technology that improved performance and reduced die size. In this Per
spective, Dataquest examines what actions microprocessor vendors must 
take if they hope to compete with Intel in the future. We assess both alterna
tive x86 vendors (principally Advanced Micro Devices, Cyrix, and IBM), 
and purveyors of computational reduced-instruction-set computing (RISC) 
architectures, including the PowerPC coalition. Alpha, and SPARC. 

Before addressing the issue of which (if any) vendor can compete with Intel, 
examination of the dimensions of the battlefield is in order. Dataquest 
considers that a number of factors weigh heavily in the microprocessor 
purchase decisions of system vendors, which greatly determine which 
products will be offered to end users. 
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Performance 
Throughout the history of the computer industry, customers have tended to 
purchase as much performance as they could at whatever price they could 
afford and/or justify. The purchase of an Intel-based system represents the 
lowest risk for most purchasers—"nobody ever got fired for buying Intel." 
Intel's competitors must either offer superior performance or equivalent 
performance at a lower price in order to compete successfully. For most, this 
proved too difficult in 1995. Many RISC competitors could offer superior 
performance in their "native" (that is, RISC) mode, but none could do so 
when running Windows 3.1, 95, or NT applications via emulation. They 
could not even achieve this by throwing larger, more expensive configura
tions at the problem. As we discuss later, delivering equivalent perfor
mance at a lower price also proved elusive. 

x86 Compatibility 
Like it or not, the Wintel standard dominates today's computer market. 
Software developers typically create the Windows versions of their 
products first in order to reach the largest possible market. Only when 
VN n̂tel cannot deliver the minimum features or performance do these 
developers turn their sights elsewhere. Today's RISC vendors have 
universally missed this point and deliver abysmal x86 performance, if 
they address the issue at all. Such a strategy satisfies only the continually 
shrinking segment of the market that has not made a significant investment 
in Wintel-based software. As long as Wintel platforms deliver superior per
formance for most x86 applications, end users will have few reasons to 
switch to an alternative. 

System Economics 
In the past, vendors unable to match Intel's performance at the high end 
could compete by offering a superior "value proposition," that is, lower per
formance at a substantially lower price. The weak fourth quarter perfor
mances of Advanced Micro Devices (AMD) and Cyrix suggest that this 
approach does not work as well as it used to, and Dataquest doubts that it 
will soon regain its effectiveness. Three factors account for the demise of 
this formula: the shrinking gap (in absolute dollar terms) between the cost 
of high- and low-performance processors; the high impact of CPU perfor
mance on overall system performance; and the total system cost required to 
construct non-Intel-based systems. 

The shrinking gap between the cost of high and low-performance proces
sors results from Intel's recent practice of pricing its products to drive mar
ket demand. Andy Grove has not had to pay much attention to the pricing 
strategies of Jerry Sanders or Gerry Rogers, but he still heeds Adam Smith. 
Intel now sells its entry-level 75-MHz Pentium for less than $100. A main
stream $2,000 PC includes purchased components with a combined (OEM) 
price of about $1,400. Even if an Intel competitor were to give away the 
CPU, it would impact system material costs by only 7 percent. Consumers 
appear increasingly unwilling to sacrifice 50 percent of potential perfor
mance to save less than 10 percent on their system purchases. On the con
trary, their behavior during the past holiday season (when they opted for 
the 100-MHz Pentium over the less expensive 75-MHz variety) suggests 
they may be willing to spend more for a marginal performance benefit. 
Finally, Intel's aggressive pricing for chipsets and motherboards further 
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reduces the differential for the combined cost of the processor and mother
board offered by Intel, compared with the same cost for non-Intel variants. 
(This is one of several factors that makes the NexGen Nx586 increasingly 
problematic.) 

Manufacturing Technology and Capacity 
Vendors lacking access to O.S-micron, four-layer metal interconnect 
manufacturing technology cannot hope to compete in a market in which 
the typical processor has over 3 million transistors. In a processor market 
amounting to more that 100 million units per year, a vendor that cannot 
produce at least 5 million units carmot, by definition, have a major impact. 
Intel has driven its process technology forward with impressive speed and 
has made substantial investnients in increased capacity. To become or 
remain competitive, Intel competitors must do likewise. 

Teclinological Infrastructure 
The PC industry has evolved to include a variety of hardware, firmware, 
and software companies whose primary purpose is make Intel (and Intel-
compatible) processors useful in computer systems. These companies pro
vide the chipsets and motherboards, tiie BIOS firmware, operating systems, 
device drivers, and utility and communications software, not to mention 
the application software, that turn hunks of silicon and metal into useful 
machines. Almost all of this infrastructure focuses on products for the x86 
world. Processor vendors that cannot ride on Intel's coattails must provide 
equivalent technology because vendors assembling and selling systems are 
increasingly unable or unwilling to provide these components themselves. 
Intel's recent activities in many parts of this infrastructure have weakened 
earlier participants, many of whom are searching for markets in which Intel 
competes less actively. 

Sales and Marketing Infrastructure 
Not only can Intel depend on a highly developed infrastructure to fill in any 
of the elements of technology needed for using its chips in systems, but it 
also has the advantage of a complete infrastructure to sell and distribute its 
products downstream, at both component and system levels. It has spent 
several hundred million dollars to reinforce its own name and its Pentium 
brand in the minds of consumers around the world. Prospective computer 
system purchasers need not look very far to find a seller of Intel-based 
products. Here, too, vendors of x86-compatibles get an almost-free ride on 
Intel's coattails, although consumer awareness of the Intel and Pentium 
brands may bias some prospective buyers away from non-Intel solutions. 
As if a reminder were needed, Compaq's recent decision to rejoin the "Intel 
Inside" campaign serves as yet another mark of Intel's commanding pres
ence with top-tier system vendors. 

Intel's Position In the Microprocessor Market 
According to Dataquest's prelinunary figures for 1995, Intel rang up sales of 
$10.9 billion in processors last year. Tliis figure includes all of Intel's proces
sors—^x86, other complex-instruction-set computing (CISC), and RISC—but 
x86 products make up the bulk of these shipments. Given an x86 market of 
$12.9 billion, a 32-bit CISC market of $14.4 billion, and a 32-bit processor 
market of $15.7 billion, Intel's share of these markets comes to 84 percent, 
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76 percent and 69.4 percent, respectively. By the end of the year, Intel had 
converted the mainstream market to its Pentium processor; vendors with
out Pentium equivalents found themselves at a serious competitive disad
vantage. AMD, Intel's largest microprocessor competitor, had MPU sales 
just 10 percent of Intel's, in part because it lacked such a Pentium alterna
tive. Figure 1 shows the worldwide revenue history for 32-bit microproces
sors by company. 

Intel latmched its next-generation processor, Pentium Pro, in 1995. This 
product displays impressive performance in the 32-bit worlds of Windows 
NT and UNIX, but its performance in the mixed 16-bit/32-bit world of Win
dows 95 and Windows 3.1 seems less compelling. Dataquest believes the 
Pentium Pro will remain a niche product (although in a multimillion-unit 
niche) in 1996 and will begin to ramp in volume in 1997. 

Figure 1 
Worldwide Revenue for 32-Bit Microprocessors by Company 
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Intel also continued to increase its presence in the chipset and motherboard 
businesses. The economic rationale for Intel's chipset activities makes these 
products a win for everyone except other chipset vendors. The rationale for 
Intel's participation in the motherboard business appears to rest on issues 
other tiian strict economics, and this seems problematic. The long-term 
impact of Intel's participation in these businesses on the existing market 
players remains to be seen. 

All in all, 1995 was a very good year for Intel. Given its size and the com
plexity of its products, the company executed its strategy with astounding 
precision. It was a far less auspicious year for Intel's competitors in the 
processor market. 

AMD's Position in tlie IVIicroprocessor IVIarlcet 
Dataquest estimates that AMD's microprocessor sales amounted to $1 bil
lion in 1995, about 8 percent of the overall 32-bit CISC market. The collapse 
of the 486 market leaves AMD without a competitive processor offering at 
the start of 1996; this situation will continue until AMD can launch a 
K5-based design that can compete with mainstream Pentium processors. 

AMD's new Fab 25 in Austin, Texas, certainly has the capacity to produce a 
meaningful number of microprocessors, but its current CS34 process pro
vides only three-layer metal interconnect. Future designs require four and/ 
or five layers, plus local interconnect capability, which AMD intends to add 
this year. We regard this as a challenging proposition for the company. 

Although 1996 will be problematic for AMD's microprocessor business, 
there is light at the end of the tunnel. If AMD can complete the develop
ment of the NexGen Nx686 design, which has been modified to use a Pen
tium-compatible pinout and bus structure, and if the company can put the 
enhanced processes in place at Fab 25 to build this product in volume, then 
AMD will be well positioned in 1997 when Intel begins to move its Pentium 
Pro line into high-volume production. The change from a proprietary Nex
Gen pinout to the more standard Pentium pinout will allow AMD to lever
age the technology infrastructure that supports Intel-based designs. The 
enhanced manufacturing processes will be needed to transfer production 
from IBM's Essex Junction fab. If AMD cannot accomplish these two tasks, 
then the light at the end of the tunnel may prove to be on the front of Intel's 
train. 

Cyrix's Position in tlie IVIicroprocessor Market 
Cyrix limped through the second half of 1995, impacted by the collapse of 
the 486 market and delays in getting Ml, its Pentium alternative, into 
volume production. Its saving grace was its 5x86 processor, a small Ml 
derivative that fits into a 486-socket and delivers low-end Pentium perfor
mance. Cyrix said it shipped thousands of its 400-mil 6x86 device, but this 
failed to have any impact on the market or the company's performance. 
Dataquest estimates Cyrix 1995 sales to be under $230 million, consisting 
entirely of x86 microprocessors. This amoimts to less than 2 percent of the 
overall 32-bit CISC market. 
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Cyrix is one of the few Intel competitors poised to increase its sales and 
market share in 1996. Its foundry arrangements with IBM and SGS-Thom-
son should allow for the production of over 5 million 6x86 units this year, 
some of which will be marketed directly by IBM. 

Cyrix needs to find additional capacity during 1996 to support growth, and 
it needs to track the clock-rate scaling that Dataquest anticipates will drive 
Intel's Pentium performance throughout the year. If Cyrix meets these 
goals, it will have earned the opportunity to compete with Intel's future 
processor generations. 

IBM Microelectronics Division's Position in the Microprocessor Market 
IBM competes both in the x86 market, in which it uses Cyrix designs, and in 
the RISC market, in which it uses PowerPC designs that it has created with 
Motorola. Dataquest estimates that IBM's x86 sales to the merchant market 
were under $100 million in 1995; less than 1 percent of the overall 32-bit 
CISC market. We estimate IBM's PowerPC sales at about $525 million 
(32 percent of the 32-bit RISC market) in the same period. 

IBM's x86 programs ride on the coattails of Cyrix's designs and Intel's infra
structure in the x86 market. In both regards, 1996 should be a good year as 
the Cyrix 6x86 design finally hits its stride and the Intel infrastructure seeks 
CPU alternatives in the wake of Intel's entry into chipsets and boards. IBM 
has announced several major fab expansion projects, which should eventu
ally alleviate the capacity constraints that limited its production last year. 

IBM's PowerPC programs ride on the coattails of Apple's Macintosh 
activities, which have lagged noticeably of late. Dataquest anticipates that 
three major forces may converge to spark PowerPC demand in the second 
half of 1996. First, the Common Hardware Reference Platform, recently 
renamed the PowerPC Platform, will enable prospective doners to build 
one machine that can be sold into Macintosh environments (the present 
PowerPC market) and Windows NT environments (the future PowerPC 
market). Second, Apple must follow through on its threats to open its Mac
intosh technology to aU comers, not just to those posing no threat to Apple. 
Third, the Windows NT market may finally begin its volume ramp after 
three years of incubation. It remair^s for the PowerPC alliance (Apple, IBM, 
and Motorola) to demonstrate that it can deliver performance and/or value 
superior to Intel's designs if it is to benefit from Windows NT's emergence 
as a major platform. 

Digital Equipment's Position in the Microprocessor Market 
Digital Equipment has demonstrated performance leadership in RISC mar
kets for several years but has little to show for this leadership in merchant 
chip sales or market share. Dataquest estimates Digital's Alpha sales to be 
under $40 million in 1995, giving the company less than 3 percent of the 
32-bit and greater RISC market. 

In the past, weak market share has been the death knell for microprocessor 
architectures because software developers do not willingly port software to 
vmpopular platforms. Digital's FX!32 x86 emulation technology addresses 
this problem directly and allows high-end Alpha systems to execute x86-
based Windows applications faster than they run on an Intel platform. This 
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technology has been demonstrated but wiU not be shipped as a product 
until later this year. If it works as promised. Digital will be the first RISC 
vendor to demonstrate performance superior to Intel's in both native and 
x86 emulation modes, and this could provide a key advantage for Digital. 

Digital has also placed a major bet on Windows NT, which has developed 
more slowly than anticipated. As Windows NT acceptance grows, and it 
appears to be growing dramatically in 1996, this too could boost Digital's 
fortunes. 

Although Alpha has the smallest market share of any microprocessor archi
tecture, Digital does not lack resources, and Digital's FX!32 strategy may 
make a significant difference. Dataquest sees Alpha as the dark horse in the 
1996 microprocessor derby. 

Sun Microsystems' Position in the IVIicroprocessor Market 
Sun's SPARC architecture lagged in RISC performance for several years, 
but its recently introduced UltraSPARC design makes up for lost time. 
UltraSPARC's Visual Instruction Set (VIS) provides an impressive demon
stration of the performance benefits that multimedia extensions provide to 
traditional architectures. (Dataquest anticipates that vendors failing to add 
such extensions to their own architectures will be at a serious competitive 
disadvantage in 1997.) Dataquest estimates that SPARC sales amounted to 
$180 million (11 percent of the RISC market) in 1995. 

UltraSPARC should continue to have a good run in the Solaris (UNIX) mar
ket, but SPARC lacks an entree into the growing Windows NT market. This 
omission has not yet affected Sim materially, given the slow rate of market 
acceptance of Windows NT to date. Dataquest anticipates that as Windows 
NT gains momenhim in 1996, Sun will be at an increasing disadvantage 
unless it formulates an acceptable response in this regard. 
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Dataquest Predicts 

UMA—A Good Idea Whose Time Has Not Quite Come 

Abstract: A memory architecture known as Unified Memory Architecture (UM.A) has come 
to life for x86 PCs with a flurry of product announcements and a lot of attention from the 
press. The impact ofUMAfor 1996 will probably be small, but its prospects will grow as the 
negative issues are addressed and the positives become stronger through the next two years. 
This document provides an overview of UMA and its impact on PC design and performance. 
By Geoff Ballew and Jim Handy 

What Is UMA? 
Unified Memory Architecture (UMA) is a means of using a single bank of 
memory to replace two separate banks of memory in a PC. The recent 
explosion of articles and product announcements has made UMA one of 
the latest buzzwords in the PC semiconductor industry. It is not a new idea, 
having been used in graphics-oriented PCs since Apple's Macintosh, but 
UMA is getting new attention as a feature for future PCs. 

Figure 1 shows a typical PC. There are two memory systems: system mem
ory and graphics memory. The system memory stores the programs the 
processor executes, as well as the data being processed by the program. 
Historically, the terms "system memory" and "main memory" have been 
largely interchangeable because most computers were designed with a split 
memory architecture. These terms can be misleading when UMA is consid
ered, however. For this article, Dataquest uses "system memory" to denote 
the portion of the main memory bank that is available to the operating 
system. System memory is always less than main memory for a UMA PC 
and equal to main memory for a split-memory architecture. Graphics 
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memory stores iriformation for every dot (pixel) on the computer's screen. 
The amount of information stored depends on the dot resolution (640 x 480, 
800 X 600, and so on) and the color depth (4 bits for 16 colors, 8 bits for 256 
colors, and 24 bits for full color) of the display mode. The central idea of 
UMA is to allocate part of the main memory for use as the graphics mem
ory, leaving the remainder for use as system memory. Figure 2 shows a typ
ical UMA configuration for a PC. 

Using a part of the main memory for graphics makes sense as the density of 
DRAMs increases. Given that the size of the average PC main memory 
increases over time at a slower rate than does the capacity of the DRAM 
chips used to build the PC, we have a scenario in which the number of 
DRAM ICs per PC decreases over time. The size of display memories 
increases at an even slower rate. Display memories are close to the absurd 
point at which the entire memory will require only a single DRAM IC. How 
does a PC OEM address this? By using a part of the main memory to serve 
as the graphics memory. 

The use of UMA is not so easy, however. The graphics controller and the 
processor in a UMA design are put into competition with each other for 
memory bandwidth, a precious resource. If ihe graphics processor is not 
allowed to have access to the DRAM exactly when it needs it, the display 
will appear to have really bad static. Little dots and lines will jump around 
all over the screen. Since the graphics controller cannot be prevented from 
using the bus at any time, the processor must be forced to take a back seat 
every time its needs conflict with those of the graphics controller. The net 
result is that the processor must frequently wait for access to the system 
memory, rather tiian having first priority. 

Figure 1 
Diagram of Main Memory and Graphics Memory in a Typical PC 
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Figure 2 
Diagram of UMA in a Typical PC 
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UMA Is a Tough Sell for 1996 
The trade-off between performance and system cost appears to be the big
gest barrier to UMA for 1996. A lack of good benchmarks makes the perfor
mance impact of UMA difficult to meastire and has left the door open for a 
number of biased statistics on both sides of the issue. Most estimates of the 
impact fall in the range of a 5 percent-to-15 percent decrease in performance 
for a cacheless UMA system. However, the impact varies depending upon 
such parameters as tj^e and size of main memory, size of secondary cache, 
and software. 

Most UMA proponents admit that there is a decrease in performance in 
UMA systems, but claim that the trade-off is worthwhile because of the cost 
savings. One must be careful when identifying the cost savings offered by 
UMA designs because UMA proponents consistently suggest that PC 
OEMs design their UMA systems with a secondary cache. From a market
ing point of view, UMA systems seem to be targeted at the lower end of the 
consumer PC market, and many of those systems are sold today without 
secondary cache memory. If a PC OEM needs to add a secondary cache to 
regain a performance hit from UMA, then the cost savings disappear. UMA 
systems may be more suitable for the business desktop market than the 
consumer market for 1996. Business desktops for general productivity 
(word processing, spreadsheet, and database applications) are less likely to 
be running Windows 95, are more likely to have 16MB of memory, and are 
probably nmning display modes with fewer colors than consumer PCs. 

Main memory bandwidth is the principal cause of lower performance for 
UMA systems. This is also an issue with split memory systems and is driv
ing the shift from fast page mode DRAM to extended data out (EDO) 
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DRAM. Placing additional demands on the main memory (as a UMA 
design does) simply makes the main memory bottleneck worse. The techni
cal solution appears to be simple—use a faster type of memory. The busi
ness solution is more complex, however, because faster types of memory 
are not cost-effective as main memory right now. So PC OEMs are caught 
between performance and price for UMA systems in 1996. 

Another issue likely to postpone the widespread adoption of UMA in PCs 
is the problem of operating system software. Windows 95 will be the main
stream operating system for PCs in the future. For systems running Win
dows 95,8MB is the realistic minimum size for system memory, but 16MB is 
much better. A midrange PC today is configured with 8MB of main mem
ory and 1MB of graphics memory, for a total of 9MB. Typical PCs with 
UMA will most likely have 8MB total, so the effective system memory will 
be less than 8MB. Increasing the main memory to 16MB solves this prob
lem, but adds significant cost. At today's memory prices, PC OEMs cannot 
afford to configure all their PCs with 16MB, and choosing a memory size 
between 8MB and 16MB is not cost-effective for Pentium PCs because of the 
technical issues of bus width and memory chip organization. 

UMA Looks Better as Time Marches On 
UMA will become attractive for PC OEMs in 1997 and 1998. Most of the 
roadblocks that will slow acceptance of UMA in 1996 should be solved over 
the next two years. Also, the original reasons for adopting UMA will 
become more pronounced. 

PC OEMs will configure a higher percentage of PCs with 16MB of main 
memory as memory prices decline over the next few years. The larger 
memory sizes will minimize the performance impact of partitiorung 1MB or 
even 2MB for graphics memory. The operating system will still have 14MB 
left, which should be plenty for the next generation of Microsoft Windows. 
If the operating system can dynamically allocate memory to graphics, then 
the case for UMA becomes even stronger. Dynamic allocation would allow 
the graphics memory to expand or contract based on the needs of the 
current application. For example, if a user switches from a 3-D game to 
word processing, the amount of memory allocated to graphics would 
shrink, making more memory available to the operating system. 

Another trend driven by declining DRAM prices is the shift from 4Mb chips 
to 16Mb chips. This shift will make a dedicated graphics memory less 
attractive because 4Mb chips will become expensive and difficult to buy 
and 16Mb chips will be too large. One 16Mb chip is a great size for a graph
ics buffer (2MB) but does not have a wide enough interface. A 2MB buffer 
today has a 64-bit interface because it is four 256Kxl6 DRAMs. Even if 
DRAM manufacturers can make a cost-effective 512Kx32 (16Mb), PC OEMs 
would have to choose between the lower performance of a 32-bit interface 
or doubling their memory cost just to use a 64-bit interface for performance. 
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The Impact of UMA on System Design Decisions 

IVIain Memory Size 
The prevailing opinion today is that UMA will be used to reduce the mem
ory cost of low-end PCs only. This goes against certain hard realities. It is 
commonly held that Windows 95 requires a minimum of 8MB of system 
memory. If the main memory is divided between system memory and 
graphics memory, there will be a performance penalty. 

The "knee" in the curve plotting performance versus system memory size is 
about 10.5MB. This is the point at which disk swapping largely disappears. 
To have a 10.5MB system with a 1MB frame buffer, the minimum memory 
in a UMA system should be 12MB on a 32-bit 486 bus, and a Pentium 
system with a 64-bit bus would need 16MB. This means that the base 
memory configuration of a UMA system will probably be 16MB. Because 
today's cost per megabyte of DRAM ICs is about $22, the memory cost of 
such a system alone would be $350, and the system cost would probably be 
about $2,500. This takes UMA out of the low-end area and places it into a 
higher class of PC, at least until dropping DRAM costs drive base Pentium 
PC main memory configurations above ti\eir current 8MB level. 

Two scenarios are likely here: First, acceptance of UMA will be slow until 
main memory prices fall from their current high levels, or second, UMA 
will find its nidie for the near term in PCs of a higher level. This implies 
that OEMs may need to change their thinking about the reason to move to a 
unified approach. 

Caclie 
One way of reducing the main memory bandwidth requirements of a 
processor is to increase the percentage of processor requests that are 
serviced by cache memory. Whatever is copied in the cache can be fed to the 
processor without the need to access the system memory. This reduces the 
probability that memory requests from the graphics controller and CPU 
will conflict and cause tihe CPU to stall. The most direct way to do this is to 
increase the size of the cache, usually done by adding a secondary cache 
memory to the system. A UMA system can take advantage of a secondary 
cache to recover some of the performance lost by choosing the UMA 
approach. 

The astute reader will immediately notice that UMA designs eliminate one 
expensive memory, the display memory, at the expense of adding another 
expensive memory, a cache. This does turn into a question of economics, 
and Dataquest would not be at all surprised to see system designs vacillate 
between cached UMAs and noncached split memory architectures, depend
ing solely on the price difference between cache versus display memory 
(not at all a static area). Today, the 32Kx32 synchronous burst cache static 
RAM (SRAM) and the 256Kxl6 DRAM are in oversupply If the supply/ 
demand balance changes to tighter supply for either of ihese memories, it 
could drive OEMs to adopt the other solution and therefore speed up or 
slow down the adoption of UMA. 
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Synchronous DRAM 
Synchronous DRAM (SDRAM) is a new technology that takes advantage of 
a synchronous external interface and the inherently high internal band
width of a DRAM to provide bursting data at extremely high data band-
widths compared witii today's asynchronous fast page mode and EDO 
DRAM. Users of SDRAM can take advantage of the higher bandwidth to 
service most of the bandwidth needs of the processor while also servicing 
all of the needs of the graphics controller. In other words, an EDO memory 
system might have difficulty serving the peak bandwidth needs of both a 
graphics and system processor efficiently, as well as serving memory 
demands from peripherals on the PCI bus. By switching the design to an 
SDRAM-based approach, PC designers enable the main memory to serve 
the peak bandwidth needs of both the CPU and the graphics controller 
better. 

Unfortunately, the processor and graphics controller's bandwidth needs are 
not all that even, so, rather than operating at their average bandwidth 
needs, both will have peaks and valleys that sometimes will conflict and 
sometimes will complement each other. When they conflict, the processor 
will lose out and its performance will suffer. 

According to unbiased outside sources, well-designed UMA chipsets can 
operate with a degradation in throughput of only about 5 percent, but these 
are statistics based on all sorts of conditions that vary from system to sys
tem and from user to user. It is hard to tell how SDRAM will perform in 
your own system with your own benchmark. All Dataquest can surmise is 
that the difficulties brought on by the UMA approach will be lessened by 
the use of higher-bandwidth memories. 

Integration of Graphics and Core Logic 
If graphics and core logic are not separated by the PCI bus, there is an 
opportunity to integrate these two chipsets. Weitek has already taken the 
bold step of integrating the graphics controller into the core logic, but most 
other vendors appear to be focused on "loosely coupled" (or nonintegrated) 
chipsets. Only a few companies have expertise in both graphics and core 
logic, so "tightly coupled" (or integrated) solutions could prove to be a 
means of product differentiation. Dataquest expects that integrated chipsets 
will offer higher performance than loosely coupled UMA systems because 
of the integration. 

PC OEMs may be reluctant to buy an integrated chipset because, until now, 
they have enjoyed the flexibility to choose their graphics and core logic ven
dors independently. Any semiconductor vendor selling tightly coupled 
chipsets will have to offer a price/performance advantage to make these 
chips attractive. VLSI offered a non-UMA chipset in 1995 that had a special 
interface between the graphics and core logic. The core logic was popular, 
but the graphics component was not, even though it offered some perfor
mance advantage when the chipsets were paired. The lower chip count 
definitely offers an advantage in terms of board space and board stuffing, 
but OEMs expect those benefits of integration for free. 
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Business Issues 

UMA standards 
There are two major UMA standards: one from VESA and one from Intel. 
The VESA UMA standard is commonly called VUMA and has gathered 
widespread support from a variety of graphics and core logic companies; 
Intel's standard has strong backing from Intel. Although the industry 
would be served best by adoption of a single (or unified) standard, it 
appears that both of these standards will continue to be used. Graphics 
companies will need to support both. The most positive note about this is 
the simple fact that the differences between the two standards are minimal, 
so the cost and effort for graphics vendors to support both are minor. 

Truth in Advertising 
How are systems described when they use UMA? Obviously, manufactur
ers do not want to admit to having taken the least expensive approach 
when they advertise their system's attributes. On the other hand, there is 
the ethical issue of what to call the portion of memory that is allotted to 
graphics memory. 

In a split architecture, most manufacturers do not teU the size of the display 
buffer, focusing only on main memory. An 8MB system will usually have an 
8MB main memory and a 1MB display memory. When going to UMA, the 
question for manufacturers is how much of the main memory they can 
count—and get away with. If the graphics controller is allowed to use 1MB 
of an 8MB system, should the system be specified as having a 7MB main 
memory? 

Dataquest anticipates that certain OEMs will go to one side of this argu
ment and some will go to the other, with the net result being some negative 
press given to the camp that chooses to count the display buffer as part of 
the main memory statistics. There is no policeman in this contest, so the 
market will decide by itself which way to go. 

To muddy the issue further, future operating systems will be able to dynam
ically allocate the size of the display memory. The result might be that the 
UMA system will have 7MB of main memory when operating with pro
grams with simpler graphics needs, 6.5MB with more graphics-oriented 
programs, and 6MB with programs requiring a 2MB display buffer. How do 
you specify the main memory size fairly in tfiis kind of situation? Time will 
tell how this works out. 

Single-Vendor Advantage 
If UMA becomes widespread, then cooperation between the graphics con
troller and the core logic becomes a performance issue. In this case, does a 
graphics vendor that also sells core logic (or vice versa) have an advantage? 
It is entirely possible that a graphics controller and core logic chipset that 
meet UMA specifications could be tuned to function particularly well as a 
team. The sjnergy between the graphics and core logic could be proprietary 
or might simply be a matter of matched performance levels. 
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The ability to develop graphics and core logic as matched sets could give an 
advantage to those few semiconductor companies that design both prod
ucts. This advantage could be a direct result of active cooperation between 
the graphics and core logic groups or it could be an indirect result of simply 
being aware of another group's design challenges. Intel's large presence in 
the core logic market could minimize the advantage of active cooperation 
between groups within a company. 

Dataquest Perspective 
UMA appears to be an ugly duckling for 1996, but should become a beauti
ful swan in the following years. Semiconductor vendors selling into the PC 
market should be planning their UMA strategy and products in order to 
have second-generation parts available in 1997. Several vendors have 
already aiinounced products and are shipping samples, despite the belief 
that UMA faces some large hurdles. These vendors want to be ready with 
mature UMA parts when the primary barriers to UMA fall by the wayside. 

From Dataquest's discussions with semiconductor suppliers, the target 
market for UMA machines appears to be the low-performance end of the 
consumer PC market. Given the current issues of main memory size, 
secondary cache, operating system software, and multimedia performance, 
the business desktop may be a more appropriate market. Semiconductor 
vendors may want to reposition their UMA offerings to target the business 
desktop rather than the consumer market. 

The key trends to watch are memory prices and a shift to synchronous 
rather than asynchronous memory chips for main memory. Software is 
another issue but is less critical than the price and type of tiie memory chips 
used in PCs. When increasing the minimum configuration to 16MB and 
changing to faster types of memory become cost-effective for PC OEMs, 
UMA will become that beautiful swan. 
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Dataquest Predicts 

UIVIA—A Good Idea Wliose Time Has Not Quite Come 

Abstract: A memory architecture known as Unified Memory Architecture (UMA) has come 
to life for x86 PCs xvith a flurry of product announcements and a lot of attention from the 
press. The impact ofUMAfor 1996 will probably be small, but its prospects will grow as the 
negative issues are addressed and the positives become stronger through the next two years. 
This document provides an overview of UMA and its impact on PC design and performance. 
By Geoff Ballew and Jim Handy 

What Is UMA? 
Unified Memory Architecture (UMA) is a means of using a single bank of 
memory to replace two separate banks of memory in a PC. The recent 
explosion of articles and product announcements has made UMA one of 
the latest buzzwords in the PC semiconductor industry. It is not a new idea, 
having been used in graphics-oriented PCs since Apple's Macintosh, but 
UMA is getting new attention as a feature for future PCs. 

Figure 1 shows a tjrpical PC. There are two memory systems: system mem
ory and graphics memory. The system memory stores the programs the 
processor executes, as well as the data being processed by the program. 
Historically, the terms "system memory" and "main memory" have been 
largely interchangeable because most computers were designed with a split 
memory architecture. These terms can be misleading when UMA is consid
ered, however. For this article, Dataquest uses "system memory" to denote 
the portion of the main memory bank that is available to the operating 
system. System memory is always less than main memory for a UMA PC 
and equal to main memory for a split-memory architecture. Graphics 
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memory stores information for every dot (pixel) on the computer's screen. 
The amount of information stored depends on the dot resolution (640 x 480, 
800 X 600, and so on) and the color depth (4 bits for 16 colors, 8 bits for 256 
colors, and 24 bits for full color) of the display mode. The central idea of 
UMA is to allocate part of the main memory for use as the graphics mem
ory, leaving the remainder for use as system memory. Figure 2 shows a typ
ical UMA configuration for a PC. 

Using a part of the main memory for graphics makes sense as the density of 
DRAMs increases. Given that the size of the average PC main memory 
increases over time at a slower rate than does the capacity of the DRAM 
chips used to build the PC, we have a scenario in which tiie number of 
DRAM ICs per PC decreases over time. The size of display memories 
increases at an even slower rate. Display memories are close to the absurd 
point at which the entire memory will require only a single DRAM IC. How 
does a PC OEM address this? By using a part of the main memory to serve 
as the graphics memory. 

The use of UMA is not so easy, however. The graphics controller and the 
processor in a UMA design are put into competition with each other for 
memory bandwidth, a precious resource. If tiie graphics processor is not 
allowed to have access to the DRAM exactly when it needs it, the display 
will appear to have really bad static. Little dots and lines will jump around 
all over the screen. Since the graphics controller cannot be prevented from 
using the bus at any time, the processor must be forced to take a back seat 
every time its needs conflict with those of the graphics controller. The net 
result is that the processor must frequently wait for access to the system 
memory, rather iiian having first priority. 

Figure 1 
Diagram of Main Memory and Graphics Memory in a Typical PC 
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Figure 2 
Diagram of UMA in a Typical PC 
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UMA Is a Tough Sell fori 996 
The trade-off between performance and system cost appears to be the big
gest barrier to UMA for 1996. A lack of good benchmarks makes the perfor
mance impact of UMA difficult to measure and has left the door open for a 
number of biased statistics on both sides of the issue. Most estimates of the 
impact fall in the range of a 5 percent-to-15 percent decrease in performance 
for a cacheless UMA system. However, the impact varies depending upon 
such parameters as type and size of main memory, size of secondary cache, 
and software. 

Most UMA proponents admit that there is a decrease in performance in 
UMA systems, but claim that the trade-off is worthwhile because of the cost 
savings. One must be careful when identifying the cost savings offered by 
UMA designs because UMA proponents consistently suggest that PC 
OEMs design their UMA systems with a secondary cache. From a market
ing point of view, UMA systems seem to be targeted at the lower end of the 
consumer PC market, and many of those systems are sold today without 
secondary cache memory. If a PC OEM needs to add a secondary cache to 
regain a performance hit from UMA, then the cost savings disappear. UMA 
systems may be more suitable for the business desktop market than the 
consumer market for 1996. Business desktops for general productivity 
(word processing, spreadsheet, and database applications) are less likely to 
be rurming Windows 95, are more likely to have 16MB of memory, and are 
probably nmning display modes with fewer colors than consumer PCs. 

Main memory bandwidth is the principal cause of lower performance for 
UMA systems. This is also an issue with split memory systems and is driv
ing the shift from fast page mode DRAM to extended data out (EDO) 
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DRAM. Placing additional demands on the main memory (as a UMA 
design does) simply makes the main memory bottleneck worse. The techru-
cal solution appears to be simple—use a faster type of memory. The busi
ness solution is more complex, however, because faster types of memory 
are not cost-effective as main memory right now. So PC OEMs are caught 
between performance and price for UMA systems in 1996. 

Another issue likely to postpone the widespread adoption of UMA in PCs 
is the problem of operating system software. Windows 95 will be the main
stream operating system for PCs in the future. For systems running Win
dows 95,8MB is the realistic minimum size for system memory, but 16MB is 
much better. A midrange PC today is configured with 8MB of main mem
ory and 1MB of graphics memory, for a total of 9MB. Typical PCs with 
UMA will most likely have 8MB total, so the effective system memory will 
be less than 8MB. Increasing the main memory to 16MB solves this prob
lem, but adds significant cost. At today's memory prices, PC OEMs cannot 
afford to configure all their PCs with 16MB, and choosing a memory size 
between 8MB and 16MB is not cost-effective for Pentium PCs because of the 
technical issues of bus width and memory chip organization. 

UMA Looks Better as Time Marches On 
UMA will become attractive for PC OEMs in 1997 and 1998. Most of the 
roadblocks that will slow acceptance of UMA in 1996 should be solved over 
the next two years. Also, the original reasons for adopting UMA will 
become more pronounced. 

PC OEMs will configure a higher percentage of PCs with 16MB of main 
memory as memory prices decline over the next few years. The larger 
memory sizes will minimize the performance impact of partitioning 1MB or 
even 2MB for graphics memory. The operating system will still have 14MB 
left, which should be plenty for the next generation of Microsoft Windows. 
If the operating system can dynamically allocate memory to graphics, then 
the case for UMA becomes even stronger. Dynamic allocation would allow 
the graphics memory to expand or contract based on the needs of the 
current application. For example, if a user switches from a 3-D game to 
word processing, the amoiint of memory allocated to graphics would 
shrink, making more memory available to the operating system. 

Another trend driven by declining DRAM prices is the shift from 4Mb chips 
to 16Mb chips. This shift will make a dedicated graphics memory less 
attractive because 4Mb chips will become expensive and difficult to buy 
and 16Mb chips will be too large. One 16Mb chip is a great size for a graph
ics buffer (2MB) but does not have a wide enough interface. A 2MB buffer 
today has a 64-bit interface because it is four 256Kxl6 DRAMs. Even if 
DRAM manvifacturers can make a cost-effective 512Kx32 (16Mb), PC OEMs 
would have to choose between the lower performance of a 32-bit interface 
or doubling their memory cost just to use a 64-bit interface for performance. 

m 
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The Impact of UMA on System Design Decisions 

Wlain Memory Size 
The prevailing opinion today is that UMA will be used to reduce the mem
ory cost of low-end PCs only. This goes against certain hard realities. It is 
commonly held that Windows 95 requires a rrunimum of 8MB of system 
memory. If the main memory is divided between system memory and 
graphics memory, there will be a performance penalty. 

The "knee" in the curve plotting performance versus system memory size is 
about 10.5MB. This is the point at which disk swapping largely disappears. 
To have a 10.5MB system with a 1MB frame buffer, the minimum memory 
in a UMA system should be 12MB on a 32-bit 486 bus, and a Pentium 
system with a 64-bit bus would need 16MB. This means that the base 
memory configuration of a UMA system will probably be 16MB. Because 
today's cost per megabyte of DRAM ICs is about $22, the memory cost of 
such a system alone would be $350, and the system cost would probably be 
about $2,500. This takes UMA out of the low-end area and places it into a 
higher class of PC, at least until dropping DRAM costs drive base Pentium 
PC main memory configurations above ti\eir current 8MB level. 

Two scenarios are likely here: First, acceptance of UMA will be slow until 
main memory prices fall from their current high levels, or second, UMA 
will find its niche for the near term in PCs of a higher level. This implies 
that OEMs may need to change their thinking about the reason to move to a 
unified approach. 

Caclie 
One way of reducing the main memory bandwidth requirements of a 
processor is to increase the percentage of processor requests that are 
serviced by cache memory. Whatever is copied in the cache can be fed to the 
processor without the need to access the system memory. This reduces the 
probability that memory requests from the graphics controller and CPU 
will conflict and cause the CPU to stall. The most direct way to do this is to 
increase the size of the cache, usually done by adding a secondary cache 
memory to the system. A UMA system can take advantage of a secondary 
cache to recover some of the performance lost by choosing the UMA 
approach. 

The astute reader will immediately notice that UMA designs eliminate one 
expensive memory, the display memory, at the expense of adding another 
expensive memory, a cache. This does turn into a question of economics, 
and Dataquest would not be at aU surprised to see system designs vacillate 
between cached UMAs and noncached split memory architectures, depend
ing solely on the price difference between cache versus display memory 
(not at all a static area). Today, the 32Kx32 synchronous burst cache static 
RAM (SRAM) and the 256Kxl6 DRAM are in oversupply If the supply/ 
demand balance changes to tighter supply for either of tiiese memories, it 
could drive OEMs to adopt the other solution and therefore speed up or 
slow down the adoption of UMA. 
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Synchronous DRAM 
Synchronous DRAM (SDRAM) is a new technology that takes advantage of 
a synchronous external interface and the inherently high internal band
width of a DRAM to provide bursting data at extremely high data band-
widths compared witii today's asjnchronous fast page mode and EDO 
DRAM. Users of SDRAM can take advantage of the higher bandwidth to 
service most of the bandwidth needs of the processor while also servicing 
all of the needs of the graphics controller. In other words, an EDO memory 
system might have difficulty serving the peak bandwidth needs of both a 
graphics and system processor efficiently, as well as serving memory 
demands from peripherals on the PCI bus. By switching the design to an 
SDRAM-based approach, PC designers enable the main memory to serve 
the peak bandwidth needs of both the CPU and the graphics controller 
better. 

Unfortunately, the processor and graphics controller's bandwidth needs are 
not all that even, so, rather than operating at their average bandwidth 
needs, both will have peaks and valleys tihat sometimes will conflict and 
sometimes will complement each other. When they conflict, the processor 
will lose out and its performance will suffer. 

According to unbiased outside sources, well-designed UMA chipsets can 
operate with a degradation in throughput of only about 5 percent, but these 
are statistics based on all sorts of conditions that vary from system to sys
tem and from user to user. It is hard to tell how SDRAM will perform in 
your own system with your own benchmark. All Dataquest can surmise is 
that the difficulties brought on by the UMA approach will be lessened by 
the use of higher-bandwidth memories. 

Integration of Graphics and Core Logic 
If graphics and core logic are not separated by the PCI bus, there is an 
opportunity to integrate these two chipsets. Weitek has already taken the 
bold step of integrating the graphics controller into the core logic, but most 
other vendors appear to be focused on "loosely coupled" (or nonintegrated) 
chipsets. Only a few companies have expertise in both graphics and core 
logic, so "tightly coupled" (or integrated) solutions could prove to be a 
means of product differentiation. Dataquest expects that integrated chipsets 
will offer higher performance than loosely coupled UMA systems because 
of the integration. 

PC OEMs may be reluctant to buy an integrated chipset because, until now, 
they have enjoyed the flexibility to choose their graphics and core logic ven
dors independently. Any semiconductor vendor selling tightly coupled 
chipsets will have to offer a price/performance advantage to make these 
chips attractive. VLSI offered a non-UMA chipset in 1995 that had a special 
interface between the graphics and core logic. The core logic was popular, 
but the graphics component was not, even though it offered some perfor
mance advantage when the chipsets were paired. The lower chip coimt 
definitely offers an advantage in terms of board space and board stuffing, 
but OEMs expect those benefits of integration for free. 
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Business Issues 

UMA standards 
There are two major UMA standards: one from VESA and one from Intel. 
The VESA UMA standard is commonly called VUMA and has gathered 
widespread support from a variety of graphics and core logic companies; 
Intel's standard has strong backing from kitel. Although the industry 
would be served best by adoption of a single (or unified) standard, it 
appears that both of these standards will continue to be used. Graphics 
companies will need to support both. The most positive note about this is 
the simple fact that the differences between the two standards are mirumal, 
so the cost and effort for graphics vendors to support both are minor. 

Truth in Advertising 
How are systems described when they use UMA? Obviously, manufactur
ers do not want to admit to having taken the least expensive approach 
when they advertise their system's attributes. On the other hand, there is 
the ethical issue of what to call the portion of memory that is allotted to 
graphics memory. 

In a split architecture, most manufacturers do not tell the size of the display 
buffer, focusing only on main memory. An 8MB system will usually have an 
8MB main memory and a 1MB display memory. When going to UMA, the 
question for manufacturers is how much of the main memory they can 
count—and get away with. If the graphics controller is allowed to use 1MB 
of an 8MB system, should the system be specified as having a 7MB main 
memory? 

Dataquest anticipates that certain OEMs will go to one side of this argu
ment and some will go to the other, with the net result being some negative 
press given to the camp that chooses to cotmt the display buffer as part of 
the main memory statistics. There is no policeman in this contest, so the 
market will decide by itself which way to go. 

To muddy the issue further, future operating systems will be able to dynam
ically allocate the size of the display memory. The result might be that the 
UMA system will have 7MB of main memory when operating with pro
grams with simpler graphics needs, 6.5MB with more graphics-oriented 
programs, and 6MB witi\ programs requiring a 2MB display buffer. How do 
you specify the main memory size fairly in ttiis kind of situation? Time will 
tell how this works out. 

Single-Vendor Advantage 
If UMA becomes widespread, then cooperation between the graphics con
troller and the core logic becomes a performance issue. In this case, does a 
graphics vendor that also sells core logic (or vice versa) have an advantage? 
It is entirely possible that a graphics controller and core logic chipset that 
meet UMA specifications could be tuned to function particularly well as a 
team. The synergy between the graphics and core logic could be proprietary 
or might simply be a matter of matched performance levels. 
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The ability to develop graphics and core logic as matched sets could give an 
advantage to those few semiconductor companies that design both prod
ucts. This advantage could be a direct result of active cooperation between 
the graphics and core logic groups or it could be an indirect result of simply 
being aware of another group's design challenges. Intel's large presence in 
the core logic market could minimize the advantage of active cooperation 
between groups within a company. 

Dataquest Perspective 
UMA appears to be an ugly duckling for 1996, but should become a beauti
ful swan in the following years. Semiconductor vendors selling into the PC 
market should be planning their UMA strategy and products in order to 
have second-generation parts available in 1997. Several vendors have 
already announced products and are shipping samples, despite the belief 
that UMA faces some large hurdles. These vendors want to be ready with 
mature UMA parts when the primary barriers to UMA fall by the wayside. 

From Dataquest's discussions with semiconductor suppliers, the target 
market for UMA machines appears to be the low-performance end of the 
consumer PC market. Given the current issues of main memory size, 
secondary cache, operating system software, and multimedia performance, 
the business desktop may be a more appropriate market. Semiconductor 
vendors may want to reposition their UMA offerings to target the business 
desktop rather than the consumer market. 

The key trends to watch are memory prices and a shift to synchronous 
rather than asynchronous memory chips for main memory. Software is 
another issue but is less critical than the price and type of tiie memory chips 
used in PCs. When increasing the minimum configuration to 16MB and 
changing to faster types of memory become cost-effective for PC OEMs, 
UMA will become that beautiful swan. 
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Technology Analysis 

Digital Video on PCs Is Getting Better and Cheaper 
AbStraCti Digital video on PCs is changing. New graphics controllers and faster MPUs 
are making advanced digital video features more economical as well as easier to design 
onto motherboards and add-in cards. As digital video features become standard on PCs, 
graphics vendors are growing into multimedia vendors. These vendors are introducing new 
products to tackle the video processing bottlenecks head-on. For product purposes, digital 
video features are being segmented into two major groups: video acceleration and video 
decompression. This document highlights industry trends in the graphics market and 
provides an overview of why video compression is so important. 
By Geoff Ballew 

Graphics Vendors Are Becoming Multimedia Vendors 
Increasing demand for digital video on PCs, combined with the relatively 
poor performance of digital video, is driving graphics vendors to broaden 
their horizons. Graphics subsystems are growing into multimedia sub
systems that process graphics, digital video, and sound. These functions are 
becoming tightly knit as consumers demand better digital video perfor
mance from their PCs. Historically, graphics and digital video have been 
separate markets, each with a different list of semiconductor vendors. The 
leap from graphics or video to a combination of both is not trivial. Figure 1 
shows the major bottlenecks in playing digital video on a PC. 
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Figure 1 
Digital Video Bottlenecks in PCs 
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The good news is that leading PC graphics companies are addressing two 
of the three bottlenecks: digital video acceleration and decompression. 
(Disk I /O bandwidth is the third bottleneck and is also being addressed, 
but that discussion is beyond the scope of this document.) To make this 
transition manageable, graphics vendors have divided the problem into 
two parts. Two key trends punctuate these changes: Most new graphics 
controllers have video acceleration features, and the traditional graphics 
vendors are introducing hardware codecs with standard PC interfaces. 

Graphics Controllers Get Digital Video Features 
Most graphics vendors have now added digital video acceleration features 
to their graphics controllers. The new features were chosen to provide the 
greatest performance gains possible while minimizing the impact on cost. 
Three common features are scaling, color space conversion, and the ability 
to use the graphics buffer for both RGB and YUV data. These two standard 
color encoding schemes are described later in this document under the sub
heading "Data Formats." Graphics controllers are the logical location for 
these features because they are useful whether the user has additional digi
tal video hardware or not. By integrating these features onto the graphics 
controller, chip vendors have added a lot of value without a big increase in 
cost. The quality of these features in standard graphics controllers is lower 
than in dedicated video chips, but the gap is closing. 

Image scaling features in graphics controllers allow the image resolution to 
be increased for viewing, even though the resolution of the stored image is 
lower. Interpolation and filtering are important features for maximizing 
quality as images are scaled. Otherwise, blockiness from large pixels and 
color banding become more noticeable. Color banding is a common image 
defect in which a color intended to change gradually, such as a blue sky 
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changing from light to dark, appears instead as large stripes that change 
abruptly. Bidirectional scaling is important, but scaling an image to a higher 
resolution is more common tifian scaling to a lower resolution. 

Color-space conversion is a key feature because digital video is usually 
encoded in some variation of YUV format. The YUV digital video stream 
must be converted to RGB format before going through the RAMDAC and 
out to the display. However, the YUV formats commonly used in PCs, 4:2:2 
and 4:2:0, are more compact than standard 24-bit RGB format, so it is 
beneficial to leave the digital video data in YUV format until it is ready to 
be displayed. 

The third common feature is the ability to share the graphics memory 
between RGB data and YUV data. Most PCs do not use the entire frame 
buffer for graphics, so the unused memory can be used for digital video 
data. This reduces the need for additional graphics memory beyond the 
standard 1MB, although the total amount of graphics memory required 
depends on color depth and resolution. Only graphics controllers with 
color-space conversion capabilities can use tiie shared frame buffer feature. 
The largest benefit to system OEMs is simply keeping costs at a minimum. 
The ability to share the existing graphics memory reduces the need to 
install additional memory in the system. Without this feature, graphics sub
systems may need additional memory for the digital video acceleration 
functions. That increased cost is unacceptable to many PC OEMs, so shared 
memory is effectively a required feature. 

The combination of a graphics controller with these digital video accelera
tion features and a midrange (100-MHz or faster) Pentium for software 
video decompression provides compelling, yet inexpensive, digital video 
playback capabilities on a PC. The biggest threat to the hardware decom
pression market may very well be the combination of these features with 
faster and faster MPUs. Dataquest expects that this combination will render 
hardware decompression unnecessary for most PC users. 

Graphics Vendors Are Making Video Codecs 
Many graphics vendors are introducing hardware video codecs to comple
ment their traditional graphics products. These companies are leveraging 
their expertise in PC semiconductors to create MPEG decoders tailored 
specifically for the PC market. The new chips are designed to work cooper
atively with graphics controllers and have glueless interfaces to standard 
PC buses such as PCI, ISA, and VAFC as well as proprietary interfaces to 
graphics controllers from the same vendor Two examples of vendor-
specific interfaces are Cirrus Logic's V-Port and S3's Scenic Highway. 

These new MPEG decoders are making playback boards less expensive 
than previous designs by eliminating the glue logic and bus interface chips. 
However, the question is whether or not they are reducing costs sufficiently 
to drive higher market growth. Hardware MPEG decoders are overwhelm
ingly an add-in card market because PC OEMs are reluctant to burden their 
motherboards with the added cost of these chips. In 1995, Compaq and IBM 
introduced PCs with MPEG decoders on the motherboard, but both compa
nies now appear to be n^oving back to an add-in card strategy. 
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Dataquest believes that the digital video board market for hardware 
decompression is growing steadily but remains a niche market. Interest
ingly, tiiis market is divided between users of high-end and low-end 
PCs. Some users of high-end PCs will find software video decompression 
inadequate and will pay for the extra performance and higher quality of 
a hardware codec. Also, some users of relatively low-end PCs (all 486s and 
possibly Pentiums of 75 MHz or slower) may choose to buy a digital 
video board rather than upgrade to a faster machine. Users with those 
machines may not be happy with the performance of software codecs and 
are potential buyers of dedicated hardware. Figure 2 shows Dataquest's 
forecast for digital video boards. 

Figure 2 
Forecast for Digital Video Boards with Hardware Decompression 
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Note: The 1994-to-1999 compound annual growth rate is 5.3 percent. 
Source: Dataquest (January 1996) 

Note that the unit shipments of digital boards with hardware decompres
sion are projected to grow at 28 percent from 1994 to 1999, which exceeds 
the 20 percent unit growth for PCs. This digital video board market is 
expected to peak during that period, with some market contraction in 1999. 
Dataquest believes that software video decompression will meet the 
requirements of most PC users, leaving only the high end of the market for 
hardware decompression, with relatively low prospects for growth after the 
next few years. TTie competition from software solutions will prevent 
boards with hardware decompression from breaking the million-unit mark. 
Hardware decompression is not expected to migrate onto the motherboard, 
so implementations will be either software solutions or add-in cards. 
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Why Is Video Compression So important? 
Video compression is an absolute necessity for delivering digital video 
to PCs. The surprisingly high data rate of broadcast TV may be the biggest 
problem for displaying comparable digital video on a PC. For example, 
full resolution of the CCIR-601 standard at 30 frames per second (fps) is 
720 X 480 active pixels. If every pixel is sampled and digitally encoded in a 
YUV 4:4:4 format w îth 8-bit resolution each for Y U, and V the data rate is a 
shocking 29.7 MB/sec. (YUV 4:4:4 format is a standard for digital video 
information, v^hich stores complete information about every single pixel.) 
This high data rate is a problem because of capacity and transfer rates of 
mass storage devices. If digital video is recorded onto a CD-ROM disk at 
30 MB/sec, that disk w^ould hold less than 30 seconds of information. Trans
fer rates are another limiting factor; rigid disk drives typically have sus
tained transfer rates of 2 MB/sec to 5 MB/sec, and CD-ROM drives are 
typically 150 KB/sec to 600 KB/sec. Obviously, these common mass storage 
solutions cannot begin to deliver uncompressed digital video at full resolu
tion and color depth. 

The challenge for compression is to reduce the 30 MB/sec video data 
stream to the sustainable transfer rate for a typical CD-ROM drive. For the 
purpose of this example, assume that the sustainable transfer rate for a 
CD-ROM drive is 150 KB/sec, which is the transfer rate for a single-speed 
CD-ROM drive and the limiting factor for the Constrained Parameters 
Bitstreams conformance point for MPEG-1. For full-screen, full-color digital 
video to be delivered by this CD-ROM drive, the data must be compressed 
by a factor of 200. Current compression standards cannot achieve that level 
of compression in a single pass, so a combination of methods must be used. 
These methods fall into two general categories, video image compression 
and subsampling. Subsampling can be considered a compression method 
but is discussed separately for the purposes of this document to distinguish 
between simply discarding information versus mathematically compress
ing information. 

Video image Compression 
Video image compression relies on a high degree of redundancy from 
one frame to the next. The overall idea is simply to encode changes to a 
reference frame rather than storing all of the information for each frame. 
MPEG is discussed here to illustrate some of the mechanics of video image 
compression. 

MPEG encoding includes a mixture of three different types of frames 
known as I, B, and P. I frames, also known as intraframes, are reference 
frames. They contain the most information and are quite similar to a com
pressed JPEG image. B and P frames must be compared to other frames for 
reconstruction. P frames are reconstructed in relation to a previous frame. 
B frames can be constructed from previous frames, subsequent frames, or a 
combination of the two. Because some B frames are reconstructed in rela
tion to subsequent frames, frame information is sometimes stored out of 
order. For example, assume the second frame of a video sequence is 
encoded in relation to both the first and the third frames. Then both the first 
and third frames must be reconstructed before it is possible to reconstruct 
the second frame. 

PSAM-WW-DP-9601 ©1996 Dataquest January 22,1996 



Semiconductor Directions in PCs 

This level of flexibility means that a single video stream may be encoded 
differently by hardware from different vendors, resulting in variable quality 
and compression ratios. The MPEG standard does not rigidly define the 
encoding techniques nor does it define the frame sequences; it does define 
the data syntax within frames. 

Subsampling 

One method of reducing bandwidth requirements is simply to discard some 
of the information. This is known as subsampling. Discarding data is sim
ple, but discarding data without significantly degrading image quality is 
more difficult. The missing data may have a large impact on image quality. 
Some very simple techniques for discarding data are reducing the image 
resolution and frame rate and using different data formats. 

Resolution and Frame Rate 
Digital video on PCs is usually delivered at a much lower resolution and 
frame rate than full CCIR-601. Full CCIR-601 is 720 x 480 active pixels at 
30 fps and requires bandwidth of almost 30 MB/sec. The amount of data in 
a video stream can be significantly reduced by using a lower frame rate, 
lower resolution, or both. The data requirements scale linearly with the 
frame rate but exponentially with resolution. For example, reducing the 
frame rate from 30 fps to 15 fps cuts the data stream in half, but reducing 
the resolution from 720 x 480 to 360 x 240 cuts the data stream by 75 percent 
because the pixel count is reduced by 75 percent. The most common resolu
tion and frame rate for digital video on PCs are 320 x 240 pixels at 30 frames 
per second, which is part of the Constrained Parameters Bitstreams con
formance point for MPEG-1. 

During playback of digital video, the frame rate may be artificially reduced 
if the system hardware cannot process the video stream quickly enough. 
Relatively few PCs today have hardware decompression chips; most rely on 
software codecs running on the host CPU. When digital video clips are 
played on these machines, video frames are often dropped unless the CPU 
is a 100-MHz Pentium or faster. 

Data Formats 
Fortunately, the human eye is more sensitive to small changes in brightness 
than small changes in hue or color. This means that some data points are 
more valuable than others for judging image quality by standards of human 
perception. As a result, some data formats are more suitable for compres
sion than others. Two popular standards, RGB and YUV, are discussed here. 

RGB Format 
RGB format stores the combined chrominance, or color, and luminance, or 
brightness, values for each of three colors (red, green, and blue). Unfortu
nately, this combines the most valuable data (luminance) with less valuable 
data (chrominance), which makes it difficult to discard the chrominance 
data alone. Subsampling options are essentially limited to dropping com
plete pixels, so RGB is not commonly used for storing digital video on PCs. 
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RGB is important for playing digital video on PCs because most computer 
monitors are driven with an analog RGB signal. Graphics are stored in the 
frame buffer in digital RGB and converted to analog RGB by the RAMDAC 
before being displayed on the screen. If digital video is stored in the graph
ics buffer in YUV format, then it must be converted to digital RGB before it 
is passed through the RAMDAC. 

YUV Format 
YUV stores the luminance data of the pixel separately from the chromi
nance data. This separation of the luminance and chrominance data makes 
YUV data much more convenient than RGB for discarding data while mini
mizing the impact on image quality. YUV may also be written as YCrCb. 
Cr is short for chrominance red and Cb is short for chrominance blue. These 
two formats carry the same amount of information but are not identical. U 
and V do not equal Cr and Cb but are, in fact, different by the value of Y. 
Specifically, U = Cr-Y and V = Cb-Y. For these formats, there is no green 
component as there is in an RGB format. The green component in YUV 
must be calculated from a formula that defines Y as a combination of the 
red, green, and blue values. 

One subsampling technique used with YUV format is known as 4:2:2. It 
essentially means that the luminance of every pixel is recorded, but actual 
color is recorded for only half of the pixels. This reduces the total informa
tion recorded by 33 percent, because both U and V are chrominance data, 
while Y is the luminance data. The data sequence for two pixels then 
becomes YYUV, or 4 bytes of data, rather than YUV YUV, or 6 bytes of data. 
See Figure 3 for a graphical representation of these two encoding schemes. 

Other encoding schemes for YUV data include 4:1:1 and 4:2:0, which offer 
more substantial reductions in data rate than 4:2:2. These two schemes 
reduce the data rate by discarding even more data points. The 4:1:1 encod
ing scheme stores the luminance data for every pixel but stores the chromi
nance data for only one-quarter of the pixels. The 4:2:0 encoding scheme 
breaks the mold, because it does not store the chrominance data for any 
single pixel. It does store the average chrominance of a 2 x 2 block of pixels. 
See Figure 4 for a graphical representation of these two encoding schemes. 

Table 1 shows the actual data rates necessary to support each of these four 
variations of YUV encoding. 

As Table 1 shows, common data formats for YUV can reduce the required 
bandwidth by 25 percent or 50 percent. These different encoding methods 
are effectively different subsampling techniques and are designed to 
balance the trade-off between data rate and image quality. 

Dataquest Perspective 
The graphics market is evolving into a multimedia market. Demand for 
digital video on PCs is driving digital video functions and some audio 
functions into what has traditionally been the graphics subsystem. As 
this transition continues, Intel is pushing microprocessors to new price/ 
performance heights. Semiconductor vendors in the PC graphics market 
should consider these trends when adjusting their product strategies. 
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Figure 3 
Two Sampling Variations of Digital YUV Data 
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Graphics vendors are advised to enhance the digital video acceleration fea
tures in their graphics controller products. These features are complemen
tary to both hardware and software video decoders, and their quality level 
has a strong impact on video playback quality. Digital video acceleration is 
rapidly becoming a de facto feature of graphics controllers targeted at both 
the business and consumer PC markets. 

As for hardware codecs, semiconductor companies developing new prod
ucts for hardware video decompression in PCs may want to re-evaluate the 
market opportvmity. The market for hardware decompression boards in PCs 
is expected to grow moderately to a volume of 744,000 units per year by 
1998. That relatively low imit forecast, compared with the market opportu
nity for graphics controllers, may make hardware codecs low-profit or no-
profit products for many vendors. The hardware codec market for con
sumer equipment such as set-top boxes and digital video discs presents a 
different opportunity but will demand different levels of integration. 
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Figure 4 
Two Additional Sampling Variations of Digital YUV Data 
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Table 1 
Data Rates for Four YUV Sampling Schemes 

Format 

4:4:4 

4:2:2 

4:1:1 

4:2:0 

Sequence for Foiir Pixels 

YYYYUVUVUVUV 

YYUVYYUV 

YYYYUV 

YYYYUV 

Data Rate (MB/sec) 

6.6 

4.4 

3.3 

3.3 

Bandwidth Reduction 
Compared with 4:4:4 (%) 

0 

25 

50 

50 

Note: Image parameters are 320 x 240 pixels and 30 frames per second with 8-bit resolution for each of Y, U, and V. 
Source: Dataquest (January 1996) 
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Technology Analysis 

Digital Video on PCs Is Getting Better and Cheaper 
AbStr3Ct: Digital video on PCs is changing. New graphics controllers and faster MPUs 
are making advanced digital video features more economical as well as easier to design 
onto motherboards and add-in cards. As digital video features become standard on PCs, 
graphics vendors are growing into multimedia vendors. These vendors are introducing new 
products to tackle the video processing bottlenecks head-on. For product purposes, digital 
video features are being segmented into two major groups: video acceleration and video 
decompression. This document highlights industry trends in the graphics market and 
provides an overview of why video compression is so important. 
By Geoff Ballew 

Graphics Vendors Are Becoming IViultimedia Vendors 
Increasing demand for digital video on PCs, combined with the relatively 
poor performance of digital video, is driving graphics vendors to broaden 
their horizons. Graphics subsystems are growing into multimedia sub
systems that process graphics, digital video, and sound. These functions are 
becoming tightly knit as consumers demand better digital video perfor
mance from their PCs. Historically, graphics and digital video have been 
separate markets, each with a different list of semiconductor vendors. The 
leap from graphics or video to a combination of both is not trivial. Figure 1 
shows the major bottlenecks in playing digital video on a PC. 
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Figure 1 
Digital Video Bottlenecks in PCs 
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The good news is that leading PC graphics companies are addressing two 
of the three bottlenecks: digital video acceleration and decompression. 
(Disk I / O bandwidth is the third bottleneck and is also being addressed, 
but that discussion is beyond the scope of this document.) To make this 
transition manageable, graphics vendors have divided the problem into 
two parts. Two key trends punctuate these changes: Most new graphics 
controllers have video acceleration features, and the traditional graphics 
vendors are introducing hardware codecs with standard PC interfaces. 

Graphics Controllers Get Digital Video Features 
Most graphics vendors have now added digital video acceleration features 
to their graphics controllers. The new features were chosen to provide the 
greatest performance gains possible while minimizing the impact on cost. 
Three common features are scaling, color space conversion, and the ability 
to use the graphics buffer for both RGB and YUV data. These two standard 
color encoding schemes are described later in this document under the sub
heading "Data Formats." Graphics controllers are the logical location for 
these features because they are useful whether the user has additional digi
tal video hardware or not. By integrating these features onto the graphics 
controller, chip vendors have added a lot of value without a big increase in 
cost. The quality of these features in standard graphics controllers is lower 
than in dedicated video chips, but the gap is closing. 

Image scaling features in graphics controllers allow the image resolution to 
be increased for viewing, even though the resolution of the stored image is 
lower. Interpolation and filtering are important features for maximizing 
quality as images are scaled. Otherwise, blockiness from large pixels and 
color banding become more noticeable. Color banding is a common image 
defect in which a color intended to change gradually, such as a blue sky 
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changing from light to dark, appears instead as large stripes that change 
abruptly. Bidirectional scaling is important, but scaling an image to a higher 
resolution is more common tibian scaling to a lower resolution. 

Color-space conversion is a key feature because digital video is usually 
encoded in some variation of YUV format. The YUV digital video stream 
must be converted to RGB format before going through the RAMDAC and 
out to the display. However, the YUV formats commonly used in PCs, 4:2:2 
and 4:2:0, are more compact than standard 24-bit RGB format, so it is 
beneficial to leave the digital video data in YUV format until it is ready to 
be displayed. 

The third common feature is the ability to share the graphics memory 
between RGB data emd YUV data. Most PCs do not use the entire frame 
buffer for graphics, so the unused memory can be used for digital video 
data. This reduces the need for additional graphics memory beyond the 
standard 1MB, although the total amount of graphics memory required 
depends on color depth and resolution. Only graphics controllers with 
color-space conversion capabilities can use the shared frame buffer feature. 
The largest benefit to system OEMs is simply keeping costs at a minimum. 
The ability to share the existing graphics memory reduces the need to 
install additional memory in the system. Without this feature, graphics sub
systems may need additional memory for the digital video acceleration 
functions. That increased cost is unacceptable to many PC OEMs, so shared 
memory is effectively a required feature. 

The combination of a graphics controller with these digital video accelera
tion features and a midrange (100-MHz or faster) Pentium for software 
video decompression provides compelling, yet inexpensive, digital video 
playback capabilities on a PC. The biggest threat to the hardware decom
pression market may very well be the combination of these features with 
faster and faster MPUs. Dataquest expects that this combination will render 
hardware decompression unnecessary for most PC users. 

Graphics Vendors Are Making Video Codecs 
Many graphics vendors are introducing hardware video codecs to comple
ment their traditional graphics products. These companies are leveraging 
their expertise in PC semiconductors to create MPEG decoders tailored 
specifically for the PC market. The new chips are designed to work cooper
atively with graphics controllers and have glueless interfaces to standard 
PC buses such as PCI, ISA, and VAFC as well as proprietary interfaces to 
graphics controllers from the same vendor. Two examples of vendor-
specific interfaces are Cirrus Logic's V-Port and S3's Scenic Highway. 

These new MPEG decoders are making playback boards less expensive 
than previous desigris by eliminating the glue logic and bus interface chips. 
However, the question is whether or not they are reducing costs sufficiently 
to drive higher market growth. Hardware MPEG decoders are overwhelm
ingly an add-in card market because PC OEMs are reluctant to burden their 
motherboards with the added cost of these chips. In 1995, Compaq and IBM 
introduced PCs with MPEG decoders on the motherboard, but both compa
nies now appear to be moving back to an add-in card strategy. 
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Dataquest believes that the digital video board market for hardware 
decompression is growing steadily but remains a niche market. Interest
ingly, tills market is divided between users of high-end and low-end 
PCs. Some users of high-end PCs will find software video decompression 
inadequate and will pay for the extra performance and higher quality of 
a hardware codec. Also, some users of relatively low-end PCs (all 486s and 
possibly Pentiums of 75 MHz or slower) may choose to buy a digital 
video board rather than upgrade to a faster machine. Users with those 
machines may not be happy with the performance of software codecs and 
are potential buyers of dedicated hardware. Figure 2 shows Dataquest's 
forecast for digital video boards. 

Figure 2 
Forecast for Digital Video Boards with Hardware Decompression 

Thousands of Units 

800 

980483 

Note: The 1994-to-1999 compound annual growth rate is 5.3 percent. 
Source: Dataquest (January 1996) 

Note that the unit shipments of digital boards with hardware decompres
sion are projected to grow at 28 percent from 1994 to 1999, which exceeds 
the 20 percent unit growth for PCs. This digital video board market is 
expected to peak during that period, with some market contraction in 1999. 
Dataquest believes that software video decompression will meet the 
requirements of most PC users, leaving only the high end of the market for 
hardware decompression, with relatively low prospects for growth after the 
next few years. TTie competition from software solutions will prevent 
boards with hardware decompression from breaking the million-unit mark. 
Hardware decompression is not expected to migrate onto the motherboard, 
so implementations will be either software solutions or add-in cards. 
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Why Is Video Compression So Important? 
Video compression is an absolute necessity for delivering digital video 
to PCs. The surprisingly high data rate of broadcast TV may be the biggest 
problem for displaying comparable digital video on a PC. For example, 
full resolution of the CCIR-601 standard at 30 frames per second (fps) is 
720 X 480 active pixels. If every pixel is sampled and digitally encoded in a 
YUV 4:4:4 format with 8-bit resolution each for Y, U, and V, the data rate is a 
shocking 29.7 MB/sec. (YUV 4:4:4 format is a standard for digital video 
information, which stores complete information about every single pixel.) 
This high data rate is a problem because of capacity and transfer rates of 
mass storage devices. If digital video is recorded onto a CD-ROM disk at 
30 MB/sec, that disk would hold less than 30 seconds of information. Trans
fer rates are another limiting factor; rigid disk drives typically have sus
tained transfer rates of 2 MB/sec to 5 MB/sec, and CD-ROM drives are 
typically 150 KB/sec to 600 KB/sec. Obviously, these common mass storage 
solutions cannot begin to deliver uncompressed digital video at full resolu
tion and color depth. 

The challenge for compression is to reduce the 30 MB/sec video data 
stream to the sustainable transfer rate for a typical CD-ROM drive. For the 
purpose of this example, assume that the sustainable transfer rate for a 
CD-ROM drive is 150 KB/sec, which is the transfer rate for a single-speed 
CD-ROM drive and the limiting factor for the Constrained Parameters 
Bitstreams conformance point for MPEG-1. For full-screen, full-color digital 
video to be delivered by this CD-ROM drive, the data must be compressed 
by a factor of 200. Current compression standards cannot achieve that level 
of compression in a single pass, so a combination of methods must be used. 
These methods fall into two general categories, video image compression 
and subsampling. Subsampling can be considered a compression method 
but is discussed separately for the purposes of this document to distinguish 
between simply discarding information versus mathematically compress
ing information. 

Video Image Compression 
Video image compression relies on a high degree of redundancy from 
one frame to the next. The overall idea is simply to encode changes to a 
reference frame rather than storing all of the information for each frame. 
MPEG is discussed here to illustrate some of the mechanics of video image 
compression. 

MPEG encoding includes a mixture of three different types of frames 
known as I, B, and P. I frames, also known as intraframes, are reference 
frames. They contain the most information and are quite similar to a com
pressed JPEG image. B and P frames must be compared to other frames for 
reconstruction. P frames are reconstructed in relation to a previous frame. 
B frames can be constructed from previous frames, subsequent frames, or a 
combination of the two. Because some B frames are reconstructed in rela
tion to subsequent frames, frame information is sometimes stored out of 
order. For example, assume the second frame of a video sequence is 
encoded in relation to both the first and the third frames. Then both the first 
and third frames must be reconstructed before it is possible to reconstruct 
the second frame. 
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This level of flexibility means that a single video stream may be encoded 
differently by hardware from different vendors, resulting in variable quality 
and compression ratios. The MPEG standard does not rigidly define the 
encoding techniques nor does it define the frame sequences; it does define 
the data syntax within frames. 

Subsampling 
One method of reducing bandwidth requirements is simply to discard some 
of the information. This is known as subsampling. Discarding data is sim
ple, but discarding data without significantly degrading image quality is 
more difficult. The missing data may have a large impact on image quality. 
Some very simple techniques for discarding data are reducing the image 
resolution and frame rate and using different data formats. 

Resolution and Frame Rate 
Digital video on PCs is usually delivered at a much lower resolution and 
frame rate tiian hill CCIR-601. Full CCIR-601 is 720 x 480 active pixels at 
30 fps and requires bandwidth of almost 30 MB/sec. The amount of data in 
a video stream can be significantiy reduced by using a lower frame rate, 
lower resolution, or both. The data requirements scale linearly with the 
frame rate but exponentially with resolution. For example, reducing the 
frame rate from 30 fps to 15 fps cuts the data stream in half, but reducing 
the resolution from 720 x 480 to 360 x 240 cuts the data stream by 75 percent 
because the pixel count is reduced by 75 percent. The most common resolu
tion and frame rate for digital video on PCs are 320 x 240 pixels at 30 frames 
per second, which is part of the Constrained Parameters Bitstreams con
formance point for MPEG-1. 

During playback of digital video, the frame rate may be artificially reduced 
if the system hardware cannot process the video stream quickly enough. 
Relatively few PCs today have hardware decompression chips; most rely on 
software codecs running on the host CPU. When digital video clips are 
played on these machines, video frames are often dropped unless the CPU 
is a 100-MHz Pentium or faster. 

Data Formats 
Fortunately, the human eye is more sensitive to small changes in brightness 
than small changes in hue or color. This means that some data points are 
more valuable than others for judging image quality by standards of human 
perception. As a result, some data formats are more suitable for compres
sion than others. Two popular standards, RGB and YUV, are discussed here. 

RGB Format 
RGB format stores the combined chrominance, or color, and luminance, or 
brightness, values for each of three colors (red, green, and blue). Unfortu
nately, this combines the most valuable data (luminance) with less valuable 
data (chrominance), which makes it difficult to discard the chrominance 
data alone. Subsampling options are essentially limited to dropping com
plete pixels, so RGB is not commonly used for storing digital video on PCs. 
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RGB is important for playing digital video on PCs because most computer 
monitors are driven with an analog RGB signal. Graphics are stored in the 
frame buffer in digital RGB and converted to analog RGB by the RAMDAC 
before being displayed on the screen. If digital video is stored in the graph
ics buffer in YUV format, then it must be converted to digital RGB before it 
is passed through the RAMDAC. 

YUV Format 
YUV stores the luminance data of the pixel separately from the chromi
nance data. This separation of the luminance and chrominance data makes 
YUV data much more convenient than RGB for discarding data while mini
mizing the impact on image quality. YUV may also be written as YCrCb. 
Cr is short for chrominance red and Cb is short for chrominance blue. These 
two formats carry the same amount of information but are not identical. U 
and V do not equal Cr and Cb but are, in fact, different by the value of Y. 
Specifically, U = Cr-Y and V = Cb-Y. For these formats, there is no green 
component as there is in an RGB format. The green component in YUV 
must be calculated from a formula that defines Y as a combination of the 
red, green, and blue values. 

One subsampling technique used with YUV format is known as 4:2:2. It 
essentially means that the luminance of every pixel is recorded, but actual 
color is recorded for only half of the pixels. This reduces the total informa
tion recorded by 33 percent, because both U and V are chrominance data, 
while Y is the luminance data. The data sequence for two pixels then 
becomes YYUV, or 4 bytes of data, rather than YUVYUV, or 6 bytes of data. 
See Figure 3 for a graphical representation of these two encoding schemes. 

Other encoding schemes for YUV data include 4:1:1 and 4:2:0, which offer 
more substantial reductions in data rate than 4:2:2. These two schemes 
reduce the data rate by discarding even more data points. The 4:1:1 encod
ing scheme stores the luminance data for every pixel but stores the chromi
nance data for only one-quarter of the pixels. The 4:2:0 encoding scheme 
breaks the mold, because it does not store the chrominance data for any 
single pixel. It does store the average chrominance of a 2 x 2 block of pixels. 
See Figure 4 for a graphical representation of these two encoding schemes. 

Table 1 shows the actual data rates necessary to support each of these four 
variations of YUV encoding. 

As Table 1 shows, common data formats for YUV can reduce the required 
bandwidth by 25 percent or 50 percent. These different encoding methods 
are effectively different subsampling techniques and are designed to 
balance the trade-off between data rate and image quality. 

Dataquest Perspective 
The graphics market is evolving into a multimedia market. Demand for 
digital video on PCs is driving digital video functions and some audio 
functions into what has traditionally been the graphics subsystem. As 
this transition continues, Intel is pushing microprocessors to new price/ 
performance heights. Semiconductor vendors in the PC graphics market 
should consider these trends when adjusting their product strategies. 
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Figure 3 
Two Sampling Variations of Digital YUV Data 
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Graphics vendors are advised to enhance the digital video acceleration fea
tures in their graphics controller products. These features are complemen
tary to both hardware and software video decoders, and their quality level 
has a strong impact on video playback quality. Digital video acceleration is 
rapidly becoming a de facto feature of graphics controllers targeted at both 
the business and consumer PC markets. 

As for hardware codecs, semiconductor companies developing new prod
ucts for hardware video decompression in PCs may want to re-evaluate the 
market opportunity. The market for hardware decompression boards in PCs 
is expected to grow moderately to a volume of 744,000 units per year by 
1998. That relatively low unit forecast, compared with the market opportu
nity for graphics controllers, may make hardware codecs low-profit or no-
profit products for many vendors. The hardware codec market for con
sumer equipment such as set-top boxes and digital video discs presents a 
different opportunity but will demand different levels of integration. 
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Figure 4 
Two Additional Sampling Variations of Digital YUV Data 
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Table 1 
Data Rates for Four YUV Sampling Schemes 

Format 

4:4:4 

4:2:2 

4:1:1 

4:2:0 

Sequence for Four Pixels 

YYYYUVUVUVUV 

YYUVYYUV 

YYYYUV 

YYYYUV 

Data Rate (MB/sec) 

6.6 

4.4 

3.3 

3.3 

Bandwidth Reduction 
Compared with 4:4:4 (%) 

0 

25 

50 

50 

Note: Image parameters are 320 x 240 pixels and 30 frames per second with 8-bit resolution for each of Y, U, and V. 
Source: Dataquest (January 1996) 
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Chapter 1 

Executive Summary 
The worlds of compute and embedded microprocessors continued to drift 
further apart in 1995. Revenue of x86 compute microprocessors increased 
24 percent to $11.5 billion on a 25 percent increase in urut volumes, driven 
by an overheated personal computer market, as consumers rushed to add 
on-ramps for the information superhighway. Unit shipments of PowerPC 
microprocessors increased almost 70 percent, but revenue grew only 
54 percent, as the major consumer of PowerPCs (Apple) played its suppli
ers against one another. Even this clever purchasing activity did not pre
vent Apple from reporting a vast loss, throwing the future of the 
conipany, the Macintosh, and (indirectly) the PowerPC into some doubt. 

Although suppliers of compute microprocessors sold only 30 percent of all 
microprocessor units last year, they collected 88 percent of all MPU reve
nue. To accomplish this, they charged over 16 times more for their average 
chip ($177) than embedded vendors charged for their average device 
($11). The.lion's share (93 percent) of compute microprocessors are com
patible with Intel's x86 architecture and run programs engineered for that 
standard. This has proven to be an insurmountable barrier for vendors 
offering architectural alternatives claimed to be superior to, but incompat
ible with, ihe x86 standard. Vendors that adopt the x86 standard for their 
own designs must outengineer, outmanufacture, and out-market Intel, 
and this too has proven to be a difficult undertaking, at best. Dataquest 
believes that the economic benefits that accrue to successful vendors in 
this market are too great to ignore and expects to see a continual series of 
challengers to Intel in future years. 

The complex-instruction-set computing (CISC) approach to processor 
design encompasses most computer architectures developed before 1980 
or their direct descendants. Early microprocessors, based on this design 
approach, got a head start in amassing a software base and have held onto 
that lead. The Intel x86 and Motorola 68000 have become so numerous that 
they dwarf everything else in the market. Apple remained the last and 
most important user of computational 68000s, and its conversion to the 
PowerPC, which will largely be complete by the end of 1996, marks the 
end of the 68000's life in computatiorml markets. 

Intel dominates the narrow world of compute microprocessors. Its aggres
sive pricing of Pentium processors, along with its aggressive advertising 
to end users and its aggressive rollout of new products, drove the market 
and kept its factories humming, even as they transitioned from 0.6-micron 
to 0.35-micron manufacturing processes, shririking die size and increasing 
performance while lowering per-unit costs. Late in the year, Intel rolled 
out its Pentium Pro line, which offers impressive performance when used 
with 32-bit applications under Windows NT and somewhat less impres
sive performance in combination with 16-bit applications and Windows 
3.1 or Windows 95. Intel's principal x86 competitors. Advanced Micro 
Devices and Cyrix Corporation, were unable to capitalize on this rare 
opportunity to gain a product advantage over Intel, as they encoimtered 
delays in their own development programs for Pentium- and Pentium 
Pro-class products. 
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Intel refused to give its RISC-based competitors any chance to catch their 
collective breath. Its Pentium Pro closes and, in some cases, eliminates the 
performance gap between personal computers and workstations and thus 
places increased price and margin pressure on vendors of the latter class of 
products. This pressure will only increase in 1996 and 1997 as new per
sonal computer architectural initiatives for enhanced I/O performance 
and 3-D computing enter the market. The PowerPC, often considered the 
principal challenger to the x86 compute monopoly, lost much momentum 
because its proponents were unable to match Intel's aggressive scaling of 
clock rates, microarchitectural enhancements, and platform er\hancements 
during the year. 

Among the major system purveyors of non-x86 systems, only Digital 
Equipment Corporation and Hewlett-Packard showed signs of recogniz
ing and preparing to exploit the opportunities Microsoft's Windows NT 
environment will create over the intermediate term. Vendors ignore these 
opportunities at their own peril. Dataquest anticipates that an accelerating 
migration to Windows NT in 1996 and 1997 will drive a major round of 
hardware upgrades in commercial accounts. NT's "architectural neutral
ity" makes it possible, although never easy, for vendors to promote, and 
end users to deploy, mixed-platform envirorunents. In the limiting case, 
architecture neutrality could make the competitive picture in the compute 
microprocessor market resemble that of the embedded market. Dataquest 
considers this to be an unlikely scenario. 

The RISC compute segment is entering a period of consolidation and 
attrition. Strong unit growth will continue in 1996, as Apple completes the 
conversion from the 68000 CISC architecture to the PowerPC. Dataquest 
anticipates that once this conversion is complete, growth in PowerPC 
units will drop below the market average, restilting in a slowly eroding 
market share. Similarly, unit shipments of proprietary RISC compute 
microprocessors will also be below tl\e market average. Users already 
committed to these platforms will continue to purchase additional units to 
support increased user populations and greater performance require
ments. Occasionally a group of users will opt to switch from its preferred 
RISC platform to a Wintel-based standard. Far fewer, if any, users conunit-
ted to the Wintel platform wUl switch to a RISC environment; thus the 
RISC segment wUl slowly shrink as it loses stalwart supporters and 
attracts few replacements. This trend will accelerate as software develop
ers place more of their attention on high-volume mainstream architec
tures, causing the RISC environments to become even less compelling. 
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Chapter 2 

The Year That Was 

Review of the 1995 Compute Microprocessor iVJarlcet 
Beneath the calm surface of the microprocessor market lie two vastly 
different submarkets. Vendors fortunate enough to have gained admission 
to the mainstream compute microprocessor market have all the privileges 
that accrue to members of any elite society. They collect the highest 
revenue per square inch of delivered silicon accorded any semiconductor 
vendor. Their customers, and more importantly, their customers' custom
ers, continue to show even greater brand loyalty (or at least architectural 
loyalty) than almost any other consumer group. As long as these vendors 
and their partners can find new customers, or persuade old customers that 
their old systems are too slow, the sun continues to shine on them. 

The denizens of the embedded microprocessor market, who live across 
the tracks on the other side of town, lead a much more difficult life. Their 
customers care little about issues like software compatibility and are 
unwilling to pay a premium for such niceties. Once the customer delivers 
a piece of equipment that includes an embedded microprocessor, his cus
tomers are unlikely to buy another until the first wears out. Except in rare 
instances, a new release of Windows or UNIX is unlikely to spur demand 
for his products. Unlike customers of compute microprocessors, purchas
ers of embedded microprocessors pay close attention to price and little, if 
any, attention to features and performance. Vendors in this segment must 
be on the lookout continuously for new customers, because they have no 
assurance that the customer who designs their processor into this year's 
video game, modem, or printer will be motivated to incorporate the new 
improved microprocessor they plan to introduce next year—in fact, he 
might even decide to use some other vendor's new, improved product 
instead. Prices and margins in this segment are acceptable by 
traditional manufacturing measures, but do not come close to approach
ing the rents that compute microprocessor vendors get to collect. 

The worlds of compute and embedded microprocessors continued to drift 
further apart in 1995. Revenue of x86 compute microprocessors increased 
24 percent, to $11.5 billion, on a 25 percent increase in unit volumes, 
driven by an overheated personal computer market, as coriaumers rushed 
to add on-ramps for the information superhighway. Urut shipments of 
PowerPC microprocessors increased almost 70 percent, but revenue grew 
more slowly, as the major consumer of PowerPC (Apple) played off its 
suppliers agair\st one another. Even this clever purchasing activity did not 
prevent Apple from reporting a vast loss, throwing the future of the com
pany, the Macintosh, and (indirectly) the PowerPC into some doubt. 

Why, man, he doth bestride the narrow world 
Like a Colossus, and we petty men 
Walk under his huge legs and peep about 
To find ourselves dishonourable graves. 

(William Shakespeare, Julius Caesar) 
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Like Caesar, Intel dominates the narrow world of microprocessors. Its 
aggressive pricing of Pentium processors, along with its aggressive 
advertising to end users, and its aggressive rollout of new products drove 
the market and kept its factories humming, even as they transitioned from 
0.6-micron to 0.35-micron manufacturing processes, shrinjdng die size and 
increasing performance while lowering per-unit costs. Late in the year, 
Intel rolled out its Pentium Pro line, which offers impressive performance 
when used with 32-bit applications under Windows NT and somewhat 
less impressive performance in combination with 16-bit applications and 
Windows 3.1 or Windows 95. Intel's principal x86 competitors. Advanced 
Micro Devices and Cyrix, were unable to capitalize on this rare opportu
nity to gain a product advantage over Intel because they encountered 
delays in their own development programs for Pentium-class and Pen
tium Pro-class products. 

Intel also refused to give its RISC-based competitors any chance to catch 
their collective breatii. Its Pentium Pro closes and, in some cases, elimi
nates the performance gap between "personal computers" and "worksta
tions" and thus places increased price and margin pressure on vendors of 
the latter class of products. This pressure will only increase in 1996 and 
1997 as new personal computer architectural initiatives for enhanced I/O 
performance and 3-D computing enter the market. The PowerPC, often 
considered the principal challenger to the x86 compute monopoly, lost 
much momentum; its proponents were unable to match Intel's aggressive 
scaling of dock rates, microarchitectural enhancements, and platform 
enhancements during the year. 

Among the major system purveyors of non-x86 systems, only Digital 
Equipment Corporation and Hewlett-Packard showed signs of recogniz
ing and preparing to exploit the opportunities Microsoft's Windows NT 
environment will create over the intermediate term. Vendors ignore these 
opportunities at their own peril. Dataquest anticipates that an accelerating 
migration to Windows NT in 1996 and 1997 will drive a major round of 
hardware upgrades in commercial accounts. NT's "architectural neutral
ity" makes it possible, although never easy, for vendors to promote, and 
end users to deploy, mixed-platform environments. This, in turn, may 
allow end users to become more architecturally fickle, like their embedded 
microprocessor counterparts. (When was the last time an end user 
inquired about the microprocessors used within a car or a home appli
ance?) In the limiting case, architecture neutrality could make the compet
itive picture of the compute microprocessor market resemble that of the 
embedded market. Dataquest considers this to be an unlikely scenario. 

The Compute Microprocessor Market 
Of the 236.1 million microprocessors consumed across the world in 1995, 
only 71.1 million were lucky enough to end up in compute environments. 
These fortunate devices got to reside in envirorunents generally safe for 
htunan habitation and often engaged in a variety of tasks in their day-to
day activities. Their embedded counterparts, 164.5 million in all, resided 
in hot, dark engine compartments, dangerous factory machines, and in a 
variety of consumer devices. They encountered little variety in their daily 
activities and were often driven by programs stored in some form of read
only memory. 
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Although suppliers of compute microprocessors sold only 30 percent of all 
microprocessor units, they collected over 87 percent of all MPU revenue. 
To accomplish this, they charged over 16 times more for their average chip 
($177) than embedded vendors charged for their average device ($11). The 
fact that so many customers voluntarily (even eagerly, in some cases) paid 
these tolls says much about the value proposition offered by today's per
sonal computers. The lion's share (93 percent) of compute microprocessors 
are compatible with Intel's x86 architecture and run programs engineered 
for that standard. This has proven to be an insurmountable barrier for ven
dors offering architectural alternatives claimed to be superior to, but 
incompatible with, the x86 standard. Vendors that have chosen to adopt 
the x86 standard for their own designs must then outengineer, outmanu-
facture, and outmarket Intel, and this too has proven to be a difficult 
undertaking, at best. Dataquest believes that llie economic benefits that 
accrue to successful vendors in this market are too great to ignore and 
expects to see a continual series of challengers to Intel in future years. 

Table 2-1 and Figures 2-1,2-2,2-3, and 2-4 indicate the total size of the 
microprocessor market cjver the past three years, in terms of unit ship
ments and factory revenue. The reader will note the degree to which CISC 
processors sold into compute markets dominate the revenue generated in 
this market. 

Table 2-1 
The Microprocessor Market 

All Microprocessors 

Units (K) 

ASP ($) 

Revenue ($K) 

Compute Microprocessors 

Units (K) 

ASP ($) 

Revenue ($K) 

CISC Compute Microprocessors 

Units (K) 

ASP ($) 

Revenue ($K) 

RISC Compute Microprocessors 

Units (K) 

ASP ($) 

Revenue ($K) 

Embedded Microprocessors 

Units (K) 

ASP ($) 

Revenue ($K) 

1993 

172,520 

51 

8,860,303 

44,123 

173 

7,637,840 

43,236 

169 

7310,864 

887 

369 

326,976 

128,397 

10 

1,222,463 

1994 

191,437 

61 

11,603,980 

59,645 

172 

10,254,761 

56,557 

168 

9,473,351 

3,088 

253 

781,411 

131,792 

10 

1,349,219 

1995 

236,066 

61 

14,465,398 

71,590 

177 

12,650,237 

66,616 

173 

11,522,767 

4,974 

227 

1,127,470 

164,476 

11 

1,815,161 

Source: Dataquest (August 1996) 
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Figure 2-1 
Microprocessor Units by Compute versus Embedded Application 

150-

100-

50-

Millions of Units 

250-fl 

200-

Embedded 

Compute 

1993 1994 1995 
9649W 

Source: Dataquest (August 1996) 

Figure 2-2 
Microprocessor Factory Revenue by Compute versus Embedded Application 
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Source: Dataquest (August 1996) 
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Figure 2-3 
Compute Microprocessor Units Shipments by RISC versus CISC Architecture 

Source: Dataquest (August 1996) 

Tigure 2-4 
Compute Microprocessor Factory Revenue by RISC versus CISC Architecture 
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The CISC Compute Microprocessor Market in 1995 
The CISC approach to processor design encompasses most computer 
architectures developed before 1980 or their direct descendants, including 
the architecture of IBM's mainframes and Digital's VAX minicomputers. 
Early microprocessors, based on this design approach, got a head start in 
amassing a software base and have held onto that lead. The Intel x86 
(8086,286,..., Pentium, and Pentiimi Pro) and Motorola 68000 (68000, 
68010,68020,..., 68060, and derivatives) have become so numerous that 
they dwarf everything else in the market and are the only CISC compute 
MPUs, for all intents. In the mid-1980s, over 100 companies in Silicon Val
ley were rimiored to have been developing their own versions of 68000-
based systems running UNIX. Neither of tiKe two that emerged from that 
crop. Sun Microsystems and Silicon Graphics Inc., today uses the 68000 in 
its computational products. Apple remained the last and most important 
user of computational 68000s, and its conversion to the PowerPC, which 
will largely be complete by the end of 1996, marks the end of the 68000's 
life in computational markets. Table 2-2 and Figure 2-5 illustrate the extent 
to which the x86 design continues to dominate the CISC compute market. 
Table 2-3 provides a ranking by unit shipments of all suppliers of CISC 
compute MPUs. 

Table 2-2 
The CISC Compute Microprocessor Market 

x86 Compute 
Units (K) 
ASP($) 
Revenue ($K) 

68000 Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

CISC Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

1993 

37,863 
182 

6,887,740 

5,373 
79 

423,124 

43,236 
169 

7,310,864 

1994 

52,259 
177 

9,240,356 

4,298 
54 

232,995 

56,557 

168 
9,473351 

1995 

65,503 
175 

11,477,646 

1,113 
41 

45,120 

66,616 
173 

11,522,767 

Source: Dataquest (August 1996) 
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Figure 2-5 
The Demise of the 68000 Architecture in Compute Applications Is Nearly Complete 
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Source: Dataquest (August 1996) 

Table 2-3 
CISC Compute Microprocessor Supplier Rankings^ 1993-1995 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

1994 
Rank 

1 

2 

4 

6 

3 

5 

8 

7 

Intel 

Advanced Micro Devices 

Cyrix 

IBM 

Motorola 

Texas Instruments 

United Microelectronics Corp. 

Chips & Technologies 

All CISC Compute 

1993 
Units 

27,975 

6,790 

900 

872 

5,373 

1,200 

0 

126 

43,236 

1994 
Units 

38,440 

8,210 

2,382 

1,515 

4,298 

1,540 

25 

147 

56,557 

1995 
Units 

50,806 

9,482 

3,404 

1,685 

1,165 

116 

10 

0 

66,668 

Percentage 
Change 

32 

15 

43 

11 

-73 

-92 

-60 

-100 

18 

1995 
Market 

Share (%) 

76 

14 

5 

3 

2 

0 

0 

0 

100 

Source: Dataquest (August 1996) 
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The RISC Compute Microprocessor Market in 1995 
The mid-to-late 1980s saw the introduction and proliferation of new RISC 
designs, as system vendors sought to differentiate their microprocessor-
based designs via instruction-set architectures, much as they had done 
with the mainframes and minicomputers that preceded contemporary 
desktop systems. Today, the concept that any of these designs poses a seri
ous threat to the domination of the x86 architecture has largely been dis
counted. Unlike the CISC segment, where only the x86 survives, the RISC 
segment remains fragmented; this fragmentation allows several vendors 
to continue in the market, although none has a clear road to long-term 
success. Most of the architectural techniques that allowed early RISCs to 
easily surpass x86 performance have now been incorporated into the 
design of newer x86 chips, with corresponding performance benefits. In 
1996, RISC offers minor performance advantages over x86-based designs, 
but software migration issues have precluded any mass migration away 
from x86. Any vendor hoping to continue in the market with a proprietary 
microprocessor offering must offer a solution to the software migration 
issue. Digital appears to have aimed its FX!32 x86-to-Alpha translation 
utility directly at this problem. 

Table 2-4 and Figures 2-6 and 2-7 illustrate the current state of the RISC 
compute market. The PowerPC now represents over 60 percent of this 
market, based on its use in the Macintosh line. PowerPC deployment has 
grown rapidly within Apple's ii^stalled base. As this user community com
pletes its migration, the PowerPC must attract new customers. IBM and 
Motorola have taken slightly different approaches to this problem, which 
must be solved to ensure the long-term success of the architecture. 

Table 2-5 provides a ranking of all suppliers that have participated in the 
RISC compute marketplace over the past three years. IBM leads this cate
gory, based on its early involvement with the PowerPC. (The PPC 601 
used in Apple's initial generation of Power Macintoshes was manufac
tured only by IBM. The second-generation Power Macintosh products use 
the PPC 603, manufactured by both companies.) The competition between 
IBM and Motorola for the single major customer for PowerPC devices 
caused significant erosion in PowerPC average selling prices in 1995; 
Dataquest expects this to continue in 1996. 
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Table 2-4 
The RISC Compute Market by Architectural Family 

PowerPC Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

SPARC Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

Alpha Compute 
Units (K) 
ASP($) 
Revenue ($K) 

MIPS Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

PA-RISC Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

RISC Compute 
Units (K) 
ASP ($) 
Revenue ($K) 

1993 

75 
390 

29,250 

408 
350 

142,800 

30 
650 

19,500 

249 
340 

84,660 

125 
406 

50,766 

887 

369 
326,976 

1994 

2,000 
224 

447,471 

590 
280 

165,200 

65 
475 

30,875 

258 
280 

72,240 

175 
375 

65,625 

3,088 
253 

781,411 

1995 

3,371 

205 
691,055 

715 
275 

196,625 

165 
350 

57,750 

498 
230 

114,540 

225 
300 

67,500 

4,974 
227 

1,127,470 
Source: Dataquest (August 1996) 
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Figure 2-6 
The RISC Compute Market by Architectural Family 
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Figure 2-7 
RISC Compute Factory Revenue by Architectural Family 
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Table 2-5 
RISC Compute Microprocessor Supplier Rankings, 1993-1995 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1994 
Rank 

1 

9 

2 

3 

4 

12 

7 

8 

6 

5 

10 

11 

13 

14 

IBM 

Motorola 

Texas Instruments 

Fujitsu 

NEC 

Hewlett-Packard 

Digital Equipment Corporation 

Integrated Device Technology 

Toshiba 

Intel 

Weitek 

Cypress Semiconductor 

LSI Logic 

Performance Semiconductor 

All RISC Compute 

1993 
Units 

75 
71 

275 

78 

95 

0 

30 

64 

61 

70 

30 

25 

25 

4 

903 

1994 
Units 

2,000 

32 

400 

180 

120 

0 

65 

64 

74 

85 

10 

0 

0 

0 

3,030 

1995 
Units 

2,121 

1,250 

445 

270 

268 

225 

165 

125 

105 

0 

0 

0 

0 

0 

4,974 

Percentage 
Change 

6 

3,806 

11 

50 

123 

NM 

154 

95 

42 

-100 

-100 

NM 

NM 

NM 

64 

1995 
Market 

Share (%) 

43 

25 

9 

5 

5 

5 

3 

3 

2 

0 

0 

0 

0 

0 

100 

NM = Not meaningful 
Source: Dataquest (August 1996) 
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Chapter 3 

The Years That Will Be. 

The Compute Microprocessor Marlcet through the Turn of the Century 
Dataquest estimates that the market for compute microprocessors will 
more than double between 1995 and the year 2000, to more than 155,000 
units sold for $30 billion. Compute microprocessors will continue to gar
ner over 90 percent of microprocessor revenue, although they account for 
less than half of unit shipments. 

Key Assumptions 
• Worldwide personal computer shipments will increase from 60 million, 

as measured by Dataquest in 1995, to 130 million in 2000. PC ASPs will 
continue to fall in the range of $1,500 to $2,000. 

• New applicatioiis will continue to drive demand for higher-perfor
mance systems, with most users upgrading their systems every two to 
three years. The concept that demand for increased computing perfor
mance is essentially insatiable is central to the continued growth of the 
market. 

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

• Intel will introduce its P7 design (the Merced) 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 slowly lose market share as current cus
tomers defect to the Wintel platform while fewer Wintel customers 
migrate to Macintosh. 

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

• Hewlett-Packard will successfully transition its PA-RISC customers to 
P7-based platforms, running either HP-UX or Windows NT, beginning 
in 1998. The PA-8000 and its derivatives will be the last dedicated PA-
RISC platforms. 

• Shipments of Digital's Alpha-based products will grow more rapidly 
than the overall market, based on Alpha's performance advantages and 
its ability to run most x86 applications with good performance. 
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The Compute Microprocessor Market Forecast: 1996-2000 
Table 3-1 and Figures 3-1 and 3-2 look at the split in unit shipments and 
revenue between the compute and embedded segments of the total MPU 
market. 

Table 3-1 
Forecast of the Microprocessor Market by Compute versus Embedded Applications 

All Compute 

Units (K) 

ASP (S) 

Revenue ($K) 

All Embedded 

Units (K) 

ASP (S) 

Revenue ($K) 

All Microprocessors 

Units (K) 

ASP (S) 

Revenue ($K) 

1993 

44,123 

173 

7,637,840 

128,397 

10 

1,222,463 

172,520 

51 

8,860,303 

1994 

59,645 

172 

10,254,761 

131,792 

10 

1,349,219 

191,437 

61 

11,603,980 

199S 

71,590 

177 

12,650,237 

164,476 

11 

1,815,161 

236,066 

61 

14,465,398 

1996 

85,282 

179 

15,250,583 

164,576 

11 

1,872,615 

249,858 

69 

17,123,198 

1997 

98,722 

188 

18,546,745 

180,233 

12 

2,096,919 

278,955 

74 

20,643,664 

1998 

114,781 

194 

22,217,740 

203,296 

12 

2,393,482 

318,077 

77 

24,611,221 

1999 

133,702 

196 

26,260,107 

228,998 

12 

2,762,319 

362,700 

80 

29,022,426 

2000 

155,475 

196 

30,471,498 

262,054 

12 

3,219,450 

417,529 

81 

33,690,948 

CAGR (%) 
1995-2000 

17 

2 

19 

10 

2 

12 

12 

6 

18 

Source: Dataquest (August 1996) 

Figure 3-1 
Forecast of Microprocessor Units by Compute versus Embedded Application 
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I 

I 

Figure 3-2 
Forecast of Microprocessor Factory Revenue by Compute versus Embedded Application 

Millions of U.S. Dollars 
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Source: Dataquest (August 1996) 

Table 3-2 and Figures 3-3 and 3-4 project compute microprocessor ship
ments by major architectural family and show that x86 designs continue to 
dominate during the period. The conversion of Apple's Macintosh base 
from CISC to RISC causes Dataquest to project that the RISC portion of the 
overall mix will grow to 8 percent in units and 9 percent in revenue in 
1996. Then, as the Macintosh base grows more slowly than the overall 
market, RISC slides to 5 percent of the units and revenue by the year 2000. 

Average selling prices (ASPs) for compute microprocessors will continue 
to inch upward as these devices incorporate more of the functions previ
ously handled by separate chips within the computing system. It is a given, 
that new devices will be faster tiian their predecessors and little more 
expensive to build. These properties enable the market to continue grow
ing beyond the point where the installed base of systems exceeds the user 
population. ASPs for RISC compute microprocessors have tended to 
decrease over the past several years and will continue in this direction. 
Dataquest expects CISC and RISC ASPs to meet (at about $200 in 1998), 
with CISC (that is, x86) increasing beyond that point, while RISC contin
ues to decrease. Figure 3-5, based on data in Table 3-2, illustrates this 
phenomenon. 

} 
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Table 3-2 
Forecast of the Compute Microprocessor Market by Architectural Family 

x66 Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

68000 Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

PowerPC Compute 

Units (K) 

ASP (S) 

Revenue ($K) 

1993 

37,863 

182 

6,887740 

5,373 

79 

423,124 

75 

390 

29,250 

Other RISC Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

CISC Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

RISC Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

Total Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

812 

367 

297,726 

43,236 

169 

7,310,864 

887 

369 

326,976 

44,123 

173 

7,637,840 

1994 

52,259 

177 

9,240,356 

4,298 

54 

232,995 

2,000 

224 

447,471 

1,088 

307 

333,940 

56,557 

168 

9,473,351 

3,088 

253 

781,411 

59,645 

172 

10,254,761 

1995 

65,503 

175 

11,477,646 

1,113 

41 

45,120 

3,371 

205 

691,055 

1,603 

272 

436,415 

66,616 

173 

11,522,767 

4,974 

227 

1,127,470 

71,590 

177 

12,650,237 

1996 

78,204 

177 

13,857,269 

624 

37 

23,180 

4,626 

195 

901,001 

1,827 

257 

469,133 

78,828 

176 

13,880,449 

6,453 

212 

1,370,134 

85,282 

179 

15,250,583 

1997 

91,701 

187 

17,181,820 

366 

41 

14,943 

4,729 

187 

884,182 

1,926 

242 

465,799 

92,067 

187 

17,196,763 

6,655 

203 

1,349,982 

98,722 

188 

18,546,745 

1998 

107,349 

194 

20,819,300 

253 

48 

12,244 

5,173 

181 

938,062 

2,007 

223 

448,133 

107,602 

194 

20,831,544 

7,179 

193 

1,386,195 

114,781 

194 

22,217,740 

1999 

125,773 

197 

24,821,268 

218 

54 

11,822 

5,542 

178 

984,965 

2,169 

204 

442,052 

125,991 

197 

24,833,090 

7,711 

185 

1,427,017 

133,702 

196 

26,260,107 

2000 

146,982 

197 

28,975,890 

193.07 

62 

11,993 

5,773 

176 

1,015,746 

2,527 

185 

467,870 

147,175 

197 

28,987,883 

8,300 

179 

1,483,615 

155,475 

196 

30,471,498 

CAGR (%) 
1995-2000 

18 

2 

20 

-30 

9 

-23 

11 

-3 

8 

10 

-7 

1 

17 

3 

20 

11 

-5 

6 

17 

2 

19 

Source: Dataquest (August 1996) 
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Figure 3-3 
Forecast of Compute Microprocessor Units by Architectural Family 
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Figure 3-4 
Forecast of Compute Microprocessor Factory Revenue by Architectural Family 
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Figure 3-5 
Forecast of Compute Microprocessor ASP by RISC versus CISC Architecture 
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The CISC Compute Microprocessor Market Forecast: 1996-2000 

Market Trends 
CISC architectures—the x86 and the 68000—^will continue to dominate the 
microprocessor landscape through the forecast period. The 32-bit x86 pro
cessors, primarily Pentium and Pentium Pro from Intel, account for the 
vast majority of compute microprocessors, while 16-bit x86 processors 
retain an important, but slowly eroding, portion of the embedded market. 
During this period, the 68000 continues as a strong player in embedded 
markets. 

Tables 3-3 and 3-4 and Figures 3-6 and 3-7 provide a view of the total CISC 
MPU market, including both compute and embedded application seg
ments. The x86 and (to a lesser extent) 68000 span both segments; the other 
8-bit, 16-bit, and 32-bit CISC architectures continue only in embedded 
applications. 

In the early part of the forecast period, 586-class processors dominate the 
computational landscape (see Table 3-5). Intel's Pentium Pro design will 
begin to proliferate in tiie mass market in 1997, and, by 1999, it will consti
tute the majority of Intel's processor shipments. Other x86 vendors, 
notably Cyrix and AMD, plan to use the current Pentixun bus design for 
their next-generation products and thus are classified by Dataquest as 586-
class rather than 686-class processors. As a result of this classification, 
Dataquest expects the 586-class market to continue beyond the normal x86 
generation's life span, and ASPs for computational products in this class 
will erode more slowly than has typically been the case for "prior-genera
tion" processors. If Cyrix and AMD deliver on their promises, users will 
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Table 3-3 
Shipment Forecast of the CISC Microprocessor Market by Architectural Family 
(Thousands of Units) 

x86 
68000 
Other 32-Bit CISC 
Other 16-Bit CISC 
Other 8-Bit CISC 

Total CISC 

1995 
99,109 
54,446 

2,514 
673 

52,125 
208,867 

1996 
112,855 
56,100 

1,131 
303 

44,306 
214,695 

1997 
129,979 
64,470 

679 
182 

41,311 
236,620 

1998 
149,763 
75,548 

407 
109 

41,180 
267,007 

1999 
172,818 

89,473 
244 

76 
38,113 

300,726 

2000 
198,320 
105,742 

147 

53 
35,355 

339,618 

CAGR (%) 
1995-2000 

15 
14 

-43 
-40 

-7 
10 

Source: Dataquest (August 1996) 

Table 3-4 
Revenue Forecast of the CISC Microprocessor Market by Architectural Family 
(Thousands of U.S. Dollars) 

x86 
68000 
Other 32-Bit CISC 
Other 16-Bit CISC 
Other 8-Bit CISC 

Total CISC 

1995 
11333,548 

495,524 
55,308 
4,866 

294,418 
12,683,664 

1996 
14,191,798 

501,020 
25,137 

2,212 
300,307 

15,020,474 

1997 
17,571,287 

597,718 
15,837 

1,393 
276,146 

18,462,381 

1998 
21,272,891 

736,484 
9,977 

878 
269,559 

22,289,789 

1999 
25,346,978 

933,310 
6,286 

645 
243,693 

26,530,912 

2000 
29^53,103 
1,173,667 

3,960 
474 

220,765 
30,951,968 

CAGR (%) 
1995-2000 

20 
19 

-41 
-37 

-6 
20 

Source: Dataquest (August 1996) 

Figure 3-6 
Shipment Forecast of the CISC Microprocessor Market by Architectural Family 

Thousands of Units 
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Figure 3-7 
Revenue Forecast of the CISC Microprocessor Market by Architectural Family 

Millions of U.S. Dollars 
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Source: Dataquest (August 1996) 

have a choice of pursuing increased performance via entirely new plat
forms (using Pentivun Pro technology) or via extensions and upgrades to 
existing platforms based on the Pentium processor. Figures 3-8 and 3-9 
show Dataquest's forecast of the x86 compute microprocessor market. 

The average selling price for x86 compute microprocessors has inched 
up over the years, and Dataquest expects this trend to continue (see 
Figure 3-10). Many observers are puzzled by the seeming paradox of prod
uct prices that fall rapidly, accompanied by an overall increase in average 
price. This is not a paradoxical as it might seem; there has been a long-
term shift to users moving up and buying products in the middle and high 
end of the line instead of the low end, and this shifting mix drives the ASP 
higher. This effect is consistent with survey data that indicates that first-
time computer buyers often buy on price, but when the same users 
become more knowledgeable and purchase follow-on systems, they tend 
to be more sensitive to features and performance. 
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Table 3-5 
Forecast of the x86 Compute Microprocessor Market 

386 Class 

Units (K) 

ASP ($) 

Revenue ($K) 
486 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

586 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

686 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

786 Class 

Units (K) 

ASP ($) 

Revenue ($K) 

Total x86 Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

1993 

6,366 

33 

209,293 

31,172 

206 

6,415,198 

325 

810 

263,250 

0 

0 

0 

0 

0 

0 

37,863 

182 

6,887,740 

1994 

3,632 

23 

82,860 

43,587 

147 

6,385,496 

5,040 

550 

2,772,000 

0 

0 

0 

0 

0 

0 

52,259 

177 

9,240,356 

1995 

290 

20 

5,771 

31,904 

68 

2,169,472 

33,214 

278 

9,216,904 

95 

900 

85,500 

0 

0 

0 

65,503 

175 

11,477,646 

1996 

0 

0 

0 

7,976 

44 

352,539 

66,428 

173 

11,521,130 

3,800 

522 

1,983,600 

0 

0 

0 

78,204 

177 

13,857,269 

1997 

0 

0 

0 

1,994 

33 

66,101 

63,107 

108 
6,840,671 

26,600 

386 

10,275,048 

0 

0 

0 

91,701 

187 

17,181,820 

1998 

0 

0 

0 

499 

27 

13,220 

47,330 

65 

3,078,302 

58,520 

286 

16,727,778 

1,000 

1,000 

1,000,000 

107,349 

194 

20,819,300 

1999 

0 

0 

0 

0 

0 

0 

40,231 

39 

1,569,934 

65,542 

214 

14,051,334 

20,000 

460 

9,200,000 

125,773 

197 

24,821,268 

2000 

0 

0 

0 

0 

0 

0 

34,196 

24 

827,355 

70,786 

163 

11,533,335 

42,000 

396 

16,615,200 

146,982 

197 

28,975,890 

CAGR (%) 
1995-2000 

-100 

-100 

-100 

-100 

-100 

-100 

1 
-39 
-38 

275 

-29 

167 

NM 
NM 
NM 

18 

2 
20 

NM = Not meaningful 
Source: Dataquest (August 1996) 

Figure 3-8 
Shipment Forecast of the x86 Compute Microprocessor Market 

Thousands of Units 
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Figure 3-9 
Revenue Forecast of the x86 Compute Microprocessor Market 

Millions of U.S. Dollars 
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Figure 3-10 
Overall x86 Compute Family ASP Continues to Rise as ASPs for Individual Products 
Erode Dramatically 
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The RISC Compute Microprocessor Market Forecast: 1996-2000 
The RISC compute segment is entering a period of consolidation and attri
tion. Strong unit growth will continue in 1996 as Apple completes the con
version of its entire Macintosh line from the 68000 CISC architecture to the 
PowerPC. Dataquest anticipates that once this conversion is complete, 
growth in PowerPC units will drop below the market average, resulting in 
a slowly eroding market share. Similarly, unit shipments of proprietary 
RISC compute microprocessors will also be below the market average. 
Users already committed to these platforms will continue to purchase 
additional uruts to support increased user populations and greater perfor
mance requirements. Occasionally, a group of users will opt to switch from 
its preferred RISC platform to a Wintel-based standard. Far fewer, if any, 
users committed to the Wintel platform will switch to a RISC environ
ment; thus, the RISC segment will slowly shrink as it loses stalwart sup
porters and attracts few replacements. This trend will accelerate as 
software developers place more of their attention on high-volume main
stream architectures, causing the RISC environments to become even less 
compelling. 

Table 3-6, Figures 3-11 and 3-12, and Figure 3-6, shown above, illustrate 
Dataquest's somewhat gloomy scenario for the gradual disappearance of 
the RISC compute market. As RISC loses its performance advantage rela
tive to x86 architectures, its ASF will slowly fall until the ASP of the aver
age RISC compute processor converges with that of the average CISC 
compute processor; about $200, at the end of 1997. Thereafter, RISC ASPs 
will fall below those of CISC (x86) processors in computational applica
tions, reflecting both the performance parity between tiKe two approaches 
and the lack of applications software available on the RISC platforms. 

Table 3-6 
Forecast of the RISC Compute Microprocessor Market 

PowerPC Compute 

Units (K) 

ASP($) 

Revenue ($K) 

Other RISC Compute 

Units (K) 

ASP ($) 

Revenue ($K) 

All RISC Compute 

Units (K) 

ASP($) 

Revenue ($K) 

1995 

3,371 

205 

691,055 

1,603 

272 

436,415 

4,974 

227 

1,127,470 

1996 

4,626 

195 

901,001 

1,827 

257 

469,133 

6,453 

212 

1,370,134 

1997 

4,729 

187 

884,182 

1,926 

242 

465,799 

6,655 

203 

1349,982 

1998 

5,173 

181 

938,062 

2,007 

223 

448,133 

7,179 

193 

1,386,195 

1999 

5,542 

178 

984,965 

2,169 

204 

442,052 

7,711 

185 

1,427,017 

2000 

5,773 

176 

1,015,746 

2,527 

185 

467,870 

8,300 

179 

1,483,615 

CAGR (%) 
1995-2000 

11 

-3 

8 

10 

-7 

1 

11 

-5 

6 

Source: Dataquest (August 1996) 
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Figure 3-11 
Shipment Forecast for the RISC Compute Microprocessor Market 
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Figure 3-12 
Revenue Forecast for the RISC Compute Microprocessor Market 

Millions of U.S. Dollars 
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Appendix A 

Methodology 
Dataquest surveys microprocessor suppliers to gain information regard
ing their microprocessor shipments and the revenue generated by ^ese 
shipments. Our revenue survey captures sales by major product line; 
because these lines can easily be classified as CISC or RISC, we have the 
ability to report market share as measured by revenue along this classifica
tion. It is far more difficult to identify processor revenue by compute ver
sus ernbedded application segment, especially when a product (like many 
x86 MPUs) is sold into both segments. Often, the suppliers themselves 
cannot identify the market segment into which their product is sold. 

Dataquest does not automaticaUy classify all x86 microprocessors sold in 
personal computers as compute microprocessors. Rather, the intended use 
of the personal computer system determines this decision. We consider 
personal computers embedded In various manufacturing automation, 
retail automation, and communications applications to be embedded 
rather than computational applications and categorize the processors in 
such systems accordingly. 

The difficulty in reliably identifying the ultimate market for a given pro
cessor precludes our ability to collect meaningful revenue data by applica
tion segment. We do, however, capture tmit shipment data by application 
segment. We incorporate both sets of data in our overall market armlysis, 
but we are unable to translate vendor market shares in specific application 
segments, as measured in units, into market shares measured by revenue 
for those same segments, since average selling prices vary considerably by 
segment. 
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Appendix B 

Factory Revenue for Vendors of 32-Bit CISC 
Microprocessors . ^ . ^ . - ^ ^ . . ^ . . . . 

Table B-1 and Fig:ure B-1 provide Dataquest's estimates of factory revenue 
generated by sales of 32-bit CISC microprocessors to both compute and 
embedded application segments. Figure B-2 shows changes in market 
share from 1994 to 1995. 

Table B-1 
Rankings of Vendors of 32-Bit CISC Microprocessors (Thousands of 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 Corp. 
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 

9,763 
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 
-9 

-15 
-8 

NA 
-8 

-27 
2 

50 
40 

NA 
40 
27 

-67 
-100 
NA 

23 
16 
40 
50 
23 

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 

NA 

99.5 
0.3 
0.1 
0.1 

100.0 

NA = Not available 
Source: Dataquest (August 1996) 
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Figure B-1 
CISC Microprocessor Supplier Revenue, 1994-1995 

Thousands of U.S. Dollars 
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Figure B-2 
Market Share Analysis of CISC Microprocessor Suppliers by Revenue 
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Appendix C 

Factory Revenue for Vendors of RISC Microprocesson 
Table C-1 and Figure C-1 provide Dataquest's estimates of factory revenue 
generated by sales of RISC microprocessors to both compute and embed
ded application segments. Figure C-2 shows changes in market share from 
1994 to 1995. 

Table C-1 
Rankings of Vendors of RISC Microprocessors (Thousands of 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 

AU 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 

13 

18 

471 

71 

147 

-8 

34 

45 

24 

37 

-29 

40 

86 

-50 

33 

NA 

57 

71 

25 

NA 

58 

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 

NA = Not available 
Source: Dataquest (August 1996) 
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Figure C-1 
RISC Microprocessor Supplier Revenue, 1994-1995 

Thousands of U.S. Dollars 
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Figure C-2 
Market Share Analysis of RISC Microprocessor Suppliers by Revenue 

Thousands of U.S. Dollars 
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Figure 5-2 
Worldwide PC Semiconductor Consumption by Product Type (Percentage) 

1995 
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{Excluding Handheld) 
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Total = $39.1 Billion 
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Table 5-1 
Worldwide PC Production and Semiconductor Market 
(Less Peripherals; Includes Standard Handhelds) 

Complete PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Desktop/Deskside 
PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

1994 

48,284 

1.98 

95,775 

490 

23,678 

39,252 

1.88 

73,937 

1995 

60,652 

2.06 

125,027 

574 

34,836 

50,259 

1.95 

98,000 

19% 

72,262 

2.06 

148,544 

497 

35,941 

59,043 

1.99 

117,575 

1997 

85,544 

2.07 

177,288 

485 

41,481 

69,651 

2.01 

139,907 

1998 

100,030 

2.05 

205,106 

507 

50,704 

80,847 

2.01 

162,558 

1999 

116,530 

2.01 

234,805 

505 

58,855 

93,610 

1.99 

186,484 

2000 

136,752 

1.95 

266,046 

539 

73,761 

108,012 

1.95 

210,500 

CAGE (%) 
1995-2000 

17.7 

-1.2 

16.3 

-1.2 

16.2 

16.5 

0 

16.5 

(Continued) 
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Table 5-1 (Continued) 
Worldwide PC Production and Semiconductor Market 
(Less Peripherals; Includes Standard Handhelds) 

Source: Dataquest (June 1996) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Mobile PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Additional Motherboards 

Units (K) 
Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Total Production 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

19H 

519 

20,368 

9,032 

2.42 

21,838 

366 

3,310 

4,404 

1.18 

5,178 

519 

2,285 

52,689 

1.92 

100,952 

493 

25,963 

1995 

605 

30,417 

10,394 

2.60 

27,026 

425 

4,420 

7,036 

1.00 

7,018 

605 

4,258 

67,688 

1.95 

132,044 

578 

39,094 

1996 

519 

30,667 

13,219 

2.34 

30,970 

399 

5,275 

8,266 

0.82 

6,805 

519 

4,294 

80,528 

1.93 

155,350 

500 

40,235 

1997 

502 

34,949 

15,893 

2.35 

37,381 

411 

6,532 

9,752 

0.69 

6,776 

502 

4,893 

95,296 

1.93 

184,064 

487 

46,375 

1998 

531 

42,931 

19,183 

2.22 

42,548 

405 

7,774 

11,318 

0.70 

7,889 

531 

6,010 

111,348 

1.91 

212,996 

509 

56,715 

1999 

536 

50,213 

22,920 

2.11 

48,321 

377 

8,642 

13,105 

0.68 

8,957 

536 

7,030 

129,635 

1.88 

243,762 

508 

65,885 

2000 

582 

62,887 

28,741 

1.93 

55,546 

378 

10,874 

15,121 

0.76 

11,422 

582 

8,804 

151,873 

1.83 

277,468 

544 

82,565 

CAGR (%) 
1995-2000 

'0.8 

15.6 

22.6 

-5.8 

15.5 

-2.3 

19.7 

16.5 

-5.4 

10.2 

-0^; 

15.6 

17.5 

-1.3 

16.0 

-1.2 

16.1 
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Chapter 1 

Executive Summary 
The PC market and semiconductor markets are inherently linked by the 
simple fact that PCs consume more semiconductors than any other single 
application. The growth of the semiconductor market depends on a robust 
PC market just as the PC market depends on new semiconductor devices 
to differentiate the latest models from older designs. This relationship is 
symbiotic—profits from the semiconductor industry are funneled back 
into product and process development, driving more features and more 
performance into nucroprocessors, graphics chips, memory devices and 
all the other semiconductor devices in PCs. 

The PC market, including motherboards and handheld PCs, is forecast to 
grow at a cumulative armual growth rate of 16.3 percent on a revenue 
basis from 1995 to the year 2000, with Japan and Asia/Pacific exhibiting 
higher growth than other regions. The semiconductor content of that total 
PC market, including motherboards and handheld PCs, is forecast to grow 
at a 16.1 percent cumulative annual growth rate for the same period. So 
the semiconductor content of the typical PC will remain steady as a per
centage of factory selling price. 

This document provides market data, market forecasts, and market trend 
information for both the PC market and the PC semiconductor market. 
Chapter 2 provides an introduction and discussion of methodology. 
Chapter 3 provides Dataquest's latest PC forecast with breakouts by form 
factor, regional demand, and microprocessor type. Chapter 4 provides 
trend information about the semiconductor market for PCs and worksta
tions. Chapter 5 has market size and forecast information for the PC and 
workstation semiconductor markets. Chapter 6 provides market forecast 
and semiconductor content information about several standard input/ 
output (I/O) peripherals. 
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Chapter 2 

Introduction and Methodology 
This document is the third in a series of four that provide reference irvfor-
mation and analysis about the markets for semiconductor devices in per
sonal computers. The four books cover graphics controllers, core logic 
chipsets, microprocessors, and an overview that includes a model of total 
semiconductor content for PCs. Specific areas of information include: 

• PC system market size (in production terms) in revenue, units, and 
average selling price (ASP) 

• PC system market and product feature trends 

• Hardware architecture trends and semiconductor device opportunities 

• Semiconductor content and market forecast 

• Listings of key OEMs 

The information in this report is gathered from both primary and second
ary sources. Primary sources include surveys and interviews of industry 
vendors and customers, as well as analyst knowledge and opinions. Sec
ondary sources include government and trade sources on sales, produc
tion, trade, and public spending. Semiconductor content assumptions are 
based on both surveys of producing OEMs and physical teardown evalua
tions by Dataquest analysts of representative personal computers. 

The forecast methodology is based on various methods and assumptions, 
depending on the specific market. To form a solid basis for projecting sys
tem demand and capital, government, and consumer spending, assump
tions are made for various regions of the world. For specific markets, 
saturation and displacement dynamics are considered as well. Key exoge
nous factors such as new software introductions, exchange rate changes 
and government policies are also considered. Semiconductor content fore
casts are based on interviews of system marketers and designers (includ
ing makers of enabling semiconductor technology), along with an analysis 
of historical trends. 

Project Analyst: Geoff Ballew 
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Chapter 3 

Personal Computer and Workstation M a r k e t s ^ ^ ^ ^ _ 

Market and Production Trends 

Personal Computers 
Market and production trends in PCs and workstations are as follows: 

• Although notebook and subnotebook computers have enjoyed strong 
growth, desktop systems will continue to dominate the computing plat
form because of their lower manufacturing costs, their ability to handle 
robust configurations with large amounts of storage, and their role in 
offering the fastest and latest computing technologies. 

• Notebooks have enjoyed solid unit growth and even higher revenue 
growth because of their ability to replicate desktop environments. 
Larger LCDs, bigger hard disks and integrated CD-ROM drives con
tinue to narrow the performance gap between desktop and notebook 
PCs. 

• Ultraportable and notepad shipments continue to grow but may be sur
passed by handheld PCs as the second-largest mobile category, behind 
notebooks. 

• Shipments of laptops and transportable units declined again for 1995 
but are forecast to remain steady in terms of unit volume through the 
forecast period. 

• In the world of mobile computing, handheld devices continue to 
promise function and mobility but face size, weight, and cost issues. 
Dataquest has defined two categories for these handheld devices, but 
oiUy tihe handheld computer category is covered in this document. 

Q Expandable organizers: These are computers that typically measure 
3.0 X 6.0 X 0.75 inches and weigh less than a pound. They are distin
guished by their ability to allow the user to add applications and 
memory and by the fact that expansion is proprietary to a particular 
device or family. The operating systems typically are proprietary. 
The market for these devices is expected to peak at more than 0.5 mil
lion unit shipments in 1995 and then slowly shrink to fewer than 
0.4 million by 1999. 

a Handheld computers: These devices typically measure 4.0 x 7.0 x 1.0 
inches and weigh about one pound. They are distinguished from 
expandable organizers by their adherence to hardware and software 
compatibility standards. The operating systems are open and 
licensed, and application development and memory expansion are 
open to third-party developers and may be distributed in a standard 
format (such as PCMCIA). Personal digital assistants (PDAs) fall into 
this category. 
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• Strong growth in the worldwide home PC market will continue across 
all regions of the world except for the U.S. home market, which shows 
early signs of saturation. Price elasticity is a key issue in reaching lower-
income homes in all regions of the world. 

• Microsoft's Windows 95 operating system was launched in the second 
half of 1995 with actual product sales beginning on August 24. Its most 
significant impact on hardware is the need to upgrade to 16MB of main 
memory. 

• Emerging markets and regions will account for a sharply increased pro
portion of shipments by 1998. 

• The multimedia PC market continued its torrid growth in 1995. Ship
ments of complete multimedia systems doubled from 1994 to 1995, 
reaching 20.9 million shipments. 

• Major PC manufacturers will continue to place a strong emphasis on the 
branding of PCs. 

• Manufacturing strategies are dictated by economies of scale, with 
strong influence from free trade zones, the availability of components, 
and the quality and price of labor. For desktop PCs, the trend is toward 
assembling units close to the end market or at least having the final con
figuration (including CPU and main memory installation) executed on 
demand close to the end market. For mobile PCs, production is largely 
focused in Japan and other Asian countries. A rising tide of OEM note
books from Taiwanese vendors wiU maintain Asia/Pacific's growing 
influence on the mobile PC market. 

• Motherboard production will depend more heavily on the Asia/Pacific 
region as suppliers regain some of the market share they lost because of 
Intel's rapid growth in the motherboard business in 1994 and 1995. 

Figures 3-1 to 3-3 and Tables 3-1 to 3-7 present Dataquest's worldwide PC 
market forecasts. Figure 3-4 shows the regional variation in markets from 
1994 to 2000. 

OEMs 
Tables 3-8 and 3-9 list the key OEMs ranked by revenue and unit shipment 
market share. Compaq retained the No. 1 spot despite fierce competition 
from the smaller OEMs but lost just a bit of market share on a revenue 
basis. Compaq faces a challenge in keeping the top spot for 1996 because 
the merger between NEC and Packard Bell has created a larger competitor. 
The combined shipments of NEC and Packard Bell make the new com
pany the largest PC company in the world, based on 1995 unit shipments. 
Hewlett-Packard posted the largest gain in market share of all of the top 10 
OEMs with the rapid growth of its Pavilion line of multimedia PCs. 
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Figure 3-1 
Worldwide Personal Computer Shipments by Microprocessor Type 
(Includes OEM PCs and Additional Motherboards; Excludes Handheld Computers) 
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Figure 3-2 
Worldwide Desktop/Deskside Personal Shipments by Microprocessor Type 
(Includes OEM PCs and Additional Motherboards) 
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Figure 3-3 
Worldwide Mobile Personal Computer Shipments by Microprocessor Tj^pe 
(Excludes Handheld Computers) 
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Table 3-1 
Worldwide Personal Computer Market by Product Type" 

• 

Product Type 

Desktop/Deskside 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Transportable/Laptop 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Notebook/Tablet 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

1994 

39,252 

1.88 

73,937 

166 

6.25 

1,035 

7,480 

2.49 

18,653 

1995 

50,259 

1.95 

98,000 

44 

5.41 

240 

8,649 

2.71 

23,464 

1996 

59,043 

1.99 

117,575 

42 

6.35 

269 

11,116 

2.44 

27,119 

1997 

69,651 

2.01 

139,907 

45 

5.90 

263 

13,049 

2.47 

32,283 

1998 

80,847 

2.01 

162,558 

44 

5.52 

243 

14,965 

2.37 

35,531 

1999 

93,610 

1.99 

186,484 

43 

5.53 

240 

16,709 

2.34 

39,055 

2000 

108,012 

1.95 

210,500 

43 

5.26 

224 

18,979 

2.31 

43,804 

CAGR (%) 
1995-2000 

16.5 

0 

16.5 

-0.9 

-0.6 

-1.4 

17.0 

-3.2 

13.3 

(Continued) 
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Table 3-1 (Continued) 
Worldwide Personal Computer Market by Product Type* 

Product Type 

Ultraportable/ Notepad 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Handheld 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Additional Motherboards 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Total PC (Including 
Handheld and Additional 
Motherboards) 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Workstation 

Units (K) 

ASP ($) 

Factory Revenue ($M) 

1994 

997 

1.84 

1,832 

390 

0.82 

318 

4,404 

1.18 

5,178 

52,689 

1.92 

100,952 

735 

15.06 

11,070 

1995 

1,219 

2.49 

3,034 

481 

0.60 

289 

7,036 

1.00 

7,018 

67,688 

1.95 

132,044 

841 

15.79 

13,287 

1996 

1,450 

2.24 

3,246 

611 

0.55 

336 

8,266 

0.82 

6,805 

80,528 

1.93 

155,350 

937 

15.08 

14,133 

1997 

1,950 

2.26 

4,411 

850 

0.50 

425 

9,752 

0.69 

6,776 

95,296 

1.93 

184,064 

1,027 

14.64 

15,036 

1998 

2,838 

2.18 

6,173 

1,336 

0.45 

601 

11,318 

0.70 

7,889 

111,348 

1.91 

212,996 

1,105 

14.42 

15,936 

1999 

3,816 

2.12 

8,085 

2,352 

0.40 

941 

13,105 

0.68 

8,957 

129,635 

1.88 

243,762 

1,204 

14.16 

17,050 

2000 

4,667 

2.09 

9,750 

5,052 

0.35 

1,768 

15,121 

0.76 

11,422 

151,873 

1.83 

277,468 

1307 

13.75 

17,975 

CAGR (%) 
1995-2000 

30.8 

-3.4 

26.3 

60.0 

-10.2 

43.7 

16.5 

-5.4 

10.2 

17.5 

-1.3 

16.0 

9.2 

-2.7 

6.2 

*ASP and factory revenue include standard peripherals and memory upgrades Installed by the factory or PC assembler. 
Source: Dataquest (April 1996) 
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Table 3-2 
Worldwide Personal Computer Shipments by Microprocessor Type (Thousands of 
Units) (Includes Additional Motherboards; Excludes Handheld Computers) 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

1,491 

41,553 

4,605 

0 

1,153 

3,495 

0 

52,298.3 

1995 

76 

30,007 

31,543 

4 

3,738 

1,838 

0 

67,206.5 

1996 

0 

6,778 

63,496 

3,478 

5,862 

304 

0 

79,917.6 

1997 

0 

295 

63,289 

23,940 

6,903 

20 

6 
94,445.9 

1998 

0 

0 

40,847 

61,433 

7,731 

0 

0 

110,011.9 

1999 

0 

0 

22,453 

96,262 

8,567 

0 

0 

127,282.8 

2000 

0 

0 

10317 

126,982 

9,523 

0 

0 

146,821.4 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-20.0 

680.0 

20.6 

-100.0 

NA 

16.9 

NA = Not applicable 
Source: Dataquest (April 1996) 

Table 3-3 
Worldwide Desktop/Deskside Personal Computer Shipments by Microprocessor Type 
(Thousands of Units) (Includes Additional Motherboards) 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

1,139 

33,929 

4,583 

0 

1,153 

2,851 

0 

43,655.8 

1995 

63 

22,231 

30,082 

4 

3,547 

1,367 

0 

57,294.1 

1996 

0 

3,913 

54,509 

3,478 

5,176 

234 

0 

67309.6 

1997 

0 

210 

50,589 

22358 

6,025 

20 

0 

79,402.3 

1998 

0 

0 

29,259 

56,213 

6,694 

0 

0 

92,165.3 

1999 

0 

0 

12,837 

86,476 

7,402 

0 

0 

106,715.3 

2000 

0 

0 

3361 

111349 

8,223 

0 

0 

123,132.8 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-35.5 

660.1 

183 

-100.0 

NA 

163 

NA = Not applicable 
Source: Dataquest (June 1996) 
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Table 3-4 
Worldwide Mobile Personal Computer Shipments by Microprocessor Type 
(Thousands of Units) (Excludes Handheld Computers) 

386 and Lower 

486 

Pentium Class 

Pentium Pro and Future 

RISC PC 

680x0 

Others 

Total 

1994 

352 

7,624 

22 

0 

0 

644 

0 

8,642.5 

1995 

13 

7,776 

1,461 

0 

191 

471 

0 

9,912.4 

1996 

0 

2,865 

8,987 

0 

685 

71 

0 

12,608.1 

1997 

0 

85 

12,700 

1,381 

877 

0 

0 

15,043.6 

1998 

0 

0 

11,588 

5,221 

1,038 

0 

0 

17,846.6 

1999 

0 

0 

9,616 

9,786 

1,165 

0 

0 

20,567.5 

2000 

0 

0 

6,956 

15,432 

1,300 

0 

0 

23,688.6 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

36.6 

NM 

46.7 

-100.0 

NA 

19.0 

NM = Not meaningful 
NA = Not applicable 
Source: Dataquest (June 1996) 

Table 3-5 
Worldwide Personal Computer Revenue by Microprocessor Type (Millions of DoUars) 
(Includes Additional Motherboards; Excludes Handheld Computers)* 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

1,480 

76,725 

13,879 

0 

2,808 

5,741 

0 

100,634.1 

1995 

58 

52,457 

68,620 

19 

7,768 

2,832 

0 

131,755.6 

1996 

0 

10,366 

121,653 

12,090 

10,487 

418 

0 

155,013.8 

1997 

0 

351 

113,622 

56,090 

13,554 

22 

0 

183,639.1 

1998 

0 

0 

69,078 

129,249 

14,067 

0 

0 

212,394.2 

1999 

0 

0 

36,608 

190,752 

15,461 

0 

0 

242,820.9 

2000 

0 

0 

16,890 

241,521 

17,289 

0 

0 

275,699.8 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-24.5 

558.7 

17.4 

-100.0 

NA 

15.9 

•Factory revenue includes standard peripherals and memory upgrades installed by the factory or PC assembler. 
NA = Not applicable 
Source: Dataquest (April 1996) 
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Table 3-6 
Worldwide Desktop/Deskside 
(Millions of Dollars) (Includes 

Personal Computer Revenue by Microprocessor Type" 
Additional Motherboards) 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

978 

57,365 

13,691 

0 

2,808 

4,273 

0 

79,114.3 

1995 

42 

33,077 

62,792 

19 

7,294 

1,794 

0 

105,017.9 

1996 

0 

5,250 

97,997 

12,090 

8,757 

286 

0 

124,379.9 

1997 

0 

221 

83,565 

51,697 

11,178 

22 

0 
146,682.8 

1998 

0 

0 

44,406 

114,537 

11,506 

0 

0 

170,447.9 

1999 

0 

0 

17,769 

165,051 

12,621 

0 

0 

195,441.1 

2000 

0 

0 

4,223 

203,562 

14,136 

0 

0 

221,921.9 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-41.7 

536.6 

14.1 

-100.0 

NA 

16.1 

'Factory revenue includes standard peripherals and memory upgrades installed by the factory or PC assembler. 
NA = Not applicable 
Source: Dataquest (April 1996) 

Table 3-7 
Worldwide Mobile Personal Computer Revenue by Microprocessor Type" 
(Millions of Dollars) (Excludes Handheld Computers) 

386 and Lower 

486 

Pentium Class 

Pentium Pro and Future 

RISC PC 

680x0 

Others 

Total 

1994 

502 

19360 

189 

0 

0 

1,469 

0 

21,519.8 

1995 

17 

19381 

5,828 

0 

474 

1,039 

0 

26,737.7 

1996 

0 

5,116 

23,656 

0 

1,730 

132 

0 

30,633.9 

1997 

0 

130 

30,057 

4,394 

2,376 

0 

0 

36,956.3 

1998 

0 

0 

24,673 

14,712 

2,561 

0 

0 

41,946.3 

1999 

0 

0 

18,839 

25,701 

2,840 

0 

0 

47,379.9 

2000 

0 

0 

12,666 

37,959 

3,153 

0 

0 

53,777.9 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

16.8 

NA 

46.1 

-100.0 

NA 

15.0 

NA= Not applicable 
"Factory revenue includes standard peripherals and memory upgrades installed by the factory or PC assembler. 
Source: Dataquest (April 1996) 
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Figure 3-4 
Regional Personal Computer Markets (Unit Shipments) 

Unit Shipments 

140,000-11 

120,000-

T T" r ' " ' " ^ I T 
1994 1995 1996 1997 1998 1999 2000 

^ 

D 

S 

Bi 

^ 

Rest of World 

Asia/Pacific 

Japan 

Western Europe 

North America 

964377 

Note: This document does not include regional PC production data because that data was not finalized in time for publication. Regional 
PC production data will be published in a document when finalized later this summer. 
Source; Dataquest (June 1996) 

Table 3-8 
Personal Computers—^Worldwide Revenue Market Share (Percent)* 

Compaq Computer Corporation 

IBM 

Apple Computer 

NEC 

Packard Bell 

Hewlett-Packard 

Dell Computer Corporation 

Toshiba 

Acer 

Gateway 2000 

Others 

Total 

1994 

10.4 

8.9 

8.4 

5.4 

3.9 

2.7 

3.2 

3.6 

2.3 

2.7 

48.6 

100.0 

1995 

10.2 

8.0 

in 
5.5 

4.5 

3.6 

3.6 

3.4 

2.7 

2.7 

48.0 

100.0 

'Does not include motherboard upgrade revenue 
Source: Dataquest (April 1996) 
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Table 3-9 
Personal Computers—^Worldwide Unit Market Share (Percent)" 

Compaq Computer Corporation 

IBM 

Apple Computer 

Packard Bell 

NEC 

Hewlett-Packard 

Acer 

Dell Computer Corporation 

Toshiba 

AST Research 

Others 

Total 

1994 

10.0 

8.2 

8.3 

5.2 

4.1 

2.7 

2.6 

2.7 

2.5 

2.7 

51.0 

100.0 

1995 

10.0 

7.9 

7.8 

5.3 

4.8 

3.7 

3.1 

3.0 

2.5 

2.3 

49.5 

100.0 

'Does not include motherboard upgrade revenue 
Source: Dataquest (April 1996) 

Systems Technology and Architecture Trends 
The technology road maps of PCs and workstations are principally driven 
by the twin factors of economy and improved end-user features. PC mak
ers typically try to give the buyer more features with each new product 
generation while maintaining price points. Workstation makers are known 
more for emphasizing performance and other features, although the low 
end of the workstation market is forced to compete directly with the high 
end of the PC range. Some specific trends are listed in the following sec
tions. 

Personal Computers 
Trends in PCs are as follows: 

• Desktop power demand will come from servicing graphical user inter
face (GUI) and WYSIWYG-oriented applications, including processing 
(compressing and decompressing); store, forward, and read multimedia 
(OLE-enabled); and real-time multimedia such as desktop videoconfer
encing. Networking support increasingly will require faster servicing as 
transfer rates climb (for example, toward 100 Mbps over Ethernet) and 
the size and frequency of transferred files and e-mail increase as well. 

• Pentium-class microprocessors will continue to dominate as multime
dia features and higher clock frequencies give these processors a midlife 
boost in performance. Next-generation microprocessors (MPUs) such as 
Pentium Pro will grow in importance and are expected to match unit 
shipments of Pentium-class MPUs at the end of 1997 or early 1998. 

• The PowerPC alliance will continue to be a major element for Apple 
and IBM but may suffer from Motorola's decision to pursue process 
development independently. 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



Personal Computer and Workstation Markets 15 

• Peripheral Component Interconnect (PCI) and Industry Standard Archi
tecture (ISA) combinations are the overwhelming standard for back
plane buses. PCI wiU be enhanced with Accelerated Graphics Port 
(AGP) in 1997. ISA will continue to exist for some time to maintain com
patibility with the vast bulk of legacy add-in cards. 

• Plug-and-play PCs, with support from major players such as Microsoft, 
Intel, Compaq, Advanced Micro Devices, and others, will be a signifi
cant feature in the drive to make PCs more user-friendly. Universal 
serial bus (USB) and IEEE 1394 will be the standards for external plug-
and-play devices, with USB shipments starting in 1996. 

• The green PC, stimulated by the Energy Star program and similar 
requirements coming out of Europe, is being recycled with new empha
sis on desktop PC power management. Advanced configuration power 
interface (ACPI) and Microsoft's OnNow are critical elements of 
renewed efforts to make desktop PCs more efficient. 

• Enhanced Integrated Development Environment (EIDE) will remain the 
dominant interface to mass storage, with parallel SCSI the choice for 
connecting external mass-storage devices. Parallel SCSI will face 
increasing pressure from serial SCSI standards (predominately IEEE 
1394, with fiber channel arbitrated loop making inroads in the work
station market). 

• Serial and parallel I/O have remained fairly constant, but now new 
technologies such as 1394/Firewire, Access.bus, and USB are v)dng to 
displace those trusted standbys. 

• USB ports will appear on PCs this year, with rapid growth in 1997 and 
1998. This local bus for the PC will provide a common standard for com
municating among PCs, modems, scanners, joysticks, keyboards, mice, 
monitors, and printers. 

• Mobile computers will be enhanced with 32-bit CardBus slots rather 
than the standard PCMCIA slots, but the average number of slots per 
mobile PC may decline as modems and network controllers become 
standard equipment on more notebook designs. 

• Other key trends in mobile computing will include commercialized 
low-power-consuming components, standardization of operating volt
age for circuits and components at 3V/3.3V, continued increases in 
sophistication of battery management, improved battery technology, 
and effective handwriting/voice recognition capabilities. 

Table 3-10 highlights projected trends in PC technology. 

Figure 3-5 shows areas that offer opportunities for enhancement. 

Tables 3-11 through 3-15 provide forecasts for key PC and workstation 
technologies. 
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Table 3-10 
The Evolving PC 

Main Memory 
(Factory-Installed) 

CPU 

Cache 
(Factory-Configured) 

Peripheral Buses 

Graphics and Video 

Storage 

Local I/O 

1994 

8MB to 10MB 
FPM DRAM 

486 DX2/DX4 

128KB 

VL/ISA 

32-bit, 2-D acceleration, 
1MB buffer 

EIDE (5MB/sec)/SCSI 

RS-232/422 

1996 
14MB to 16MB 

EDO DRAM 
Pentium 100 MHz to 

133 MHz 
0KB/256KB 

PCI/ISA 

64-bit, 2-D and 
video acceleratic% 
2MB buffer 

EIDE (13MB/sec)/SCSI-2 

RS-232/422, beginning 
of shift to USB 

1998 

20MB to 24MB SDRAM 

Pentium 200 MHz/ 
Pentium Pro; with MMX 

256KB/512KB 

PCI/AGP 

64-bit, 2-D, 3-D and 
video acceleration, 
2.5MB dedicated, 
sharing of main memory 
via AGP 

EIDE (20MB/sec)/SCSI-2/ 
3/1394 

USB, RS-232/422 

Trend 

Towar 

Rapid 
Pent 

Cache 
are u 
256K 

Rise o 
have 
perip 

Rapid 
vend 
valu 

EIDE 
rise o 

USB w 
RS-2 

Source: Dataquest (April 1996) 

NS 
CO 

CO 
CO 
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Figure 3-5 
PC Performance Enhancement Opportunities 

Processing Bottlenecks 

Data 

PCI Bus 
Faster Disk Controllers 
Faster Read Channel 
1394 

Deeper/Faster Cache 
EDO DRAM and SDRAM 
Shared Buffer Architecture 

(SBA) with AGP 

Satisfied 
User 

PCi/AGP Bus 
EDO DRAM and SGRAM 
3-D Hardware Acceleration 

9S4378 

Source: Dataquest (June 1996) 

Table 3-11 
Worldwide PC Bus Requirements (Percentage of Total or Category) 

VL/ISA 

PCI/ISA 

PCI/AGP/ISA 

Other 

1994 

66.9 

16.6 

0 

16.5 

1995 

49.2 

44.0 

0 

6.8 

' 1996 

15.6 

81.4 

0 

3.0 

1997 

0.6 

63.1 

35.0 

1.3 

1998 

0 

24.7 

75.0 

0.3 

1999 

0 

5.0 

95.0 

0 

2000 

0 

0 

100.0 

0 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

NM 

-100.0 

NM = Not meaningful 
Source: Dataquest (June 1996) 

Table 3-12 
Worldwide Penetration of PCMCIA/PC Card/CardBus Slot Forecast 
(Thousands of Slots) 

With One or More Type II Slots 

With One or More Type III Slots 

With One or More CardBus slots 

Total 

1994 

10,389 

4,040 

0 

14,429 

1995 

13,175 

4,831 

0 

18,005 

1996 

14,411 

5,139 

2,522 

22,072 

1997 

11,529 

5,115 

3,153 

19,796 

1998 

6,917 

4,804 

3,783 

15,504 

1999 

2,767 

4,408 

4,540 

11,714 

2000 

0 

5,000 

5,448 

10,448 

CAGR (%) 
1995-2000 

-100.0% 

0.7% 

NM 

-10.3% 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Table 3-13 
Worldwide PC (Host) Storage Interface Requirement (Percentage of Category) 

AUPCs 

EIDE/ATA 

SCSI (I/II/III) 

1394/SSA/FC-AL 

Pentium Pro and Future 

EIDE/ATA 

SCSI (I/II/III) 

1394/SSA/FC-AL 

RISC PC 

EIDE/ATA 

SCSI (I/II/III) 

1394/SSA/FC-AL 

1994 

85 

15 

0 

0 

0 

0 

2 

98 

0 

1995 

86 

14 

0 

20 

80 

0 

10 

90 

0 

1996 

88 

12 

0 

50 

49 

1 

10 

90 

0 

1997 

85 

10 

5 

70 

25 

5 

10 

75 

15 

1998 

72 

8 

20 

60 

20 

20 

10 

60 

30 

1999 

44 

6 

50 

50 

20 

30 

10 

30 

60 

2000 

15 

5 

80 

40 

20 

40 

10 

15 

75 

CAGR(%) 
1995-2000 

-29.5 

-18.6 

NM 

14.9 

-24.2 

NM 

-

0 

-30.1 

NM 

NM = Not meaningful 
Source: Dataquest (June 1996) 

Table 3-14 
Worldwide PC Graphics Standard Penetration (Motherboard-Based or Add-In) (Percent) 

Std VGA 

2-D Acceleration 

2-D Acceleration with Video Acceleration 

2-D, 3-D, and Video Acceleration 

1994 

28.9 

68.3 

2.8 

0 

1995 

9.4 

66.2 

24.3 

0.1 

1996 

0.8 

28.9 

66.9 

3.4 

1997 

0 

4.1 

73.0 

22.9 

1998 

0 

0 

44.9 

55.1 

1999 

0 

0 

14.9 

85.1 

2000 

0 

0 

1.6 

98.4 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-41.7 

325.6 

Source: Dataquest (June 1996) 
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Table 3-15 
Worldwide Embedded Communications and Multimedia in PCs (Percentage of Total) 

Overall PC 

Analog Modem 

LAN 

USB 

Sound I /O 

Graphics 

MPEG Decoder 

General-Purpose DSP 

Desktop/Deskside PC 

Analog Modem 

LAN 

USB 

Sound I /O 

Graphics 

MPEG Decoder 

General-Purpose DSP 

Mobile PC (Excluding Handhelds) 

Analog Modem 

LAN 

USB 

Sound I /O 

Graphics 

MPEG Decoder 

General-Purpose DSP 

1994 

1.5 

0.9 

0 

3.5 

44.9 

0.0 

0.1 

1.4 

1.0 

0 

1.2 

34.0 

0 

0.1 

2.0 

0.1 

0 

15.0 

100.0 

0 

0 

1995 

1.6 

1.7 

0 

22.4 

57.4 

0.6 

0.5 

1.5 

2.0 

0 

21.4 

50.0 

0.5 

0.4 

2.0 

0.1 

0 

28.3 

100.0 

1.0 

1.0 

1996 

1.9 

8.6 

8.7 

28.9 

57.9 

1.2 

1.0 

1.7 

10.0 

10.0 

25.0 

50.0 

1.0 

0.8 

4.0 

1.0 

2.0 

50.0 

100.0 

2.0 

2.0 

1997 

2.3 

21.3 

46.0 

37.2 

66.4 

2.0 

1.7 

2.0 

15.0 

50.0 

30.0 

60.0 

2.0 

1.6 

6.0 

2.0 

25.0 

75.0 

100.0 

2.0 

2.0 

1998 

2.8 

21.4 

91.9 

39.7 

66.5 

2.0 

2.3 

2.4 

20.0 

100.0 

35.0 

60.0 

2.0 

2.3 

10.0 

3.0 

50.0 

90.0 

100.0 

2.0 

2.0 

1999 

3.2 

21.6 

100.0 

40.5 

66.5 

2.0 

3.0 

2.7 

25.0 

100.0 

40.0 

60.0 

2.0 

3.2 

12.0 

4.0 

100.0 

95.0 

100.0 

2.0 

2.0 

2000 

3.6 

21.8 

100.0 

41.3 

66.5 

2.0 

3.7 

3.0 

25.0 

100.0 

50.0 

60.0 

2.0 

4.0 

14.0 

5.0 

100.0 

100.0 

100.0 

2.0 

2.0 

CAGR (%) 
1995-2000 

18.3 

66.1 

NM 

13.0 

3.0 

28.4 

49.7 

14.9 

65.7 

NM 

18.5 

3.7 

32.0 

58.5 

28.5 

118.7 

NM 

28.7 

0 

14.9 

14.9 

Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



Cliapter 4 

Semiconductor Market Trends for PCs and Workstations_ 

Semiconductor iVIaricet Opportunities and Teclinology Trends 
Semiconductor market opportunities and technology trends are as 
follows: 

• New generations of Pentium, Pentium Pro, PowerPC, Alpha, PA-RISC, 
SPARC, and MIPS processors will drive future PCs, workstations, and 
servers. Future trends include internal frequencies climbing past the 
current 200-MHz offerings for PCs and 400-MHz offerings for work
stations. Multiprocessing features will also be available in many work
stations and high-end PCs using Pentium Pro MPUs. 

• Proprietary processors such as Advanced RISC Machines' ARM will 
continue to be used in palmtop devices and other communications-
based applications. 

• PCs with an average of 14MB to 16MB DRAM main memory in 1995 
will move to 32MB DRAM in 1998. 

• Increased opportunities will emerge for synchronous DRAM (SDRAM) 
as MPU speeds outstrip conventional memory architectures. 

• Bursting, MPU-specific SRAM will be used for cache design. Static 
RAM (SRAM) modules were becoming more popular, but are costly 
compared to soldered-down designs. 

• New chipsets to support MPUs and the new buses (USB and the AGP 
enhancement to PCI) will continue to emerge. 

• Mixed-signal accelerated window graphics on a single chip (with 
RAMDAC) will be mainstream. High-resolution (1024 x 768,16-color) 
3-D graphics (OpenGL for workstations; DirectSD for consumer PCs) 
and digital video features will become more prevalent. 

• Mixed-signal I/O chips will support high-speed storage and peripher
als communications (EIDE, SCSI, IEEE 1394/Firewire). Chips integrat
ing LAN and SCSI control will complement existing super I/O 
functions. 

• Sound and video coder/decoders (codecs) and I/O functions will be 
used in multimedia systems. Microsoft, IBM, and Apple are continuing 
to provide multimedia and telephony interfaces to their operating 
systems. 

Figures 4-1 to 4-4 provide block diagrams for generic Pentium desktop, 
Power Macintosh, generic notebook, and Apple Newton systems. 

PSAM-WW-MT-9603 ©1996 Dataquest 21 
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Figure 4-1 
Generic Pentium-Based Desktop PC Using PCI Bus 
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Figure 4-2 
Power Macintosh Hardware Architecture 
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Figure 4-3 
Generic Notebook Block Diagram 
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Figure 4-4 
Apple Newton MessagePad Block Diagram 
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Chapter 5 

Market Size and Forecast for PC and Workstation 
Semiconductors ^ ^ ^ . ^ - ^ ^ ^ . . - ^ — ^ ^ ^ 

Figures 5-1 and 5-2 and Tables 5-1 and 5-2 provide forecasts and illustra
tions of semiconductor opportunities in the PC and workstation markets, 
including a focus on opportunities by region, system type, and semicon
ductor device type. 

Figure 5-1 
Worldwide PC Semiconductor Market (Revenue in Millions of Dollars, Shipments in 
Thousands of Units) 

Millions of Dollars Thousands of Units 

PC Semiconductor Revenue 
(Includes Memory Installed 
at the Factory) 

DRAMA/RAM Revenue from 
Aftermarket (Includes All 
Upgrade Memory installed 
after PC is Shipped to the 
Channel) 

PC Unit Shipments (Includes 
Additional Motherboards and 
Handhelds) 

1994 1995 1996 1997 1998 1999 2000 
964383 

Source: Dataquest (June 1996) 
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Figure 5-2 
Worldwide PC Semiconductor Consiunption by Product Type (Percentage) 

1995 
Handlield (0.2%) -^ M<M\e PC 

(Excluding Handheld) 
(10.3%) 

2000 

Handheld (0.7%) —, Mobile PC 
,— (Excluding Handheld) 

(12.8%) 
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964384 

Source: Dataquest (June 1996) 

Table 5-1 
Worldwide PC Production and Semiconductor Market (Less Peripherals; Includes 
Standard Handhelds) 

Complete PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Desktop/Deskside 
PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

1994 

48,284 

4.30 

95,775 

497 

24,016 

39,252 

1.88 

73,937 

1995 

60,652 

4.55 

125,027 

586 

35,551 

50,259 

1.95 

98,000 

1996 

72,262 

4.33 

148,544 

503 

36,330 

59,043 

1.99 

117,575 

1997 

85,544 

4.36 

177,288 

489 

41,812 

69,651 

2.01 

139,907 

1998 

100,030 

4.23 

205,106 

510 

51,030 

80,847 

2.01 

162358 

1999 

116,530 

4.10 

234,805 

510 

59,382 

93,610 

1.99 

186,484 

2000 

136,752 

3.88 

266,046 

549 

75,138 

108,012 

1.95 

210,500 

CAGR (%) 
1995-2000 

17.7 

-3.1 

16.3 

-1.3 

16.1 

16.5 

0 

16.5 

(Continued) 
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Table 5-1 (Continued) 
Worldwide PC Production and Semiconductor Market (Less Peripherals; Includes 
Standard Handhelds) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Mobile PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Additional Motherboards 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Total Production 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

1994 

519 

20368 

9,032 

2.42 

21,838 

404 

3,647 

4,404 

1.18 

5,178 

519 

2,285 

52,689 

1.92 

100,952 

499 

26301 

1995 

605 

30,417 

10394 

2.60 

27,026 

494 

5,134 

7,036 

1.00 

7,018 

605 

4,258 

67,688 

1.95 

132,044 

588 

39,809 

1996 

519 

30,667 

13,219 

2.34 

30,970 

428 

5,663 

8,266 

0.82 

6,805 

519 

4,294 

80,528 

1.93 

155,350 

504 

40,624 

1997 

502 

34,949 

15,893 

2.35 

37,381 

432 

6,863 

9,752 

0.69 

6,776 

502 

4,893 

95,296 

1.93 

184,064 

490 

46,705 

1998 

531 

42,931 

19,183 

2.22 

42348 

422 

8,099 

11318 

0.70 

7,889 

531 

6,010 

111348 

1.91 

212,996 

512 

57,040 

1999 

536 

50,213 

22,920 

2.11 

48321 

400 

9,169 

13,105 

0.68 

8,957 

536 

7,030 

129,635 

1.88 

243,762 

512 

66,412 

2000 

582 

62387 

28,741 

1.93 

55346 

426 

12,251 

15,121 

0.76 

11,422 

582 

8,804 

151,873 

1.83 

277,468 

553 

83,942 

CAGR (%) 
1995-2000 

-0.8 

15.6 

22.6 

-5.8 

153 

-2.9 

19.0 

163 

-5.4 

10.2 

-0.8 

15.6 

173 

-13 

16.0 

-1.2 

16.1 

Source: Dataquest (June 1996) 
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Table 5-2 
Worldwide PC Semiconductor Market by System (Millions of Dollars) 

Other (386 and Lower) 

486 PC 

Peritium-Class PC 

Peritium Pro and Future PC 

RISC PC 

680x0 PC 

Handheld PC 

Total 

Year-to-Year Growth (%) 

1994 

388 

18,249 

4,955 

0 

901 

1,396 

74 

25,963 

1995 

17 

14,152 

21,623 

7 

2397 

803 

94 

39,094 

50.6 

1996 

0 

2,201 

31,003 

3,475 

3,345 

83 

128 

40,235 

2.9 

1997 

0 

73 

26379 

16,072 

3,693 

8 

149 

46,375 

15.3 

1998 

0 

0 

15,515 

36,954 

4,027 

0 

219 

56,715 

22.3 

1999 

0 

0 

7,374 

53,490 

4,676 

0 

344 

65,885 

16.2 

2000 

0 

0 

2,791 

73,855 

5,256 

0 

663 

82,565 

25.3 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-33.6 

532.5 

17.0 

-100.0 

47.8 

16.1 

Source: Dataquest (June 1996) 

Semiconductor Opportunities by System 
Figures 5-3 through 5-12 and Tables 5-2 through 5-4 detail semiconductor 
opportunities by system. 

Figure 5-3 
Worldwide PC Semiconductor Market by Microprocessor Type (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals Such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 
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Figiure 5-4 
Worldwide Desktop/Deskside PC Semiconductor Market by Microprocessor Type 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals Such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 
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Source: Dataquest (June 1996) 
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Figure 5-5 
Worldwide Mobile PC Semiconductor Market by Microprocessor Type (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals Such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Figure 5-6 
Average Overall PC System Semiconductor Content (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals Such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 
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Figure 5-7 
Average Desktop/Deskside PC System Semiconductor Content (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 
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Figure 5-8 
Average Mobile PC System Semiconductor Content (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 
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Figure 5-9 
Overall PC Semiconductor Content Trend (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Figure 5-10 
Overall Desktop/Deskside PC Semiconductor Content Trend (Includes Semiconductor 
Value on Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and 
WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Figxure 5-11 
Overall Mobile PC Semiconductor Content Trend (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Figure 5-12 
Overall Workstation Semiconductor Content Trend (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Table 5-3 
Worldwide Desktop/Deskside PC Semiconductor Market by System 
(Millions of Dollars) 

Others (386 and Lower) 

486 PC 

Pentium-Class PC 

Pentium Pro and Future PC 

RISC PC 

680x0 PC 

Total 

Year-to-Year Growth (%) 

1994 

259 

15,372 

4,935 

0 

901 

1,187 

22,654 

1995 

13 

11,051 

20,713 

7 

2,285 

605 

34,674 

53.1 

1996 

0 

1,402 

27,023 

3,475 

2,981 

79 

34,%0 

0.8 

1997 

0 

54 

21369 

15,168 

3,244 

8 

39,842 

14.0 

1998 

0 

0 

11,304 

34,028 

3,609 

0 

48,941 

22.8 

1999 

0 

0 

4,386 

48,637 

4,220 

0 

57,243 

17.0 

2000 

0 

0 

905 

66,054 

4,731 

0 

71,691 

25.2 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-46.5 

518.6 

15.7 

-100.0 

15.6 

Source: Dataquest (June 1996) 

Table 5-4 
Worldwide Mobile PC Semiconductor Market by System (Millions of Dollars) 

Others (386 and Lower) 

486 PC 

Pentium-Class PC 

Pentium Pro and Future PC 

RISC PC 

680x0 PC 

Handheld PC 

Total 

Year-to-Year Growth (%) 

1994 

129 

2,878 

20 

0 

0 

209 

74 

3310 

1995 

4 

3,101 

911 

0 

112 

198 

94 

4,420 

33.5 

1996 

0 

799 

3,980 

0 

364 

3 

128 

5,275 

19.3 

1997 

0 

19 

5,011 

904 

448 

0 

149 

6,532 

23.8 

1998 

0 

0 

4,211 

2,926 

417 

0 

219 

7,774 

19.0 

1999 

0 

0 

2,989 

4,853 

456 

0 

344 

8,642 

11.2 

2000 

0 

0 

1,886 

7301 

525 

0 

663 

10,874 

25.8 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

15.7 

NM 

36.2 

-100.0 

47.8 

19.7 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Semiconductor Opportunities by Device Type 
Figures 5-13 through 5-24 and Tables 5-5 through 5-17 detail semiconduc
tor opportunities by device type. 

Figure 5-13 
Worldwide Total PC Semiconductor Market by Device Type (Includes Semiconductor 
Value on Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and 
WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 
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Figure 5-14 
Worldwide Desktop/Deskside PC Semiconductor Market by Device Type 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 
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Figure 5-15 
Worldwide Mobile PC Semiconductor Market by Device Type 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 
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Figure 5-16 
Worldwide Workstation Semiconductor Market by Device Type (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Figure 5-17 
Worldwide Microprocessor Opportunities in PCs 
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Figure 5-18 
Worldwide Microprocessor Opportunities in Desktop/Deskside PCs 
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Figure 5-19 
Worldwide Microprocessor Opportunities in MobUe PCs 
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Figure 5-20 
Worldwide Core Logic Opportunities in PCs 
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Figure 5-21 
Worldwide Core Logic Opportunities in Desktop/Deskside PCs 
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Figure 5-22 
Worldwide Core Logic Opportunities in Mobile PCs 
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Figure 5-23 
Worldwide Af teimarket DRAMA^RAM Memory Demand in PCs (Includes All Memory 
Upgrades Following Shipment of PC from OEM to Sales Channel) 
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Figure 5-24 
Breakdown of Memory Configuration by OEM versus Upgrades 
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Table 5-5 
Worldwide Total PC Semiconductor Market by Device Type (Millions of Dollars) 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 

Microprocessor 

Memory (Main, Graphics, 
Cache, Nonvolatile) 

Core Logic 

Graphics Logic 

Storage Control 

Others 

Total Semiconductors 

Year-to-Year Growth (%) 

1994 

9,269 

12,369 

1390 

1,045 

511 

1,380 

25,963 

1995 

10,927 

22,017 

2,059 

1,242 

775 

2,074 

39,094 

50.6 

1996 

13,386 

18,791 

2,679 

1,464 

1,061 

2,854 

40,235 

2.9 

1997 

15,660 

19,365 

3,249 

1,898 

1,349 

4,854 

46,375 

15.3 

1998 

19,711 

21,079 

4,512 

2,267 

1,761 

7,385 

56,715 

22.3 

1999 

21,789 

23,761 

5,763 

2,583 

2,172 

9,818 

65,885 

16.2 

2000 

26,405 

30,712 

6,797 

3,046 

2,541 

13,064 

82,565 

25.3 

CAGR(%) 
1995-2000 

19.3% 

6.9% 

27.0% 

19.7% 

26.8% 

44.5% 

16.1% 

Source: Dataquest (June 1996) 

Table 5-6 
Worldwide Desktop/Deskside PC Semiconductor Market by Device Type (Millions of 
Dollars) (Includes Semiconductor Value on Motherboard and Card-Based Peripherals 
such as Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass 
Storage Peripherals) 

Microprocessor 

Memory (Main, Graphics, 
Cache, Nonvolatile) 

Core Logic 

Graphics Logic 

Storage Control 

Others 

Total Semiconductors 

Year-to-Year Growth (%) 

1994 

8306 

10,717 

1,137 

844 

449 

1,201 

22,654 

1995 

9,734 

19,641 

1,757 

1,022 

703 

1,817 

34,674 

53.1 

1996 

11,663 

16,514 

2,183 

1,212 

943 

2,446 

34,960 

0.8 

1997 

13,574 

16,676 

2,590 

1,581 

1,204 

4,218 

39,842 

14.0 

1998 

17,210 

18,129 

3,715 

1,873 

1,623 

6,392 

48,941 

22.8 

1999 

19,113 

20330 

4,889 

2,184 

2,046 

8,481 

57,243 

17.0 

2000 

23,005 

26,722 

5,867 

2,578 

2,452 

11,066 

71,691 

25.2 

CAGR (%) 
1995-2000 

18.8 

6.4 

273 

203 

28.4 

433 

15.6 

Source: Dataquest (June 1996) 

PSAI\/l-WW-MT-9603 ©1996 Dataquest July 29,1996 
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Table 5-7 
Worldwide Mobile PC Semiconductor Market by Device Type (Millions of Dollars) 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 

Microprocessor 

Memory (Main, Graphics, 
Cache, Nonvolatile) 

Core Logic 

Graphics Logic 

Storage Control 

Others 

Total Semiconductors 

Year-to-Year Growth (%) 

1994 

962 

1,653 

253 

200 

63 

179 

3,310 

1995 

1,192 

2376 

303 

220 

72 

257 

4,420 

33.5 

1996 

1,723 

2,277 

497 

253 

118 

408 

5,275 

19.3 

1997 

2,086 

2,690 

659 

317 

145 

636 

6,532 

23.8 

1998 

2,502 

2,950 

796 

394 

138 

994 

7,774 

19.0 

1999 

2,676 

3,231 

874 

399 

125 

1,336 

8,642 

11.2 

2000 

3,400 

3,990 

930 

468 

89 

1,998 

10,874 

25.8 

CAGR (%) 
1995-2000 

23.3 

10.9 

25.2 

16.3 

4.4 

50.7 

19.7 

Source: Dataquest (June 1996) 

Table 5-8 
Worldwide Semiconductor Memory Demand in PCs and Workstations by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

12,094 

873 

137 

206 

13311 

1995 

22,188 

782 

63 

355 

23,387 

1996 

18,872 

571 

16 

298 

19,757 

1997 

19,294 

719 

7 

319 

20338 

1998 

20,846 

791 

8 

395 

22,039 

1999 

23,319 

912 

9 

448 

24,688 

2000 

29,939 

1,127 

10 

514 

31390 

CAGR (%) 
1995-2000 

6.2 

7.6 

-30.0 

in 
6.2 

Source: Dataquest (June 1996) 

Table 5-9 
Worldwide Semiconductor Memory Demand in Desktop/Deskside PCs by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

9,677 

811 

92 

137 

10,717 

1995 

18,669 

657 

47 

268 

19,641 

1996 

15,845 

461 

10 

198 

16,514 

1997 

15,866 

595 

4 

211 

16,676 

1998 

17,178 

671 

6 

274 

18,129 

1999 

19,449 

769 

6 

305 

20,530 

2000 

25,460 

947 

6 

309 

26,722 

CAGR (%) 
1995-2000 

6.4 

7.6 

-33.2 

2.9 

6.4 

Source: Dataquest (June 1996) 

psAivi-ww-iviT-geos ©1996 Dataquest July 29,1996 
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Table 5-10 
Worldwide Semiconductor Memory Demand in Mobile PCs by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

1,531 

18 

41 

62 

1,653 

1995 

2,243 

39 

14 

80 

2,376 

1996 

2,134 

45 

5 

92 

2,277 

1997 

2,528 

59 

2 

101 

2,690 

1998 

2,774 

59 

2 

115 

2,950 

1999 

3,001 

90 

3 

138 

3,231 

2000 

3,653 

132 

4 

201 

3,990 

CAGR (%) 
1995-2000 

10.2 

27.7 

-21.8 

20.3 

10.9 

Source: Dataquest (June 1996) 

Table 5-11 
Worldwide Semiconductor Memory Demand in Workstations by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

885.5 

44 

5 

7 

941 

1995 

1,276 

85 

1 

8 

1370 

1996 

893 

65 

0 

8 

966 

1997 

900 

65 

0 
7 

973 

1998 

894 

60 

0 

6 

960 

1999 

868 

53 

0 

5 

927 

2000 

826 

47 

0 

5 

878 

CAGR (%) 
1995-2000 

-8.3 

-11.3 

-41.6 

-10.1 

-8.5 

Source: Dataquest (June 1996) 

Table 5-12 
Worldwide Semiconductor Memory Demand by System for PCs and Workstations 
(Market Value by Function; Millions of Dollars) 

486 PC 

Main OEM 

Upgrade Memory-

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

6,749 

6305 

1,064 

630 

194 

14,942 

1,769 

254 

118 

135 

36 

2313 

1995 

7,323 

3,703 

936 

377 

164 

12,502 

9,899 

5,352 

830 

219 

172 

16,473 

1996 

908 

323 

220 

58 

47 

1,556 

12,031 

6,257 

2,186 

369 

181 

21,023 

1997 

30 

10 

5 

0 

2 

47 

10,024 

3,871 

1,503 

409 

125 

15,933 

1998 

0 

0 

0 

0 

0 

0 

5,909 

1,736 

878 

111 

62 

8,696 

1999 

0 

0 

0 

0 

0 

0 

2,857 

682 

450 

7 

29 

4,025 

2000 

0 

0 

0 

0 

0 

0 

1306 

157 

132 

0 

14 

1,609 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-33.3 

-50.6 

-30.8 

-100.0 

-39.1 

-37.2 
(Continued) 

PSAM-WW-!\/IT-9603 ©1996 Dataquest July 29,1996 
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Table 5-12 (Continued) 
Worldwide Semiconductor Memory Demand by System for PCs and Workstations 
(Market Value by Function; Millions of Dollars) 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Workstation 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Others 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Total PC and Workstation 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

0 

0 

0 

0 

0 

0 

383 

140 

48 

ss 
9 

615 

808 

0 

77 

44 

12 

941 

842 

401 

237 

29 

92 

1,600 

10,551 

7,100 

1,543 

873 

343 

20,411 

1995 

2 

2 

0 

0 

0 

4 

1,167 

479 

197 

84 

16 

1,942 

1,180 

0 

96 

85 

9 

1,370 

471 

94 

87 

16 

57 

725 

20,042 

9,630 

2,146 

782 

417 

33,017 

1996 

904 

723 

114 

0 

15 

1,757 

1,219 

439 

295 

78 

18 

2,049 

837 

0 

56 

65 

8 

966 

91 

13 

10 

1 

45 

161 

15,991 

7,756 

2,881 

571 

314 

27,513 

1997 

4,817 

2,536 

431 

172 

126 

8,081 

1,274 

325 

249 

73 

15 

1,936 

853 

0 

47 

65 

7 

973 

61 

0 

0 

0 

51 

112 

17,058 

6,742 

2,235 

719 

325 

27,080 

1998 

10,641 

3,366 

1,019 

511 

255 

15,792 

1,210 

299 

201 

109 

12 

1,831 

851 

0 

44 

60 

6 

%0 

93 

0 

0 

0 

67 

160 

18,704 

5,402 

2,142 

791 

403 

27,441 

1999 

16,165 

3,798 

1,218 

761 

318 

22,260 

1,427 

335 

188 

90 

10 

2,050 

833 

0 

36 

53 

5 

927 

146 

0 

0 

0 

95 

241 

21,427 

4,814 

1,892 

912 

457 

29,502 

2000 

24,153 

7,107 

1,206 

1,004 

334 

33,805 

1,803 

536 

210 

75 

9 

2,633 

797 

0 

29 

47 

5 

878 

303 

0 

0 

0 

162 

466 

28,362 

7,800 

1377 

1,127 

524 

39,390 

CAGR(%) 
1995-2000 

564.7 

420.4 

439.9 

NM 

574.1 

509.8 

9.1 

2.3 

1.3 

-2.2 

-9.7 

6.3 

-7.5 

NM 

-21.2 

-11.3 

-12.6 

-8.5 

-8.5 

-100.2 

-99.9 

-100.0 

23.2 

-8.5 

7.2 

-4.1 

-6.0 

7.6 

4.7 

3.6 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAM-WW-iVIT-9603 ©1996 Dataquest Juiy29,1996 
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Table 5-13 
Worldwide Semiconductor Memory Demand for Desktop/Deskside PC Systems 
(Market Value by Function; Millions of Dollars) 

486 PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Others 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

5,596 

5,969 

869 

613 

134 

13,181 

1,764 

252 

117 

135 

36 

2304 

0 

0 

0 

0 

0 

0 

383 

140 

48 

35 

9 

615 

709 

401 

191 

28 

50 

1,379 

1995 

5,882 

3,177 

731 

359 

121 

10,270 

9,552 

5,174 

792 

203 

164 

15,884 

2 

2 

0 

0 

0 

4 

1,126 

469 

187 

80 

15 

1,876 

332 

94 

65 

16 

15 

522 

1996 

610 

203 

148 

54 

34 

1,050 

10,629 

6,023 

2,057 

341 

142 

19,192 

904 

723 

114 

0 

15 

1,757 

1,077 

404 

260 

65 

15 

1,821 

36 

13 

9 

1 

2 

62 

1997 

23 

8 

4 

0 

1 

36 

8,195 

3,642 

1,366 

379 

81 

13,664 

4,568 

2,436 

406 

159 

121 

7,690 

1,085 

325 

217 

56 

12 

1,695 

2 

0 

0 

0 

0 

3 

1998 

0 

0 

0 

0 

0 

0 

4345 

1,580 

761 

103 

29 

6,818 

9365 

3,225 

949 

474 

241 

14,754 

1,084 

271 

174 

94 

9 

1,633 

0 

0 

0 

0 

0 

0 

1999 

0 

0 

0 

0 

0 

0 

1,689 

487 

353 

7 

8 

2,543 

14377 

3301 
1,094 

684 

297 

20,452 

1,273 

300 

163 

78 

7 

1,821 

0 

0 

0 

0 

0 

0 

2000 

0 

0 

0 

0 

0 

0 

460 

51 

92 

0 

2 

605 

22,042 

5,934 

1,060 

882 

306 

30,225 

1,625 

437 

181 

65 

7 

2315 

0 

0 

0 

0 

0 

0 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-45.5 

-603 

-34.9 

-100.0 

-58.5 

-48.0 

552.6 

402.0 

426.1 

NM 

562.6 

496.3 

7.6 

-1.4 

-0.6 

-4.0 

-133 

4.3 

-99.9 

-100.1 

-100.0 

-100.0 

-100.1 

-99.9 

(Continued) 

PSAM-WW-MT-9603 ©1996Dataquest July 29,1996 
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Table 5-13 (Continued) 
Worldwide Semiconductor Memory Demand for Desktop/Deskside PC Systems 
(Market Value by Function; Millions of Dollars) 

Total Desktop/Deskside PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

8,452 

6,762 

1,225 

811 

229 

17,479 

1995 

16,894 

8,915 

1,775 

657 

315 

28,556 

1996 

13,257 

7,367 

2,588 

461 

208 

23,881 

1997 

13,873 

6,412 

1,993 

595 

215 

23,088 

1998 

15,295 

5,076 

1,883 

671 

279 

23,205 

1999 

17,840 

4,287 

1,610 

769 

311 

24,817 

2000 

24,127 

6,423 

1333 

947 

315 

33,145 

CAGR (%) 
1995-2000 

7.4 

-6.3 

-5.6 

7.6 

0.0 

3.0 

NM == Not meaningful 
Source: Dataquest (June 1996) 

Table 5-14 
Worldwide Semiconductor Memory Demand for Mobile PC Systems (Market Value by 
Function; Millions of Dollars) 

486 PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

1,153 

335 

195 

17 

60 

1,761 

5 

2 

1 

1 

0 

9 

0 

0 

0 

0 

0 

0 

1995 

1,440 

527 

205 

18 

42 

2,232 

348 

178 

39 

16 

8 

589 

0 

0 

0 

0 

0 

0 

1996 

298 

119 

71 

4 

12 

506 

1,402 

234 

129 

28 

39 

1,831 

0 

0 

0 

0 

0 

0 

1997 

7 

2 

2 

0 

0 

11 

1,829 

229 

137 

30 

44 

2,269 

249 

99 

25 

13 

5 

391 

1998 

0 

0 

0 

0 

0 

0 

1,564 

156 

117 

8 

32 

1,879 

775 

141 

70 

37 

15 

1,038 

1999 

0 

0 

0 

0 

0 

0 

1,168 

195 

97 

0 

21 

1,481 

1,287 

297 

124 

17 

72 

1,808 

2000 

0 

0 

0 

0 

0 

0 

846 

106 

40 

0 

12 

1,004 

2,111 

1,173 

147 

122 

28 

3,580 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

19.4 

-9.9 

0.5 

-100.0 

9.3 

11.3 

NM 

NM 

NM 

NM 

NM 

NM 

PSAM-WW-l\/IT-9603 ©1996 Dataquest 

(Continued) 

July 29,1996 
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Table 5-14 (Continued) 
Worldwide Semiconductor Memory Demand for Mobile PC Systems (Market Value by 
Function; Millions of Dollars) 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Handhelds 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Others 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Total Mobile PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

0 

0 

0 

0 

0 

0 

23 

0 

0 

0 

31 

54 

110 

0 

46 

1 

12 

167 

1,290 

338 

241 

18 

103 

1,990 

1995 

41 

10 

10 

4 

1 

66 

32 

0 

0 

0 

37 

69 

107 

0 

22 

0 

5 

134 

1,968 

715 

275 

39 

94 

3,091 

1996 

143 

36 

34 

13 

3 

229 

55 

0 

0 

0 

43 

98 

0 

0 

0 

0 

0 

0 

1397 

388 

237 

45 

97 

2,665 

1997 

190 

0 

32 

16 

3 

241 

59 

0 

0 

0 

50 

109 

0 

0 

0 

0 

0 

0 

2,333 

330 

195 

59 

103 

3,020 

1998 

126 

28 

27 

15 

3 

199 

93 

0 

0 

0 

67 

160 

0 

0 

0 

0 

0 

0 

2,559 

325 

215 

59 

117 

3,276 

1999 

153 

35 

26 

12 

3 

229 

146 

0 

0 

0 

95 

241 

0 

0 

0 

0 

0 

0 

2,755 

527 

247 

90 

140 

3,759 

2000 

178 

99 

29 

10 

2 

318 

303 

0 

0 

0 

162 

466 

0 

0 

0 

0 

0 

0 

3,438 

1,377 

215 

132 

205 

5,367 

CAGR(%) 
1995-2000 

34.4 

57.7 

23.2 

19.0 

17.4 

36.9 

56.4 

NM 

NM 

NM 

34.6 

46.5 

-99.8 

-47.0 

-99.9 

-99.6 

-99.9 

-99.8 

11.8 

14.0 

-4.8 

27.7 

16.9 

11.7 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 
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Table 5-15 
Worldwide Semiconductor Memory Configuration Assumptions by System for PCs and 
Workstations (Megabytes per System; Kilobytes per System for Cache) 

486 PC 

Main OEM 

Upgrade Memory-

Display Buffer 

Cache 

Nonvolatile 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Workstation 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

1994 

5.53 

5.16 

1.00 

132.04 

0.15 

13.07 

1.88 

1.00 

256.00 

0.25 

0 

0 

0 

0 

0 

11.30 

4.14 

1.50 

262.14 

0.25 

40.00 

0 

2.50 

512.00 

0.50 

1995 

8.16 

4.13 

1.19 

142.89 

0.25 

10.50 

5.67 

1.00 

79.17 

0.25 

14.16 

14.16 

2.00 

0 

0.25 

10.44 

4.29 

2.00 

256.00 

0.19 

53.00 

0 

3.00 

752.00 

0.50 

1996 

8.15 

2.90 

1.29 

175.90 

0.39 

11.53 

5.99 

1.53 

118.94 

0.16 

15.82 

12.65 

2.00 

0 

0.25 

12.65 

4.56 

2.00 

270.97 

0.18 

68.70 

0 

3.00 

926.00 

0.50 

1997 

9.90 

3.35 

1.00 

3.33 

0.43 

15.64 

6.04 

1.84 

176.55 

0.14 

19.87 

10.46 

2.00 

195.69 

0.38 

18.23 

4.66 

2.50 

288.54 

0.15 

92.30 

0 

3.50 

1,127.00 

0.50 

1998 

0 

0 

0 

0 

0 

19.05 

5.60 

2.22 

98.95 

0.14 

22.81 

7.22 

2.46 

302.85 

0 

20.62 

5.09 

2.50 

512.00 

0.14 

114.00 

0 

4.00 

1,285.00 

0.50 

1999 

0 

0 

0 

0 

0 

22.35 

5.33 

2.29 

14.64 

0.15 

29.50 

6.93 

2.50 

384.00 

0 

29.26 

6.87 

2.50 

512.00 

0.13 

136.60 

0 

4.00 

1,402.00 

0.50 

2000 

0 

0 

0 

0 

0 

29.60 

3.56 

1.83 

0 

0.20 

44.49 

13.09 

2.50 

512.00 

0 

44.28 

13.17 

2.50 

512.00 

0.14 

160.50 

0 

4.00 

1,508.00 

0.50 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

23.0 

-8.9 

12.8 

-100.0 

-4.8 

25.7 

-1.6 

4.6 

NM 

-100.0 

33.5 

25.2 

4.6 

14.9 

-6.4 

24.8 

NM 

5.9 

14.9 

0 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Table 5-16 
Worldwide Semiconductor Memory Configuration Assumptions by System for 
Desktop/Deskside PCs (Megabytes per System; Kilobytes per System for Cache) 

486 PC 

Main OEM 

Upgrade Memory-

Display Buffer 

Cache 

Nonvolatile 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Bviffer 

Cache 

Nonvolatile 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

1994 

6.00 

6.40 

1.00 

157.29 

0.13 

14.00 

2.00 

117.32 

256.00 

0.25 

0 

0 

0 

0 

0 

12.00 

4.14 

1.50 

256.00 

0.25 

1995 

10.00 

5.40 

1.25 

183.50 

0.25 

12.00 

6.50 

791.76 

76.80 

0.25 

16.00 

16.00 

. 2.00 

0 

0.25 

12.00 

5.00 

2.00 

256.00 

0.25 

1996 

12.00 

4.00 

1.50 

283.12 

0.50 

15.00 

8.50 

2,057.17 

128.00 

0.25 

20.00 

16.00 

2.00 

0 

0.25 

16.00 

6.00 

2.00 

256.00 

0.25 

1997 

12.00 

4.00 

1.00 

0 

0.50 

18.00 

8.00 

1,365.89 

204.80 

0.25 

22.50 

12.00 

2.00 

192.00 

0.38 

20.00 

6.00 

2.50 

256.00 

0.25 

1998 

12.00 

4.00 

1.00 

0 

0 

22.00 

8.00 

760.74 

128.00 

0.25 

26.00 

8.50 

2.50 

307.20 

0.38 

24.00 

6.00 

2.50 

512.00 

0.25 

1999 

12.00 

4.00 

1.00 

0 

0 

26.00 

7.50 

353.01 

25.60 

0.25 

34.00 

8.00 

2.50 

384.00 

0.38 

34.00 

8.00 

2.50 

512.00 

0.25 

2000 

12.00 

4.00 

1.00 

0 

0 

36.00 

4.00 

92.42 

0 

0.25 

52.00 

14.00 

2.50 

512.00 

0.38 

52.00 

14.00 

2.50 

512.00 

0.25 

CAGR (%) 
1995-2000 

3.7 

-5.8 

-4.4 

-100.0 

-100.0 

24.6 

-9.3 

-34.9 

-100.0 

0 

26.6 

-2.6 

4.6 

NM 

9.0 

34.1 

22.9 

4.6 

14.9 

0 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Table 5-17 
Worldwide Semiconductor Memory Configuration Assumptions by System for Mobile 
PCs (Megabytes per System; Kilob3rtes per System for Cache) 

486 PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Handhelds 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

1994 

5.50 

1.60 

1.00 

19.66 

0.25 

8.00 

4.00 

1.00 

256.00 

0.25 

0 

0 

0 

0 

0 

6.00 

0 

1.00 

256.00 

0 

1.25 

0 

0 

0 

2.50 

1995 

7.00 

2.56 

1.00 

26.76 

0.25 

9.00 

4.60 

1.00 

128.00 

0.25 

0 

0 

0 

0 

0 

8.00 

2.00 

2.00 

256.00 

0.25 

1.60 

0 

0 

0 

3.50 

1996 

8.00 

3.20 

1.00 

29.49 

0.25 

12.00 

2.00 

1.10 

64.00 

0.25 

16.00 

8.00 

2.00 

0 

0 

16.00 

4.00 

2.00 

384.00 

0.25 

2.50 

0 

0 

0 

4.00 

1997 

9.00 

3.20 

1.00 

11.62 

0.25 

16.00 

2.00 

1.20 

64.00 

0.25 

20.00 

8.00 

2.00 

256.00 

0.25 

24.00 

0 

2.50 

512.00 

0.25 

3.25 

0 

0 

0 

4.25 

1998 

0 

0 

0 

0 

0 

20.00 

2.00 

1.50 

25.60 

0.25 

22.00 

4.00 

2.00 

256.00 

0.25 

18.00 

4.00 

2.50 

512.00 

0.25 

4.00 

0 

0 

0 

4.50 

1999 

0 

0 

0 

0 

0 

24.00 

4.00 

2.00 

0 

0.25 

26.00 

6.00 

2.50 

384.00 

0.25 

26.00 

6.00 

2.50 

512.00 

0.25 

4.00 

0 

0 

0 

4.50 

2000 

0 

0 

0 

0 

0 

32.00 

4.00 

1.50 

0 

0.25 

36.00 

20.00 

2.50 

512.00 

0.25 

36.00 

20.00 

2.50 

512.00 

0.25 

4.00 

0 

0 

0 

4.50 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

28.9 

-2.8 

8.4 

-100.0 

0 

NM 

NM 

NM 

NM 

NM 

35.1 

58.5 

4.6 

14.9 

0 

20.1 

NM 

NM 

NM 

5.2 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Chapter 6 

Input/Output and Dedicated Systems 
Tables 6-1 through 6-6 detail system and semiconductor market data on 
selected computer I/O systems. 

Table 6-1 
Worldwide Sound Board Applications Market 

Board Units (M) 

Board ASP ($) 

Board Factory Revenue ($M) 

16-Bit and Higher Penetration (%) 

Semiconductor Content ($) 

Semiconductor Market ($M) 

ASSP/ASIC ($M) 

Synthesis ($M) 

Analog/Discrete ($M) 

Memory/Others ($M) 

1994 

13.7 

64.6 

883.1 

1.0 

16.1 

220.8 

94.9 

81.7 

33.1 

11.0 

1995 

11.5 

66.3 

765.0 

1.0 

17.0 

196.3 

82.1 

70.7 

28.6 

14.8 

1996 

12.1 

66.3 

803.2 

1.0 

17.5 

212.2 

86.2 

74.2 

30.1 

21.6 

1997 

12.7 

66.3 

843.4 

1.0 

18.0 

229.1 

90.6 

78.0 

31.6 

29.1 

1998 

13.4 

66.3 

885.6 

1.0 

18.0 

240.6 

95.1 

81.9 

33.2 

30.5 

1999 

14.0 

66.3 

929.8 

1.0 

18.0 

252.6 

99.8 

85.9 

34.8 

32.0 

2000 

14.7 

66.3 

976.3 

1.0 

18.0 

265.3 

104.8 

90.2 

36.6 

33.6 

CAGR (%) 
1995-2000 

0.1 

0 

0 

0 

0 

0.1 

0.1 

0.1 

0.1 

0.2 

Source: Dataquest (June 1996) 

Table 6-2 
Worldwide Sound Board OEMs (1995 Unit Share; Percent) 

Creative 

Aztech 

Diamond 

Turtle Beach 

Others 

61.1 

36.5 

0.5 

0.3 

1.6 

Source: Dataquest (June 1996) 

Table 6-3 
Worldwide Graphics Board Applications Market 

Board Units (K) 

Board ASP ($) 

Board Factory 
Revenue ($M) 

Semiconductor 
Content ($) 

Semiconductor 
Market ($M) 

1994 

12,634.5 

160.00 

2,021.5 

57.00 

720.2 

1995 

16,677.5 

152.00 

2,535.0 

55.00 

917.3 

1996 

20,013.0 

160.00 

3,202.1 

58.00 

1,160.8 

1997 

23,815.5 

152.00 

3,620.0 

60.00 

1,428.9 

1998 

27,673.6 

148.96 

4,122.3 

59.00 

1,632.7 

1999 

31,741.7 

145.98 

4,633.7 

58.00 

1,841.0 

2000 

35,836.3 

143.06 

5,126.8 

57.00 

2,042.7 

CAGR(%) 
1995-2000 

16.5 

-1.2 

15.1 

0.7 

17.4 

Source: Dataquest (June 1996) 
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Table 6-4 
Worldwide Digital Video Board Applications Market 

Board Units (K) 

With Hardware Compression 
and /o r Decompression 

With TV Tuner 

Board ASP ($) 

Board Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor Market ($M) 

TV Signal Processing ($M) 

Video Scaling/ 
Processing ($M) 

Compression/ 
Decompression ($M) 

Memory 
(DRAM/VRAM) ($M) 

Others ($M) 

1994 

605.0 

169.0 

100.0 

310.00 

187.6 

87.80 

53.1 

1.5 

20.0 

5.9 

22.7 

3.0 

1995 

1,0803 

351.5 

189.0 

227.98 

246.3 

79.79 

86.2 

3.8 

27.0 

17.6 

27.0 

10.8 

1996 

1,1883 

369.0 

236.3 

216.58 

257.4 

78.20 

92.9 

4.7 

28.4 

18.5 

28.4 

13.0 

1997 

1,307.1 

387.5 

295.3 

205.75 

268.9 

76.63 

100.2 

5.9 

29.8 

19.4 

29.8 

153 

1998 

1,437.8 

406.8 

369.1 

195.46 

281.0 

75.10 

108.0 

7.4 

313 

20.3 

313 

17.7 

1999 

1,581.6 

427.2 

461.4 

185.69 

293.7 

73.60 

116.4 

9.2 

32.8 

21.4 

32.8 

20.2 

2000 

1,739.8 

448.5 

576.8 

176.40 

306.9 

72.12 

125.5 

11.5 

34.5 

22.4 

34.5 

22.6 

CAGR (%) 
1995-2000 

10.0 

5.0 

25.0 

-5.0 

4.5 

-2.0 

7.8 

25.0 

5.0 

5.0 

5.0 

15.8 

Source: Dataquest (June 1996) 

Table 6-5 
Worldwide Monitor Applications Market 

System Units (K) 

System ASP ($) 

System Factory 
Revenue ($M) 

Semiconductor 
Content ($) 

Semiconductor 
Market ($M) 

1994 

41,227.0 

352.00 

14,494.0 

5.00 

188.0 

1995 

54,419.6 

316.80 

17,240.1 

5.00 

272.1 

1996 

65303.6 

285.12 

18,619.4 

5.00 

326.5 

1997 

77,711.2 

256.61 

19,9413 

5.00 

388.6 

1998 

90300.5 

230.95 

20354.6 

5.00 

451.5 

1999 

103,574.6 

207.85 

21,528.2 

5.00 

517.9 

2000 

116,935.8 

187.07 

21,874.8 

5.00 

584.7 

CAGR (%) 
1995-2000 

16.5 

-10.0 

4.9 

0 

16.5 

Source; Dataquest (June 1996 

Table 6-6 
Worldwide Keyboard Applications Market 

System Units (K) 

Semiconductor 
Content ($) 

Semiconductor 
Market ($M) 

1994 

55,961.6 

2.45 

137.1 

1995 

73,869.3 

2.50 

184.7 

1996 

88,643.2 

2.50 

221.6 

1997 

105,485.4 

2.50 

263.7 

1998 

122,574.0 

2.50 

306.4 

1999 

140,592.4 

2.50 

351.5 

2000 

158,728.8 

2.50 

396.8 

CAGR (%) 
1995-2000 

16.5 

0 

16.5 

Source: Dataquest (June 1996) 
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InpuWutput and Dedicated Systems ^ 

Key Trends 

Sound Boards 
Key trends in sound boards are as follows: 

• The sound board market faces increasing competition from integrated 
designs with sound chips on the motherboard or on custom daughter-
card modules. Integrated sound chips are primarily used for mobile and 
consumer PCs, although a few business desktops have integrated 
sound capability. 

• Microsoft has adopted DSP Group's TrueSpeech technology as a com
pression standard. Several vendors already support ADPCM for com
pression. 

• Movement to 16-bit is nearly complete. Wave-table synthesis is gaining 
market share. 

• Key chip functions include FM and wave-table synthesis (512KB to 4MB 
ROM-based), ASSP/ASICs (mbced-signal and digital CMOS), audio 
amplifiers, and mixers. SCSI host adapters have declined in popularity 
compared to EIDE or proprietary variants of EIDE. 

Graphics Boards 
Key trends in graphics boards are as follows: 

• May receive a boost from the 3-D graphics market until mid-1997 when 
several new graphics controllers make 3-D hardware more attractive for 
motherboard implementations. 

• Boards are moving to greater than 1000 x 1000-pixel resolutions; acceler
ated BitBLT-based, 64-bit data paths; and RAMDAC technology moving 
from 85 MHz to 135 MHz. Also, digital video, 3-D, and sound capability 
are appearing in the high-end boards. 

• Extended data out (EDO) DRAM will be the dominant memory for 1996 
but will be replaced with SDRAM/SGRAM in 1997. Minimal buffers 
start at 1MB and move to 4MB with optional single in-line memory 
modules (SIMMs). Most high-end add-in boards have a separate RAM-
DAC, and digital video acceleration functions are being integrated into 
virtually every design. 

Digital Video Boards 
Key trends in digital video boards are as follows: 

• There will be continued penetration into the multimedia content creator 
market (software title development, market communications, and train
ing). Playback board growth will be limited to full-screen 15-fps to 
30-fps acceleration. Other opportunities exist for TV tuner, capture pass-
through, and integrated audio and graphics boards. 

• MPEG-1 hardware shifted partly to the motherboard in 1995 but has 
already reverted to add-in cards, creating greater opportunities for 
video board OEMs. 
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• Key semiconductor opportunities include compression decoders for 
MPEG-1 and JPEG, among others (and encoders for real-time algo
rithms), decoders and encoders between various video standards such 
as PAL, NTSC and CCIR, ASICs (CMOS), digital video processors 
(scaling, among other functions), and DRAM/VRAM pixel buffers. 

Leading digital video board OEMs worldwide are ATI, Creative Technolo
gies, Diamond Multimedia, FutureTel, IBM, Intel, Matrox, Media Vision, 
Optibase, Optivision, Orchid, Sigma Designs, SuperMac, and Video Logic. 

Monitors 
Key trends in monitors are as follows: 

• Color will grow to 98 percent of the market in 1999. 

• 15-inch tubes will be the predominant size in 1996; 17-inches tubes will 
be predominant in 1997. 

• There will be a chip content of about $5 for primarily video amplifier 
controls (moving to 135 MHz) and CRT controls. 

Keyboards 
The trend in keyboards is commodity items moving toward ergonomic 
and wireless versions. 

Leading keyboard OEMs worldwide are Keytronic, Silitek, and 
MaxiS witch. 

i 
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Chapter 1 

Executive Summary 
The personal computer core logic market grew 38 percent to $1.38 billion 
in 1995, compared with $999 million in 1994. This growth in sales was 
driven by both a 36 percent increase in unit shipments to 75.6 million units 
and a 2 percent increase in average selling price (ASP) to $18.21. The desk
top core logic segment comprised 68.8 million units that sold for $1.24 bil
lion. Desktop ASPs increased, driven by the shift from 486-based systems 
to Pentium-based systems that occurred during the year. The mobile core 
logic market comprised almost 6.8 million units that sold for $137 million, 
essentially flat with regard to revenue, as an 18 percent increase in units 
was offset by eroding ASPs that shrank 15 percent over the year. 

Intel clearly has become the dominant player in core logic and shows no 
sign of retreating from this position. Systems based on its Triton chipset, 
introduced early in 1995, and ramped aggressively in the second quarter, 
continued to win performance benchmarks throughout the year. Core 
logic production allows Intel to recycle manufacturing facilities, since this 
core logic generation's process requirements tend to track those of the 
prior CPU generatiori. Intel has brought Triton chipset production in-
house after using contract manufacturing sources for the earlier Saturn, 
Mercury, and Neptune generations. The next-generation P6 chipset, 
known as the 440FX, will also be produced in-house. 

As the market completes its transition to Pentium-based PCI systems, core 
logic suppliers must formulate their strategies for Pentium Pro, along with 
sixth-generation processors from Cjrrix and AMD. It appears unlikely that 
these latter vendors will attempt to be plug compatible with the Pentium 
Pro bus and pinout. Rather, they will maintain compatibility with the 
current Pentium (P54C) bus design. As Intel directs more of its resources 
toward Pentium Pro core logic, there will be opportunities for other ven
dors to focus on chipsets for Pentium-compatible chipsets that optimize 
the performance of the AMD K5 and K6 and the Cyrix Ml and M2. To 
date, VIA Technologies is the only core logic vendor (other than Intel) to 
introduce a product aimed at the emerging Pentium Pro market. The 
continuing evolution of personal computer architecture creates many 
opportunities for innovation and product enhancement with regard to 
core logic. 
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Chapter 2 

Introduction and Methodology 
This document is the second in a series of four that provide reference 
information and analysis about the markets for semiconductor devices in 
personal computers. The four books cover graphics controllers, core logic 
chipsets, microprocessors, and an overview that includes a model of total 
semiconductor content for PCs. 

The information in this report is gathered from both primary and second
ary sources. Primary sources include surveys and interviews of industry 
vendors and customers, as well as analyst knowledge and opinions. 
Secondary sources include government and trade sources on sales, pro
duction, trade, and public spending. Semiconductor content assumptions 
are based both on surveys of producing OEMs and physical teardown 
evaluations by Dataquest analysts of representative personal computers. 

The forecast methodology is based on various methods and assumptions, 
depending on the specific market. To form a solid basis for projecting 
system demand and capital, government, and consumer spending, 
assumptions are made for various regions of the world. For specific 
markets, saturation and displacement dynamics are considered as well. 
Key exogenous factors such as new software introductions, exchange rate 
changes, and government polices are also considered. Semiconductor con
tent forecasts are based upon interviews of system marketers and design
ers (including makers of enabling semiconductor technology), along with 
an analysis of historical trends. 

Project Analyst: Nathan Brookwood 
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Chapter 3 
Market Analysis 

1995: A Good Year for Core Logic Vendors, Especially Intel 
The personal computer core logic market grew 38 percent to $1.38 billion 
in 1995, compared with $999 million in 1994. This growth in sales was 
driven by both a 36 percent increase in unit shipments to 75.6 million units 
and a 2 percent increase in average selling price to $18.21. This unusual 
increase in ASP resulted from the larger number of chips needed in most 
Pentium designs, compared with 486 designs, and from the enhanced 
function offered by the latest chipset generation. 

Dataquest divides the core logic market into two segments: chipsets for 
desktops and chipsets for mobile products. Tables 3-1,3-2, and 3-3 and 
Figures 3-1,3-2, and 3-3 describe tibie overall core logic market, in terms of 
factory revenue, unit shipments, and average selling prices, as estimated 
by Dataquest. Table 3-4 ranks these vendors by 1995 revenue and provides 
market share information. Dataquest has restated its 1994 data to include 
devices from VIA Technologies, a major industry participant that failed to 
participate in our 1994 survey but provided 1994 and 1995 data as part of 
this year's survey. 

Table 3-1 
Personal Computer Core Logic Factory Revenue, 1993-1995 (Millions of Dollars) 

Acer Laboratories 

ACC Microelectronics 

Chips & Technologies 

Cirrus Logic 

Cypress 

Intel 

Oak 

OPTi 

Silicon Integrated Systems 

Symphony 

UMC 

VIA Technologies 

VLSI Technology 

Weitek 

Western Digital 

Total 

1993 

52.7 

20.2 

26.6 

0 

0 

53.0 

0 

107.7 

62.8 

4.8 

91.8 

0 

205.3 

0 

0 

6249 

Desktop 

1994 

48.0 

21.3 

28.9 

0 

0 

186.0 

0 

112.4 

102.1 

10.2 

98.4 

76.5 

178.8 

0 

0 

862.6 

1995 

52.8 

20.9 

13.6 

0 

0 

445.5 

0 

116.3 

128.8 

12.0 

108.0 

138.0 

202.4 

0.6 

0 

1,238.8 

1993 

0 

11.8 

0 

8.8 

0 

0 

0 

2.6 

0 

0.1 

0 

0 

10.9 

0 

20.0 

54.2 

Mobile 

1994 

2.2 

14.2 

0 

42.6 

0 

0 

0.8 

7.6 

1.3 

0.1 

0 

0.4 

56.9 

0 

11.0 

137.0 

1995 

4.0 

13.0 

0 

58.5 

0 

0 

0 

8.8 

1.3 

0.2 

1.4 

2.0 

26.3 

0 

22.0 

137.5 

1993 

52.7 

32.1 

26.6 

8.8 

0 

53.0 

0 

110.2 

62.8 

4.9 

91.8 

0 

216.2 

0 

20.0 

679.1 

Total 

1994 

50.2 

35.5 

28.9 

42.6 

0 

186.0 

0.8 

120.0 

103.4 

10.3 

98.4 

76.9 

235.7 

0 

11.0 

999.6 

1995 

56.8 

33.8 

13.6 

58.5 

0 

445.5 

0 

125.1 

130.0 

12.2 

109.4 

140.0 

228.7 

0.6 

22.0 

1,376.3 

Source: Dataquest (May 1996) 
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Table 3-2 
Personal Computer Core Logic Unit Shipments, 1993-1995 (Thousands of Units) 

Acer Laboratories 

ACC Microelectronics 

Chips & Technologies 

Cirriis Logic 

Cypress 

Intel 

Oak 

OPTi 

Silicon Integrated Systems 

Symphony 

UMC 

VIA Technologies 

VLSI 

Weitek 

Western Digital 

Totals 

1993 

3,900 

1,446 

1,400 

0 

0 

1,500 

0 

6,241 

4,652 

400 

6,800 

0 

7,080 

0 

0 

33,419 

Desktop 

1994 

4,000 

1,774 

1,700 

0 

0 

5300 

0 

7,396 

8,510 

850 

8,200 

5,100 

7,152 

0 

0 

49,982 

1995 

4,400 

1,490 

800 

0 

0 

16,500 

0 

7,500 

10,100 

1,000 

9,000 

9,200 

8,800 

20 

0 

68,810 

1993 

0 

537 

0 

325 

0 

0 

0 

103 

0 

10 

0 

0 

312 

0 

800 

2,087 

Mobile 

1994 

200 

789 

0 

1,850 

0 

0 

35 

379 

90 

10 

0 

20 

1,895 

0 

500 

5,768 

1995 

350 

720 

0 

3,000 

0 

0 

0 

400 

98 

15 

130 

100 

975 

0 

1,000 

6,788 

1993 

3,900 

1,983 

1,400 

325 

0 

1,500 

0 

6,344 

4,652 

410 

6,800 

0 

7,392 

0 

800 

35,506 

Total 

1994 

4,200 

2,563 

1,700 

1,850 

0 

5,300 

35 

7,775 

8,600 

860 

8,200 

5,120 

9,047 

0 

500 

55,750 

1995 

4,750 

2,210 

800 

3,000 

0 

16,500 

0 

7,900 

10,198 

1,015 

9,130 

9,300 

9,775 

20 

1,000 

75,598 

Source: Dataquest (May 1996) 

Table 3-3 
Personal Computer Core Logic Average Selling Price, 1993-1995 (Dollars) 

Acer Laboratories 

ACC Microelectronics 

Chips & Technologies 

Cirrus Logic 

Cypress 

Intel 

Oak 

OPTi 

Silicon Integrated Systems 

Symphony 

UMC 

VIA Technologies 

VLSI 

Weitek 

Western Digital 

Totals 

1 

1993 

13.50 

14.00 

19.00 

0 

0 

35.33 

0 

17.25 

13.50 

12.00 

13.50 

0 

29.00 

0 

0 

18.70 

Desktop 

1994 

12.00 

12.00 

17.00 

0 

0 

35.09 

0 

15.20 

12.00 

12.00 

12.00 

15.00 

25.00 

0 

0 

17.26 

1995 

12.00 

14.00 

17.00 

0 

0 

27.00 

0 

15.50 

12.75 

12.00 

12.00 

15.00 

23.00 

30.00 

0 

18.00 

1993 

0 

22.00 

0 

27.00 

0 

0 

0 

25.00 

0 

14.00 

0 

0 

35.00 

0 

25.00 

25.98 

Mobile 

1994 

11.00 

18.00 

0 

23.00 

0 

0 

22.50 

20.00 

14.00 

14.00 

0 

20.00 

30.00 

0 

22.00 

23.75 

1995 

11.50 

18.00 

0 

19.50 

0 

0 

0 

22.00 

13.00 

14.00 

10.75 

20.00 

27.00 

0 

22.00 

20.26 

1993 

13.50 

16.17 

19.00 

27.00 

NM 

35.33 

NM 

17.38 

13.50 

12.05 

13.50 

NM 

29.25 

NM 

25.00 

19.13 

Total 

1994 

11.95 

13.85 

17.00 

23.00 

NM 

35.09 

22.50 

15.43 

12.02 

12.02 

12.00 

NM 

26.05 

NM 

22.00 

17.93 

1995 

11.% 

15.30 

17.00 

19.50 

NM 

27.00 

NM 

15.83 

12.75 

12.03 

11.98 

NM 

23.40 

30.00 

22.00 

18.21 

NM = Not meaningful 
Source: Dataquest (May 1996) 
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Figure 3-1 
Personal Computer Core Logic Factory Revenue, 1993-1995 

Millions of Dollars 

1993 1994 1995 
963eS3 

Source: Dataquest (May 1996) 

Figure 3-2 
Personal Computer Core Logic Unit Shipments, 1993-1995 

Thousands of Units 
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Source: Dataquest (May 1996) 
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Figure 3-3 
Personal Computer Core Logic Average Selling Price, 1993-1995 

Dollars 
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Source: Dataquest (May 1996) 

Table 3-4 
Core Logic Vendors, Ranked by 1995 Factory Revenue (Millions of Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

1994 
Rank 

2 
1 

6 
4 

3 
5 
8 
7 
9 

11 
10 
12 

15 
13 

Intel 
VLSI 
VIA Technologies 
Silicon Integrated Systems 

OPTi 
UMC 
Cirrus Logic 
Acer Laboratories 
ACC Microelectronics 
Western Digital 
Chips & Technologies 
Symphony 

Weitek 
Oak 

Total 

1994 
Revenue 

186.0 
235.7 

76.9 
103.4 

120.0 
98.4 
42.6 
50.2 

35.5 
11.0 
28.9 
10.3 

0 
0.8 

999.6 

1995 
Revenue 

445.5 
228.7 

140.0 
130.0 
125.1 
109.4 

58.5 
56.8 
33.8 
22.0 

13.6 
12.2 

0.6 
0 

1,376.3 

1994 
Market 

Share (%) 
19 
24 
8 

10 
12 
10 
4 
5 
4 
1 
3 
1 
0 
0 

100 

1995 
Market 

Share (%) 
32 
17 
10 
9 
9 
8 
4 
4 
2 
2 

• 1 

1 
0 
0 

100 

Growth 
(%) 
140 

-3 
82 
26 
4 

11 
37 
13 
-5 

100 
-53 
18 

NM 
NM 

38 
NM = Not meaningful 
Source: Dataquest (May 1996) 
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> 

The core logic market also divides naturally by processor t3rpe; chipsets 
designed for 486-class processors carmot be used with Pentium CPUs and 
vice versa. These two dimensions (CPU type and mobility) define four 
market segments, each of which displayed different dynamics during 
1995. Table 3-5 illustrates the distinctive attributes of these segments. 

Table 3-5 
Core Logic Market Segmentation 

Desktop 

Mobile 

486 
Shrank rapidly from large base 
Falling ASP 

Cost foais 
Large, rapidly shrinking niche 
Falling ASP 
Cost focus 

Pentium 
Grew rapidly from small base 
Rising ASP 
Performance/feature focus 
Small, rapidly growing niche 

Flat ASP 
Cost focus 

i 

\ 

Source: Dataquest (May 1996) 

Core Logic for Desktop Systems 
In 1995, twelve companies provided virtually all the core logic compo
nents used by all major marketers of desktop products; none of the major 
system vendors still designs its own core logic components. The desktop 
core logic segment comprised 68.8 million units that sold for $1.24 billion 
in 1995. It should come as no surprise that this number (68.8 million) 
exceeds both the number of x86-based personal computers (55.2 million) 
and the number of x86 processors (64.4 million) sold into computational 
environments during 1995. Dataquest's data collection methodology does 
not distinguish core logic sold into computational markets from that sold 
into embedded markets, and the same core logic chips can often be used in 
both applications. Dataquest does collect and report data on microproces
sors sold into compute and embedded segments separately. The core logic 
figure tends to fall between sales of all x86 processors (16-bit and 32-bit 
versions, sold into compute and embedded applications—about 93 million 
units in 1995) and 32-bit x86 sales (64.4 million units, sold primarily into 
computational markets at this time). 

The Pentium desktop market grew rapidly, driven by a dramatic shift in 
system mix from 486 to Pentium as the year progressed. Average selling 
prices increased slightly in this segment as vendors integrated new fea
tures into the core logic that added value but decreased the overall bill of 
materials cost of the resulting systems. The most common new feature in 
this category was an enhanced integrated drive electronics (EIDE) control
ler, although some vendors also integrated keyboard controllers or real
time clocks. The good news was that this large market grew rapidly; the 
bad news (for all except Intel) was that Intel's 430FX product, popularly 
known as Triton, dominated the segment. 

The 486 desktop core logic market provided the most challenges for its 
participants, which faced declining markets for 486-based systems as the 
year progressed. There was little opportunity here for iimovation or differ
entiation. Weitek introduced a differentiated product here and promoted a 
Urufied Memory Architecture for the 486, but the company met with little 
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success. Dataquest anticipates that vendors in this segment must reposi
tion their products for "embedded" x86 applications or exit the market. 
Such embedded applications often incorporate general-purpose personal 
computer hardware features but are deployed into special-purpose envi
ronments, such as display kiosks and PBX system controllers. 

Tables 3-6 and 3-7 rank desktop core logic vendors by revenue and unit 
shipments, respectively, and Figures 3-4 and 3-5 display these results 
graphically. Intel was the clear winner in this segment. Its revenue grew by 
140 percent, and it more than tripled its unit shipments over the prior year. 
Intel controlled 36 percent of the desktop core logic market. Among the 
other vendors in this category, only VIA Technologies was able to exceed 
the segment's 44 percent growth rate. Silicon Integrated Systems (SiS) and 
VLSI Technology both had double-digit growth but lost share overall as 
they failed to keep up with Intel's torrid growth. 

Table 3-6 
Desktop Personal Computer Core Logic Factory Revenue, 1994-1995 
(Millions of Dollars) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1994 
Rank 

1 

2 

6 
4 
3 
5 
7 

9 
8 

10 
14 

Intel 

VLSI 
VIA Technologies 
Silicon Integrated Systems 
OPTi 

UMC 
Acer Laboratories 
ACC Microelectionics 
Chips & Technologies 

Symphony 
Weitek 

Total 

1994 
186.0 
178.8 
76.5 

102.1 
112.4 
98.4 
48.0 
21.3 
28.9 
10.2 

0 
862.6 

1995 
445.5 
202.4 

138.0 
128.8 
116.3 
108.0 
52.8 
20.9 
13.6 
12.0 
0.6 

1,238.8 

1994 
Market 

Share (%) 
22 
21 
9 

12 

13 
11 
6 
2 
3 
1 
0 

100 

1995 
Market 

Share (%) 
36 
16 
11 
10 
9 
9 
4 
2 
1 
1 
0 

100 

Growth 
(%) 
140 
13 
80 
26 
3 

10 
10 
-2 

-53 
18 

NM 
44 

NM = Not meaningful 
Source: Dataquest (May 1996) 
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Table 3-7 
Desktop Personal Computer Core Logic Unit Shipments, 1994-1995 
(Thousands of Units) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1994 
Rank 

5 

1 

6 

2 

4 

3 

7 

8 

10 

9 

14 

Intel 

Silicon Integrated Systems 

VIA Technologies 

UMC 

VLSI 

OPTi 

Acer Laboratories 

ACC Microelectronics 

Symphony 

Chips & Technologies 

Weitek 

Total 

1994 

5,300 

8,510 

5,100 

8,200 

7,152 

7,396 

4,000 

1,774 

850 

1,700 

0 

49,982 

1995 

16,500 

10,100 

9,200 

9,000 

8,800 

7,500 

4,400 

1,490 

1,000 

800 

20 

68,810 

1994 
Market 

Share (%) 

11 

17 

10 

16 
14 

15 

8 

4 

2 

3 

0 

100 

1995 
Market 

Share (%) 

24 

15 

13 

13 

13 

11 

6 

2 

1 

1 

0 

100 

Growth 
(%) 
211 

19 

80 

10 

23 

1 

10 

-16 

18 

-53 

NM 

38 
NM = Not meaningful 
Source: Dataquest (May 1996) 

Figure 3-4 
Desktop Personal Computer Core Logic Factory Revenue, 1994-1995 

Millions of Dollars 
1.400 IT 
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Source: Dataquest (May 1996) 
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Figure 3-5 
Desktop Personal Computer Core Logic Unit Shipments, 
1994-1995 

Thousands of Units 
70,000-(I 
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Source: Dataquest (May 1996) 

Intel clearly has become the dominant player in core logic and shows no 
sign of retreating from this position. Its core logic operation, headquar
tered in Folsom, Califonua, supports Intel's strategy of rapidly evolving 
PC technology and performance to drive market growth. It facilitates the 
introduction of new I/O architectures like the Peripheral Component 
Intercormect (PCI) bus, the Universal Serial Bus (USB), and the forthcom
ing Accelerated Graphics Port (AGP). The Folsom operation also allows 
Intel to recycle manufacturing facilities, since this core logic generation's 
process requirements tend to track the prior CPU generation's require
ments. Consequently, Intel has brought chipset production in-house after 
using contract manufacturing sources for the earlier Saturn, Mercury, and 
Neptune generations. Orion, the relatively low-volume Pentium Pro 
chipset, is manufactured externally, but the company's next-generation 
P6 chipset, known over time as Mars, Natoma, and 440FX, will be pro
duced in-house. 

Core Logic for Mobile Systems 
Ten core logic vendors provided about half the chipsets used in mobile 
computers; several vendors of mobile systems still use proprietary core 
logic devices. As system complexity increases, because of more severe 
power management issues and more complex memory system and I/O 
structures, this approach becomes less and less practical, and Dataquest 
anticipates increased penetration of off-the-shelf devices into this class of 
product. The mobile core logic market comprised almost 6.8 million uiuts 
that sold for $137 million in 1995. 

The Pentium mobile market grew rapidly but from a very small base. In 
1995 most mobile systems continued to be built around 486-class CPUs. 
Mobile Pentium-based products tended toward the high-end in 1995, 
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• 

making this market less price sensitive than others; ASPs remained flat, 
even with the heavy mix of 486-based mobile products. Intel did not intro
duce its "mobile Triton" (430TX) product until late in the year, thus leaving 
opportunities for other vendors to jump in earlier. 

The 486 mobile segment provided limited opportunities for product differ
entiation via power management and grew to over 6 million units. Stan
dard core logic vendors still confronted homegrown solutions in this 
segment and often cut prices to displace internal designs; the net effect 
was ASP erosion that led to flat dollar sales on increased unit volumes. 

VLSI Technology and Cirrus Logic's FicoPower division traded the No. 1 
and No. 2 positions in the mobile segment VLSI's position depended 
largely on its mobile 386-based chipset, where sales fell off as the 386 CPU 
faded from the mobile scene, FicoPower gained the top position as sales of 
its mobile 486-based chifwets grew substantially and it commenced ship
ments of its first mobile Pentium products. Despite its success in 1995, 
PicoPower represented but a minor portion of Cirrus' overall revenue, and 
the division was rumored to be up for sale as Cirrus tried to focus its ener
gies following a weak finish to 1995. 

Tables 3-8 and 3-9 rank mobile core logic vendors by revenue and unit 
shipments, respectively, and Figures 3-6 and 3-7 display these results 
graphically. 

Table 3-8 
Mobile Personal Computer Core Logic Factory Revenue, 1994-1995 
(Millions of Dollars) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1994 
Rank 

2 

1 

4 

3 

5 

6 

9 

14 

7 

10 

8 

Cirrus Logic 

VLSI 

Western Digital 

ACC Microelectronics 

OPTi 

Acer Laboratories 

VIA Technologies 

UMC 

Silicon Integrated Systems 

Symphony 

Oak 

Total 

1994 

42.6 

56.9 

11.0 

14.2 

7.6 

2.2 

0.4 

0 

1.3 

0.1 

0.8 

137 

1995 

58.5 

26.3 

22.0 

13.0 

8.8 

4.0 

2.0 

1.4 

1.3 

0.2 

0 

137 

1994 
Market 

Share (%) 

31 

42 

8 

10 

6 

2 

0 

0 

1 

0 

1 

100 

1995 
Market 

Share (%) 

43 

19 

16 

9 

6 

3 

1 

1 

1 

0 

0 

100 

Growth 
(%) 

37 

-54 

100 

-9 

16 

83 

400 

NM 

1 

50 

-100 

0 

NM = Not meaningful 
Source: Dataquest (May 1996) 

• 
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Table 3-9 
Mobile Personal Computer Core Logic Unit Shipments, 1994-1995 
(Thousands of Units) i 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1994 
Rank 

2 
4 
1 

3 
5 
6 

14 

9 
7 

10 
8 

Cirrus Logic 
Western Digital 
VLSI 

ACC Microelec±ronics 
OPTi 

Acer Laboratories 
UMC 
VIA Technologies 
Silicon Integrated Systems 
Symphony 
Oak 

Total 

1994 
1,850 

500 
1,895 

789 
379 
200 

0 
20 
90 
10 
35 

5,768 

1995 
3,000 
1,000 

975 
720 
400 
350 
130 
100 
98 
15 
0 

6,788 

1994 
Market 

Share (%) 
32 
? 

33 
14 
7 
3 
0 
0 
2 
0 
1 

100 

1995 
Market 

Share (%) 
44 
15 
14 
11 
6 
5 
2 
1 
1 
0 
0 

100 

Growth 
(%) 

62 
100 
-49 
-9 
6 

75 
NM 
400 

9 
50 

-100 
18 

NM = Not meaningful 
Source: Dataquest (May 1996) 

Figure 3-6 
Mobile Personal Computer Core Logic Factory Revenue, 1994-1995 i 

Millions of Dollars 
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Figure 3-7 
Mobile Personal Computer Core Logic Unit Shipments, 
1994-1995 

Thousands of Units 
7,000 HT m 

m 
n 
s 
m 
^ 

others 

OPTi 

ACC 
Microelectronics 

VLSI 

Western Digital 

Cirrus (PicoPower) 

1994 1995 

Source: Dataquest (May 1996) 

PSAM-WW-MT-9602 ©1996 Dataquest June 17,1996 



. Chapter 4 

Trends in PC Core Logic Features 

Processor Support 
Intel's increasing presence in core logic markets creates both problems and 
opportunities for other core logic suppliers. The biggest problem they face 
is tiiat Intel's reuse of CPU manufacturing facilities to produce core logic 
allows it to eliminate much depreciation expeiise, maldng Intel the low-

^cost producer in a market that is highly price competitive.JBecause it con-
^taols many of the key technologies with which the core logic must deal, 
ma5mng-CFU7Pet-arKti?SBlntef^C5srEferoflEn^^ 
advantage as well, a key issue as product cycles continue to shrink. Intel's 
impending transition from Pentium to P6 processor technology forces 
independent vendors to confront several key strategic issues. Intel has 
obtained patents on several unique aspects of its P6 bus design, and it 
appears unlikely that alternate x86 vendors (that is, Cyrix and AMD) will 
incorporate the P6 bus into their next-generation designs. Chipset suppli
ers must decide whether they want to pursue the larger P6 opportunity, 
where they must go head-to-head with Intel, or whether to focus their 
efforts on supporting the next-generation processors from AMD and 
Cyrix, which will likely utilize the current Pentium bus and pinout 
specifications, but place far greater demands on I/O bandwidth than 
any existing Pentium processor. 

I Memory Technology 

> 

Most vendors of Pentium-class core logic added support for extended data 
out (EDO) memory early in 1995, and the system market's rapid transition 
to EDO in the second half of the year contributed to the supply imbalance 
that drove the price of fast page mode (FFM) DRAM down at the end of 
the year. 

Memory system bandwidth requirements will continue to be stressed by 
applications like 3-D rendering and motion video. This is especially true at 
the low end of the market, where cost concerns dictate that many of the 
functions handled by outboard subsystems in high-end systems be han
dled by the main system processor. The processor vendors happily supply 
the execution engines to drive such devices, but this approach taxes mem
ory bandwidth. SDRAM and Rambus DRAM (RDRAM) will take on 
increasing significance in this regard. 

The use of pipelined burst SRAM (PBSRAM) grew rapidly during the year 
as core logic vendors added this capability to their products, and memory 
vendors ramped production of these devices. Supply imbalances kept the 
price of PBSRAM high in the first half, but brought prices in line with the 
traditional as5mchronous SRAM by year's end. Given the overall system 
performance benefit provided by a secondary cache in the Pentium envi-
romnent, especially at higher processor clock rates, Dataquest anticipates 
that all but the lowest-end desktop systems will incorporate this feature. 
Fujitsu has demonstrated a device similar to a multichip module (MCM) 
that contains a Pentium CPU, Mobile Triton chipset, and 256KB of 
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PBSRAM, all mounted as raw dice on a small daughtercard suitable for 
use in mobile environments. 

The debate that raged in 1995 over Unified Memory Architectures, or 
UMA, (see Dataquest Perspective PSAM-WW-DP-9602) has now abated, 
largely because of Microsoft's active lobbying against the concept and the 
changing economics of the cost of system memory and frame buffer mem
ory toward the end of the year. The 8MB Windows 95 systems with UMA 
appear in retrospect to have been a marginal proposition at best. 
Dataquest anticipates that this debate will resurface in 1997, when entry-
level systems contain 16MB of memory and the economics of building 
dedicated frame buffers of 1MB to 2MB, using relatively low-density 
DRAM components, once again favors UMA approaches. 

Input/Output Bus Support 
For all intents and purposes, the local bus battle is over. PCI designs have 
taken hold, even in mobile markets. The next major issue is support for 
Intel's proposed Accelerated Graphics Port (AGP), which significantly ups 
the bandwidth between a graphics accelerator and main memory. Intel has 
driven the AGP definition but indicates that it will make the specification 
available on a royalty-free basis. Intel has stated that Pentium Pro core 
logic slated for 1997 will contain support for AGP, but it has said nothing 
about Pentium core logic during this time. There may be opportunities for 
third parties to provide such enhancements for processors using the 
Pentium bus architecture, which include not only the P55C, but sixth-
generation designs from Cyrix and AMD as well. 

The new Universal Serial Bus interface will take on increasing significance 
in the second half of 1996 and beyond, and competitive new core logic 
designs must provide support for this feature. 

Integration of Enhanced Features 
The classic approach to adding value to core logic products is to absorb 
functions handled by separate support chips in current designs. HIDE, 
supporting PCI master mode transfers, has now been incorporated into 
most chipsets, and Microsoft has indicated its intention to add standard 
support for this feature in the next release of Windows 95. Some vendors 
have chosen to integrate real-time clock and/or keyboard controller func
tions as well. Dataquest expects to see at least one vendor offer "Super 
I/O" features in core logic during the next year. 

Power Management 
Power management features, long a requirement in chipsets targeted at 
mobile applications, will take on increased importance in desktop 
environments as well. At the WinHEC '96 conference, Microsoft unveiled 
its Simply Interactive PC (SIPC) initiative, which makes the personal 
computer more appliance-like by enabling it to transition from a mostly 
powered-down state to an active state in less than 10 seconds. This would 
allow a sleeping PC to wake up and answer a ringing phone in time to 
take a message or receive a fax. The SIPC progreun has significant implica
tions for core logic and BIOS vendors, as well as for operating system and 
application program designers. 
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Packaging 
The nature of the functions core logic performs tends to cause many such 
devices to be limited more by intercormect mechanisms than by silicon 
density or performance. The cost-sensitive nature of the application pre
cludes expensive solutions to this problem. Several vendors have recently 
introduced core logic in ball-grid array (BGA) packages in order to 
increase the number of signals entering the device without significantly 
increasing its packaging cost. Dataquest anticipates increased use of this 
approach over the next two years. 

} 

> 
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Chapter 5 

Competitive Analysis, 

Intel 

• 

VLSI Technology 

^ 

The following section provides a brief overview of the top three core logic 
vendors, as measured by 1995 factory revenue. 

Intel's core logic operation, headquartered in Folsom, California, supports 
Intel's strategy of rapidly evolving PC technology and performance to 
drive market growth. It facilitates the introduction of new I/O architec
tures like the Peripheral Component Intercormect (PCI) bus, the Universal 
Serial Bus (USB), and the forthcoming Accelerated Graphics Port (AGP). 
Systems based on its Triton chipset, introduced early in 1995 and ramped 
aggressively in the second quarter, continued to win performance bench
marks throughout the year. 

Intel used contract manufacturing sources for its Saturn, Mercury, and 
Neptune Pentium chipsets, as well as for Orion, its first-generation Pen
tium Pro core logic. In 1995, Intel began in-house production of its Triton 
(430FX) chipsets, and this continues in 1996 with in-house manufacture of 
Triton II (430HX), Triton VX (430VX), and Natoma (440FX). The Folsom 
operation allows Intel to recycle manufacturing facilities, since this year's 
core logic process requirements tend to track the prior year's CPU process 
needs. This eliminates much of the equipment depreciation expense for 
this class of product and allows Intel to compete with vendors having far 
lower overhead expenses. 

Before Intel's participation, this market tended to have a high-price (over 
$50) segment that addressed high-performance markets and a lower-price 
segment (under $20) for customers willing to trade performance for cost. 
Intel's entry compressed these price points, forcing high-end chipsets into 
the $20-to-$30 range and low-end devices below $15. 

Dataquest estimates that more than half the chipsets Intel manufactures 
are consumed by the company's motherboard operation, which in turn 
sells most of its output on an OEM basis to major PC suppliers. 

Last year's top core logic supplier, VLSI Technology's Personal Computer 
Division (PCD), headquartered in Tempe, Arizona, had a difficult year in 
the face of Intel's aggressive growth in this segment. Growth Ln desktop 
revenue was constrained by price erosion and delays in the company's 
Wildcat program, the successor to the earlier Pentium Supercore product. 
Shipments of its mobile products declined as OEM customers for its 386-
based mobile designs selected other vendors for their 486-based products. 
More than most otiier vendors, VLSI suffered from the price compression 
at the high end of the market. It had neither the low overhead structure of 
offshore vendors nor Intel's access to depreciated equipment. 
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VIA Technologies 
VIA Technologies, based in Fremont, California, was the only vendor able 
to increase its market share from 1994 to 1995 in the face of Intel's dramatic 
growth in this area. The company's core logic revenue grew 82 percent to 
$140 million in 1995. Via has emphasized highly integrated designs that 
include HIDE controller, keyboard controller, and real-time clock, thus 
lowering the bill of materials cost for systems built around its core logic. 
Via has been quick to jump on new technologies, and at last fall's COM
DEX show it demonstrated a Pentium chipset that supported burst EDO 
(BEDO) DRAM, synchronous DRAM, and a Unified Memory Architec
ture. Via is title only company (outside of Intel) to develop and market core 
logic for the Pentium Pro. The company's initial three-chip version of this 
set, introduced in January, provided a compact and inexpensive alterna
tive to Intel's seven-chip Orion DT configuration. Via followed this with a 
recent announcement of a two-chip version that supports BEDO and 
SDRAM memory technologies. 

I 

I 

I 
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Chapter 6 

Market Forecast 
Dataquest derives its core logic forecast from a combination of the Semi
conductor group's worldwide x86 microprocessor forecast and its world
wide personal computer forecast. The personal computer forecast drives 
the unit mix between desktop and mobile systems, which remains steady 
at 18 percent mobile, 80 percent desktop, and 2 percent server. The PC 
forecast also plays a key role in the mix among different processor 
generations. 

The core logic unit forecast tracks overall demand for x86 processors, 
including those sold into both compute and embedded applications. (As 
noted earlier, Dataquest classifies many personal computer hardware con
figurations as embedded only because a general-purpose personal com
puter or PC motherboard is installed within a fixed-function device, such 
as a display kiosk. Such systems nevertheless consume standard PC core 
logic.) This classification scheme leads to the interesting anomaly that 
allows us to report core logic unit shipments in excess of personal com
puter shipments and also in excess of microprocessors used in personal 
computers. 

The forecasting problem is further complicated by differing processor 
model mixes in mobile computational, nonmobile computatiorial, and 
embedded applications. Our model reflects our estimates of these CPU 
mixes over time. 

Table 6-1 and Figure 6-1 provide Dataquest's forecast for core logic 
chipsets by x86 processor generation, from 1996 through 2000. It is impor
tant to note that for tracking and forecasting purposes, Dataquest defines 
these generations primarily by MPU pinout considerations. Thus, we clas
sify the Cyrix 5X86 and the AMD 5X86, both of which fit into 486-type 
sockets, as 486 from a core logic perspective. Similarly, the Cyrix 6x86 and 
the AMD 5K86, neither of which shipped in meaningful quantities in 1995, 
will both be counted in 586 core logic families, even though they contain 
many of the architectural features found in Intel's Pentium Pro design. 

Table 6-2 and Figure 6-2 describe Dataquest's forecast in terms of target 
markets. The segment named "fixed" refers to desktop and deskside com
putational applications. "Mobile" refers to systems containing x86 devices 
used in mobile applications. "Embedded" refers to x86 systems used in 
nongeneral-purpose environments, which include both mobile and fixed 
applications. 
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Table 6-1 
Core Logic Unit by x86 Processor Generation, 1996-2000 (Thousands of Units) 
CPU Type 

<386 

386 

486 

586 

686 

786 

Total 

1995 

20,816 

3,078 

25,597 

25,937 

80 

0 

75,507 

1996 

15,481 

1,520 

12,9% 

55,849 

3,200 

0 

89,045 

1997 

11,518 

988 

7,502 

57,024 

26,400 

0 

103,432 

1998 

8,602 

593 

3,359 

48,620 

54,880 

800 

116,854 

1999 

6,437 

356 

2,470 

18,000 

82,472 

18,000 

127,734 

2000 

4,822 

213 

513 

9,060 

74,400 

46,400 

135,408 

Figure 6-1 
Core Logic Unit Forecast for Desktop Systems, 1996-2000 

Thousands of Units 
140 

2000 
983690 

Source: Dataquest (May 1996) 

Table 6-2 
Core Logic Unit Forecast by Application, 1996-2000 (Thousands of Units) 
Application 

Embedded 

Mobile 

Fixed 

Total 

1995 

26,065 

5,748 

43,694 

75,507 

1996 

25,652 

8,543 

54,851 

89,045 

1997 

24,949 

12,851 

65,632 

103,432 

1998 

22,173 

17,158 

77,523 

116,854 

1999 

19,365 

16,790 

91,580 

127,734 

2000 

17,248 

14,400 

103,760 

135,408 
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Figxire 6-2 
Core Logic Unit Forecast for Mobile Systems, 1996-2000 

Thousands of Units 

140,000 

1995 

^ 

• 
s 

Embedded 

Mobile 

Fixed 

1996 1997 1998 1999 2000 
9S3Gei 

Source: Dataquest (May 1996) 
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Chapter 1 

Executive Summary. 
The market for graphics controllers in PCs grew to $1.32 billion in 1995. 
The year was characterized by tight supply of graphics controllers, as well 
as most other semiconductor devices, through most of the year, with a 
dramatic shift in the fourth quarter to abundant supply coupled with soft
ening demand for PCs. 

Cirrus Logic is still the largest supplier of graphics controllers but did lose 
market share. S3 and ATI Technologies gained market share in the desktop 
market by emphasizing their 64-bit graphics products. Chips & Technolo
gies was the big mover on the mobile graphics side of the market, posting 
tremendous 270 percent unit growth and breaking the $100-million-dollar 
mark in that market alone. 

Trends in features include wider adoption of video acceleration features, 
which shipped in 26 percent of desktop PC graphics controllers in 1995. 
Interface standards are still coupled with microprocessor sales as PCI fol
lows Pentium shipments and Intel's Accelerated Graphics Port will follow 
Pentium Pro shipments starting in the second half of 1997. Graphics mem
ory is shifting to EDO DRAM from FPM DRAM now, but SGRAM is on 
the horizon with good prospects for widespread use in graphics. 

The future will be exciting for graphics vendors as market growth slows in 
1996 to 7.1 percent on a revenue basis before rebounding to 20.8 percent 
revenue growth in 1997 as shipments of 3-D graphics accelerators soar 
past the 20-miIlion-unit mark, up from 3 million units in 1996. Software 
compatibility issues, including tike delays of Microsoft's Direct3D, will 
limit the number of 3-D games on the retail shelves this year and subse-
quentiy postpone the widespread adoption of 3-D graphics accelerators 
into 1997. Price competition for 2-D accelerators with video features, cou
pled with the relatively small numbers of more expensive 3-D accelerators 
(a few million units this year), is the reason for slow revenue growth 
expectations in 1996. 
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Chapter 2 

Introduction and MethodologjL 
This document is the first in a series of four that provide reference infor
mation and analysis about the markets for semiconductor devices in per
sonal computers. The four books discuss graphics controllers, core logic 
chipsets, microprocessors, and an overview that includes a model of total 
semiconductor content for PCs. 

The information in this report is gathered from both primary and second
ary sources. Primary sources include surveys and interviews of industry 
vendors and customers, as well as analyst knowledge and opinions. 
Secondary sources include government and trade sources on sales, pro
duction, trade, and public spending. Semiconductor content assumptions 
are based on both surveys of producing OEMs and physical teardown 
evaluations by Dataquest analysts of representative personal computers. 

The forecast methodology is based on various methods and assumptions, 
depending on the specific market. To form a solid basis for projecting 
system demand and capital, government and consumer spending, 
assumptions are made for various regions of the world. For specific mar
kets, saturation and displacement dynamics are considered as well. Key 
exogenous factors such as new software introductions, exchange rate 
changes, and government policies are also considered. Semiconductor 
content forecasts are based on interviews of system marketers and design
ers (including makers of enabling semiconductor technology), along with 
an analysis of historical trends. 

Project Analyst: Geoff Ballew 
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Chapter 3 

Market Analysis 

1995: In Like a Lion, Out Liice a Lamb 
The PC graphics controller market grew to $1.32 billion in 1995, with 
22.2 percent growth over 1994's $1.08 billion size. Unit shipments rose 
26.9 percent over this same period as the average selling price (ASP) fell 
because of competition. This market is driven primarily by demand for 
PCs but was not quite as strong as the PC market last year. Factory reve
nue for PCs grew by 30.7 percent even though unit shipments of PCs grew 
by only 25.6 percent. 

The ASP for graphics controllers fell slightly in 1995 while the ASP for fin
ished PCs increased. Supply constraints through most of 1995 forced ven
dors to do a balancing act between new products and more mature ones. 
Graphics chip vendors wanted the higher prices that new products fetch 
but faced lower manufacturing yields as production ramped up. Volume 
commitments kept capacity allocated to the mature products, slowing the 
adoption of new features, as vendors struggled to meet demand for chips. 
Capacity constraints eased near the end of tihe year, but slower PC demand 
coupled with relatively high inventories reduced demand for graphics 
controllers as well as other components. PC OEMs and add-in board 
OEMs did not place as many new orders for graphics controllers because 
their inventory levels were full from previous orders. The result was a year 

^ ^ that finished with a sigh rather than a bang as graphics vendors were 
^ B largely unable to benefit from the greater availability of manufacturing 

capacity near the end of the year. 

Cirrus Logic Retains tlie No. 1 Ranlcing 
Cirrus Logic is still the largest supplier of graphics controllers to the PC 
market, despite losing market share in 1995 to competitors such as S3, ATI, 
and Chips & Technologies. Cirrus' revenue came close to $0.5 billion, with 
over 90 percent from the desktop graphics market. Cirrus' growth was 
limited by supply constraints, which eased just about the same time that a 
major customer canceled some orders. Those canceled orders left Cirrus 
witii too much inventory when prices for 32-bit controllers were sharply 
eroding. Table 3-1 shows the unit shipments and revenue for PC graphics 
controllers. Figure 3-1 shows the unit shipment data graphically. 

The real winners for 1995 were S3 and ATI. Both these companies doubled 
their unit shipments while maintaining the highest ASPs of the high-vol
ume graphics chip vendors. S3 led the shift to 64-bit controllers from the 
older 32-bit designs as access to manufacturing capacity limited its ability 
to support both product lines. Both S3 and ATI reaped the benefits of 
emphasizing the 64-bit products like S3's Trio64 and ATI's Mach64 with 
higher prices and relative immunity from price erosion in the 32-bit graph
ics market near the end of the year. Note tiiat these two companies have 
the highest ASPs in the list of top vendors. The race for market share in 
1996 will be heated as the 3-D graphics becomes more important. ATI and 

g ^ S3 have complete product portfolios that include fast 2-D graphics and 
^ B video acceleration as well as pin-compatible 3-D accelerators. 2-D perfor-
^ ^ mance coupled with pin-compatible 3-D accelerators will win designs for 

these two companies. Cirrus Logic has promised that it will have 
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3-D accelerators in time for Christmas 1996 products but has not 
announced details. Table 3-2 shows the unit shipments and revenue 
for desktop PC graphics controllers. Figure 3-2 shows the unit shipment 
data graphically. 

Table 3-1 
Vendor Market Share for PC Graphics Controllers (Units in Thousands, 
Revenue in Millions) 

1995 
Rank 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

1994 
Rank 

1 
3 
2 
7 

6 
4 
5 
8 

NR 
9 

Company 
Cirrus Logic 

S3 

Trident Microsystems 
Chips & Technologies 

ATI Technologies 
Tseng Labs 
Western Digital (Philips) 

Avance Logic 
Ark Logic 
Sierra Semiconductor 

Others 
Total 

1994 Units 
26,000 
6,000 

7,903 
2,013 
2,500 
4,600 
3,175 
1,250 

100 
750 

4,549 
58,840 

1995 Units 
26,900 
12,500 
10,791 
6,425 

5,000 
3,000 
2,000 
1,417 

1,300 
953 

4,382 

74,668 

1995 
Revenue 

488.1 

288.0 
132.8 
115.9 

100.0 
39.0 
38.0 
18.4 

15.6 
14.3 
69.3 

1,319.4 

Market 
Share (%) 

37.0 
21.8 

10.1 
8.8 

7.6 
3.0 
2.9 
1.4 
1.2 
1.1 

5.3 

NR = Not ranked 
Source: Dataquest (May 1996) 

Figure 3-1 
Total PC Graphics Controllers Unit Shipments 
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Source: Dataquest (May 1996) 
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Table 3-2 
Vendor Market Share for Desktop PC Graphics Controllers (Units in Thousands^ 
Revenue in Millions) 

1995 
Rank 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

1994 
Rank 

1 

3 
2 

5 

4 

6 

NR 

7 

NR 

9 

Company 

Cirrus Logic 

S3 

Trident Microsystems 

ATI Technologies 

Tseng Labs 

Avance Logic 

Ark Logic 

Sierra Semiconductor 

Silicon Integrated Systems 

Chips & Technologies 

Others 

Total 

1994 Units 

24,500 

6,000 

7,903 

2,500 

4,600 

1,250 

100 

750 

0 

513 

2,695 

50,811 

1995 Units 

25,000 

12,500 

10,381 

5,000 

3,000 

1,417 

1,300 

953 

896 

876 

2,067 

63,390 

1995 
Revenue 

446.3 

288.0 

124.6 

100.0 

39.0 

18.4 

15.6 

14.3 

11.6 

10.5 

29.3 

1,097.6 

Market 
Share (%) 

40.7 

26.2 

11.3 

9.1 

3.6 

1.7 

1.4 

1.3 

1.1 

1.0 

2.7 

NR = Not ranked 
Source: Dataquest (May 1996) 

Figure 3-2 
Desktop PC Graphics Controllers Unit Shipments 
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Chips & Technologies seized the No. 1 position in the mobile graphics 
market, beating Western Digital with an array of higher-performance con
trollers. Chips & Technologies grew its unit shipments and revenue with 
an impressive number of design-wins for the 65545 family of controllers. 
The year 1996 will be interesting because S3, the second-largest PC graph
ics vendor, introduced a family of products for mobile computers last 
January. Even with the new competition, Dataquest expects Chips & 
Technologies to retain the No. 1 position for mobile graphics controllers 
in 1996. Table 3-3 shows the unit shipments and revenue for mobile PC 
graphics controllers. Figure 3-3 shows the unit shipment data graphically. 

Table 3-3 
Vendor Market Share for Mobile PC Graphics Controllers (Units in Thousands, 
Revenue in Millions) 

1995 
Rank 

1 

2 

3 

4 

5 

6 

1994 
Rank 

3 

2 

1 

NR 

4 

5 

Company 

Chips & Technologies 

Cirrus Logic 

Western Digital (Philips) 

Trident Microsystems 

S-MOS Systems 

OPTi 

Others 

Total 

1994 Units 

1,500 

1,500 

3,175 

0 

500 

100 

1,254 

8,029 

1995 Units 

5,549 

1,900 

2,000 

410 

300 

100 

1,019 

11,278 

1995 
Revenue 

105.4 

41.8 

38.0 

8.2 

6.0 

2.0 

20.4 

221.8 

Market 
Share (%) 

47.5 

18.8 

17.1 

3.7 

2.7 

0.9 

9.2 

NR = Not ranked 
Source: Dataquest (May 1996) 

Figure 3-3 
Mobile PC Graphics Controller Unit Shipments 
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Chapter 4 

Trends in Features of PC Graphics Controllers, 

Higher Levels of Integration 
Figure 4-1 shows the level of feature integration for a desktop graphics 
controller today. The most significant additions in 1995 were the live video 
interface and 3-D graphics acceleration. The live video interface is more 
sophisticated than the video pass-through connectors that graphics con
trollers have had in the past because it feeds video data into the graphics 
memory rather than straight to the video accelerator. This enables live 
video to share the existing graphics memory and makes effective use of 
the control functions in the graphics chip to mix the video and graphics 
data streams. 

Figure 4-1 
Block Diagram for a Desktop PC Graphics Controller 
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Figure 4-2 shows the level of feature integration for a mobile PC graphics 
controller today. The most significant changes in 1995 were the shift to a 
64-bit graphics engine, the addition of video acceleration features, and the 
Zoom Video (ZV) port. The ZV port is effectively the mobile PC equivalent 
of the live video interface added to desktop controllers. It allows video 
data to stream through the PC Card or PCMCIA connector to the graphics 
controller, but it does require support logic in the PC Card or PCMCIA 
controller as well as the graphics controller. 

Video Acceleration 
PC graphics controllers now include features for accelerating digital video 
playback. Research shows ihat video acceleration (VA) features shipped in 
26 percent of desktop PC graphics controllers in 1995, up from 3 percent in 
1994. The mobile PC graphics market is a half-step behind the desktop 
market, with 12 percent of graphics controllers shipping with video accel
eration in 1995, up from zero percent in 1994. These features will spread to 
nearly 100 percent of unit shipments for desktop PC graphics controllers 
in 1997 and 90 percent of mobile PC graphics controllers in that same year. 
Figure 4-3 shows this trend graphically. 

Figure 4-2 
Block Diagram for a Mobile PC Graphics Controller 
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» 

Figure 4-3 
Video Acceleration (VA) in PC Graphics Controllers 
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Within the broad definition of video acceleration, there is room for graph
ics vendors to differentiate their products on specific acceleration features 
as well as quality. Figure 4-4 shows the percentage of graphics controllers 
that shipped in 1995 with specific video acceleration features, broken out 
by desktop and mobile markets. 

These will quickly become standard features that ship in almost all graph
ics controllers. The mobile graphics market will continue to lag the desk
top market in adoption rate for these features, but the lag time is less than 
one year. Color space conversion, scaling with both vertical and horizontal 
interpolation, and the ability to share the frame buffer for YUV and RGB 
data will increase to nearly 100 percent of unit shipments by the end of 
1997. Chroma key may lag those features slightly, but it is a key feature for 
interactive multimedia tides, particularly games. TV display will lag a bit 
more as demand for these features is now focused in Asian markets where 
TV/PC combinations are more popular because of space considerations. 
Demand for TV display features in the U.S. and European home PC mar
kets is low but will increase. Initiatives to make the PC a home appliance 
for the living room, such as Microsoft's Simply Interactive PC (SIPC), 
require TV display features to blur the difference between monitors 
and TVs. 

PSAI\^-WW-iVlT-9601 ©1996 Dataquest IVlay27,1996 
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Figure 4-4 
Relative Shipments of Specific Video Acceleration Features in Desktop and Mobile PC 
Graphics Controllers in 1995 
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Source: Dataquest (May 1996) 

Graphics Memory 
Most graphics controllers today use fast page mode (FPM) DRAM for the 
graphics memory, with VRAM reserved for high-end applications that are 
less cost-sensitive. New types of memory are necessary as 3-D graphics 
and higher-resolution displays push the performance limits of FPM 
DRAM. The transition is difficult because PC OEMs do not want their cost 
per megabyte to rise, but they need the benefits offered by new types of 
memories. The first alternative is extended data out (EDO) DRAM, which 
offers higher performance at a small price premium. Over 21 percent of 
graphics controllers shipped last year could use EDO DRAM. Figure 4-5 
shows the types of memory supported by graphics controllers that 
shipped in 1995. 

Other types of memory that could become more popular for use as graph
ics memory are synchronous graphics RAM (SGRAM), Rambus DRAM 
(RDRAM), MoSys DRAM (MDRAM), window RAM (WRAM), and 
SDRAM. Each of these memory types has its strengths, and each one has 
graphics controllers designed to use it today. Adoption of these new mem
ories is slow, however, as PC OEMs are reluctant to bet on any of these 
memory types. For PC OEMs, choosing the "wrong" memory means facing 
higher prices because of limited sourcing. Two of ttie memories listed have 
much broader acceptance than the others. SGRAM is being used in several 
new 3-D graphics controllers and appears to have enough manufacturers 
to ensure commodity pricing. RDRAM has a number of design-wins, but 
only one in the PC graphics market. Cirrus Logic chose RDRAM for its 
Laguna family of PC graphics controllers. 

Dataquest expects EDO DRAM to be the most widely used memory for 
the next two years, with support for SGRAM increasing as more graphics 
controllers ship with 3-D graphics acceleration. All the other memory 
types mentioned above have technical merit but may not gain broad 
acceptance because of marketing or supply issues. 
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Figure 4-5 
Memory Support for Graphics 
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One additional solution to the graphics memory problem is to integrate 
the memory onto the same chip as the graphics controller. Some Dell Lati
tude notebooks are already shipping with a graphics controller from 
NeoMagic that has integrated memory. The challenges of integrating 
memory and logic are significant, but so are the benefits of a wider inter
face and single-chip (memory and logic) design. Integrated memories are 
a product to watch, but they were more attractive when memory prices 
were higher. Price declines for memory in late 1995 and early 1996 make 
integrated memories relatively more expensive. Integrated memories will 
become more interesting as DRAMs shift to the 64Mb size from the current 
16Mb size, leaving plenty of space on a single die for a large graphics 
memory (4MB) as well as graphics logic. 

Bus Interface 
The bus interface is a critical element of graphics performance in PCs. 
Graphics controllers are typically the first peripherals to adopt any new 
and faster interface standards. TTtie bus interface forecast continues the 
shift to PCI as VL-bus fades with the 486 microprocessor and a subsequent 
shift to Intel's Accelerated Graphics Port (AGP). Intel introduced AGP at 
the WinHEC show in 1996, with actual products expected in the second 
half of 1997. The company plans to include AGP in core logic chipsets for 
the Pentium Pro microprocessor but not the Pentium. Dataquest antici
pates that graphics controllers with AGP will ship at about two-thirds the 
volume of Pentium Pro microprocessors in 1997 and 95 percent of the Pen
tium Pro microprocessor volume in 1998. Performance is the primary mar
ket driver for AGP. This continues the cycle of upgrading the peripheral 
bus with each new generation of microprocessors. Figure 4-6 shows the 
bus interface forecast for desktop PC graphics controllers through the year 
2000. Figure 4-7 shows the bus interface forecast for mobile PC graphics 
controllers through the year 2000. 

PSAM-WW-MT-9601 ©1996 Dataquest May 27,1996 
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Figure 4-6 
Bus Interface Forecast for Desktop PC Graphics Controllers 
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Figure 4-7 
Bus Interface Forecast for Mobile PC Graphics Controllers 
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For additional reading on AGP, see the Dataquest Perspective, "Intel's 
Accelerated Graphics Port" (PSAM-WW-DP-9606) in the Semiconductor 
Directions in PCs and PC Multimedia Worldwide binder. 

3-D Graphics 
3-D graphics is the next big feature for PC graphics controllers. Initial 
shipments of consumer-level 3-D graphics accelerators started in 1995, but 
those products appealed only to the early adopter and were priced accord
ingly. A broader range of 3-D graphics products is available this year at 
lower price points, but software compatibility issues will very likely keep 
unit shipments of 3-D graphics accelerators to a 3-million-unit level 
despite latent demand for PCs and add-in boards with 3-D acceleration. 
Software compatibility is hindered by the lack of a common application 
programming interface (API), so software must be modified to recognize 
and use each 3-D graphics accelerator chip, which subsequently limits the 
number of game titles available. 

The market for 3-D graphics accelerators will expand rapidly in 1997. New 
single-chip controllers with 3-D acceleration will also come to market in 
1997, making 3-D graphics on the motherboard absolutely compelling for 
multimedia PCs. See Chapter 6 for the market forecast for PC graphics 
controllers with 3-D acceleration. Current 3-D accelerators can be grouped 
into three categories: low-end, midrange, and high-end. Table 4-1 outlines 
the basic parameters for these categories. 

For a more thorough analysis of the market opportunity for 3-D graphics 
controllers, refer to the report titled "3-D Graphics Adds Sizzle and Semi
conductor Content to Multimedia PCs" (PSAM-WW-FR-9601) in the Semi
conductor Directions in PCs and PC Multimedia Worldwide binder. 

Table 4-1 
General Categories for 3-D Accelerators 

Category-

Low End 

Midrange 

High End 

Number of Chips 
(Counting Any 
External 
RAMDAC) 

One 

Two 

Three or more 

Integrated VGA, 
2-D 
Acceleration, 
and Video 
Acceleration 

Yes 

Yes 

No 

List Price for 
Quantities of 
10,000 ($) 

30-40 

40-60 

50-80 

Performance in 
1996 

Up to 300 poly
gons/second 

Up to 20M 
pixels/second 

300 to 500 poly
gons/second 

20M to 40M 
pixels/second 

500 or more poly
gons/second 

40M to 80M 
pixels/second 

Example 

SB's ViRGE 

ATI's 3D RAGE 

3Dlabs' 
PERMEDIA 

Rendition's Verite 

3Dfx's VooDoo 
Graphics 

Source: Dataquest (May 1996) 
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UMAandSBA 
Unified memory architecture (UMA) is a means of eliminating the dedi- ^M 
cated graphics memory from a system and allocating a portion of the main ^ ^ 
memory for graphics. Most graphics and core logic vendors support some 
form of UMA in at least one product, but a lack of support from Intel and 
Microsoft have largely suppressed the adoption of UMA for the near 
future. A variation of UMA known as shared buffer architecture (SBA) is 
included in Intel's Accelerated Graphics Port (AGP) proposal and involves 
using a dedicated graphics memory for some graphics functions but 
allows the graphics controller special access to main memory as well. This 
provides the flexibility of UMA without the performance problem of tying 
up the main memory for screen refresh. For additional reading on UMA, 
see the Dataquest Perspective "UMA: A Good Idea Whose Time Has Not 
Quite Come" (PSAM-WW-DP-9602) in the Semiconductor Directions in 
PCs and PC Multimedia Worldwide binder. 
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Chapter 5 

Competitive AnalysisL 

Cirrus Logic 

» 

The following section offers a brief comment on each of the top five ven
dors in the PC graphics controller market. The vendors are listed in rank 
order by revenue as detailed in Table 3-1. 

Cirrus Logic, based in Fremont, California, is the giant among the PC 
graphics companies, with 37 percent market share by revenue. The com
pany posted total revenue of $1,187 billion for calendar year 1995. Cirrus is 
a diverse company, having acquired a number of other companies to 
expand its product line. Pico Power, Crystal Semiconductor, and PCSI are 
all owned by Cirrus Logic and represent core logic, audio, and wireless 
communications product lines, respectively. 

The slowdown in the PC industry has affected Cirrus more than the other 
graphics companies. After restating the third quarter of fiscal year 1996 for 
a loss, the company aimounced a restructuring with a layoff affecting one 
in seven employees. Cirrus' fiscal year runs April to March, so the third 
quarter of fiscal year 1996 is the fourth quarter of calendar year 1995. The 
slowdown that Cirrus experienced in its third quarter continued into its 
fourth quarter of fiscal year 1996, resulting in a fiscal year 1996 revenue 
total of $1,147 billion, about $40 million less than calendar year 1995 reve
nue. Cirrus appears to have lost focus as it expanded beyond its core mar
ket, which is graphics controllers. 

Cirrus' product line for graphics is technically strong but lacks a 3-D accel
erator. The company is teaming with 3EKD to bring that company's 3-D 
technology to the PC market, but Cirrus needs to deliver on promises of 3-
D accelerators. The year 1996 will be trarisitional for the graphics market, 
but 1997 will bring double-digit revenue growth, and 3-D graphics are the 
fuel for that growth. Cirrus Logic needs 3-D accelerators that are pin-com
patible with other Cirrus graphics chips to participate in that market 
growth. 

S3, based in Santa Clara, California, posted a tremendous year of growth 
in both units and revenue, with graphics controllers representing over 
90 percent of total revenue. The company's Trio family of graphics control
lers, particularly the Trio64 and Trio64V+, won many designs through the 
year, including Compaq Computer's Presario line of home PCs, which pre
viously used Cirrus Logic graphics chips. 

S3 is also early to the 3-D graphics market with a single-chip product 
called ViRGE, short for Video and Rendering Graphics Engine. ViRGE is 
pin-compatible with the Trio64V+, and several add-in boards based on 
ViRGE won the Best Multimedia Product award at the CeBIT show. 

The company grew to be the second-largest PC graphics vendor without 
shipping a single product for the mobile PC market. That should change, 

PSAM-WW-MT-9601 ©1996 Dataqu est 17 
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as S3 introduced the Aurora family of mobile graphics controllers in Janu
ary 1996. If Aurora is successful, the new market will help S3 continue its 
path of aggressive growth. However, repeating last year's growth (greater 
than 100 percent) this year will be a daunting task. 

Trident Microsystems 
Trident, based in Mountain View, California, is consistentiy near the top of 
the PC graphics vendor rankings and depends on graphics controllers for 
almost 100 percent of its revenue. The company fares better in urut ship
ment comparisons than revenue comparisons because it has a lower ASP 
than the other top-tier graphics companies. The company relies heavily on 
the Asia/Pacific region for revenue, selling almost 70 percent of its unit 
volume in that region. Trident's latest products cater to the Asia/Pacific 
markets, with greater emphasis on TV display features. Those features 
could distinguish Trident's products in the Americas and Europe if the 
"living room" PC, such as Microsoft's Simply Interactive PC, becomes a 
reality in those markets. 

Trident entered the mobile graphics market in 1995 and won designs at 
NEC and IBM. Unit shipments neared 0.5 million in that first year with 
good momentum from those design-wins for 1996. 

Cliips & Teclinologies 

ATI Technologies 

Chips & Technologies, based in San Jose, California, is the undisputed 
leader in graphics controllers for mobile PCs but also sells desktop graph
ics controllers as well as core logic chipsets. The company has successfully 
transitioned itself from a core logic company to a graphics company over 
the past several years. 

Graphics is the largest segment of Chips' business, representing $116 mil
lion of about $133 million in total revenue for calendar 1995. 

ATI, based in Thomhill, Ontario, is unique in several ways. First, it is 
based in Canada rather than Silicon Valley. It is the only top-five graphics 
vendor to sell chips as well as board-level products using tiiose chips. ATI 
historically relied on the Macintosh market for its sales but successfully 
leveraged its products across multiple platforms as PCI became the inter
face bus for those platforms. GrapWcs products, at the semiconductor-
device level and at the add-in-board level, represent all of ATI's revenue. 

ATI, like S3, is early to the 3-D graphics market with a single-chip 3-D 
product, called 3D RAGE. 3D RAGE has already won designs in IBM's 
Aptiva line of multimedia PCs for 1996. 3D RAGE is pin-compatible with 
ATI's Mach64 graphics controller, which happens to be designed onto the 
Intel Atlantis mottierboard. 

PSAM-WW-MT-9601 ©1996 Dataquest May 27,1996 



Chapter 6 

Market Forecast 
The year 1996 is transitional for graphics controllers in PCs. Competition is 
driving down the ASP for controllers with 2-D acceleration and video 
acceleration, and software issues have delayed the widespread adoption 
of 3-D accelerators into 1997. The result is a forecast of 7 percent revenue 
growth despite an almost 20 percent growth in unit shipments. The mar
ket will rebound in 1997 with nearly 21 percent revenue growth as the 
ASP slowly returns to historical levels by the year 2000. The return to 
the higher, historical ASP will be driven largely by higher prices justified 
by 3-D graphics. The shift to 3-D will be aggressive in 1997 as today's 
midrange 3-D performance (currently a two-chip set) is packed into sin
gle-chip designs and software compatibility is no longer an issue. 3-D 
graphics will receive another boost in 1998 as AGP and Pentium Pro 
microprocessors move into the volume sweet spot of the PC market. 
Table 6-1 shows the PC graphics market revenue forecast by functional 
category through the year 2000. Figure 6-1 shows the revenue forecast 
graphically. Table 6-2 shows the PC graphics controller unit shipment fore
cast by functional categoiry through the year 2000 as well as the PC unit 
shipment forecast for the same period. Figure 6-2 shows the graphics con
troller unit shipment forecast graphically. Figure 6-3 shows the PC unit 
shipment forecast graphically. 

Table 6-1 
PC Graphics Controller Revenue Forecast to the Year 2000 (Millions of Dollars) 

Desktop 
Standard VGA 

2-D Acceleration 

2-D Acceleration with \Tideo 
Acceleration 

2-D, 3-D, and Video Acceleration 

Total 

Mobile 
Standard VGA 

2-D Acceleration 

2-D Acceleration with "Wdeo 
Acceleration 

2-D, 3-D, and Video Acceleration 

Total 

Total 
Standard VGA 

2-D Acceleration 

2-D Acceleration with \^deo 
Acceleration 

2-D, 3-D, and Video Acceleration 

Total PC Graphics Market 

Year-to-Year Growth 

1994 

136.5 

692.5 

49.5 

0 

878.5 

77.0 

124.0 

0 

0 

201.1 

213.5 

816.5 

49.5 

0 

1,079.5 

1995 

26.8 

665.3 

403.2 

2.4 

1,097.6 

46.9 

139.7 

35.2 

0 

221.8 

73.7 

805.0 

438.3 

2.4 

1,319.4 

22.2 

1996 

0 

172.7 

877.2 

105.1 

1,155.1 

7.9 

129.1 

120.5 

0 

257.5 

7.9 

301.8 

997.7 

105.1 

1,412.6 

7.1 

1997 

0 

15.9 

861.2 

520.5 

1,397.6 

0 

20.5 

227.0 

61.6 

309.1 

0 

36.5 

1,088.1 

582.1 

1,706.7 

20.8 

1998 

0 

0 

452.5 

1203.2 

1,655.7 

0 

0 

227.4 

152.3 

379.7 

0 

0 

679.9 

1,355.5 

2,035.4 

19.3 

1999 

0 

0 

107.2 

1875.4 

1,982.6 

0 

0 

11Z3 

344.0 

456.3 

0 

0 

219.5 

2,219.4 

2,438.9 

19.8 

2000 

0 

0 

0 

2335.7 

2,335.7 

0 

0 

27.0 

509.4 

536.3 

0 

0 

27.0 

2,845.1 

2,872.0 

17.8 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

297.0 

16.3 

-100.0 

-100.0 

-5.2 

NM 

19.3 

-100.0 

-100.0 

-42.8 

313.0 

16.8 

NM = Not meaningful 
Source: Dataquest (May 1996) 
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Figure 6-1 
PC Graphics Controller Revenue Forecast to the Year 2000 (Millions of Dollars) 
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Table 6-2 
PC Graphics Controller Unit Shipment Forecast to the Year 2000 (Thousands of Units) 

Desktop 

Standard VGA 

2-D Acceleration 

2-D Acceleration with V^deo 
Acceleration 

2-D, 3-D, and Video Acceleration 

Total Units 

Mobile 

Standard VGA 

2-D Acceleration 

2-D Acceleration with Video 

2-D, 3-D, and \^deo Acceleration 

Total Units 

1994 

13,649 

35,512 

1,650 

0 

50,811 

3,349 

4,680 

0 

0 

8,029 

1995 

4,120 

42,419 

16,798 

53 

63,390 

2,932 

6,992 

1,353 

0 

11,278 

1996 

0 

17,274 

54,826 

3,004 

75,104 

717 

8,607 

5,021 

0 

14,345 

1997 

0 

2,658 

63,790 

22,149 

88,597 

0 

1,712 

13,351 

2,054 

17,116 

1998 

0 

0 

41,135 

61,703 

102,838 

0 

0 

14,214 

6,092 

20,305 

1999 

0 

0 

11,907 

107,166 

119,073 

0 

0 

9,360 

14,041 

23,401 

2D00 

0 

0 

0 

137,392 

137,392 

0 

0 

2,695 

24,257 

26,952 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-100.0 

382.4 

16.7 

-100.0 

-100.0 

14.8 

NM 

19.0 

(Continued) 
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Table 6-2 (Continued) 
PC Graphics Controller Unit Shipment Forecast to the Year 2000 (Thousands of Units) 

Total 

Standard VGA 

2-D Acceleration 

2-D Acceleration with Video 
Acceleration 

2-D, 3-D, and Video Acceleration 

Total Units 

PCs 

Mobile OEM PC Units* 

Desktop/Deskside OEM PC 
Units* 

Total OEM PC Units* 

Additional Motherboard 
Shipments 

Total OEM PC and Motherboard 
Shipments 

1994 

16,998 

40,192 

1,650 

0 

58,840 

8,642 

39,252 

47,894 

4,404 

52,298 

1995 

7,053 

49,411 

18,152 

53 

74,668 

9,912 

50,259 

60,171 

5,528 

65,699 

1996 

717 

25,881 

59,846 

3,004 

89,449 

12,608 

59,043 

71,651 

6,495 

78,146 

1997 

0 

4,370 

77,140 

24,203 

105,713 

15,044 

69,651 

84,694 

7,662 

92,356 

1998 

0 

0 

55,349 

67,795 

123,144 

17,847 

80,847 

98,693 

8,893 

107,587 

1999 

0 

0 

21,268 

121,207 

142,474 

20,568 

93,610 

114,178 

10,297 

124,475 

2000 

0 

0 

2,695 

161,649 

164,344 

23,689 

108,011 

131,700 

11,881 

143,581 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-31.7 

398.3 

17.0 

19.0 

16.5 

17.0 

16.5 

16.9 

NM = Not meaningful 
*OEI^ PC shipment numtjers are from Dataquest's Spring 1996 PC forecast. 
Source: Dataquest (May 1996) 

Figure 6-2 
PC Graphics Controller Unit Shipment Forecast to the Year 2000 (Thousands of Units) 
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Figiure 6-3 
PC Unit Shipment Forecast to the Year 2000 (Thousands of Units) 
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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 all 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: M 

m 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 " 

• 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 units 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 dollars ($M) or billions of dollars ($B). 

Average Seiling 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 armual 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: 

VnJ HP 

CAGR = ^/ 1 
Value^^ Q 
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Market Share 

I 
Market share refers to the revenue of the desired product, vendor, or ^ 
region divided by the revenue for aU products, vendors, or regions in the 
same category, usually expressed as a percentage. Market share of units is 
also a valid measurement but is only used where explicitly stated. No 
implication should be made 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 rather than at transfer or factory price. 

i 

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 outUnes 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 (Found) 

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

i 
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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, all 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) 

PSAM-WW-DP-geOB ©1996 Dataquest 



Chapter 6 

IVIicrocomponent Product Category Definitions 
The microcomponent p r o d u c t category definitions in Table 6-1 begin wi th 
total microcomponent a n d cont inue th rough each subcategory in the same 
order as s h o w n in the preceding mic rocomponen t p r o d u c t category hier
archy. At each level in the hierarchy, all subcategories tha t contr ibute to 
this level are s h o w n as a subcategory summat ion in the r igh t -hand col
u m n . Comprehens ive definitions are g iven 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 t3^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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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 urut 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 
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 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 reprogranuned 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 ir\tegrated 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 softwrare or 
electrical signals. This defiiution 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 

Communications 
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) 
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Word Width 
This is the width, in bits, of the primary on-chip integer arithmetic and 
logic imit (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 t5rpes, 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 

I 
PSAI\/l-WW-DP-9608 ©1996 Dataquest July 15,1996 



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 

Central America 

Japan 

Japan is the only single-country region. 

Europe, Africa, and Middle East 

Europe 

Western Europe 
^ Includes Austria, Belgium, Denmark, Eire (Ireland), Finland, France, 

Germany (including former East Germany), Greece, Italy, Luxembourg, 
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, the United 
Kingdom, and Rest of Western Europe (Andorra, Cyprus, Gibraltar, 
Liechtenstein, Monaco, San Marino, Vatican City, Iceland, Malta, and 
Turkey). 

Eastern Europe 
Includes Albania, Bulgaria, the Czech Republic and Slovakia, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the republics of the former 
Yugoslavia, and the 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 
B 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 w^orldw^ide (factory) 
revenue and shipments of computer systems as estimated by the 
Dataquest Computer Systems and Peripherals Worldwide group and to 
eliminate double-counting of systeni 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 equipment. 

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

Defined as premises telecom equipment, public telecom equipment, 
mobile communications 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 teleconferencing; 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 
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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 communications 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 eqviipment, 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 m^onochrome TVs, and cable/ 
satellite set-top decoders. 

• Personal electronics 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. 

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

Military and Civil Aerospace 
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. Deparbnent 
of Commerce estimates of U.S. defense and civU (aerospace) electronics. 
Military/civil aerospace includes radar/sonar/recorvnaissance systems, 
missile/space-related electronics, navigation equipment, electronic 
warfare, aircraft flight systems, and command and control systems. 

Transportation 

> 

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

il 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 
transm.ission control. 

• 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 control. 
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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, rurming 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 dowrdoaded 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 t5^ically define the end product. The system may be 
reconfigurable by the end user but cannot be reprogrammed 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 rim a real-time operating system (although 
real time is not a requirement, nor is any operating system) and a set of 
instructions that perform fimctions 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
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 weU as many microprocessors, are designed into embedded 
applications. 
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I Chapter 1 

' Executive Summary 
The market for PC audio chips is driven by high levels of competition and 
PC buyers' lust for the latest features at the lowest prices. Those same 
PC buyers demand backward compatibility with their favorite applica
tions from yesteryear, which has an impact on how quickly the market 
shifts to new standards for generating sound in the PC. Wavetable 
synthesis promises higher fidelity but must be implemented with legacy 
hardware functions for backward compatibility with a huge installed base 
of entertainment software. Spatial enhancement promises to improve 
music playback as well as sound effects and is a stepping stone to immer
sive, 3-D positional audio. Intel's AC-97 will most likely end the trend 
toward single-chip audio in favor of dividing digital and analog functions 
between two chips and could help to speed up the integration of PC audio 
and PC telephony. 

Implementation trends include a rising tide of motherboard and daughter
board designs as OEMs sfrive to minimize costs. This trend fuels demand 
for audio chips rather than the ISA-based cards that have dominated the 
audio market in the past. Legacy compatibility issues rear their ugly heads 
again as vendors look to move audio subsystems from the ISA bus to the 
PCI bus. The move is compelling for performance and flexibility issues, 
but requires additional standards for dealing with ISA's direct memory 
access (DMA) and interrupt request (IRQ) requirements. 

The battle for market share in the PC audio chip market is led by Crystal 
Semiconductor because it dominates the market for audio codecs. As the 
codec is integrated with other audio components. Crystal faces pressure 
from ESS Technology and Creative Technologies. Creative dominates the 
add-in card segment of the PC audio market and has leveraged its sfrong 
brand name and expertise into the market for PC audio chips, as well, to 
become the third-largest PC audio chip vendor. The success of Intel's 
AC-97 initiative could dramatically affect the market share rankings as the 
codec once again becomes a separate chip and dedicated hardware 
confroUers compete with software confroUers running on the CPU for low-
end systems. This market change back toward separate codecs will favor 
those companies with high-quality mixed-signal products. 

The market forecast for PC audio chip unit shipments is robust, calling for 
a compound annual growth rate (CAGR) of 34 percent for 1995 to 2000. 
Revenue will grow a little more slowly at just under 21 percent owing to 
moderate ASP erosion over the forecast period. Unit growth will be more 
modest if Intel's AC-97 initiative is unsuccessful because single-chip audio 
solutions will lower the chip count per PC compared with Intel's two-chip 
solution. Either way, demand for audio subsystems will increase as audio 
features increase their penefration of the growing PC market. 

PSAM-WW-FR-9602 ©1996 Dataquest 



^ Chapter 2 

Introduction 
Audio features in PCs have come a long way since the early beeping and 
buzzing noises in the first PCs. In the late 1980s, sound cards became pop
ular for game enthusiasts to add audio features to their PCs. The rise of the 
multimedia PC through the early 1990s brought PC audio into the main
stream as "edutainment," and some business applications validated the 
need for PC audio beyond just playing games. Now, in 1996, audio sub
systems are standard equipment for most PCs targeted at the consumer or 
small office/home office (SOHO) markets. The corporate desktop is the 
last major PC category that does not generally have sound capability, but 
that will slowly change. Future applications such as desktop video
conferencing and greater computer/telephony integration create demand 
for audio features in corporate markets. 

The market growth for PC audio chips is driven by lower costs and com
pelling new features. High levels of integration have shrunk costs and 
reduced the chip count as well as the board space required for an audio 
subsystem. These trends have given PC OEMs greater flexibility and have 
made motherboard implementations feasible. Audio chip vendors must 
also compete on features and are adding spatial enhancement, wavetable 
synthesis, and 3-D positioning to their products. 

This document provides an overview of the market for PC audio chips. 
Chapter 3 shows a generic block diagram for an audio subsystem. 
Chapter 4 identifies major trends for new features in these chips. 
Chapter 5 highlights the changing ways that PC OEMs are adding audio 
chips to their systems. Chapter 6 provides an overview of the five largest 
PC audio chip vendors. Chapter 7 holds the market share statistics and 
analysis. Chapter 8 presents the forecast for PC audio chips through the 
year 2000. 
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Chapter 3 

What Is in a PC Audio Subsystem? 
The major functional elements of a PC audio subsystem can be lumped 
into two general categories: digital functions and analog functions. The 
digital functions are typically integrated into a chip called a digital con
troller. The digital controller includes all the peripheral control and inter
face functions, at a minimum, but can also include synthesis functions. 
FM synthesis is a digital function that was not integrated until recently 
because of intellectual property issues. All the analog functions, such as 
digital-to-analog conversion, are typically integrated into a mixed-signal 
chip called a codec, short for coder/decoder. "Hie terms digital controller 
and codec will be used throughout this document to represent groups of 
functions within the audio subsystem. The digital controller and codec 
may be separate chips or may be integrated onto a single chip. Figure 3-1 
shows the specific functions that are commonly included in codecs and 
digital controllers for the PC audio market. 

The core functions of the digital controller are the interface to the ISA bus 
and the general control functions of moving data between the various 
parts of the audio subsystem as well as into and out of the PC. The list of 
functions has grown over time to include a wide variety of interfaces to 
peripherals such as CD-ROM drives, joysticks, or game pads through the 
game port, musical instrument digital interface (MIDI) devices, and 
modems. 

Codecs have also gathered new features as higher levels of integration 
allowed chip designers to add analog mixing, amplifiers, and compression 
and decompression to the basic functioris of converting between analog 
and digital formats. 
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Figure 3-1 
Generic Block Diagram of a PC Audio Subsystem 

Microphone I 

Line In — 

Line Out * 

Recording Source 
and Input 

Volume Control 

REF GEN 

Haitivjare Volume 
Control 

Plug-and-Play 
Configuration 

Controller 

ESFM FM Music 
Synthesizer 

Data Buffer with 256-
Byte FIFO 

Programmable 
Bus and I/O 
Controller 

ROM 
and RAM 

CODEC 

Stereo 
Programmable 

Mixer 

•-.-sz^;^z^£i=z^-.-.-. 

— Microprocessor 

Output Volume 
and Mute Control 
Record Monitor 

Switched Capacitor 
Low-Pass Filter 

16-Bit Stereo Game 
DAG/ADC 

16-Bit Stereo 
Music DAC 

DSP 
Serial Port 

Wavetable 
Serial Port 

MPU-401 
Serial Port and FIFOs 

Dual Game Port 
Timers 

IDE CD-ROM 
Interface 

Modem PnP 
Interface 

General-Purpose 
PnP I/O Interface 

Clock Generator 
and Timer 

Speakers 

Source: ESS Technology and Dataquest (August 1996) 

A Joystick 

I . . . . . . . . . . . . . _ _ _ _ . _ _ . . . _ _ _ . _ _ . . . . . . I 

Digital Controller 

« 

« 

PSAM-WW-FR-9602 ©1996 Dataquest September 9,1996 



» 
Chapter 4 
Audio Feature Trends ^ . . ^ . ^ ^ ^ _ 

Migration from Fl\/I Syntliesis to Wavetabie Synthesis 
FM synthesis has been the de facto standard for producing sound effects 
on PCs since the early success of Creative Labs with its Sound Blaster 
series of PC sound cards. Wavetabie synthesis is a newer technology that is 
poised to replace FM S3mthesis with ihe promise of higher fidelity. Wave-
table synthesis uses brief digital recordings called samples that are modi
fied to create the desired sounds. FM syn&iesis recreates a sound based on 
a mathematical formula rather than starting from a recorded sample. The 
migration to wavetabie sjnithesis is slow because of two major issues: 
backward compatibility with the popular Sound Blaster standard, which 
uses FM synthesis, and cost of implementation. 

Sound Blaster compatibility is still an important feature for PC audio 
chipsets. Many PC buyers want to run legacy applications such as 
DOS-based games and Sound Blaster compatibility is the surest way to do 
it. Sound Blaster applications need specific hardware features in the audio 
chips for proper operation and these hardware features are very difficult 
to emulate with software. As a result, audio chips are burdened with leg
acy hardware requirements that increase the total cost and effectively slow 
down the acceptance of new standards. 

The cost of implementation is also a barrier to moving from FM synthesis 
to wavetabie synthesis. Wavetabie synthesis is more expensive because it 
requires memory for storing the samples, or digital recordings. Memory 
requirements vary, but 512KB or 1MB of ROM is considered a minimum, 
and many add-in cards are sold with 2MB to 4MB of ROM as well as 
512KB or more of RAM. Most wavetabie implementations can be 
expanded by the user with additional ROM or RAM for storing more 
samples, but this increases the total cost. The dramatic declines in memory 
prices through the early part of 1996 have reduced the cost of adding 
wavetabie audio to PCs and should increase demand for wavetabie audio 
chips. 

Waveguide synthesis is a more advanced technique than wavetabie 
synthesis and produces higher quality music. It does require more pro
cessing power than wavetabie synthesis and therefore will provide a 
growth path for audio subsystems in the future. Waveguide synthesis will 
be used in conjunction with wavetabie synthesis on high-end PC audio 
subsystems in 1997 and will migrate into the average PC by the end of the 
decade. 

Software Wavetabie Synthesis 
The transition from FM synthesis to wavetabie synthesis is being spurred 
by software wavetabie implementations. Software wavetabie synthesis 
costs less than hardware wavetabie synthesis because it uses the CPU for 
the digital signal processing and the PC main memory for storing the 
samples rather than requiring dedicated hardware. The cost savings do 
not come without a compromise: software wavetabie is lower in quality 
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than hardware solutions. That trade-off is important because PC OEMs 
cannot substitute wavetable synthesis for FM synthesis without compro
mising software compatibility. A PC OEM that adds wavetable synthesis 
to a PC is basically paying for wavetable synthesis in addition to FM syn
thesis. Software wavetable is compelling because it allows the PC OEM to 
enhance the audio subsystem at a lower incremental cost than adding ded
icated hardware. 

Spatial Enhancement Goes Beyond Plain Old Stereo 
Spatial enhancement, sometimes called stereo enhancement, is an 
improvement on stereo sound because it makes the sound appear to come 
from a 180-degree arc of many speakers rather than just two speakers. In 
fact, it produces this effect using only two speakers by modifying the 
audio signals sent to each speaker. A variety of techniques are used. Some 
involve digital signal processing, while others use analog filters to modify 
the signals between the digital-to-analog converter (DAC) and the ampli
fier for the speakers. 

Spatial enhancement dramatically improves the quality of music playback 
on PCs. These features are added to PCs at both tihe ctdp level and the 
board level. The cost of spatial enhancement ranges from under $1 to 
several dollars or more depending on the level of sophistication. Figure 
4-1 shows how spatial enMncement improves the listener's experience by 
creating the impression that sounds are coming from many speakers 
rather than just two. Some companies promote spatial enhancement as 
3-D sound, but that is misleading because it is really two-dimensional 
sound. 

Figure 4-1 
Spatial Enhancement Creates the Impression of Many Speakers Rather than Just Two 
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Several companies, such as QSound Labs, SRS Laboratories, Spatializer 
Audio Laboratories, and Binaura, have developed spatial enhancement 
techniques. These companies are bringing their different technologies to 
the PC market by licensing specific designs as well as selling chips. 

3-D Positioning 
3-D positioning of sounds is the newest audio feature for PCs and is the 
next step beyond spatial enhancement. The ability to position and move 
sounds in three dimensions using only two speakers enhances the PC 
user's experience and requires a significant amount of signal-processing 
capability. 3-D positioning is a major step toward higher levels of realism 
and creates a more immersive, virtual reality experience. It is available 
today in both software-only versions and software/hardware combina
tions and will become mainstream in the second half of 1997 as it becomes 
integrated with standard audio chips. As PC OEMs design their products 
for the Christmas 1997 buying season, 3-D positioning will be a major 
differentiator between audio chip companies. 

The techniques used for 3-D sound rely on pyschoacoustic models of how 
the human mind perceives sounds in a 3-D space. These techniques effec
tively trick the mind and are most powerful when used in concert with 
visual images. An airplane that flies across the computer screen is more 
believable as a real object if the sound of that airplane seems to come from 
the object rather than from the speakers. In certain circumstances, the 
mind will perceive a sound as coming from behind if the listener can hear 
the object but not see it. As a result, a fighter aircraft or race car might be 
heard by the game player, get louder, and then roar past the game player, 
complete with Doppler effect. The result is an engaging, immersive experi
ence that is a little bit closer to virtual reality. 

Techniques for 3-D positioning are being developed and brought to mar
ket by many of the companies noted for spatial enhancement techniques. 
This list includes QSound, SRS Laboratories, Spatializer, and others. 

Feature Integration for Single-Chip Audio and the Impact of AC-97 
Many PC audio chip suppliers have worked to differentiate themselves by 
reducing the chip count of an audio subsystem rather than just adding 
new features to a multichip solution. Now that several vendors have sin
gle-chip solutions, the race has changed to competition based on lowering 
cost and increasing the number of features while maintaining the single-
chip design. Low chip count combined with a growing list of new features 
will continue the trend toward motherboard and daughterboard audio 
implementations for PCs. The popularity of single-chip designs will fade 
in favor of Intel's AC-97 initiative that advocates dividing the audio 
functions into two chips, one with the digital elements and the other with 
the mixed-signal elements. Figure 4-2 shows a diagram of feature integra
tion, including the rise of AC-97 in late 1997 to 1998. 
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Figure 4-2 
Feature Integration for the Single-Chip Audio Chipset 
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Telephony Integration 
The integration of telephony and audio functions in PCs becomes 
increasingly important as PCs continue to grow as communication tools. 
Board-level integration of modem chipsets and audio chipsets is common 
today, but chip-level integration is a further opportunity to reduce costs. 
Reasons for integration involve minimizing cost by sharing resources for 
signal processing as well as sharing I/O peripherals such as speakers and 
microphones. A user playing a game or a music CD does not want to 
"miss" a phone call because the PC speakers are being used when the tele
phone rings. 

Integrating these functions is challenging for two reasons. First of all, few 
companies excel in both areas. Analog Devices is one exception and is in a 
good position to bring a compelling, integrated chipset to market. Cirrus 
Logic faces geographical challenges because its autio products are 
designed by its subsidiary Crystal Semiconductor in Austin, Texas, while 
its modems are designed in Fremont, California. 

« 
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The second reason that audio and telephony integration is challenging is 
the pace of development. Modem speeds have more than doubled recently 
from 14.4 Kbps to 33.6 Kbps and many vendors had difficulty bringing 
their 28.8 Kbps and 33.6 Kbps modems to market on schedule. Adding 
audio functions to those modem chipsets would have made them even 
later than they were otherwise. This issue may change as modem speeds 
stagnate at their current levels. Dataquest believes that analog modem 
speeds are near their upper limit for use on standard telephone lines. 
Greater stability in the modem market will make integration with audio 
chips more viable. 

Other solutions may obviate the need to integrate audio and telephony 
functions into a standard chipset. Several semiconductor companies are 
promoting programmable multimedia chips that range from DSP-based 
solutions to more powerful media processors. DSP-based solutions such 
as IBM's MWave DSP provide the signal processing and control functions 
required for audio and telephony functions, while media processors such 
as the MPact media processor from Chromatic Research provide those 
functions, as well as video and graphics processing. These programmable 
solutions generally require a separate codec and will benefit from Intel's 
efforts to separate the codec functions from the digital controller functions 
with its AC-97 initiative. AC-97 does include provisions for telephony 
codec functions. 

Several semiconductor companies are promoting programmable multi
media chips that range from solutions based on digital signal processing 
(DSP) to more powerful media processors. DSP-based solutions such as 
IBM's Mwave DSP provide the signal-processing and control functions 
required for audio and telephony functions, while media processors such 
as the Mpact media processor from Chromatic Research provide those 
functions as well as video and graphics processing. Intel has provided for 
the integration of a telephony codec with the audio codec specified in the 
AC-97 irutiative. 
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Implementation Trends 
PC audio is maturing as a checklist item for many segments of the PC 
market. The trends for implementation are dictated by the requirements of 
those markets. Higher degrees of chip-level integration have driven PC 
audio onto the motherboard, first in the mobile PC market and subse
quently in the desktop market, as well. The rapid growth of chip ship
ments compared to add-in board shipments has changed the dynamics of 
the PC audio market, creating new opportunities for semiconductor ven
dors. Two key trends to watch are the continued shift toward motherboard 
implementations and Intel's ability to reverse the trend toward single-chip 
audio solutions in favor of its two-chip AC-97 solution. 

Shift from ISA Card to Motherboard and Daughterboard Implementations 
Implementation trends for PC audio have shifted from add-in cards to 
motherboard and daughterboard designs. This trend has been fueled 
by higher levels of integration for audio chips as well as PC audio's 
movement from luxury feature to standard feature for multimedia PCs. 
Dataquest expects unit shipments of sound cards to remain at about 
15 million units annually through the year 2000. Motherboard and 
daughterboard implementations are absorbing virtually all the growth as 
audio subsystems ship in a higher percentage of PCs each year. 

Higher levels of integration for audio chips have dramatically reduced the 
number of ICs as well as the number of passive components required for a 
typical PC audio subsystem. Fewer components means less board space 
and simpler designs. Several audio cloip companies have integrated essen
tially all of the audio functions into a single IC and, at the same time, have 
reduced the need for as many additional resistors, capacitors, and other 
components as previous designs required. The result is greater flexibility 
for PC OEMs because audio subsystems have become compact enough to 
put on the motherboard. PC OEMs can choose to save money by integrat
ing the audio subsystem onto the motherboard or continue to outsource 
the design and manufacturing of their audio subsystems by purchasing 
add-in cards. Indeed, PC OEMs put audio chips on the motherboard for 
many consumer PC models in 1995 and have continued this trend into 
1996. 

Highly integrated audio chips have also fueled the growth of audio 
features in mobile PCs. Until the chip count was reduced, it was not cost-
effective for OEMs to add audio subsystems to mobile PCs. Audio sub
systems are now common on mobile PCs and are forecast to grow to 
nearly 100 percent penetration by the year 2000. 

The trend toward motherboard implementations has tremendous impact 
on the market for standard PC audio chips. Sound cards have a mixture of 
custom products and standard products, but motherboard implementa
tions essentially require standard products rather than custom ASICs. 
Custom audio solutions are not cost-effective for most PC OEMs. As audio 
subsystems ship in more PCs each year, the increased demand for audio 
ICs will necessarily be served by standard products. 

PSAM-WW-FR-9602 ©1996 Dataquest 13 



14 Semiconductor Directions in PCs and PC IVIultimedia Worldwide 

Figure 5-1 shows these implementation trends. Add-in boards will con
tinue to be used to add audio subsystems to PCs but will mostly serve the 
middle-to-high end of the market. Almost all the growth in the number of 
audio subsystems installed each year will come from motherboard and 
daughterboard implementations. Many of those PCs with motherboard 
audio will be limited to basic feature sets, but some will include advanced 
features. 

The ISA Bus and Legacy Compatibility 
The Sound Blaster standard is closely tied to the ISA bus architecture. This 
link between specific hardware features and legacy software compatibility 
has prevented PC audio from migrating to the PCI bus. Moving audio 
chips to the PCI bus is important for system performance reasons as well 
as configuration flexibility and true plug-and-play. Two features of the ISA 
architecture that are unavailable in the PCI architecture are the direct 
memory access (DMA) and interrupt request (IRQ). Two standards for 
handling DMA and IRQ over a PCI bus have been proposed. Intel sup
ports a standard called PC/PCI, but distributed DMA (DDMA) also has 
broad industry support. Each standard has advantages and disadvan
tages, and it is too early to pick which will be more widely accepted. 

Figure 5-1 
Overall Implementation Trends for PC Audio 
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Companies 
These five compaiues are the leading suppliers of audio chips for the PC 
market. Each one shipped several million audio codecs or integrated 
codec/controllers into the PC market last year, and each is positioned to 
participate actively as this market continues to grow. Many other compa
nies are selling PC audio chips, and the competition ranges in size from 
relatively small companies, such as OnChip Systems and AdMOS, to 
large, established semiconductor suppliers like Advanced Micro Devices. 

Creative Technology Ltd. 

I 

Creative Technology is a leading supplier of audio chips and has domi
nated the market for sound board shipments. In the 1980s, Creative built a 
strong brand name by selling PC sound boards through retail outlets. 
Creative's Sound Blaster family of sound boards is the de facto standard 
for PC audio feature sets and software compatibility because of its 
strength in the retail market. Software developers have largely depended 
on Sound Blaster standards to ensure software compatibility, and this 
mountain of legacy applications gives Creative additional market momen
tum. Through the early 1990s, Creative successfully managed the transi
tion from a retail board supplier to a retail and OEM board supplier as PC 
OEMs began adding multimedia features to their product lines. The com
pany managed anofiier transition from 1994 to 1995 as it began selling PC 
audio chips in addition to its board-level offerings. Creative is the largest 
sound board supplier, with 67 percent unit market share for 1995, and is 
the third-largest supplier of PC audio chips, with 15 percent unit market 
share for the same year. 

Creative faces increasing competition in the PC audio market as the 
demand for audio chips heats up and PC OEMs increasingly favor buying 
chips rather than boards. Two of Creative's strengths are its brand name 
and its ability to deliver software compatibility at the chip or board level. 
The positive impact of these will gradually erode as technology shifts to 
wavetable synthesis (see Chapter 4) and implementation trends shift to 
greater use of motherboards and daughterboards rather than ISA cards 
(see Chapter 5). 

ViBRA is the name Creative chose for its family of integrated codec/ 
controller chips. Three versions of the ViBRA chip are available today, the 
ViBRA 16S, ViBRA 16C, and ViBRA 16CL. Both the 16C and 16CL have 
integrated FM synthesis, but the 16S does not. Dataquest expects Creative 
to bring another version to market this fall that includes integrated spatial 
enhancement. 

ESS Technology took the PC audio chip market by storm in late 1994 by 
integrating the controller and codec fuiKtions onto a single chip. Other 
companies introduced similar products at about the same time, but ESS 
was ready for volume production months before those competitors. In 
1995, ESS beat its competition to the punch again by integrating the FM 
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synthesis functions. Almost all other vendors were using Yamaha's OPL-3 
FM synthesis chips because of Yamaha's patent protection for that technol
ogy. ESS took the bold step of creating its own FM sjmthesis technology, 
named ESFM, instead of using Yamaha's patented technology. This led to a 
lawsuit for alleged patent infringement, but the suit was settled this year. 
Details of the settlement were sealed, but company announcements indi
cate that the settlement did not have a significant impact on the financial 
results of either company. The rapid rise of audio features in mobile PCs 
was fueled by ESS's ability to deliver volume quantities of highly inte
grated audio chips. 

ESS Technology's success over the past two years can be attributed to its 
ability to deliver highly integrated products in volume ahead of competi
tors. The company needs to continue adding features faster than competi
tors to maintain a competitive edge, especially since all major vendors 
now have single-chip products. 

Several single-chip audio solutions are available from ESS, including the 
ES1688, ES1788, ES1868, and the ES1878. All these chips include the codec, 
digital controller, and FM synthesis functions. The ESI868 and ES1878 are 
ESS's flagship products, targeted at the desktop PC and mobile PC mar
kets, respectively. ESS has introduced the ESI 869, which adds spatial 
enhancement to the ES1868 and will begin volume production tiiis fall. 

Crystal Semiconductor 

OPTi 

Crystal Semiconductor, a division of Cirrus Logic, is the leading supplier 
of PC audio codecs and has a reputation for high-quality mixed-signal 
products. Crystal's mixed-signal expertise gives it a competitive edge in 
the audio market because its codecs meet very high standards for audio 
quality. This is a distinct advantage because codecs are arguably the most 
difficult part of a PC audio chipset to design and manufacture. Crystal has 
leveraged its leadership by adding the digital controller functions to its 
codecs while continuing to differentiate itself from other vendors on the 
basis of audio quality. 

Crystal introduced a single-chip audio solution with FM synthesis, the 
CS4236, at the end of last year and started volume production last spring. 
The CS4237, the next version of the chip, includes spatial enhancement 
technology licensed from SRS Laboratories and began sampling last 
spring. 

PC audio products are a ray of sunshine on a cloudy day for OPTi. Audio 
products are producing a growing revenue stream for OPIi and have par
tially offset the large decline in revenue from some of the company's other 
product lines, such as desktop PC core logic. OPTi was several months 
behind ESS in terms of integrating all the audio functions into a single 
chip, but did come through with a complete, single-chip product early this 
year. 
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The OptiSound 931 integrates the codec, digital controller, and FM sjnithe-
sis functions onto a single chip. OPTi began shipping the 931 in spring 
1996, and this product kept OPTi in the race this year for PC audio design-
wins. The 82C930 is a similar product but did not include FM synthesis. 

Analog Devices Inc. 
Analog Devices Inc. is well-known for its analog, mixed-signal, and DSP 
technologies and has been a leading supplier of codecs to tifie PC audio 
market. The company has leveraged its mixed-signal expertise by integrat
ing other PC audio components with its audio codecs, just as Crystal 
Semiconductor did, but has been slower than other comparues to bring 
these products to market. 

ADI is closing the gap between itself and its competitors with a host of 
new products this fall. The SoundPort 1812 is a single-chip audio solution 
that includes the codec, digital controller, and FM S5mthesis. It is compara
ble to products that competitors have introduced over the past 12 months. 
Two other versions of that chip are scheduled for volume production as 
well, the SoundPort 1816 and the SoundPort 1815. The SoundPort 1816 
adds spatial enhancement to the 1812 and is only a few months, rather 
than a full year, behind competitive products. The SoundPort 1815 inte
grates a V.34 modem codec with the 1812. 

As a leading provider of audio chips and modem chips, ADI is well posi
tioned to benefit from the integration of PC audio and PC telephony. The 
SoundPort 1815 is one step in this direction, and Dataquest expects that 
ADI will leverage its audio and telephony expertise in future products as 
well. 
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Market Share 
Crystal Semiconductor is the largest supplier of PC audio chips on a reve
nue basis, with almost $20 million more revenue than the second-largest 
supplier, ESS Technology. Crystal dominates the market for audio codecs, 
and over half its unit shipments were separate codecs rather than inte
grated codec/controller chips. In contrast, all of ESS's shipments were 
integrated codec/controller chips. Table 7-1 shows the 1995 PC audio chip 
revenue and unit shipments by company. 

Table 7-1 
PC Audio Chip Revenue and Unit Shipments by Company, 1995 

Crystal 

ESS 

Creative 

Analog Devices 

OPTi 

Others 

Total 

Revenue ($M) 

123.0 

105.5 

54.0 

47.6 

35.5 

15.6 

381.2 

% of Total 

32.3 

27.7 

14.2 

12.5 

9.3 

4.1 

100.0 

Units (K) 

12,000 

8,500 

5,500 

5,030 

4,500 

610 

36,140 

% of Total 

33.2 

23.5 

15.2 

13.9 

12.5 

1.7 

100.0 

Rank 

1 

2 

3 

4 

5 

Note: Measuring PC audio chip shipments requires clear definitions of what constitutes a unit. For this 
document, a unit is a PC audio chip that Is a codec, a digital controller, or an integrated chip with codec 
and controller functions. This number is larger than the total number of complete audio subsystems be
cause some PCs have a codec from one vendor and a digital controller from another. 
Source: Dataquest (August 1996) 

These rarvkings could change significantly for 1996. The market for sepa
rate codecs is forecast to decline from 1995 to 1996 as PC OEMs favor the 
integrated codec/controller chips over less-integrated solutions. Table 7-2 
shows the unit shipments and revenue for integrated codec/controller 
chips. Note that ESS Technology was the largest supplier of these inte
grated chips. ESS differentiated its products by packing more features into 
single-chip products than its competitors. That advantage has been 
reduced by single-chip offerings from Crystal, OPTi, and Creative that 
offer comparable lists of features. Market share battles for 1996 will 
depend more heavily on price and quality than they did in 1995. Integra
tion is less of a differentiator because so many vendors have complete, sin
gle-chip solutions. 

Looking forward to 1997, changes in vendor rankings could be dramatic 
once again if Intel's AC-97 initiative is successful. AC-97, discussed in 
Chapter 4, will reopen doors for suppliers to provide the digital controller 
separately from the mixed-signal codec. The companies with the strongest 
mixed-signal capabilities, like Crystal Semiconductor and Analog Devices, 
could have an advantage in supplying the AC-97 codec. Many vendors 
will compete for the digital controller business, but that segment of the 
market may shrink in favor of using the host CPU, a DSP, or a media pro
cessor instead of a dedicated controller. 
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Table 7-2 
Revenue and Unit Shipments of Integrated PC Audio Codec/Controller Chips by 
Company, 1995 

ESS 
Crystal 
Creative 
OPTi 
Others 

Total 

Integrated Codec/Controller 
Revenue ($M) 

105.5 
60.0 
54.0 

32.5 
20.9 

272.9 

% of Total 
38.7 

22.0 
19.8 
11.9 

in 
100.0 

Integrated Codec/Controller 
Units (K) 

8,500 
5,000 
4,500 
2,500 

390 
20,890 

% of Total 
40.7 

23.9 
21.5 
12.0 
1.9 

100.0 
Source: Dataquest (August 1996) 
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Market Forecast 

I 

The forecast for PC audio chip unit shipments calls for a 33.6 percent 
CAGR through the year 2000. Revenue is forecast to grow at a more mod
erate 20.8 percent because declining prices will partially offset the greater 
unit shipments. The percentage of PCs shipping with audio subsystems 
will increase through the forecast period, causing demand for audio chips 
to grow much faster than the overall PC market. Dataquest expects half of 
all desktop PCs and nearly all mobile PCs in the year 2000 to have audio 
subsystems. Figure 8-1 shows the unit shipment forecast for PC audio 
chips through the year 2000. Table 8-1 presents the unit shipment forecast 
from Figure 8-1 and also includes the revenue forecast for PC audio chips. 

Several trends are expected to significantly impact the urut shipments of 
PC audio chips over the next five years. Companies will continue to 
enhance their single-chip designs with features such as spatial enhance
ment, 3-D positioning, telephony integration, and wavetable synthesis. 
This will reduce the average number of chips per audio subsystem 
through the latter half of 1997, when chips based upon AC-97 are expected 
to ramp in volume. AC-97 is expected to grow rapidly, representing over 
half of the audio installations in 1998. 

Figure 8-1 
Unit Shipment Forecast for PCs and PC Audio Chips through the Year 2000 
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Source: Dataquest (August 1996) 
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Table 8-1 
Unit Shipment and Revenue Forecast for PC Audio Chips (Thousands of Units) 

PCs 

PC Audio Chips 

Growth Year-to-Year (%) 

PC Audio Chip Revenue ($M) 

Growth Year-to-Year (%) 

1995 

60,171 

36,140 

441.6 

1996 

71,651 

40,669 

12.5 

546.1 

23.7 

1997 

84,694 

60,600 

49.0 

696.7 

27.6 

1998 

98,693 

89,210 

47.2 

808.8 

16.1 

1999 

114,178 

115,793 

29.8 

907.8 

12.2 

2000 

131,700 

153,809 

32.8 

1,136.3 

25.2 

CAGR (%) 
1995-2000 

17.0 

33.6 

20.8 

Source: Dataquest (August 1996) 

Although AC-97 does not require a dedicated digital controller, the fore
cast is based on a high initial attach rate for the AC-97 controller, trending 
down over the following two years. The unit growth for PC audio chips 
peaks at 49 percent in 1997 for this reason. The long-term expectation is 
that two-thirds of AC-97 implementations will require a chip other than 
the CPU to act as the digital controller. That other chip could be a dedi
cated controller or programmable device, such as a media processor or 
DSP. The remaining one-third of AC-97 installations will be low-end 
solutions that use a software controller running on the CPU. 

If AC-97 is unsuccessful, overall unit growth for PC audio chips will be 
much lower, as highly integrated, single-chip implementations wiU be 
favored over multichip implementations. Table 8-2 provides additional 
information about how the total chip forecast is divided between codecs, 
controllers, and integrated codec/controller chips. 

Table 8-2 
Unit Forecast for Audio Chips by General Category through the Year 2000 
(Thousands of Units) 

Separate Codecs 

Separate Hardware Controllers 

Integrated Codec/Controllers 

Total 

1995 

13,250 

2,000 

20,890 

36,140 

1996 

9,000 

0 

31,669 

40,669 

1997 

19,000 

9,000 

32,600 

60,600 

1998 

44,000 

26,250 

18,960 

89,210 

1999 

69,000 

40,000 

6,793 

115,793 

2000 

94,000 

56,667 

3,142 

153,809 

CAGR (%) 
1995-2000 

48.0 

95.2 

-31.5 

33.6 

Source: Dataquest (August 1996) 

Chip suppliers in the PC audio market will need to support multiple 
product strategies as single-chip products compete with AC-97 products. 
Single-chip products wiU be important for suppliers to maintain market 
share for ttie next few years, even though they are forecast to decline. The 
dual-chip strategies such as AC-97 are critical because chip-level integra
tion in the PC market is moving across subsystems. The audio subsystem 
will not stand alone in future PCs. Audio chips will be implemented with 
graphics, video, and communications chips to minimize the total cost of 
file system. This trend has already started with combination audio/ 
modem boards and will gain momentum in 1997 with media processors 
and Intel's MMX technology. Successful chip suppliers wUl embrace these 
changes and produce chips that support these integration trends. 
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I Chapter 1 
Executive Summary 

The market for PC audio chips is driven by high levels of competition and 
PC buyers' lust for the latest features at the lowest prices. Those same 
PC buyers demand backward compatibility with their favorite applica
tions from yesteryear, which has an impact on how quickly the market 
shifts to new standards for generating sound in the PC. Wavetable 
synthesis promises higher fidelity but must be implemented with legacy 
hardware functions for backward compatibility with a huge installed base 
of entertainment software. Spatial enhancement promises to improve 
music playback as well as sound effects and is a stepping stone to immer
sive, 3-D positional audio. Intel's AC-97 will most likely end the trend 
toward single-chip audio in favor of dividing digital and analog functions 
between two chips and could help to speed up the integration of PC audio 
and PC telephony. 

Implementation frends include a rising tide of motherboard and daughter
board designs as OEMs strive to minimize costs. This trend fuels demand 
for audio chips rather than the ISA-based cards that have dominated the 
audio market in the past. Legacy compatibility issues rear their ugly heads 
again as vendors look to move audio subsystems from the ISA bus to the 
PCI bus. The move is compelling for performance and flexibility issues, 
but requires additional standards for dealing with ISA's direct memory 
access (DMA) and interrupt request (IRQ) requirements. 

The battle for market share in the PC audio chip market is led by Crystal 
Semiconductor because it dominates the market for audio codecs. As the 
codec is integrated with other audio components. Crystal faces pressure 
from ESS Technology and Creative Technologies. Creative dominates the 
add-in card segment of the PC audio market and has leveraged its sfrong 
brand name and expertise into the market for PC audio chips, as well, to 
become the third-largest PC audio chip vendor. The success of Intel's 
AC-97 initiative could dramatically affect the market share rankings as the 
codec once again becomes a separate chip and dedicated hardware 
confrollers compete with software controllers running on the CPU for low-
end systems. This market change back toward separate codecs will favor 
those companies with high-quality mixed-signal products. 

The market forecast for PC audio chip unit shipments is robust, calling for 
a compound annual growth rate (CAGR) of 34 percent for 1995 to 2000. 
Revenue will grow a little more slowly at just under 21 percent owing to 
moderate ASP erosion over the forecast period. Unit growth will be more 
modest if Intel's AC-97 initiative is unsuccessful because single-chip audio 
solutions will lower the chip count per PC compared with Intel's two-chip 
solution. Either way, demand for audio subsystems will increase as audio 
features increase their penefration of the growing PC market. 

PSAM-WW-FR-9602 ©1996 Dataquest 



Chapter 2 

Introduction 
Audio features in PCs have come a long way since the early beeping and 
buzzing noises in the first PCs. In the late 1980s, sound cards became pop
ular for game enthusiasts to add audio features to their PCs. The rise of the 
multimedia PC through the early 1990s brought PC audio into the main
stream as "edutainment," and some business applications validated the 
need for PC audio beyond just playing games. Now, in 1996, audio sub
systems are standard equipment for most PCs targeted at the consumer or 
small office/home office (SOHO) markets. The corporate desktop is the 
last major PC category that does not generally have sound capability, but 
that will slowly change. Future applications such as desktop video
conferencing and greater computer/telephony integration create demand 
for audio features in corporate markets. 

The market growth for PC audio chips is driven by lower costs and com
pelling new features. High levels of integration have shrunk costs and 
reduced the chip count as well as the board space required for an audio 
subsystem. These trends have given PC OEMs greater flexibility and have 
made motherboard implementations feasible. Audio chip vendors must 
also compete on features and are adding spatial enhancement, wavetable 
synthesis, and 3-D positioning to their products. 

This document provides an overview of the market for PC audio chips. 
Chapter 3 shows a generic block diagram for an audio subsystem. 
Chapter 4 identifies major trends for new features in these chips. 
Chapter 5 highlights the changing ways that PC OEMs are adding audio 
chips to their systems. Chapter 6 provides an overview of the five largest 
PC audio chip vendors. Chapter 7 holds the market share statistics and 
analysis. Chapter 8 presents the forecast for PC audio chips through the 
year 2000. 
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^ Chapter 3 

What Is in a PC Audio Subsystem? 
The major functiorial elements of a PC audio subsystem can be lumped 
into two general categories: digital functions and analog functions. The 
digital functions are typically integrated into a chip called a digital con
troller. The digital controller includes all the peripheral control and inter
face functions, at a minimum, but can also include synthesis functions. 
FM synthesis is a digital function that was not integrated until recently 
because of intellectual property issues. All the analog functions, such as 
digital-to-analog conversion, are typically integrated into a mixed-signal 
chip called a codec, short for coder/decoder. The terms digital controller 
and codec will be used throughout this document to represent groups of 
functions within the audio subsystem. The digital controller and codec 
may be separate chips or may be integrated onto a single chip. Figure 3-1 
shows the specific functions that are commonly included in codecs and 
digital controllers for the PC audio market. 

The core functions of the digital controller are the interface to the ISA bus 
and the general control functions of moving data between the various 
parts of the audio subsystem as well as into and out of the PC. The list of 
functions has grown over time to include a wide variety of interfaces to 
peripherals such as CD-ROM drives, joysticks, or game pads through the 
game port, musical instrument digital interface (MIDI) devices, and 
modems. 

Codecs have also gathered new features as higher levels of integration 
allowed chip designers to add analog mixing, amplifiers, and compression 
and decompression to the basic functions of converting between analog 
and digital formats. 

PSAM-WW-FR-9602 ©1996 Dataquest 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

Figure 3-1 
Generic Block Diagram of a PC Audio Subsystem 
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I Chapter 4 

Audio Feature Trends i ^ ^ ^ _ ^ ^ . . 

Migration from FiVI Syntliesis to Wavetable Syntliesis 

> 

FM synthesis has been the de facto standard for producing sound effects 
on PCs since the early success of Creative Labs with its Sound Blaster 
series of PC sound cards. Wavetable synthesis is a newer technology that is 
poised to replace FM synthesis with tihe promise of higher fidelity. Wave-
table synthesis uses brief digital recordings called samples that are modi
fied to create the desired sounds. FM synthesis recreates a sound based on 
a mathematical formula rather than starting from a recorded sample. The 
migration to wavetable synthesis is slow because of two major issues: 
backward compatibility with the popular Sound Blaster standard, which 
uses FM synthesis, and cost of implementation. 

Sound Blaster compatibility is still an important feature for PC audio 
chipsets. Many PC buyers want to run legacy applications such as 
EXDS-based games and Sound Blaster compatibility is the surest way to do 
it. Sound Blaster applications need specific hardware features in the audio 
chips for proper operation and these hardware features are very difficult 
to emulate with software. As a result, audio chips are burdened with leg
acy hardware requirements that increase the total cost and effectively slow 
down the acceptance of new standards. 

The cost of implementation is also a barrier to moving from FM synthesis 
to wavetable synthesis. Wavetable sjmthesis is more expensive because it 
requires memory for storing the samples, or digital recordings. Memory 
requirements vary, but 512KB or 1MB of ROM is considered a minimum, 
and many add-in cards are sold with 2MB to 4MB of ROM as well as 
512KB or more of RAM. Most wavetable implementations can be 
expanded by the user with additional ROM or RAM for storing more 
samples, but this increases the total cost. The dramatic declines in memory 
prices through the early part of 1996 have reduced the cost of adding 
wavetable audio to PCs and should increase demand for wavetable audio 
chips. 

Waveguide synthesis is a more advanced technique than wavetable 
synthesis and produces higher quality music. It does require more pro
cessing power than wavetable synthesis and therefore will provide a 
growth path for audio subsystems in the future. Waveguide synthesis will 
be used in conjunction with wavetable synthesis on high-end PC audio 
subsystems in 1997 and will migrate into the average PC by the end of the 
decade. 

Software Wavetable Synthesis 

f 

The transition from FM synthesis to wavetable sjmthesis is being spurred 
by software wavetable implementations. Software wavetable synthesis 
costs less than hardware wavetable synthesis because it uses the CPU for 
the digital signal processing and the PC main memory for storing the 
samples rather than requiring dedicated hardware. The cost savings do 
not come without a compromise: software wavetable is lower in quality 
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than hardw^are solutions. That trade-off is important because PC OEMs 
cannot substitute wavetable synthesis for FM synthesis without compro
mising software compatibility. A PC OEM that adds wavetable sjTithesis 
to a PC is basically paying for wavetable synthesis in addition to FM syn
thesis. Software wavetable is compelling because it allows the PC OEM to 
enhance the audio subsystem at a lower incremental cost than adding ded
icated hardware. 

Spatial Enhancement Goes Beyond Plain Old Stereo 
Spatial enhancement, sometimes called stereo enhancement, is an 
improvement on stereo sound because it makes the sound appear to come 
from a 180-degree arc of many speakers rather than just two speakers. In 
fact, it produces this effect using only two speakers by modifying the 
audio signals sent to each speaker A variety of techniques are used. Some 
involve digital signal processing, while others use analog filters to modify 
the signals between the digital-to-analog converter (DAC) and the ampli
fier for the speakers. 

Spatial enhancement dramatically improves the quality of music playback 
on PCs, These features are added to PCs at both ttie chip level and the 
board level. The cost of spatial enhancement ranges from under $1 to 
several dollars or more depending on the level of sophistication. Figure 
4-1 shows how spatial enhancement improves the listener's experience by 
creating the impression that sounds are coming from many speakers 
rather tfian just two. Some companies promote spatial enhancement as 
3-D sound, but that is misleading because it is really two-dimensional 
sound. 

Figure 4-1 
Spatial Enhancement Creates the Impression of Many Speakers Rather than Just Two 
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Audio Feature Trends 

I Several companies, such as QSound Labs, SRS Laboratories, Spatializer 
Audio Laboratories, and Binaura, have developed spatial enhancement 
techniques. These companies are bringing their different technologies to 
the PC market by licensing specific designs as well as selling chips. 

^ 

3-D Positioning 
3-D positioning of sounds is the newest audio feature for PCs and is the 
next step beyond spatial enhancement. The ability to position and move 
sounds in three dimensions using onLy two speakers enhances the PC 
user's experience and requires a significant amount of signal-processing 
capability. 3-D positioning is a major step toward higher levels of realism 
and creates a more immersive, virtual reality experience. It is available 
today in both software-only versions and software/hardware combina
tions and will become mainstream in the second half of 1997 as it becomes 
integrated with standard audio chips. As PC OEMs design their products 
for ttie Christmas 1997 buying season, 3-D positioning will be a major 
differentiator between audio chip companies. 

The techniques used for 3-D sound rely on pyschoacoustic models of how 
the human mind perceives sounds in a 3-D space. These techniques effec
tively trick the mind and are most powerful when used in concert with 
visual images. An airplane that flies across the computer screen is more 
believable as a real object if the sound of that airplane seems to come from 
the object rather than from the speakers. In certain circumstances, the 
mind will perceive a sound as coming from behind if the listener can hear 
the object but not see it. As a result, a fighter aircraft or race car might be 
heard by the game player, get louder, and then roar past the game player, 
complete with Doppler effect. The result is an engaging, immersive experi
ence that is a little bit closer to virtual reality. 

Techniques for 3-D positioning are being developed and brought to mar
ket by many of the companies noted for spatial enhancement techniques. 
This list includes QSound, SRS Laboratories, Spatializer, and others. 

Feature Integration for Single-Chip Audio and the Impact of AC-97 
Many PC audio chip suppliers have worked to differentiate themselves by 
reducing the chip count of an audio subsystem rather than just adding 
new features to a multichip solution. Now that several vendors have sin
gle-chip solutions, the race has changed to competition based on lowering 
cost and increasing the number of features while maintaining the single-
chip design. Low chip count combined with a growing list of new features 
will continue the trend toward motherboard and daughterboard audio 
implementations for PCs. The popularity of single-chip designs will fade 
in favor of Intel's AC-97 initiative that advocates dividing the audio 
functions into two chips, one with the digital elements and the other with 
the mixed-signal elements. Figure 4r2 shows a diagram of feature integra
tion, including the rise of AC-97 in late 1997 to 199S. 

I 
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Figure 4-2 
Feature Integration for the Single-Chip Audio Chipset 
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Telephony Integration 
The integration of telephony and audio functions in PCs becomes 
increasingly important as PCs continue to grow as communication tools. 
Board-level integration of modem chipsets and audio chipsets is common 
today, but chip-level integration is a further opportunity to reduce costs. 
Reasons for integration involve minimizing cost by sharing resources for 
signal processing as well as sharing I/O peripherals such as speakers and 
microphones. A user playing a game or a music CD does not want to 
"miss" a phone call because the PC speakers are being used when the tele
phone rings. 

Integrating these functions is challenging for two reasons. First of all, few 
companies excel in both areas. Analog Devices is one exception and is in a 
good position to bring a compelling, integrated chipset to market. Cirrus 
Logic faces geographical challenges because its autio products are 
designed by its subsidiary Crystal Semiconductor in Austin, Texas, while 
its modems are designed in Fremont, California. 
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The second reason that audio and telephony integration is challenging is 
the pace of development. Modem speeds have more than doubled recently 
from 14.4 Kbps to 33.6 Kbps and many vendors had difficulty bringing 
their 28.8 Kbps and 33.6 Kbps modems to market on schedule. Adding 
audio functions to those modem chipsets would have made them even 
later than they were otherwise. This issue may change as modem speeds' 
stagnate at their current levels. Dataquest believes that analog modem 
speeds are near their upper limit for use on standard telephone lines. 
Greater stability in the modem market will make integration with audio 
chips more viable. 

Other solutions may obviate the need to integrate audio and telephony 
functions into a standard chipset. Several semiconductor companies are 
promoting programmable multimedia chips that range from DSP-based 
solutions to more powerful media processors. DSP-based solutions such 
as IBM's MWave DSP provide the signal processing and control functions 
required for audio and telephony functions, while media processors such 
as the MPact media processor from Chromatic Research provide those 
functions, as well as video and graphics processing. These programmable 
solutions generally require a separate codec and will benefit from Intel's 
efforts to separate the codec functions from the digital controller functioris 
with its AC-97 initiative. AC-97 does include provisions for telephony 
codec functions. 

Several semiconductor companies are promoting programmable multi
media chips that range from solutions based on digital signal processing 
(DSP) to more powerful media processors. DSP-based solutions such as 
IBM's Mwave DSP provide the signal-processing and control functions 
required for audio and telephony functions, while media processors such 
as the Mpact media processor from Chromatic Research provide those 
functions as well as video and graphics processing. Intel has provided for 
the integration of a telephony codec with the audio codec specified in the 
AC-97 initiative. 
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I Chapter 5 
Implementation Trends 

» 

I 

PC audio is maturing as a checklist item for many segments of the PC 
market. The trends for implementation are dictated by the requirements of 
those markets. Higher degrees of chip-level integration have driven PC 
audio onto the motherboard, first in the mobile PC market and subse
quently in the desktop market, as well. The rapid growth of chip ship
ments compared to add-in board shipments has changed the dynamics of 
the PC audio market, creating new opporturuties for semiconductor ven
dors. Two key trends to watch are the continued shift toward motherboard 
implementatioTis and Intel's ability to reverse the trend toward single-chip 
audio solutions in favor of its two-chip AC-97 solution. 

Shift from ISA Card to Motherboard and Daughterboard Implementations 
Implementation trends for PC audio have shifted from add-in cards to 
motherboard and daughterboard designs. This trend has been fueled 
by higher levels of integration for audio chips as well as PC audio's 
movement from luxury feature to standard feature for multimedia PCs. 
Dataquest expects unit shipments of sound cards to remain at about 
15 million units annually through the year 2000. Motherboard and 
daughterboard implementations are absorbing virtually all the growth as 
audio subsystems ship in a higher percentage of PCs each year. 

Higher levels of integration for audio chips have dramatically reduced the 
number of ICs as well as the number of passive components required for a 
typical PC audio subsystem. Fewer components means less board space 
and simpler designs. Several audio cliip companies have integrated essen
tially all of the audio functions into a single IC and, at the same time, have 
reduced the need for as many additional resistors, capacitors, and other 
components as previous designs required. The result is greater flexibility 
for PC OEMs because audio subsystems have become compact enough to 
put on the motherboard. PC OEMs can choose to save money by integrat
ing the audio subsystem onto the motherboard or continue to outsource 
the design and manufacturing of their audio subsystems by purchasing 
add-in cards. Indeed, PC OEMs put audio chips on the motherboard for 
many consumer PC models in 1995 and have continued this trend into 
1996. 

Highly integrated audio chips have also fueled the growth of audio 
features in mobile PCs. Until the chip count was reduced, it was not cost-
effective for OEMs to add audio subsystems to mobile PCs. Audio sub
systems are now common on mobile PCs and are forecast to grow to 
nearly 100 percent penetration by the year 2000. 

The trend toward motherboard implementations has tremendous impact 
on the market for standard PC audio chips. Sound cards have a mixture of 
custom products and standard products, but motherboard implementa
tions essentially require standard products rather than custom ASICs. 
Custom audio solutions are not cost-effective for most PC OEMs. As audio 
subsystems ship in more PCs each year, the increased demand for audio 
ICs will necessarily be served by standard products. 
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Figure 5-1 shows these implementation trends. Add-in boards will con
tinue to be used to add audio subsystems to PCs but will mostly serve the 
middle-to-high end of the market. Almost all the growth in the number of 
audio subsystems installed each year will come from motherboard and 
daughterboard implementations. Many of those PCs with motherboard 
audio will be limited to basic feature sets, but some will include advanced 
features. 

i 

The ISA Bus and Legacy Compatibility 
The Sound Blaster standard is closely tied to the ISA bus architecture. This 
lirik between specific hardware features and legacy software compatibility 
has prevented PC audio from migrating to the PCI bus. Moving audio 
chips to the PCI bus is important for system performance reasons as well 
as configuration flexibility and true plug-and-play. Two features of the ISA 
architecture that are unavailable in ihe PCI architecture are the direct 
memory access (DMA) and interrupt request (IRQ). Two standards for 
handling DMA and IRQ over a PCI bus have been proposed. Intel sup
ports a standard called PC/PCI, but distributed DMA (DDMA) also has 
broad industry support. Each standard has advantages and disadvan
tages, and it is too early to pick which will be more widely accepted. 

Figure 5-1 
Overall Implementation Trends for PC Audio 
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Chapter 6 

Companies 
These five companies are the leading suppliers of audio chips for the PC 
market. Each one shipped several million audio codecs or integrated 
codec/controllers into the PC market last year, and each is positioned to 
participate actively as this market continues to grow. Many other compa
nies are selling PC audio chips^ and the competition ranges in size from 
relatively small companies, such as OnChip Systems and AdMOS, to 
large, established semiconductor suppliers like Advanced Micro Devices. 

Creative Technology Ltd. 

I 

I 

Creative Technology is a leading supplier of audio chips and has domi
nated the market for sound board shipments. In the 1980s, Creative built a 
strong brand name by selling PC sound boards through retail outlets. 
Creative's Sound Blaster family of sound boards is the de facto standard 
for PC audio feature sets and software compatibility because of its 
strength in the retail market. Software developers have largely depended 
on Sound Blaster standards to ensure software compatibility, and this 
mountain of legacy applications gives Creative additional market momen
tum. Through tiie early 1990s, Creative successfully managed the transi
tion from a retail board supplier to a retail and OEM board supplier as PC 
OEMs began adding multimedia features to their product lines. The com
pany managed another transition from 1994 to 1995 as it began selling PC 
audio chips in addition to its board-level offerings. Creative is the largest 
sound board supplier, with 67 percent urut market share for 1995, and is 
the third-largest supplier of PC audio chips, with 15 percent unit market 
share for the same year. 

Creative faces increasing competition in the PC audio market as the 
demand for audio chips heats up and PC OEMs increasingly favor buying 
chips rather than boards. Two of Creative's strengths are its brand name 
and its ability to deliver software compatibiUty at the chip or board level, 
The positive impact of ti\ese will gradually erode as technology shifts to 
wavetable synthesis (see Chapter 4) and implementation trends shift to 
greater use of motherboards and daughterboards rather than ISA cards 
(see Chapter 5). 

ViBRA is the name Creative chose for its family of integrated codec/ 
controller chips. Three versions of the ViBRA chip are available today, the 
ViBRA 16S, ViBRA 16C, and ViBRA 16CL. Both the 16C and 16CL have 
integrated FM S5nithesis, but the 16S does not. Dataquest expects Creative 
to bring another version to market this fall that includes integrated spatial 
enhancement. 

ESS Technology took the PC audio chip market by storm in late 1994 by 
integrating the controller and codec functions onto a single chip. Other 
companies introduced similar products at about the same time, but ESS 
was ready for volume production months before those competitors. In 
1995, ESS beat its competition to the punch again by integrating the FM 
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synthesis functions. Almost all other vendors were using Yamaha's OPL-3 
FM synthesis chips because of Yamaha's patent protection for that technol
ogy. ESS took the bold step of creating its own FM sjmthesis technology, 
named ESFM, instead of using Yamaha's patented technology. This led to a 
lawsuit for alleged patent infringement, but the suit was settled this year. 
Details of the settlement were sealed, but company announcements indi
cate that the settlement did not have a significant impact on the financial 
results of either company. The rapid rise of audio features in mobile PCs 
was fueled by ESS's ability to deliver volume quantities of highly inte
grated audio chips. 

ESS Technology's success over the past two years can be attributed to its 
ability to deliver highly integrated products in volume ahead of competi
tors. The company needs to continue adding features faster than competi
tors to maintain a competitive edge, especially since all major vendors 
now have single-chip products. 

Several single-chip audio solutions are available from ESS, including the 
ES1688, ES1788, ES1868, and the ES1878. All these chips include the codec, 
digital controller, and FM synthesis functions. The ESI868 and ES1878 are 
ESS's flagship products, targeted at the desktop PC and mobile PC mar
kets, respectively. ESS has introduced the ES1869, which adds spatial 
enhancement to the ES1868 and will begin volume production this fall. 

Crystal Semiconductor 

OPTi 

Crystal Semiconductor, a division of Cirrus Logic, is the leading supplier 
of PC audio codecs and has a reputation for high-quality mixed-signal 
products. Crystal's mixed-signal expertise gives it a competitive edge in 
the audio market because its codecs meet very high standards for audio 
quality. This is a distinct advantage because codecs are arguably the most 
difficult part of a PC audio chipset to design and manufacture. Crystal has 
leveraged its leadership by adding the digital controller functions to its 
codecs while continuing to differentiate itself from other vendors on the 
basis of audio quality. 

Crystal introduced a single-chip audio solution with FM synthesis, the 
CS4236, at the end of last year and started volume production last spring. 
The CS4237, the next version of the chip, includes spatial enhancement 
technology licensed from SRS Laboratories and began sampling last 
spring. 

PC audio products are a ray of sunshine on a cloudy day for OPTi. Audio 
products are producing a growing revenue stream for OPTi and have par
tially offset the large decline in revenue from some of the company's other 
product lines, such as desktop PC core logic. OPTI was several months 
behind ESS in terms of integrating all the audio functions into a single 
chip, but did come through with a complete, single-chip product early this 
year. 
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The OptiSound 931 integrates the codec, digital controller, and FM S3nithe-
sis functions onto a single chip. OPIi began shipping the 931 in spring 
1996, and this product kept OFIl in the race this year for PC audio design-
wins. The 82C930 is a similar product but did not include FM synthesis. 

Analog Devices Inc. 
Analog Devices Inc. is well-known for its analog, mixed-signal, and DSP 
technologies and has been a leading supplier of codecs to the PC audio 
market. The company has leveraged its mixed-signal expertise by integrat
ing other PC audio components with its audio codecs, just as Crystal 
Semiconductor did, but has been slower than other companies to bring 
these products to market. 

ADI is closing the gap between itself and its competitors with a host of 
new products this fall. The SoundPort 1812 is a single-chip audio solution 
that includes the codec, digital controller, and FM synthesis. It is compara
ble to products that competitors have introduced over the past 12 months. 
Two other versions of that chip are scheduled for volume production as 
well the SoundPort 1816 and the SoundPort 1815. The SoundPort 1816 
adds spatial enhancement to the 1812 and is only a few months, rather 
than a full year, behind competitive products. The SoundPort 1815 inte
grates a V.34 modem codec with the 1812. 

As a leading provider of audio chips and modem chips, ADI is well posi
tioned to benefit from the integration of PC audio and PC telephony. The 
SoundPort 1815 is one step in this direction, and Dataquest expects that 
ADI will leverage its audio and telephony expertise in future products as 
well. 
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Chapter 7 

Market Share 
Crystal Semiconductor is the largest supplier of PC audio chips on a reve
nue basis, with almost $20 million more revenue than the second-largest 
supplier, ESS Technology. Crystal dominates the market for audio codecs, 
and over half its unit shipments were separate codecs rather than inte
grated codec/controller chips. In contrast, all of ESS's shipments were 
integrated codec/controller chips. Table 7-1 shows the 1995 PC audio chip 
revenue and unit shipments by company. 

Table 7-1 
PC Audio Chip Revenue and Unit Shipments by Company, 1995 

Crystal 

ESS 

Creative 

Analog Devices 

OPTi 

Others 

Total 

Revenue ($M) 

123.0 

105.5 

54.0 

47.6 

35.5 

15.6 

381.2 

% of Total 

32.3 

27.7 

14.2 

12.5 

9.3 

4.1 

100.0 

Units (K) 

12,000 

8,500 

5,500 

5,030 

4,500 

610 

36,140 

% of Total 

33.2 

23.5 

15.2 

13.9 

12.5 

1.7 

100.0 

Rank 

1 

2 

3 

4 

5 

Note: Measuring PC audio chip shipments requires clear definitions of what constitutes a unit. For this 
document, a unit is a PC audio chip that is a codec, a digital controller, or an integrated chip with codec 
and controller functions. This number is larger than the total number of complete audio subsystems be
cause some PCs have a codec from one vendor and a digital controller from another. 
Source: Dataquest (August 1996) 

These rankings could change significantly for 1996. The market for sepa
rate codecs is forecast to decline from 1995 to 1996 as PC OEMs favor the 
integrated codec/controller chips over less-integrated solutions. Table 7-2 
shows the unit shipments and revenue for integrated codec/controller 
chips. Note that ESS Technology was the largest supplier of these inte
grated chips. ESS differentiated its products by packing more features into 
single-chip products than its competitors. That advantage has been 
reduced by single-chip offerings from Crystal, OPTi, and Creative that 
offer comparable lists of features. Market share battles for 1996 will 
depend more heavily on price and quality than they did in 1995. Integra
tion is less of a differentiator because so many vendors have complete, sin
gle-chip solutions. 

Looking forward to 1997, changes in vendor rankings could be dramatic 
once again if Intel's AC-97 initiative is successful. AC-97, discussed in 
Chapter 4, wOl reopen doors for suppliers to provide the digital controller 
separately from the mixed-signal codec. The companies with the strongest 
mixed-signal capabilities, like Crystal Semiconductor and Analog Devices, 
could have an advantage in supplying the AC-97 codec. Many vendors 
will compete for the digital confroller business, but that segment of the 
market may shrink in favor of using the host CPU, a DSP, or a media pro
cessor instead of a dedicated confroller. 
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Table 7-2 
Revenue and Unit Shipments of Integrated PC Audio Codec/Controller Chips by 
Company, 1995 

ESS 

Crystal 

Creative 

OPTi 

Others 

Total 

Integrated Codec/Controller 
Revenue ($M) 

105.5 

60.0 

54.0 

32.5 

20.9 

272.9 

% of Total 

38.7 

22.0 

19.8 

11.9 

7.7 

100.0 

Integrated Codec/Controller 
Units (K) 

8,500 

5,000 

4,500 

2,500 

390 

20,890 

% of Total 

40.7 

23.9 

21.5 

12.0 

1.9 

100.0 

Source: Dataquest (August 1996) 
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Market Forecast 

^ 

The forecast for PC audio chip unit shipments calls for a 33.6 percent 
CAGR through the year 2000. Revenue is forecast to grow at a more mod
erate 20.8 percent because declining prices vv'ill partially offset the greater 
unit shipments. The percentage of PCs shipping with audio subsystems 
will increase through the forecast period, causing demand for audio chips 
to grow much faster than the overall PC market. Dataquest expects half of 
all desktop PCs and nearly all mobile PCs in the year 2000 to have audio 
subsystems. Figure 8-1 shows the unit shipment forecast for PC audio 
chips through &ie year 2000. Table 8-1 presents the unit shipment forecast 
from Figure 8-1 and also includes the revenue forecast for PC audio chips. 

Several trends are expected to significantly impact the unit shipments of 
PC audio chips over the next five years. Companies will continue to 
enhance their single-chip designs with features such as spatial enhance
ment, 3-D positioning, telephony integration, and wavetable synthesis. 
This will reduce the average number of chips per audio subsystem 
through the latter half of 1997, when chips based upon AC-97 are expected 
to ramp in volume. AC-97 is expected to grow rapidly, representing over 
half of the audio installations in 1998. 

Figure 8-1 
Unit Shipment Forecast for PCs and PC Audio Chips through the Year 2000 

Thousands of Units 

160,000-

140,000-

120,000-

100,000-

80,000-

60,000 

40,000-

20,000-

PC Audio Chips 

1995 1996 
1 

1997 1998 
— I — 
1999 2000 

96saa9 

Source: Dataquest (August 1996) 
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Table 8-1 
Unit Shipment and Revenue Forecast for PC Audio Chips (Thousands of Units) 

PCs 

PC Audio Chips 

Growth Year-to-Year (%) 

PC Audio Chip Revenue ($M) 

Growth Year-to-Year (%) 

1995 

60,171 

36,140 

441.6 

1996 

71,651 

40,669 

12.5 

546.1 

23.7 

1997 

84,694 

60,600 

49.0 

696.7 

27.6 

1998 

98,693 

89,210 

47.2 

808.8 

16.1 

1999 

114,178 

115,793 

29.8 

907.8 

12.2 

2000 

131,700 

153,809 

32.8 

1,136.3 

25.2 

CAGR (%) 
1995-2000 

17.0 

33.6 

20.8 

Source: Dataquest (August 1996) 

Although AC-97 does not require a dedicated digital controller, the fore
cast is based on a high initial attach rate for the AC-97 controller, trending 
down over the following two years. The unit growth for PC audio chips 
peaks at 49 percent in 1997 for this reason. The long-term expectation is 
that two-thirds of AC-97 implementations will require a chip other than 
the CPU to act as the digital controller. That other chip could be a dedi
cated controller or programmable device, such as a media processor or 
DSP. The remaining one-third of AC-97 installations will be low-end 
solutions that use a software controller running on the CPU. 

If AC-97 is unsuccessful, overall unit growth for PC audio chips will be 
much lower, as highly integrated, single-chip implementations will be 
favored over multichip implementations. Table 8-2 provides additional 
information about how the total chip forecast is divided between codecs, 
controllers, and integrated codec/controller chips. 

Table 8-2 
Unit Forecast for Audio Chips by General Category through the Year 2000 
(Thousands of Units) 

Separate Codecs 

Separate Hardware Controllers 

Integrated Codec/Controllers 

Total 

1995 

13,250 

2,000 

20,890 

36,140 

1996 

9,000 

0 

31,669 

40,669 

1997 

19,000 

9,000 

32,600 

60,600 

1998 

44,000 

26,250 

18,960 

89,210 

1999 

69,000 

40,000 

6,793 

115,793 

2000 

94,000 

56,667 

3,142 

153,809 

CAGR(%) 
1995-2000 

48.0 

95.2 

-31.5 

33.6 

Source: Dataquest (August 1996) 

Chip suppliers in the PC audio market will need to support multiple 
product strategies as single-chip products compete with AC-97 products. 
Single-chip products will be important for suppliers to maintain market 
share for the next few years, even though they are forecast to decline. The 
dual-chip strategies such as AC-97 are critical because chip-level integra
tion in the PC market is moving across subsystems. The audio subsystem 
will not stand alone in future PCs. Audio chdps will be implemented with 
graphics, video, and communications chips to minimize the total cost of 
the system. This trend has already started with combination audio/ 
modem boards and will gain momentum in 1997 with media processors 
and Intel's MMX technology. Successful chip suppliers will embrace these 
changes and produce chips that support these integration trends. 
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Chapter 1 

Executive Summary 
The PC market and semiconductor markets are inherently linked by the 
simple fact that PCs consume more semiconductors than any other single 
application. The growth of the semiconductor market depends on a robust 
PC market just as the PC market depends on new semiconductor devices 
to differentiate the latest models from older designs. This relationship is 
symbiotic—profits from the semiconductor industry are funneled back 
into product and process development, driving more features and more 
performance into microprocessors, graphics chips, memory devices and 
all the other semiconductor devices in PCs. 

The PC market, including motherboards and handheld PCs, is forecast to 
grow at a cumulative armual growth rate of 16.3 percent on a revenue 
basis from 1995 to the year 2000, with Japan and Asia/Pacific exhibiting 
higher growth than other regions. The semiconductor content of that total 
PC market, including motherboards and handheld PCs, is forecast to grow 
at a 16.1 percent cumulative armual growth rate for the same period. So 
the semiconductor content of the typical PC will remain steady as a per
centage of factory selling price. 

This document provides market data, market forecasts, and market trend 
irtFormation for both the PC market and the PC semiconductor market. 
Chapter 2 provides an introduction and discussion of methodology. 
Chapter 3 provides Dataquest's latest PC forecast with breakouts by form 
factor, regional demand, and microprocessor type. Chapter 4 provides 
trend information about the semiconductor market for PCs and worksta
tions. Chapter 5 has market size and forecast information for the PC and 
workstation semiconductor markets. Chapter 6 provides market forecast 
and semiconductor content information about several standard input/ 
output (I/O) peripherals. 
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Chapter 2 

Introduction and Methodology 
This document is the third in a series of four that provide reference infor
mation and analysis about the markets for semiconductor devices in per
sonal computers. The four books cover graphics controllers, core logic 
chipsets, microprocessors, and an overview that includes a model of total 
semiconductor content for PCs. Specific areas of information include: 

• PC system market size (in production terms) in revenue, units, and 
average selling price (ASP) 

• PC system market and product feature trends 

• Hardware architecture trends and semiconductor device opportunities 

• Semiconductor content and market forecast 

• Listings of key OEMs 

The information in this report is gathered from both primary and second
ary sources. Primary sources include surveys and interviews of industry 
vendors and customers, as well as analyst knowledge and opinions. Sec
ondary sources include government and trade sources on sales, produc
tion, trade, and public spending. Semiconductor content assumptions are 
based on both surveys of producing OEMs and physical teardown evalua
tions by Dataquest analysts of representative personal computers. 

The forecast methodology is based on various methods and assumptions, 
depending on the specific market. To form a solid basis for projecting sys
tem demand and capital, government, and consumer spending, assump 
tions are made for various regions of the world. For specific markets, 
saturation and displacement dynamics are considered as well. Key exoge
nous factors such as new software introductions, exchange rate changes 
and govenunent policies are also considered. Semiconductor content fore
casts are based on interviews of system marketers and designers (includ
ing makers of enabling semiconductor technology), along with an analysis 
of historical trends. 

Project Analyst: Geoff Ballew 
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Chapter 3 

Personal Computer and Workstation Markets _ ^ ^ . ^ _ 

Market and Production Trends 

Personal Computers 
Market and production trends in PCs and workstations are as follows: 

• Although notebook and subnotebook computers have enjoyed strong 
growth, desktop systems will continue to domiiwte the computing plat
form because of their lower manufacturing costs, their ability to handle 
robust configurations with large amounts of storage, and their role in 
offering the fastest and latest computing technologies. 

• Notebooks have enjoyed solid unit growth and even higher revenue 
growth because of their ability to replicate desktop environments. 
Larger LCDs, bigger hard disks and integrated CD-ROM drives con
tinue to narrow the performance gap between desktop and notebook 
PCs. 

• Ultraportable and notepad shipments continue to grow but may be sur
passed by handheld PCs as the second-largest mobile category, behind 
notebooks. 

• Shipments of laptops and transportable units declined again for 1995 
but are forecast to remain steady in terms of unit volume through the 
forecast period. 

• In the world of mobile computing, handheld devices continue to 
promise function and mobility but face size, weight, and cost issues. 
Dataquest has defined two categories for these handheld devices, but 
only the handheld computer category is covered in this document. 

Q Expandable organizers: These are computers that typically measure 
3.0 X 6.0 X 0.75 inches and weigh less than a pound. They are distin
guished by their ability to allow the user to add applications and 
memory and by the fact that expansion is proprietary to a particular 
device or family. The operating systems typically are proprietary. 
The market for these devices is expected to peak at more than 0.5 mil
lion unit shipments in 1995 and then slowly shrink to fewer than 
0.4 million by 1999. 

• Handheld computers: These devices typically measure 4.0 x 7.0 x 1.0 
inches and weigh about one pound. They are distinguished from 
expandable organizers by their adherence to hardware and software 
compatibility standards. The operating systems are open and 
licensed, and application development and memory expansion are 
open to third-party developers and may be distributed in a standard 
format (such as PCMCIA). Personal digital assistants (PDAs) fall into 
this category. 
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• Strong growth in the worldwide home PC market will continue across 
all regions of the world except for the U.S. home market, which shows 
early signs of saturation. Price elasticity is a key issue in reaching lower-
income homes in all regions of the world. 

• Microsoft's Windows 95 operating system was launched in the second 
half of 1995 with actual product sales beginning on August 24. Its most 
significant impact on hardware is the need to upgrade to 16MB of main 
memory. 

• Emerging markets and regions will account for a sharply increased pro
portion of shipments by 1998. 

• The multimedia PC market continued its torrid growth in 1995. Ship
ments of complete multimedia systems doubled from 1994 to 1995, 
reaching 20.9 million shipments. 

• Major PC manufacturers will continue to place a strong emphasis on the 
branding of PCs. 

• Manufacturing strategies are dictated by economies of scale, with 
strong influence from free trade zones, the availability of components, 
and the quality and price of labor. For desktop PCs, the trend is toward 
assembling units close to the end market or at least having the final con
figuration (including CPU and main memory installation) executed on 
demand close to the end market. For mobile PCs, production is largely 
focused in Japan and other Asian countries. A rising tide of OEM note
books from Taiwanese vendors will maintain Asia/Pacific's growing 
influence on the mobile PC market. 

• Motherboard production will depend more heavily on the Asia/Pacific 
region as suppliers regain some of the market share they lost because of 
Intel's rapid growth in the motherboard business in 1994 and 1995. 

Figures 3-1 to 3-3 and Tables 3-1 to 3-7 present Dataquest's worldwide PC 
market forecasts. Figure 3-4 shows the regional variation in markets from 
1994 to 2000. 

OEMs 
Tables 3-8 and 3-9 list the key OEMs ranked by revenue and unit shipment 
market share. Compaq retained the No. 1 spot despite fierce competition 
from the smaller OEMs but lost just a bit of market share on a revenue 
basis. Compaq faces a challenge in keeping the top spot for 1996 because 
the merger between NEC and Packard Bell has created a larger competitor. 
The combined shipments of NEC and Packard Bell make the new com
pany the largest PC company in the world, based on 1995 unit shipments. 
Hewlett-Packard posted the largest gain in market share of all of the top 10 
OEMs with the rapid growth of its Pavilion line of multimedia PCs. 
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Figure 3-1 
Worldwide Personal Computer Shipments by Microprocessor Type 
(Includes OEM PCs and Additional Motherboards; Excludes Handheld Computers) 
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Source: Dataquest (June 1996) 

Figure 3-2 
Worldwide Desktop/Deskside Personal Shipments by Microprocessor Type 
(Includes OEM PCs and Additional Motherboards) 
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Figure 3-3 
Worldwide Mobile Personal Computer Shipments by Microprocessor Type 
(Excludes Handheld Computers) 
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Table 3-1 
Worldwide Personal Computer Market by Product Type* 

Product Type 

Desktop/Deskside 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Transportable/Laptop 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Notebook/Tablet 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

1994 

39,252 

1.88 

73,937 

166 

6.25 

1,035 

7,480 

2.49 

18,653 

1995 

50,259 

1.95 

98,000 

44 

5.41 

240 

8,649 

2.71 

23,464 

1996 

59,043 

1.99 

117,575 

42 

6.35 

269 

11,116 

2.44 

27,119 

1997 

69,651 

2.01 

139,907 

45 

5.90 

263 

13,049 

2.47 

32,283 

1998 

80,847 

2.01 

162,558 

44 

5.52 

243 

14,965 

2.37 

35,531 

1999 

93,610 

1.99 

186,484 

43 

5.53 

240 

16,709 

2.34 

39,055 

2000 

108,012 

1.95 

210,500 

43 

5.26 

224 

18,979 

2.31 

43,804 

CAGR (%) 
1995-2000 

16.5 

0 

16.5 

-0.9 

-0.6 

-1.4 

17.0 

-3.2 

13.3 

(Continued) 
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Table 3-1 (Continued) 
Worldwide Personal Computer Market by Product Type* 

Product Type 

Ultraportable/ Notepad 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Handheld 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Additional Motherboards 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Total PC (Including 
Handheld and Additional 
Motherboards) 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Workstation 

Units (K) 

ASP ($) 

Factory Revenue ($M) 

1994 

997 

1.84 

1,832 

390 

0.82 

318 

4,404 

1.18 

5,178 

52,689 

1.92 

100,952 

735 

15.06 

11,070 

1995 

1,219 

2.49 

3,034 

481 

0.60 

289 

7,036 

1.00 

7,018 

67,688 

1.95 

132,044 

841 

15.79 

13,287 

1996 

1,450 

2.24 

3,246 

611 

0.55 

336 

8,266 

0.82 

6,805 

80,528 

1.93 

155,350 

937 

15.08 

14,133 

1997 

1,950 

2.26 

4,411 

850 

0.50 

425 

9,752 

0.69 

6,776 

95,296 

1.93 

184,064 

1,027 

14.64 

15,036 

1998 

2,838 

2.18 

6,173 

1,336 

0.45 

601 

11,318 

0.70 

7,889 

111,348 

1.91 

212,996 

1,105 

14.42 

15,936 

1999 

3,816 

2.12 

8,085 

2,352 

0.40 

941 

13,105 

0.68 

8,957 

129,635 

1.88 

243,762 

1,204 

14.16 

17,050 

2000 

4,667 

2.09 

9,750 

5,052 

0.35 

1,768 

15,121 

0.76 

11,422 

151,873 

1.83 

277,468 

1,307 

13.75 

17,975 

CAGR (%) 
1995-2000 

30.8 

-3.4 

26.3 

60.0 

-10.2 

43.7 

16.5 

-5.4 

10.2 

17.5 

-1.3 

16.0 

9.2 

-2.7 

6.2 

*ASP and factory revenue include standard peripherals and memory upgrades installed by the factory or PC assembler. 
Source: Dataquest (April 1996) 
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Table 3-2 
Worldwide Personal Computer Shipments by Microprocessor Type (Thousands of 
Units) (Includes Additional Motherboards; Excludes Handheld Computers) 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

1.491 

41,553 

4,605 

0 

1,153 

3,495 

0 

52,298.3 

1995 

76 

30,007 

31,543 

4 

3,738 

1,838 

0 

67,206.5 

1996 

0 

6,778 

63,496 

3,478 

5,862 

304 

0 

79,917.6 

1997 

0 

295 

63,289 

23,940 

6,903 

20 

0 

94,445.9 

1998 

0 

0 

40,847 

61,433 

7,731 

0 

0 

110,011.9 

1999 

0 

0 

22,453 

96,262 

8,567 

0 

0 

127,282.8 

2000 

0 

0 

10317 

126,982 

9,523 

0 

0 

146,821.4 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-20.0 

680.0 

20.6 

-100.0 

NA 

16.9 

NA = Not applicable 
Source: Dataquest (April 1996) 

Table 3-3 
Worldwide Desktop/Deskside Personal Computer Shipments by Microprocessor Type 
(Thousands of Units) (Includes Additional Motherboards) 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

1,139 

33,929 

4,583 

0 

1,153 

2,851 

0 

43,655.8 

1995 

63 

22,231 

30,082 

4 

3,547 

1,367 

0 

57,294.1 

1996 

0 

3,913 

54,509 

3,478 

5,176 

234 

0 

67309.6 

1997 

0 

210 

50,589 

22358 

6,025 

20 

0 

79,402.3 

1998 

0 

0 

29,259 

56,213 

6,694 

0 

0 

92,165.3 

1999 

0 

0 

12337 

86,476 

7,402 

0 

0 

106,715.3 

2000 

0 

0 

3361 

111349 

8,223 

0 

0 

123,132.8 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-35.5 

660.1 

183 

-100.0 

NA 

163 

NA = Not applicable 
Source: Dataquest (June 1996) 
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Table 3-4 
Worldwide Mobile Personal Computer Shipments by Microprocessor Type 
(Thousands of Units) (Excludes Handheld Computers) 

386 and Lower 

486 

Pentium Class 

Pentium Pro and Future 

RISC PC 

680x0 

Others 

Total 

1994 

352 

7,624 

22 

0 

0 

644 

0 

8,642.5 

1995 

13 

7,776 

1,461 

0 

191 

471 

0 

9,912.4 

1996 

0 

2,865 

8,987 

0 

685 

71 

0 

12,608.1 

1997 

0 

85 

12,700 

1381 

877 

0 

0 

15,043.6 

1998 

0 

0 

11,588 

5,221 

1,038 

0 

0 

17,846.6 

1999 

0 

0 

9,616 

9,786 

1,165 

0 

0 

20,567.5 

2000 

0 

0 

6,956 

15,432 

1,300 

0 

0 

23,688.6 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

36.6 

NM 

46.7 

-100.0 

NA 

19.0 

NM = Not meaningful 
NA = Not applicable 
Source: Dataquest (June 1996) 

Table 3-5 
Worldwide Personal Computer Revenue by Microprocessor Type (Millions of Dollars) 
(Includes Additional Motherboards; Excludes Handheld Computers)* 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Future 

RISC PC 

680x0 

Others 

Total 

1994 

1,480 

76,725 

13,879 

0 

2,808 

5,741 

0 

100,634.1 

1995 

58 

52,457 

68,620 

19 

7,768 

2,832 

0 

131,755.6 

1996 

0 

10,366 

121,653 

12,090 

10,487 

418 

0 

155,013.8 

1997 

0 

351 

113,622 

56,090 

13,554 

22 

0 

183,639.1 

1998 

0 

0 

69,078 

129,249 

14,067 

0 

0 

212,394.2 

1999 

0 

0 

36,608 

190,752 

15,461 

0 

0 

242,820.9 

2000 

0 

0 

16,890 

241,521 

17,289 

0 

0 

275,699.8 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-24.5 

558.7 

17.4 

-100.0 

NA 

15.9 

•Factory revenue includes standard peripherals and memory upgrades installed by the factory or PC assembler. 
NA = Not applicable 
Source: Dataquest (April 1996) 
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Table 3-6 
Worldwide Desktop/Deskside Personal Computer Revenue by Microprocessor Type* 
(Millions of Dollars) (Includes Additional Motherboards) 

386 and Lower 

486 

Pentium Class 

Pentium Pro 
and Fuhire 

RISC PC 

680x0 

Others 

Total 

1994 

978 

57,365 

13,691 

0 

2,808 

4,273 

0 

79,114.3 

1995 

42 

33,077 

62,792 

19 

7,294 

1,794 

0 

105,017.9 

1996 

0 

5,250 

97,997 

12,090 

8,757 

286 

0 

124,379.9 

1997 

0 

221 

83,565 

51,697 

11,178 

22 

0 

146,682.8 

1998 

0 

0 

44,406 

114,537 

11,506 

0 

0 

170,447.9 

1999 

0 

0 

17,769 

165,051 

12,621 

0 

0 

195,441.1 

2000 

0 

0 

4,223 

203,562 

14,136 

0 

0 

221,921.9 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-41.7 

536.6 

14.1 

-100.0 

NA 

16.1 

'Factory revenue Includes standard peripherals and memory upgrades installed by the factory or PC assembler. 
NA = Not applicable 
Source: Dataquest (April 1996) 

Table 3-7 
Worldwide Mobile Personal Computer Revenue by Microprocessor Type* 
(Millions of Dollars) (Excludes Handheld Computers) 

386 and Lower 

486 

Pentium Class 

Pentium Pro and Future 

RISC PC 

680x0 

Others 

Total 

1994 

502 

19,360 

189 

0 

0 

1,469 

0 

21,519.8 

1995 

17 

19,381 

5,828 

0 

474 

1,039 

0 

26,737.7 

1996 

0 

5,116 

23,656 

0 

1,730 

132 

0 

30,633.9 

1997 

0 

130 

30,057 

4,394 

2,376 

0 

0 

36,956.3 

1998 

0 

0 

24,673 

14,712 

2,561 

0 

0 

41,946.3 

1999 

0 

0 

18,839 

25,701 

2,840 

0 

0 

47,379.9 

2000 

0 

0 

12,666 

37,959 

3,153 

0 

0 

53,777.9 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

16.8 

NA 

46.1 

-100.0 

NA 

15.0 

NA= Not applicable 
•Factory revenue includes standard peripherals and memory upgrades installed by the factory or PC assembler. 
Source: Dataquest (April 1996) 
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Figure 3-4 
Regional Personal Computer Markets (Unit Shipments) 
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Note: This document does not include regional PC production data because that data was not finalized in time for publication. Regional 
PC production data will be published in a document when finalized later this summer. 
Source: Dataquest (June 1996) 

Table 3-8 
Personal Computers—^Worldwide Revenue Market Share (Percent)* 

Compaq Computer Corporation 

IBM 

Apple Computer 

NEC 

Packard Bell 

Hewlett-Packard 

Dell Computer Corporation 

Toshiba 

Acer 

Gateway 2000 

Others 

Total 

1994 

10.4 

8.9 

8.4 

5.4 

3.9 

2.7 

3.2 

3.6 

2.3 

2.7 

48.6 

100.0 

1995 

10.2 

8.0 

7.7 

5.5 

4.5 

3.6 

3.6 

3.4 

2.7 

2.7 

48.0 

100.0 

'Does not include motherboard upgrade revenue 
Source: Dataquest (April 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



14 Semiconductor Directions in PCs and PC IVIultimedia Worldwide 

Table 3-9 
Personal Computers—^Worldwide Unit Market Share (Percent)" 

Compaq Computer Corporation 

IBM 

Apple Computer 

Packard Bell 

NEC 

Hewlett-Packard 

Acer 

Dell Computer Corporation 

Toshiba 

AST Research 

Others 

Total 

1994 

10.0 

8.2 

8.3 

5.2 

4.1 

2.7 

2.6 

2.7 

2.5 

2.7 

51.0 

100.0 

1995 

10.0 

7.9 

7.8 

5.3 

4.8 

3.7 

3.1 

3.0 

2.5 

2.3 

49.5 

100.0 

'Does not include mothertx>ard upgrade revenue 
Source; Dataquest (April 1996) 

Systems Technology and Architecture Trends 
The technology road maps of PCs and workstations are principally driven 
by the twin factors of economy and improved end-user features. PC mak
ers t3^ically try to give the buyer more features with each new product 
generation while maintaining price points. Workstation makers are known 
more for emphasizing performance and other features, although the low 
end of the workstation market is forced to compete directly with the high 
end of the PC range. Some specific trends are listed in the following sec
tions. 

Personal Computers 
Trends in PCs are as follows: 

• Desktop power demand will come from servicing graphical user inter
face (GUI) and WYSIWYG-oriented applications, including processing 
(compressing and decompressing); store, forward, and read multimedia 
(OLE-enabled); and real-time multimedia such as desktop videoconfer
encing. Networking support increasingly will require faster servicing as 
transfer rates climb (for example, toward 100 Mbps over Ethernet) and 
the size and frequency of transferred files and e-mail increase as well. 

• Pentium-class microprocessors will continue to dominate as multime
dia features and higher clock frequencies give these processors a midlife 
boost in performance. Next-generation microprocessors (MPUs) such as 
Pentium Pro will grow in importance and are expected to match unit 
shipments of Pentium-class MPUs at the end of 1997 or early 1998. 

• The PowerPC alliance will continue to be a major element for Apple 
and IBM but may suffer from Motorola's decision to pursue process 
development independently. 
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• Peripheral Component Interconnect (PCI) and Industry Standard Archi
tecture (ISA) combinations are the overwhelming standard for back
plane buses. PCI will be enhanced with Accelerated Graphics Port 
(AGP) in 1997. ISA will continue to exist for some time to maintain com
patibility with the vast bulk of legacy add-in cards. 

• Plug-and-play PCs, with support from major players such as Microsoft, 
Intel, Compaq, Advanced Micro Devices, and others, will be a signifi
cant feature in the drive to make PCs more user-friendly. Universal 
serial bus (USB) and IEEE 1394 will be the standards for external plug-
and-play devices, with USB shipments starting in 1996. 

• The green PC, stimulated by the Energy Star program and similar 
requirements coming out of Europe, is being recycled with new empha
sis on desktop PC power management. Advanced configuration power 
interface (ACPI) and Microsoft's OnNow are critical elements of 
renewed efforts to make desktop PCs more efficient. 

• Enhanced Integrated Development Environment (EIDE) will remain the 
dominant interface to mass storage, with parallel SCSI the choice for 
connecting external mass-storage devices. Parallel SCSI will face 
increasing pressure from serial SCSI standards (predominately IEEE 
1394, with fiber channel arbitrated loop making inroads in the work
station market). 

• Serial and parallel I/O have remained fairly constant, but now new 
technologies such as 1394/Firewire, Access.bus, and USB are vying to 
displace those trusted standbys. 

• USB ports will appear on PCs this year, with rapid growth in 1997 and 
1998. This local bus for the PC will provide a common standard for com
municating among PCs, modems, scanners, joysticks, keyboards, mice, 
monitors, and printers. 

• Mobile computers will be enhanced with 32-bit CardBus slots rather 
than the standard PCMCIA slots, but the average number of slots per 
mobile PC may decline as modems and network controllers become 
standard equipment on more notebook designs. 

• Other key trends in mobile computing will include commercialized 
low-power-consuming components, standardization of operating volt
age for circuits and components at 3V/3.3V, continued increases in 
sophistication of battery management, improved battery technology, 
and effective handwriting/voice recognition capabilities. 

Table 3-10 highlights projected trends in PC technology. 

Figure 3-5 shows areas that offer opportunities for enhancement. 

Tables 3-11 through 3-15 provide forecasts for key PC and workstation 
technologies. 
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Table 3-10 
The Evolving PC 

@ 
CO 
CO 
CT> 

O 
ei 

CD 
C/> 

Main Memory 
(Factory-Installed) 

CPU 

Cache 
(Factory-Configured) 

Peripheral Buses 

Graphics and Video 

Storage 

Local I/O 

1994 
8MB to 10MB 

FPM DRAM 

486 DX2/DX4 

128KB 

VL/ISA 

32-bit, 2-D acceJ^cation, 
1MB buffer 

HIDE (5MB/sec)/SCSI 

RS-232/422 

1996 
14MB to 16MB 

EDO DRAM 
PenHumlOOMHzto 

133 MHz 
0KB/256KB 

PCI/ISA 

64-bit, 2-D and 
video acceleratiott^ 
2MB buffer 

EIDE (13MB/sec)/SCSI-2 

RS-232/422, beginning 
of shift to USB 

1998 
20MB to 24MB SDRAM 

Pentium 200 MHz/ 
Pentium Pro; with MMX 

256KB/512KB 

PCI/AGP 

64-bit, 2-D, 3-D and 
video acceleration, 
2.5MB dedicated, 
sharing of main memory 
via AGP 

EIDE (20MB/sec)/SCSI-2/ 
3/1394 

USB, RS-232/422 

Trend 
Toward 

Rapid ad 
Pentium 

Cacheles 
are unl 
256KB 

Rise of A 
have so 
periphe 

Rapid gr 
vendor 
value 

EIDE lik 
rise of 1 

USB will 
RS-232 

Source: Dataquest (April 1996) 
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Figure 3-5 
PC Performance Enhancement Opportunities 
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Source: Dataquest (June 1996) 

Table 3-11 
Worldwide PC Bus Requirements (Percentage of Total or Category) 

VL/ISA 

PCI/ISA 

PCI/AGP/ISA 

Other 

1994 

66.9 

16.6 

0 

16.5 

1995 

49.2 

44.0 

0 

6.8 

1996 

15.6 

81.4 

0 

3.0 

1997 

0.6 

63.1 

35.0 

1.3 

1998 

0 

24.7 

75.0 

0.3 

1999 

0 

5.0 

95.0 

0 

2000 

0 

0 

100.0 

0 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

NM 

-100.0 

NM = Not meaningful 
Source: Dataquest (June 1996) 

Table 3-12 
Worldwide Penetration of PCMCIA/PC Card/CardBus Slot Forecast 
(Thousands of Slots) 

With One or More Type II Slots 

With One or More Type III Slots 

With One or More CardBus slots 

Total 

1994 

10,389 

4,040 

0 

14,429 

1995 

13,175 

4,831 

0 

18,005 

1996 

14,411 

5,139 

2,522 

22,072 

1997 

11,529 

5,115 

3,153 

19,796 

1998 

6,917 

4,804 

3,783 

15,504 

1999 

2,767 

4,408 

4,540 

11,714 

2000 

0 

5,000 

5,448 

10,448 

CAGR(%) 
1995-2000 

-100.0% 

0.7% 

NM 

-10.3% 

NM = Not meaningful 
Source: Dataquest (June 1996) 
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Table 3-13 
Worldwide PC (Host) Storage Interface Requirement (Percentage of Category) 

AH PCs 

EIDE/ATA 

SCSI (I/II/III) 

1394/SSA/FC-AL 

Pentium Pro and Future 

EIDE/ATA 

SCSI (I/II/III) 

1394/SSA/FC-AL 

RISC PC 

EIDE/ATA 

SCSI (I/II/III) 

1394/SSA/FC-AL 

1994 

85 

15 

0 

0 

0 

0 

2 

98 

0 

1995 

86 

14 

0 

20 

80 

0 

10 

90 

0 

1996 

88 

12 

0 

50 

49 

1 

10 

90 

0 

1997 

85 

10 

5 

70 

25 

5 

10 

75 

15 

1998 

72 

8 

20 

60 

20 

20 

10 

60 

30 

1999 

44 

6 

50 

50 

20 

30 

10 

30 

60 

2000 

15 

5 

80 

40 

20 

40 

10 

15 

75 

CAGR (%) 
1995-2000 

-29.5 

-18.6 

NM 

14.9 

-24.2 

NM 

-

0 

-30.1 

NM 

NM = Not meaningful 
Source: Dataquest (June 1996) 

Table 3-14 
Worldwide PC Graphics Standard Penetration (Motherboard-Based or Add-In) (Percent) 

Std VGA 

2-D Acceleration 

2-D Acceleration with Video Acceleration 

2-D, 3-D, and Video Acceleration 

1994 

28.9 

68.3 

2.8 

0 

1995 

9.4 

66.2 

24.3 

0.1 

1996 

0.8 

28.9 

66.9 

3.4 

1997 

0 

4.1 

73.0 

22.9 

1998 

0 

0 

44.9 

55.1 

1999 

0 

0 

14.9 

85.1 

2000 

0 

0 

1.6 

98.4 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-41.7 

325.6 

Source: Oataquest (June 1996) 
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Table 3-15 
Worldwide Embedded Communications and Multimedia in PCs (Percentage of Total) 

Overall PC 

Analog Modem 

LAN 

USB 

Sound I /O 

Graphics 

MPEG Decoder 

General-Purpose 

Desktop/ Deskside 

Analog Modem 

LAN 

USB 

Sound I /O 

Graphics 

MPEG Decoder 

General-Purpose 

DSP 

PC 

DSP 

Mobile PC (Excluding Handhelds) 

Analog Modem 

LAN 

USB 

Sound I /O 

Graphics 

MPEG Decoder 

General-Purpose DSP 

1994 

1.5 

0.9 

0 

3.5 

44.9 

0.0 

0.1 

1.4 

1.0 

0 

1.2 

34.0 

0 

0.1 

2.0 

0.1 

0 

15.0 

100.0 

0 

0 

1995 

1.6 

1.7 

0 

22.4 

57.4 

0.6 

0.5 

1.5 

2.0 

0 

21.4 

50.0 

0.5 

0.4 

2.0 

0.1 

0 

28.3 

100.0 

1.0 

1.0 

1996 

1.9 

8.6 

8.7 

28.9 

57.9 

1.2 

1.0 

1.7 

10.0 

10.0 

25.0 

50.0 

1.0 

0.8 

4.0 

1.0 

2.0 

50.0 

100.0 

2.0 

2.0 

1997 

2.3 

21.3 

46.0 

37.2 

66.4 

2.0 

1.7 

2.0 

15.0 

50.0 

30.0 

60.0 

2.0 

1.6 

6.0 

2.0 

25.0 

75.0 

100.0 

2.0 

2.0 

1998 

2.8 

21.4 

91.9 

39.7 

66.5 

2.0 

2.3 

2.4 

20.0 

100.0 

35.0 

60.0 

2.0 

2.3 

10.0 

3.0 

50.0 

90.0 

100.0 

2.0 

2.0 

1999 

3.2 

21.6 

100.0 

40.5 

66.5 

2.0 

3.0 

4 

2.7 

25.0 

100.0 

40.0 

60.0 

2.0 

3.2 

12.0 

4.0 

100.0 

95.0 

100.0 

2.0 

2.0 

2000 

3.6 

21.8 

100.0 

41.3 

66.5 

2.0 

3.7 

3.0 

25.0 

100.0 

50.0 

60.0 

2.0 

4.0 

14.0 

5.0 

100.0 

100.0 

100.0 

2.0 

2.0 

CAGR (%) 
1995-2000 

18.3 

66.1 

NM 

13.0 

3.0 

28.4 

49.7 

14.9 

65.7 

NM 

18.5 

3.7 

32.0 

58.5 

28.5 

118.7 

NM 

28.7 

0 

14.9 

14.9 

Source: Dataquest (June 1996) 
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Chapter 4 

Semiconductor Market Trends for PCs and Workstations— 

Semiconductor Marlcet Opportunities and Tecfinology Trends 
Semiconductor market opportunities and technology trends are as 
follows: 

• New generations of Pentium, Pentium Pro, PowerPC, Alpha, PA-RISC, 
SPARC, and MIPS processors will drive future PCs, workstations, and 
servers. Future trends include internal frequencies climbing past the 
current 200-MHz offerings for PCs and 400-MHz offerings for work
stations. Multiprocessing features will also be available in many work
stations and high-end PCs using Pentium Pro MPUs. 

• Proprietary processors such as Advanced RISC Machines' ARM will 
continue to be used in palmtop devices and other communications-
based applications. 

• PCs with an average of 14MB to 16MB DRAM main memory in 1995 
will move to 32MB DRAM in 1998. 

• Increased opportunities will emerge for synchronous DRAM (SDRAM) 
as MPU speeds outstrip conventional memory architectures. 

• Bursting, MPU-specific SRAM will be used for cache design. Static 
RAM (SRAM) modules were becoming more popular, but are costiy 
compared to soldered-down designs. 

• New chipsets to support MPUs and the new buses (USB and the AGP 
enhancement to PCI) will continue to emerge. 

• Mixed-signal accelerated window graphics on a single chip (with 
RAMDAC) will be mainstream. High-resolution (1024 x 768,16-color) 
3-D graphics (OpenGL for workstations; DirectSD for consumer PCs) 
and digital video features will become more prevalent. 

• Mbced-signal I/O chips will support high-speed storage and peripher
als communications (EIDE, SCSI, IEEE 1394/Firewire). Chips integrat
ing LAN and SCSI control will complement existing super I/O 
functions. 

• Sound and video coder/decoders (codecs) and I/O functions will be 
used in multimedia systems. Microsoft, IBM, and Apple are continuing 
to provide multimedia and telephony interfaces to their operating 
systems. 

Figures 4-1 to 4-4 provide block diagrams for generic Pentium desktop, 
Power Macintosh, generic notebook, and Apple Newton systems. 

PSAM-WW-MT-9603 ©1996Dataquest 21 
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Figure 4-1 
Generic Pentium-Based Desktop PC Using PCI Bus 
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I 
Figure 4-2 
Power Macintosh Hardware Architecture 
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Source: Dataquest (June 1996) 
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Figure 4-3 
Generic Notebook Block Diagram 
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Figure 4-4 
Apple Newton MessagePad Block Diagram 
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Chapter 5 

Market Size and Forecast for PC and Workstation 
Semiconductors » ^ ^ . . ^ _ ^ ^ . . ^ ^ — ^ ^ — 

Figures 5-1 and 5-2 and Tables 5-1 and 5-2 provide forecasts and illustra
tions of semiconductor opportunities in the PC and workstation markets, 
including a focus on opportunities by region, system type, and semicon
ductor device type. 

Figure 5-1 
Worldwide PC Semiconductor Market (Revenue in Millions of Dollars, Shipments in 
Thousands of Units) 

Millions of Dollars Thousands of Units 

PC Semiconductor Revenue 
(Includes Memory Installed 
at the Factory) 

DRAMA/RAM Revenue from 
Aftermarket (Includes Ail 
Upgrade Memory Installed 
after PC is Shipped to the 
Channel) 

PC Unit Shipments (Includes 
Additional Motherboards and 
Handhelds) 

1994 1995 1996 1997 1998 1999 2000 
364383 

Source: Dataquest (June 1996) 
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Figure 5-2 
Worldwide PC Semiconductor Consumption by Product Tjrpe (Percentage) 

1995 2000 

Handheld (0.2%) Mobile PC 
(Excluding Handheld) 

(10.3%) 

Handheld (0,7%) Mobile PC 
{Excluding Handheld) 

(12.8%) 

Total = $48.7 Billion Total =$90.4 Billion 
964384 

Source: Dataquest (June 1996) 

Table 5-1 
Worldwide PC Production and Semiconductor Market (Less Peripherals; Includes 
Standard Handhelds) 

Complete PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Desktop/Deskside 
PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

1994 

48,284 

4.30 

95,775 

497 

24,016 

39,252 

1.88 

73,937 

1995 

60,652 

4.55 

125,027 

586 

35,551 

50,259 

1.95 

98,000 

1996 

72,262 

4.33 

148,544 

503 

36,330 

59,043 

1.99 

117,575 

1997 

85,544 

4.36 

177,288 

489 

41,812 

69,651 

2.01 

139,907 

1998 

100,030 

4.23 

205,106 

510 

51,030 

80,847 

2.01 

162,558 

1999 

116,530 

4.10 

234,805 

510 

59382 

93,610 

1.99 

186,484 

2000 

136,752 

3.88 

266,046 

549 

75,138 

108,012 

1.95 

210300 

CAGR (%) 
1995-2000 

17.7 

-3.1 

163 

-13 

16.1 

163 

0 

163 

(Continued) 
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Table 5-1 (Continued) 
Worldwide PC Production and Semiconductor Market (Less Peripherals; Includes 
Standard Handhelds) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Mobile PC Systems 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Additional Motherboards 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

Total Production 

Units (K) 

Factory ASP ($K) 

Factory Revenue ($M) 

Semiconductor Content 
per System ($) 

Semiconductor TAM ($M) 

1994 

519 

20368 

9,032 

2.42 

21,838 

404 

3,647 

4,404 

1.18 

5,178 

519 

2,285 

52,689 

1.92 

100,952 

499 

26,301 

1995 

605 

30,417 

10394 

2.60 

27,026 

494 

5,134 

7,036 

1.00 

7,018 

605 

4,258 

67,688 

1.95 

132,044 

588 

39,809 

1996 

519 

30,667 

13,219 

2.34 

30,970 

428 

5,663 

8,266 

0.82 

6,805 

519 

4,294 

80,528 

1.93 

155,350 

504 

40,624 

1997 

502 

34,949 

15,893 

2.35 

37,381 

432 

6,863 

9,752 

0.69 

6,776 

502 

4,893 

95,296 

1.93 

184,064 

490 

46,705 

1998 

531 

42,931 

19,183 

2.22 

42348 

422 

8,099 

11,318 

0.70 

7389 

531 

6,010 

111,348 

1.91 

212,996 

512 

57,040 

1999 

536 

50,213 

22,920 

2.11 

48321 

400 

9,169 

13,105 

0.68 

8,957 

536 

7,030 

129,635 

1.88 

243,762 

512 

66,412 

2000 

582 

62387 

28,741 

1.93 

55346 

426 

12,251 

15,121 

0.76 

11,422 

582 

8,804 

151,873 

1.83 

277,468 

553 

83,942 

CAGR (%) 
1995-2000 

-03 

15.6 

22.6 

-5.8 

153 

-2.9 

19.0 

163 

-5.4 

10.2 

-0.8 

15.6 

173 

-13 

16.0 

-1.2 

16.1 

Source: Dataquest (June 1996) 
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Table 5-2 
Worldwide PC Semiconductor Market by System (Millions of Dollars) 

Other (386 and Lower) 

486 PC 

Pentium-Class PC 

Pentium Pro and Future PC 

RISC PC 

680x0 PC 

Handheld PC 

Total 

Year-to-Year Growth (%) 

1994 

388 

18,249 

4,955 

0 

901 

1,396 

74 

25,963 

1995 

17 

14,152 

21,623 

7 

2,397 

803 

94 

39,094 

50.6 

1996 

0 

2,201 

31,003 

3,475 

3,345 

83 

128 

40,235 

2.9 

1997 

0 

73 

26379 

16,072 

3,693 

8 

149 

46,375 

15.3 

1998 

0 

0 

15,515 

36,954 

4,027 

0 

219 

56,715 

22.3 

1999 

0 

0 

7374 

53,490 

4,676 

0 

344 

65,885 

16.2 

2000 

0 

0 

2,791 

73,855 

5,256 

0 

663 

82,565 

25.3 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-33.6 

532.5 

17.0 

-100.0 

47.8 

16.1 

Source: Dataquest (June 1996) 

Semiconductor Opportunities by System 
Figures 5-3 through 5-12 and Tables 5-2 through 5-4 detail semiconductor 
opportunities by system. 

Figure 5-3 
Worldwide PC Semiconductor Market by Microprocessor Tj^e (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals Such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 

Millions of Dollars 

90,000-

• 
m 
^ 

n 
s 
• 
^ 

Handheld PC 

680x0 PC 

RISC PC 

Pentium Pro and 
Future PC 

Pentium-Class PC 

486 PC 

Others (386 and 
Lower) 

1994 1995 1996 1997 1998 1999 2000 
9643S5 

Source: Dataquest (June 1996) 
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Figure 5-4 
Worldwide Desktop/Deskside PC Semiconductor Market by Microprocessor Type 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals Such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 

Millions of Dollars 
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964385 

Source: Dataquest (June 1996) 
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Figure 5-5 
Worldwide Mobile PC Semiconductor Market by Microprocessor Type (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals Such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 

Millions of Dollars 
12,000-(I 

10,000-

8,000-

6,000 -

• 
rai 
^ 

n 

s 

• 
^ 

Handheld PC 

680x0 PC 

RISC PC 

Pentium Pro and 
Future PC 

Pentium-Class PC 

486 PC 

Others (386 and 
Lower) 

1994 1995 1996 1997 1998 1999 2000 
964367 

Source; Dataquest (June 1996) 
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Figure 5-6 
Average Overall PC System Semiconductor Content (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals Such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



34 Semiconductor Directions in PCs and PC Multimedia Worldwide 

Figure 5-7 
Average Desktop/Deskside PC System Semiconductor Content (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 

Weighted Average 
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Source: Dataquest (June 1996) 
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Figure 5-8 
Average Mobile PC System Semiconductor Content (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 
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Figiwe 5-9 
Overall PC Semiconductor Content Trend (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Figure 5-10 
Overall Desktop/Deskside PC Semiconductor Content Trend (Includes Semiconductor 
Value on Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and 
WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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96439S 

Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 
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Figure 5-11 
Overall Mobile PC Semiconductor Content Trend (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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964393 

Source: Dataquest (June 1996) 

PSAM-WW-!\/!T-9603 ©1996 Dataquest July 29,1996 
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Figure 5-12 
Overall Workstation Semiconductor Content Trend (Includes Semiconductor Value on 
Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and WAN; 
Excludes Semiconductor Value on Mass Storage Peripherals) 
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Table 5-3 
Worldwide Desktop/Deskside PC Semiconductor Market by System 
(Millions of Dollars) 

Others (386 and Lower) 

486 PC 

Pentium-Class PC 

Pentium Pro and Future PC 

RISC PC 

680x0 PC 

Total 

Year-to-Year Growth (%) 

1994 

259 

15,372 

4,935 

0 

901 

1,187 

22,654 

1995 

13 

11,051 

20,713 

7 

2,285 

605 

34,674 

53.1 

1996 

0 

1,402 

27,023 

3,475 

2,981 

79 

34,%0 

0.8 

1997 

0 

54 

21,369 

15,168 

3,244 

8 

39,842 

14.0 

1998 

0 

0 

11,304 

34,028 

3,609 

0 

48,941 

22.8 

1999 

0 

0 

4,386 

48,637 

4,220 

0 

57,243 

17.0 

2000 

0 

0 

905 

66,054 

4,731 

0 

71,691 

25.2 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-46.5 

518.6 

15.7 

-100.0 

15.6 

Source: Dataquest (June 1996) 

Table 5-4 
Worldwide Mobile PC Semiconductor Market by System (Millions of Dollars) 

Others (386 and Lower) 

486 PC 

Pentium-Class PC 

Pentium Pro and Future PC 

RISC PC 

680x0 PC 

Handheld PC 

Total 

Year-to-Year Growth (%) 

1994 

129 

2,878 

20 

0 

0 

209 

74 

3,310 

1995 

4 

3,101 

911 

0 

112 

198 

94 

4,420 

33.5 

1996 

0 

799 

3,980 

0 

364 

3 

128 

5,275 

19.3 

1997 

0 

19 

5,011 

904 

448 

0 

149 

6,532 

23.8 

1998 

0 

0 

4,211 

2,926 

417 

0 

219 

7,774 

19.0 

1999 

0 

0 

2,989 

4,853 

456 

0 

344 

8,642 

11.2 

2000 

0 

0 

1,886 

7,801 

525 

0 

663 

10,874 

25.8 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

15.7 

NM 

36.2 

-100.0 

47.8 

19.7 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAM-WW-IVIT-9603 ©1996 Dataquest July 29,1996 
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Semiconductor Opportunities by Device Type 
Figures 5-13 through 5-24 and Tables 5-5 through 5-17 detail semiconduc
tor opportunities by device type. 

Figure 5-13 
Worldwide Total PC Semiconductor Market by Device Type (Includes Semiconductor 
Value on Motherboard and Card-Based Peripherals such as Graphics, Audio, LAN, and 
WAN; Excludes Semiconductor Value on Mass Storage Peripherals) 
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Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 
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Figure 5-14 
Worldwide Desktop/Deskside PC Semiconductor Market by Device Type 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 
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Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



Market Size and Forecast for PC and Workstation Semiconductors 43 

Figure 5-15 
Worldwide Mobile PC Semiconductor Market by Device Type 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 
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Source: Dataquest (June 1996) 
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Figure 5-16 
Worldwide Workstation Semiconductor Market by Device Type (Includes 
Semiconductor Value on Motherboard and Card-Based Peripherals such as Graphics, 
Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage Peripherals) i 
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Source: Dataquest (June 1996) 
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Figure 5-17 
Worldwide Microprocessor Opportunities in PCs 
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PSAM-WW-IVIT-9603 ©1996 Dataquest July 29,1996 



46 Semiconductor Directions in PCs and PC Multimedia Worldwide 

Figure 5-18 
Worldwide Microprocessor Opportunities in Desktop/Deskside PCs 
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Figure 5-19 
Worldwide Microprocessor Opportunities in Mobile PCs 
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Figure 5-20 
Worldwide Core Logic Opportunities in PCs I 
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Figure 5-21 
Worldwide Core Logic Opportunities in Desktop/Deskside PCs 
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Figure 5-22 
Worldwide Core Logic Opportunities in Mobile PCs 
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Figure 5-23 
Worldwide Aftermarket DRAMA^RAM Memory Demand in PCs (Includes All Memory 
Upgrades Following Shipment of PC from OEM to Sales Channel) 
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Source: Dataquest (June 1996) 
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Figure 5-24 
Breakdown of Memory Configiiration by OEM versus Upgrades i 
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Table 5-5 
Worldwide Total PC Semiconductor Market by Device Type (Millions of Dollars) 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 

Microprocessor 

Memory (Main, Graphics, 
Cache, Nonvolatile) 

Core Logic 

Graphics Logic 

Storage Control 

Others 

Total Semiconductors 

Year-to-Year Growth (%) 

1994 

9,269 

12,369 

1,390 

1,045 

511 

1380 

25,963 

1995 

10,927 

22,017 

2,059 

1,242 

775 

2,074 

39,094 

50.6 

1996 

13386 

18,791 

2,679 

1,464 

1,061 

2354 

40,235 

2.9 

1997 

15,660 

19,365 

3,249 

1,898 

1,349 

4,854 

46,375 

153 

1998 

19,711 

21,079 

4,512 

2,267 

1,761 

7,385 

56,715 

22.3 

1999 

21,789 

23,761 

5,763 

2383 

2,172 

9318 

65385 

16.2 

2000 

26,405 

30,712 

6,797 

3,046 

2,541 

13,064 

82,565 

25.3 

CAGR {%) 
1995-2000 

193% 

6.9% 

27.0% 

19.7% 

26.8% 

44.5% 

16.1% 

Source: Dataquest (June 1996) 

Table 5-6 
Worldwide Desktop/Deskside PC Semiconductor Market by Device Type (Millions of 
Dollars) (Includes Semiconductor Value on Motherboard and Card-Based Peripherals 
such as Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass 
Storage Peripherals) 

Microprocessor 

Memory (Main, Graphics, 
Cache, Nonvolatile) 

Core Logic 

Graphics Logic 

Storage Control 

Others 

Total Semiconductors 

Year-to-Year Growth (%) 

1994 

8306 

10,717 

1,137 

844 

449 

1,201 

22,654 

1995 

9,734 

19,641 

1,757 

1,022 

703 

1,817 

34,674 

53.1 

1996 

11,663 

16314 

2,183 

1,212 

943 

2,446 

34,960 

0.8 

1997 

13,574 

16,676 

2,590 

1,581 

1,204 

4,218 

39,842 

14.0 

1998 

17,210 

18,129 

3,715 

1,873 

1,623 

6,392 

48,941 

22.8 

1999 

19,113 

20330 

4,889 

2,184 

2,046 

8,481 

57,243 

17.0 

2000 

23,005 

26,722 

5,867 

2,578 

2,452 

11,066 

71,691 

25.2 

CAGR (%) 
1995-2000 

18.8 

6.4 

273 

203 

28.4 

433 

15.6 

Source: Dataquest (June 1996) 

PSAi\/l-WW-IVIT-9603 ©1996 Dataquest Juiy29,1996 
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Table 5-7 
Worldwide Mobile PC Semiconductor Market by Device T5T>e (Millions of Dollars) 
(Includes Semiconductor Value on Motherboard and Card-Based Peripherals such as 
Graphics, Audio, LAN, and WAN; Excludes Semiconductor Value on Mass Storage 
Peripherals) 

Microprocessor 

Memory (Main, Graphics, 
Cache, Norivolatile) 

Core Logic 

Graphics Logic 

Storage Control 

Others 

Total Semiconductors 

Year-to-Year Growth (%) 

1994 

962 

1,653 

253 

200 

63 

179 

3310 

1995 

1,192 

2,376 

303 

220 

72 

257 

4,420 

33.5 

1996 

1,723 

2,277 

497 

253 

118 

408 

5,275 

19.3 

1997 

2,086 

2,690 

659 

317 

145 

636 

6,532 

23.8 

1998 

2,502 

2,950 

796 

394 

138 

994 

7,774 

19.0 

1999 

2,676 

3,231 

874 

399 

125 

1,336 

8,642 

11.2 

2000 

3,400 

3,990 

930 

468 

89 

1,998 

10,874 

25.8 

CAGR(%) 
1995-2000 

23.3 

10.9 

25.2 

16.3 

4.4 

50.7 

19.7 

Source: Dataquest (June 1996} 

Table 5-8 
Worldwide Semiconductor Memory Demand in PCs and Workstations by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

12,094 

873 

137 

206 

13311 

1995 

22,188 

782 

63 

355 

23387 

1996 

18,872 

571 

16 

298 

19,757 

1997 

19,294 

719 

7 

319 

20338 

1998 

20,846 

791 

8 

395 

22,039 

1999 

23,319 

912 

9 

448 

24,688 

2000 

29,939 

1,127 

10 

514 

31,590 

CAGR (%) 
1995-2000 

6.2 

7.6 

-30.0 

7.7 

6.2 

Source: Dataquest (June 1996) 

Table 5-9 
Worldwide Semiconductor Memory Demand in Desktop/Deskside PCs by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

9,677 

811 

92 

137 

10,717 

1995 

18,669 

657 

47 

268 

19,641 

1996 

15,845 

461 

10 

198 

16,514 

1997 

15,866 

595 

4 

211 

16,676 

1998 

17,178 

671 

6 

274 

18,129 

1999 

19,449 

769 

6 

305 

20,530 

2000 

25,460 

947 

6 

309 

26,722 

CAGR (%) 
1995-2000 

6.4 

7.6 

-33.2 

2.9 

6.4 

Source: Dataquest (June 1996) 

PSAIVI-WW-l\/IT-9603 ©1996 Dataquest July? 
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Table 5-10 
Worldwide Semiconductor Memory Demand in Mobile PCs by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

1,531 

18 

41 

62 

1,653 

1995 

2,243 

39 

14 

80 

2,376 

1996 

2,134 

45 

5 

92 

2,277 

1997 

2,528 

59 

2 

101 

2,690 

1998 

2,774 

59 

2 

115 

2,950 

1999 

3,001 

90 

3 

138 

3,231 

2000 

3,653 

132 

4 

201 

3,990 

CAGR (%) 
1995-2000 

10.2 

27.7 

-21.8 

20.3 

10.9 

Source: Dataquest (June 1996) 

Table 5-11 
Worldwide Semiconductor Memory Demand in Workstations by Device 
(Millions of Dollars) 

DRAM/VRAM 

SRAM 

EPROM/OTP/ROM 

Flash 

Total 

1994 

885.5 

44 

5 

7 

941 

1995 

1,276 

85 

1 

8 

1370 

1996 

893 

65 

0 

8 

966 

1997 

900 

65 

0 
7 

973 

1998 

894 

60 

0 

6 

960 

1999 

868 

53 

0 

5 

927 

2000 

826 

47 

0 

5 

878 

CAGR (%) 
1995-2000 

-8.3 

-11.3 

-41.6 

-10.1 

-8.5 

Source: Dataquest (June 1996) 

Table 5-12 
Worldwide Semiconductor Memory Demand by System for PCs and Workstations 
(Market Value by Function; Millions of Dollars) 

486 PC 

Main OEM 

Upgrade Memory-

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

6,749 

6,305 

1,064 

630 

194 

14,942 

1,769 

254 

118 

135 

36 

2313 

1995 

7,323 

3,703 

936 

377 

164 

12,502 

9,899 

5,352 

830 

219 

172 

16,473 

1996 

908 

323 

220 

58 

47 

1356 

12,031 

6,257 

2,186 

369 

181 

21,023 

1997 

30 

10 

5 

0 

2 

47 

10,024 

3,871 

1303 

409 

125 

15,933 

1998 

0 

0 

0 

0 

0 

0 

5,909 

1,736 

878 

111 

62 

8,696 

1999 

0 

0 

0 

0 

0 

0 

2,857 

682 

450 

7 

29 

4,025 

2000 

0 

0 

0 

0 

0 

0 

1306 

157 

132 

0 

14 

1,609 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-33.3 

-50.6 

-30.8 

-100.0 

-39.1 

-37.2 

(Continued) 

PSAM-WW-l\/iT-9603 ©1996 Dataquest Juiy29,1996 



56 Semiconductor Directions in PCs and PC IVIuitimedia Woridwide 

Table 5-12 (Continued) 
Worldwide Semiconductor Memory Demand by System for PCs and Workstations 
(Market Value by Function; Millions of Dollars) 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Workstation 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Others 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Total PC and Workstation 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

0 

0 

0 

0 

0 

0 

383 

140 

48 

35 

9 

615 

808 

0 

77 

44 

12 

941 

842 

401 

237 

29 

92 

1,600 

10,551 

7,100 

1,543 

873 

343 

20,411 

1995 

2 

2 

0 

0 

0 

4 

1,167 

479 

197 

84 

16 

1,942 

1,180 

0 

96 

85 

9 

1,370 

471 

94 

87 

16 

57 

725 

20,042 

9,630 

2,146 

782 

417 

33,017 

1996 

904 

723 

114 

0 

15 

1,757 

1,219 

439 

295 

78 

18 

2,049 

837 

0 

56 

65 

8 

966 

91 

13 

10 

1 

45 

161 

15,991 

7,756 

2,881 

571 

314 

27,513 

1997 

4317 

2336 

431 

172 

126 

8,081 

1,274 

325 

249 

73 

15 

1,936 

853 

0 

47 

65 

7 

973 

61 

0 

0 

0 

51 

112 

17,058 

6,742 

2,235 

719 

325 

27,080 

1998 

10,641 

3,366 

1,019 

511 

255 

15,792 

1,210 

299 

201 

109 

12 

1,831 

851 

0 

44 

60 

6 

960 

93 

0 

0 

0 

67 

160 

18,704 

5,402 

2,142 

791 

403 

27,441 

1999 

16,165 

3,798 

1,218 

761 

318 

22,260 

1,427 

335 

188 

90 

10 

2,050 

833 

0 

36 

53 

5 

927 

146 

0 

0 

0 

95 

241 

21,427 

4,814 

1,892 

912 

457 

29,502 

2000 

24,153 

7,107 

1,206 

1,004 

334 

33,805 

1,803 

536 

210 

75 

9 

2,633 

797 

0 

29 
47 

5 

878 

303 

0 

0 

0 

162 

466 

28362 

7300 

1377 

1,127 

524 

39390 

CAGR(%) 
1995-2000 

564.7 

420.4 

439.9 

NM 

574.1 

509.8 

9.1 

2 3 

1 3 

-2.2 

-9.7 

63 

-7.5 

NM 

-21.2 

-113 

-12.6 

-8.5 

-83 

-100.2 

-99.9 

-100.0 

2 3 ^ 

-83 

7.2 

-4.1 

-6.0 

7.6 

4.7 

3.6 

NM = Not meaningful 
Source: Dataquest (June 1996) 

psAivi-ww-iviT-geos ©1996 Dataquest July 2^ 
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Table 5-13 
Worldwide Semiconductor Memory Demand for Desktop/Deskside PC Systems 
(Market Value by Function; Millions of Dollars) 

486 PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Others 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

5,596 

5,969 

869 

613 

134 

13,181 

1,764 

252 

117 

135 

36 

2304 

0 

0 

0 

0 

0 

0 

383 

140 

48 

35 

9 

615 

709 

401 

191 

28 

50 

1379 

1995 

5,882 

3,177 

731 

359 

121 

10,270 

9,552 

5,174 

792 

203 

164 

15,884 

2 

2 

0 

0 

0 

4 

1,126 

469 

187 

80 

15 

1,876 

332 

94 

65 

16 

15 

522 

1996 

610 

203 

148 

54 

34 

1,050 

10,629 

6,023 

2,057 

341 

142 

19,192 

904 

723 

114 

0 

15 

1,757 

1,077 

404 

260 

65 

15 

1,821 

36 

13 

9 

1 

2 

62 

1997 

23 

8 

4 

0 

1 

36 

8,195 

3,642 

1,366 

379 

81 

13,664 

4,568 

2,436 

406 

159 

121 

7,690 

1,085 

325 

217 

56 

12 

1,695 

2 

0 

0 

0 

0 

3 

1998 

0 

0 

0 

0 

0 

0 

4345 

1,580 

761 

103 

29 

6,818 

9,865 

3,225 

949 

474 

241 

14,754 

1,084 

271 

174 

94 

9 

1,633 

0 

0 

0 

0 

0 

0 

1999 

0 

0 

0 

0 

0 

0 

1,689 

487 

353 

7 

8 

2343 

14,877 

3301 
1,094 

684 

297 

20,452 

1,273 

300 

163 

78 

7 

1,821 

0 

0 

0 

0 

0 

0 

a)oo 

0 

0 

0 

0 

0 

0 

460 

51 

92 

0 

2 

605 

22,042 

5,934 

1,060 

882 

306 

30,225 

1,625 

437 

181 

65 

7 

2315 

0 

0 

0 

0 

0 

0 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-45.5 

-60.3 

-34.9 

-100.0 

-583 

-48.0 

552.6 

402.0 

426.1 

NM 

562.6 

496.3 

7.6 

-1.4 

-0.6 

-4.0 

-133 

4 3 

-99.9 

-100.1 

-100.0 

-100.0 

-100.1 

-99.9 

(Continued) 

PSAM-WW-MT-9603 ©1996Dataquest July 29,1996 
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Table 5-13 (Continued) 
Worldwide Semiconductor Memory Demand for Desktop/Deskside PC Systems 
(Market Value by Fxmction; Millions of Dollars) 

Total Desktop/Deskside PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

8,452 

6,762 

1,225 

811 

229 

17,479 

1995 

16,894 

8,915 

1,775 

657 

315 

28,556 

1996 

13,257 

7,367 

2,588 

461 

208 

23,881 

1997 

13,873 

6,412 

1,993 

595 

215 

23,088 

1998 

15,295 

5,076 

1,883 

671 

279 

23,205 

1999 

17,840 

4,287 

1,610 

769 

311 

24,817 

2000 

24,127 

6,423 

1,333 

947 

315 

33,145 

CAGR(%) 
1995-2000 

7.4 

-6.3 

-5.6 

7.6 

0.0 

3.0 
NM = Not meaningful 
Source: Oataquest (June 1996) 

Table 5-14 
Worldwide Semiconductor Memory Demand for Mobile PC Systems (Market Value by 
Function; Millions of Dollars) 

486 PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

1,153 

335 

195 

17 

60 

1,761 

5 

2 

1 

1 

0 

9 

0 

0 

0 

0 

0 

0 

1995 

1,440 

527 

205 

18 

42 

2,232 

348 

178 

39 

16 

8 

589 

0 

0 

0 

0 

0 

0 

1996 

298 

119 

72 

4 

12 

506 

1,402 

234 

129 

28 

39 

1,831 

0 

0 

0 

0 

0 

0 

1997 

7 

2 

2 

0 

0 

11 

1,829 

229 

137 

30 

44 

2,269 

249 

99 

25 

13 

5 

391 

1998 

0 

0 

0 

0 

0 

0 

1,564 

156 

117 

8 

32 

1,879 

775 

141 

70 

37 

15 

1,038 

1999 

0 

0 

0 

0 

0 

0 

1,168 

195 

97 

0 

21 

1,481 

1,287 

297 

124 

77 

•22 

1,808 

2000 

0 

0 

0 

0 

0 

0 

846 

106 

40 

0 

12 

1,004 

2,111 

1,173 

147 

122 

28 

3,580 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

19.4 

-9.9 

0.5 

-100.0 

9.3 

11.3 

NM 

NM 

NM 

NM 

NM 

NM 

PSAM-WW-MT-9603 ©1996Dataquest 
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Table 5-14 (Continued) 
Worldwide Semiconductor Memory Demand for Mobile PC Systems (Market Value by 
Function; Millions of Dollars) 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Handhelds 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Others 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

Total Mobile PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Total 

1994 

0 

0 

0 

0 

0 

0 

23 

0 

0 

0 

31 

54 

110 

0 

46 

1 

12 

167 

1,290 

338 

241 

18 

103 

1,990 

1995 

41 

10 

10 

4 

1 

66 

32 

0 

0 

0 

37 

69 

107 

0 

22 

0 

5 

134 

1,968 

715 

275 

39 

94 

3,091 

1996 

143 

36 

34 

13 

3 

229 

55 

0 

0 

0 

43 

98 

0 

0 

0 

0 

0 

0 

1,897 

388 

237 

45 

97 

2,665 

1997 

190 

0 

32 

16 

3 

241 

59 

0 

0 

0 

50 

109 

0 

0 

0 

0 

0 

0 

2,333 

330 

195 

59 

103 

3,020 

1998 

126 

28 

27 

15 

3 

199 

93 

0 

0 

0 

67 

160 

0 

0 

0 

0 

0 

0 

2,559 

325 

215 

59 

117 

3,276 

1999 

153 

35 

26 

12 

3 

229 

146 

0 

0 

0 

95 

241 

0 

0 

0 

0 

0 

0 

2,755 

527 

247 

90 

140 

3,759 

2000 

178 

99 

29 

10 

2 

318 

303 

0 

0 

0 

162 

466 

0 

0 

0 

0 

0 

0 

3,438 

1,377 

215 

132 

205 

5,367 

CAGR (%) 
1995-2000 

34.4 

57.7 

23.2 

19.0 

17.4 

36.9 

56.4 

NM 

NM 

NM 

34.6 

46.5 

-99.8 

-47.0 

-99.9 

-99.6 

-99.9 

-99.8 

11.8 

14.0 

-4.8 

27.7 

16.9 

11.7 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAIVI-WW-MT-9603 ©1996 Dataquest July 29,1996 
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Table 5-15 
Worldwide Semiconductor Memory Configuration Assumptions by System for PCs and 
Workstations (Megabytes per System; Kilobytes per System for Cache) 

486 PC 

Main OEM 

Upgrade Memory-

Display Buffer 

Cache 

Nonvolatile 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Workstation 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

1994 

5.53 

5.16 

1.00 

132.04 

0.15 

13.07 

1.88 

1.00 

256.00 

0.25 

0 

0 

0 

0 

0 

11.30 

4.14 

1.50 

262.14 

0.25 

40.00 

0 

2.50 

512.00 

0.50 

1995 

8.16 

4.13 

1.19 

142.89 

0.25 

10.50 

5.67 

1.00 

79.17 

0.25 

14.16 

14.16 

2.00 

0 

0.25 

10.44 

4.29 

2.00 

256.00 

0.19 

53.00 

0 

3.00 

752.00 

0.50 

1996 

8.15 

2.90 

1.29 

175.90 

0.39 

11.53 

5.99 

1.53 

118.94 

0.16 

15.82 

12.65 

2.00 

0 

0.25 

12.65 

4.56 

2.00 

270.97 

0.18 

68.70 

0 

3.00 

926.00 

0.50 

1997 

9.90 

3.35 

1.00 

3.33 

0.43 

15.64 

6.04 

1.84 

176.55 

0.14 

19.87 

10.46 

2.00 

195.69 

0.38 

18.23 

4.66 

2.50 

288.54 

0.15 

92.30 

0 

3.50 

1,127.00 

0.50 

1998 

0 

0 

0 

0 

0 

19.05 

5.60 

2.22 

98.95 

0.14 

22.81 

7.22 

2.46 

302.85 

0 

20.62 

5.09 

2.50 

512.00 

0.14 

114.00 

0 

4.00 

1,285.00 

0.50 

1999 

0 

0 

0 

0 

0 

22.35 

5.33 

2.29 

14.64 

0.15 

29.50 

6.93 

2.50 

384.00 

0 

29.26 

6.87 

2.50 

512.00 

0.13 

136.60 

0 

4.00 

1,402.00 

0.50 

2000 

0 

0 

0 

0 

0 

29.60 

3.56 

1.83 

0 

0.20 

44.49 

13.09 

2.50 

512.00 

0 

44.28 

13.17 

2.50 

512.00 

0.14 

160.50 

0 

4.00 

1,508.00 

0.50 

CAGR (%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

23.0 

-8.9 

12.8 

-100.0 

-4.8 

25.7 

-1.6 

4.6 

NM 

-100.0 

33.5 

25.2 

4.6 

14.9 

-6.4 

24.8 

NM 

5.9 

14.9 

0 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



Market Size and Forecast for PC and Workstation Semiconductors 61 

Table 5-16 
Worldwide Semiconductor Memory Configuration Assumptions by System for 
Desktop/Deskside PCs (Megabytes per System; Kilobytes per System for Cache) 

486 PC 

Main OEM 

Upgrade Memory-

Display Buffer 

Cache 

Nonvolatile 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

1994 

6.00 

6.40 

1.00 

157.29 

0.13 

14.00 

2.00 

117.32 

256.00 

0.25 

0 

0 

0 

0 

0 

12.00 

4.14 

1.50 

256.00 

0.25 

1995 

10.00 

5.40 

1.25 

183.50 

0.25 

12.00 

6.50 

791.76 

76.80 

0.25 

16.00 

16.00 

2.00 

0 

0.25 

12.00 

5.00 

2.00 

256.00 

0.25 

1996 

12.00 

4.00 

1.50 

283.12 

0.50 

15.00 

8.50 

2,057.17 

128.00 

0.25 

20.00 

16.00 

2.00 

0 

0.25 

16.00 

6.00 

2.00 

256.00 

0.25 

1997 

12.00 

4.00 

1.00 

0 

0.50 

18.00 

8.00 

1,365.89 

204.80 

0.25 

22.50 

12.00 

2.00 

192.00 

0.38 

20.00 

6.00 

2.50 

256.00 

0.25 

1998 

12.00 

4.00 

1.00 

0 

0 

22.00 

8.00 

760.74 

128.00 

0.25 

26.00 

8.50 

2.50 

307.20 

0.38 

24.00 

6.00 

2.50 

512.00 

0.25 

1999 

12.00 

4.00 

1.00 

0 

0 

26.00 

7.50 

353.01 

25.60 

0.25 

34.00 

8.00 

2.50 

384.00 

0.38 

34.00 

8.00 

2.50 

512.00 

0.25 

2000 

12.00 

4.00 

1.00 

0 

0 

36.00 

4.00 

92.42 

0 

0.25 

52.00 

14.00 

2.50 

512.00 

0.38 

52.00 

14.00 

2.50 

512.00 

0.25 

CAGR (%) 
1995-2000 

3.7 

-5.8 

-4.4 

-100.0 

-100.0 

24.6 

-9.3 

-34.9 

-100.0 

0 

26.6 

-2.6 

4.6 

NM 

9.0 

34.1 

22.9 

4.6 

14.9 

0 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 
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Table 5-17 
Worldwide Semiconductor Memory Configuration Assumptions by System for Mobile 
PCs (Megabytes per System; Kilobytes per System for Cache) 

486 PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium-Class PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Pentium Pro and Future PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

RISC PC 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

Handhelds 

Main OEM 

Upgrade Memory 

Display Buffer 

Cache 

Nonvolatile 

1994 

5.50 

1.60 

1.00 

19.66 

0.25 

8.00 

4.00 

1.00 

256.00 

0.25 

0 

0 

0 

0 

0 

6.00 

0 

1.00 

256.00 

0 

1.25 

0 

0 

0 

2.50 

1995 

7.00 

2.56 

1.00 

26.76 

0.25 

9.00 

4.60 

1.00 

128.00 

0.25 

0 

0 

0 

0 

0 

8.00 

2.00 

2.00 

256.00 

0.25 

1.60 

0 

0 

0 

3.50 

1996 

8.00 

3.20 

1.00 

29.49 

0.25 

12.00 

2.00 

1.10 

64.00 

0.25 

16.00 

8.00 

2.00 

0 

0 

16.00 

4.00 

2.00 

384.00 

0.25 

2.50 

0 

0 

0 

4.00 

1997 

9.00 

3.20 

1.00 

11.62 

0.25 

16.00 

2.00 

1.20 

64.00 

0.25 

20.00 

8.00 

2.00 

256.00 

0.25 

24.00 

0 

2.50 

512.00 

0.25 

3.25 

0 

0 

0 

4.25 

1998 

0 

0 

0 

0 

0 

20.00 

2.00 

1.50 

25.60 

0.25 

22.00 

4.00 

2.00 

256.00 

0.25 

18.00 

4.00 

2.50 

512.00 

0.25 

4.00 

0 

0 

0 

4.50 

1999 

a 
0 

0 

0 

Q 

24.00 

4.00 

2.00 

0 

0.25 

26.00 

6.00 

2.50 

384.00 

0.25 

26.00 

6.00 

2.50 

512.00 

0.25 

4.00 

0 

0 

0 

4.50 

2000 

H-

0 

0 

0 

0 

32.00 

4.00 

1.50 

0 

0.25 

36.00 

20.00 

2.50 

512.00 

0.25 

36.00 

20.00 

2.50 

512.00 

0.25 

4.00 

0 

0 

0 

4.50 

CAGR(%) 
1995-2000 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

28.9 

-2.8 

8.4 

-100.0 

0 

NM 

NM 

NM 

NM 

NM 

35.1 

58.5 

4.6 

14.9 

0 

20.1 

NM 

NM 

NM 

5.2 

NM = Not meaningful 
Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest July 29,1996 



Chapter 6 

Input/Output and Dedicated Systems 
Tables 6-1 through 6-6 detail system and semiconductor market data on 
selected computer I/O systems. 

Table 6-1 
Worldwide Sound Board Applications Market 

Board Units (M) 

Board ASP ($) 

Board Factory Revenue ($M) 

16-Bit and Higher Penetration (%) 

Semiconductor Content ($) 

Semiconductor Market ($M) 

ASSP/ASIC ($M) 

Synthesis ($M) 

Analog/Discrete ($M) 

Memory/Others ($M) 

1994 

13.7 

64.6 

883.1 

1.0 

16.1 

220.8 

94.9 

81.7 

33.1 

11.0 

1995 

11.5 

66.3 

765.0 

1.0 

17.0 

196.3 

82.1 

70.7 

28.6 

14.8 

1996 

12.1 

66.3 

803.2 

1.0 

17.5 

212.2 

86.2 

74.2 

30.1 

21.6 

1997 

12.7 

66.3 

843.4 

1.0 

18.0 

229.1 

90.6 

78.0 

31.6 

29.1 

1998 

13.4 

66.3 

885.6 

1.0 

18.0 

240.6 

95.1 

81.9 

33.2 

30.5 

1999 

14.0 

66.3 

929.8 

1.0 

18.0 

252.6 

99.8 

85.9 

34.8 

32.0 

2000 

14.7 

66.3 

976.3 

1.0 

18.0 

265.3 

104.8 

90.2 

36.6 

33.6 

CAGR (%) 
1995-2000 

0.1 

0 

0 

0 

0 

0.1 

0.1 

0.1 

0.1 

0.2 

Source: Dataquest (June 1996) 

Table 6-2 
Worldwide Sound Board OEMs (1995 Unit Share; Percent) 

Creative 

Aztech 

Diamond 

Turtle Beach 

Others 

61.1 

36.5 

0.5 

0.3 

1.6 

Source: Dataquest (June 1996) 

Table 6-3 
Worldwide Graphics Board Applications Market 

Board Units (K) 

Board ASP ($) 

Board Factory 
Revenue ($M) 

Semiconductor 
Content ($) 

Semiconductor 
Market ($M) 

1994 

12,634.5 

160.00 

2,021.5 

57.00 

720.2 

1995 

16,677.5 

152.00 

2,535.0 

55.00 

917.3 

1996 

20,013.0 

160.00 

3,202.1 

58.00 

1,160.8 

1997 

23,815.5 

152.00 

3,620.0 

60.00 

1,428.9 

1998 

27,673.6 

148.96 

4,122.3 

59.00 

1,632.7 

1999 

31,741.7 

145.98 

4,633.7 

58.00 

1,841.0 

2000 

35,836.3 

143.06 

5,126.8 

57.00 

2,042.7 

CAGR (%) 
1995-2000 

16.5 

-1.2 

15.1 

0.7 

17.4 

Source: Dataquest (June 1996) 

PSAM-WW-MT-9603 ©1996 Dataquest 63 
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Table 6-4 
Worldwide Digital Video Board Applications Market 

BoarcJ Units (K) 

With Hardware Compression 
and /o r Decompression 

With TV Tuner 

Board ASP ($) 

Board Factory Revenue ($M) 

Semiconductor Content ($) 

Semiconductor Market ($M) 

TV Signal Processing ($M) 

Video Scaling/ 
Processing ($M) 

Compression/ 
Decompression ($M) 

Memory 
(DRAM/VRAM) ($M) 

Others ($M) 

1994 

605.0 

169.0 

100.0 

310.00 

187.6 

87.80 

53.1 

1.5 

20.0 

5.9 

22.7 

3.0 

1995 

1,0803 

3513 

189.0 

227.98 

246.3 

79.79 

86.2 

3.8 

27.0 

17.6 

27.0 

103 

1996 

1,1883 

369.0 

2363 

216.58 

257.4 

78.20 

92.9 

4.7 

28.4 

183 

28.4 

13.0 

1997 

1,307.1 

387.5 

295.3 

205.75 

268.9 

76.63 

100.2 

5.9 

293 

19.4 

29.8 

153 

1998 

1,437.8 

406.8 

369.1 

195.46 

281.0 

75.10 

108.0 

7.4 

313 

20.3 

313 

17.7 

1999 

1381.6 

427.2 

461.4 

185.69 

293.7 

73.60 

116.4 

9.2 

32.8 

21.4 

32.8 

20.2 

2000 

1,739.8 

448.5 

576.8 

176.40 

306.9 

72.12 

1253 

113 

34.5 

22.4 

343 

22.6 

CAGR (%) 
1995-2000 

10.0 

5.0 

25.0 

-5.0 

4 3 

-2.0 

7.8 

25.0 

5.0 

5.0 

5.0 

153 

Source: Dataquest (June 1996) 

Table 6-5 
Worldwide Monitor Applications Market 

System Uruts (K) 

System ASP ($) 

System Factory 
Revenue ($M) 

Seniiconductor 
Content ($) 

Semiconductor 
Market ($M) 

1994 

41,227.0 

352.00 

14,494.0 

5.00 

188.0 

1995 

54,419.6 

316.80 

17,240.1 

5.00 

272.1 

1996 

65303.6 

285.12 

18,619.4 

5.00 

326.5 

1997 

77,711.2 

256.61 

19,9413 

5.00 

388.6 

1998 

90300.5 

230.95 

20354.6 

5.00 

4513 

1999 

103374.6 

207.85 

21328.2 

5.00 

517.9 

2000 

116,9353 

187.07 

21374.8 

5.00 

584.7 

CAGR (%) 
1995-2000 

163 

-10.0 

4.9 

0 

16.5 

Source: Dataquest (June 1996 

Table 6-6 
Worldwide Keyboard Applications Market 

System Units (K) 

Semiconductor 
Content ($) 

Semiconductor 
Market ($M) 

1994 

55,961.6 

2.45 

137.1 

1995 

73,869.3 

2.50 

184.7 

1996 

88,643.2 

2.50 

221.6 

1997 

105,485.4 

2.50 

263.7 

1998 

122,574.0 

2.50 

306.4 

1999 

140,592.4 

2.50 

351.5 

2000 

158,728.8 

2.50 

396.8 

CAGR (%) 
1995-2000 

163 

0 

163 

Source: Dataquest (June 1996) 
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Key Trends 

Sound Boards 
Key trends in sound boards are as follows: 

• The sound board market faces increasing competition from integrated 
designs with sound chips on the motherboard or on custom daughter-
card modules. Integrated sound chips are primarily used for mobile and 
consumer PCs, although a few business desktops have integrated 
sound capability. 

• Microsoft has adopted DSP Group's TrueSpeech technology as a com
pression standard. Several vendors already support ADPCM for com
pression. 

• Movement to 16-bit is nearly complete. Wave-table synthesis is gaining 
market share. 

• Key chip functions include FM and wave-table synthesis (512KB to 4MB 
ROM-based), ASSP/ASICs (mbced-signal and digital CMOS), audio 
amplifiers, and mixers. SCSI host adapters have declined in popularity 
compared to EIDE or proprietary variants of EIDE. 

Graphics Boards 
Key trends in graphics boards are as follows: 

• May receive a boost from the 3-D graphics market until mid-1997 when 
several new graphics controllers make 3-D hardware more attractive for 
motherboard implementations. 

• Boards are moving to greater than 1000 x 1000-pixel resolutions; acceler
ated BitBLT-based, 64-bit data paths; and RAMD AC technology moving 
from 85 MHz to 135 MHz. Also, digital video, 3-D, and sound capability 
are appearing in the high-end boards. 

• Extended data out (EDO) DRAM will be the dominant memory for 1996 
but will be replaced with SDRAM/SGRAM in 1997. Minimal buffers 
start at 1MB and move to 4MB with optional single in-line memory 
modules (SIMMs). Most high-end add-in boards have a separate RAM-
DAC, and digital video acceleration functions are being integrated into 
virtually every design. 

Digital Video Boards 
Key trends in digital video boards are as follows: 

• There will be continued penetration into the multimedia content creator 
market (software title development, market communicatioris, and train
ing). Playback board growth will be limited to full-screen 15-fps to 
30-fps acceleration. Other opportunities exist for TV tuner, capture pass-
through, and integrated audio and graphics boards. 

• MPEG-1 hardware shifted partly to the motherboard in 1995 but has 
already reverted to add-in cards, creating greater opportunities for 
video board OEMs. 
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• Key semiconductor opportunities include compression decoders for 
MPEG-1 and JPEG, among others (and encoders for real-time algo
rithms), decoders and encoders between various video standards such 
as PAL, NTSC, and CCIR, ASICs (CMOS), digital video processors 
(scaling, among other functions), and DRAM/VRAM pixel buffers. 

Leading digital video board OEMs worldwide are ATI, Creative Technolo
gies, Diamond Multimedia, FutureTel, IBM, Intel, Matrox, Media Vision, 
Optibase, Optivision, Orchid, Sigma Designs, SuperMac, and Video Logic. 

Monitors 
Key trends in monitors are as follows: 

• Color will grow to 98 percent of the market in 1999. 

• 15-inch tubes will be the predominant size in 1996; 17-inches tubes will 
be predominant in 1997. 

• There will be a chip content of about $5 for primarily video amplifier 
controls (moving to 135 MHz) and CRT controls. 

Keyboards 
The trend in keyboards is commodity items moving toward ergonomic 
and wireless versions. 

'. Leading keyboard OEMs worldwide are Keytronic, Silitek, and 
MaxiS witch. 
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Chapter 1 

Executive Summary 
We all live in a three-dimensional world where depth is just as important 
as height and width—until we sit down at a PC and stare at a two-dimen
sional graphical user interface (GUI). The PC world is changing, though, 
as a new generation of PC graphics controllers is being sold with 3-D 
graphics acceleration features. The initial 3-D products targeted at the 
consumer market appeared last year but sold at prices only an early 
adopter would pay. The year 1996 will bring the transition from niche 
market to mainstream as competition increases and higher levels of chip 
integration make motherboard designs with 3-D graphics feasible. 

This new market does face some challenges, however. Software and hard
ware compatibility must improve so that software will run on every 3-D 
accelerator instead of just one or two. Lower prices for chips as well as 
board-level products will certainly help fuel this market, but a long list of 
software titles is also necessary to appeal to a broad market. The bottom 
line is that 3-D graphics features are the latest reason for a PC user to buy a 
new graphics card or even a whole new PC. Either way, graphics chip 
vendors have a new opportunity to add features and differentiate their 
products from their competitors. This report provides an overview of the 
market for 3-D graphics chips in multimedia computers, highlighting the 
issues, trends, features, and market opportunity through the end of tiie 
decade. 

Chapter 2 contains the market forecast. Chapter 3 explores the impact of 
3-D graphics on graphics subsystem design and shows four typical imple
mentations for 3-D graphics features in PCs, ranging from software-only 
acceleration to three different hardware implementations. Chapter 4 
discusses software issues that impact the market potential and hardware 
standards for 3-D graphics. Chapter 5 describes the features commonly 
implemented in 3-D graphics hardware and highlights their impact on 
chipset complexity and market potential. Chapter 6 provides a brief pro
file of the market players in the 3-D graphics market, and Chapter 7 is the 
Dataquest perspective on the 3-D graphics chip market for PCs. Appendix 
A includes a recent Dataquest Alert on a new proposal from Intel for a 
high-speed graphics port called the Accelerated Graphics Port (AGP). 
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Chapter 2 

Market Forecast 
The PC graphics market has an insatiable appetite for new features, and 
3-D features are the next item on the menu. 3-D graphics features are not 
new to the computing world, but a relatively high cost for hardware and 
lack of compatibility for entertainment software have kept 3-D hardware 
out of the consumer PC market—until now. Last fall, 3-D graphics prod
ucts designed for PC gaming rather than workstation applications finally 
hit the street. Sales volume was relatively low but represented only the 
early adopters who happily paid $300 to $500 for 3-D graphics witii a few 
bundled games. 3-D accelerators require a critical mass of software devel
opment and lower cost to become widespread. Those requirements are 
being addressed this year as more 3-D games wiU hit the retail shelves and 
a variety of new 3-D graphics accelerators will heat up the price competi
tion. Table 2-1 shows the unit shipment forecast for 3-D graphics accelera
tor chips. Figure 2-1 shows those same numbers as well as tiie total OEM 
PC and PC motherboard unit shipments. 

Motherboard implementations could be the biggest factor affecting unit 
shipments of 3-D accelerators for 1996. The market for 3-D graphics in 
1995 was exclusively an add-in card market because single-chip solutions 
were not available in time for that Christmas. Dataquest believes that 1996 
will also be predominantly an add-in card year, witii a big transition to 
motherboard implementations in 1997. A strong commitment from PC 
OEMs to put 3-D graphics chips on the motherboard could drive higher 
unit volumes in 1996 by reducing the cost of 3-D to the end user. IBM has 
already announced that it will use ATI's 3D RAGE chip in a number of 
Aptiva models this year. This market is elastic, with much greater demand 
for 3-D accelerators as the cost decreases. Several single-chip 3-D accelera
tors are pin-compatible with other graphics controllers from the same 
vendors. These pin-compatible chips give PC OEMs the flexibility to add 
3-D graphics to their motherboards without any redesign. The incremental 
cost of adding 3-D graphics is then simply the additional cost for the con
troller, which may be as little as $8 to $10 in high volumes, and possibly 
the cost of a second megabyte of graphics memory, if the OEM had not 
planned to ship the model with a 2MB buffer. 

Table 2-1 
3-D Graphics Accelerator Forecast (Units in Thousands) 

3-D Accelerator Only 

3-D Accelerator with Other Graphics 
Functions* 

Total 3-D Accelerator Shipments 

OEM PC Unit Shipments** 

Additional Motherboard Shipments 

Total OEM PC and 
Motherboard Shipments 

1995 

77 

53 

130 

60,171 

5,528 

65,699 

1996 

250 

3,004 

3,254 

71,651 

6,495 

78,146 

1997 

400 

24,203 

24,603 

84,694 

7,662 

92,356 

1998 

600 

67,795 

68,395 

98,693 

8,893 

107,587 

1999 

800 

121,207 

122,007 

114,178 

10,297 

124,475 

2000 

900 

161,649 

162,549 

131,700 

11,881 

143,581 

CAGR (%) 
1995-2000 

63.5 

397.6 

316.3 

17.0 

16.5 

16.9 

•Other functions include a minimum of VGA compatibility, 2-D acceleration, and digital video acceleration. 
**OEM PC shipments are from Dataquest's Spring 1996 forecast. 
Source: Dataquest (April 1996) 
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Figure 2-1 
3-D Graphics Accelerator Forecast (Thousands of Units) 
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*OEM PC shipments are from Dataquest's Spring 1996 forecast. 
Source: Dataquest (April 1996) 
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Chapter 3 

Impact of 3-D Graphics on PC Design 
The addition of 3-D graphics capabilities to today's PCs has a large impact 
on system design. 3-D graphics functions place high demands on the 
graphics memory, the peripheral bus (PCI), and the microprocessor. Each 
of these areas is now a performance bottleneck. 

PCI Bus Bandwidth and the New Accelerated Graphics Port (AGP) 
3-D graphics subsystems off-load many tasks to the CPU, placing large 
demands on the PCI bus to carry information back and forth. The PCI bus 
is actually a performance bottleneck because other devices such as mass 
storage and I/O peripherals are competing for the bus at the same time. 
PCI's 130-MB/sec peak bandwidth is not fast enough because of latency 
(the time lag for granting access to the next peripheral waiting for the bus) 
and a lack of concurrency (peripherals are not allowed to share the bus 
even if they both need it at the same time). 

Intel has proposed a solution that it calls an Accelerated Graphics Port 
(AGP). This port is a single high-speed port that is like a PCI slot but uses 
a faster clock speed and includes a special interface to main memory. The 
special memory interface is discussed later in this document under the 
heading Graphics Memory. Of course, PCI was designed to be scalable 
from its current specification to a higher clock speed (66 MHz instead of 
33 MHz) and a wider data path (64 bits instead of 32 bits), but technical 
and cost issues make those upgrades less attractive than Intel's AGP pro
posal. The AGP will use a 66-MHz clock, but will effectively double it to 
133 MHz by using the rising and the falling edge of the clock signal, 
making it four times faster than a 33-MHz PCI slot. 

Graphics Memory 
3-D graphics places high demands on both the size and the speed of the 
graphics memory. The memory must perform the traditional role of frame 
buffer as well as provide additional capacity for off-screen information. 
Two of these demands are storing deptti information for each pixel within 
the 3-D scene (Z-buffering) and holding bit-mapped patterns called tex
tures. An additional need is called double-buffering, which means that 
two frame buffers are allocated within the graphics memory; one of the 
frame buffers is used for screen refresh, while the next frame, or screen of 
graphics, is drawn in the second buffer. This prevents the screen refresh 
from interfering with drawing the next frame in the memory, but with the 
cost penalty of doubling the frame buffer size. 

The requirements for greater size and speed of graphics memory are 
driving the adoption of larger graphics buffers and new types of memory. 
Most 3-D graphics subsystems require a 2MB graphics buffer instead of 
the 1MB buffer still shipped on many PCs. The needs of 3-D graphics 
are also driving demand for synchronous graphics RAM (SGRAM) as a 
replacement for the standard DRAM used for graphics memory on almost 
all PCs today. 

PSAM-WW-FR-9601 ©1996 Dataquest 



Semiconductor Directions in PCs and PC Multimedia Worldwide 

3-D graphics will drive the adoption of a shared buffer architecture (SBA) 
for memory in PCs as Intel's Accelerated Graphics Port (AGP) becomes 
available in the second half of 1997. SBA is related to unified memory 
architecture (UMA), but avoids the performance problems that UMA sys
tems have. SBA involves a dedicated memory for the frame buffer, but 
allows the graphics controller greater access to main memory. The greatest 
drawback to UMA remains the main memory bandwidth, which some
times causes the CPU to wait while the memory is accessed for screen 
refresh; the benefit of UMA is greater flexibility allocating memory to the 
graphics subsystem. SBA is an important part of boosting 3-D graphics 
performance because it provides tike benefits of UMA without the 
drawbacks. 

The Microprocessor and Intel's MMX Features 
3-D graphics places much greater demands on the CPU than 2-D graphics 
does. This increases demand for faster microprocessors (MPUs) because 
3-D graphics operations are calculation intensive. Consumer expectations 
for 3-D graphics performance will scale faster than general-purpose micro
processors can deliver, so Intel and other microprocessor companies have 
added new functions to their designs specifically to accelerate multimedia 
functions, including graphics operations. Intel has collectively named 
these new features MMX, short for multimedia extensions. Other MPU 
vendors have created or will create special acronyms for their own multi
media enhancements, including Sun Microsystems' Visual Instruction 
Set (VIS). 

Intel designed MMX to accelerate many multimedia functions, not just 
3-D graphics. The MMX functions are integer-based, while many 3-D 
graphics setup calculations handled by the microprocessor are floating
point intensive. This could be a performance issue for 3-D graphics if 
using the MMX functions interferes with access to the floating-point unit. 
Even though the issue of 3-D graphics performance is unclear, MMX's util
ity for video decompression and audio or telephony signal processing is 
not in question. If there is a concurrency issue within the MPU, graphics 
chip vendors may have a greater opportunity to add value in the graphics 
area by off-loading the 3-D setup calculations from the CPU, leaving 
greater capacity for the CPU to process audio, video, and application 
tasks. As this issue becomes clearer, graphics vendors should align their 
long-range product plans with MMX, because Intel plans to add MMX to 
every Pentium and Pentium Pro version. The opportunity for graphics 
vendors is to complement MMX, because those features are expected to 
ship in volume as soon as late 1996. 

Four Examples of Implementation 
Figures 3-1 through 3-4 show four different graphics subsystem imple
mentations, varying from a typical subsystem today with no hardware 
acceleration for 3-D graphics to a high-end subsystem that supports only 
3-D functions and requires additional hardware for 2-D graphics func
tions. Each figure is annotated with the size and type of graphics memory 
that is typical at that performance level. For simplicity, 3-D graphics func
tions are grouped into three broad categories: object database manage
ment, polygon setup functions, and pixel-rendering functions. These are 
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boldfaced in Figures 3-1 to 3-4. Note the shift of these groups of functions 
from the CPU to dedicated graphics chips as the graphics subsystem 
becomes progressively more complex. 

Figure 3-1 
A Single-Chip Graphics Subsystem without 3-D Hardware Acceleration 
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Source: Dataquest (April 1996) 

Figure 3-2 
A Single-Chip Graphics Subsystem with Integrated 3-D Hardware Acceleration 
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Figure 3-3 
A Multichip Graphics Subsystem with Integrated 3-D Hardware Acceleration 
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Source: Dataquest (April 1996) 

Figure 3-5 summarizes this shift of functions from the CPU to 3-D acceler
ators shown in Figures 3-1 to 3-4. Pixel rendering (calculating the color of 
each pixel) is the first task to be off-loaded from the CPU to a 3-D graphics 
accelerator. The difference between Figures 3-2 and 3-3 in terms of func
tions is simply the sophistication of pixel rendering and a greater variety 
of rendering features. The last example. Figure 3-4, shows the shift of some 
of the polygon setup functions to the 3-D accelerator, which further 
reduces the workload imposed on the CPU. Polygon setup is basically the 
translation of the polygon data into the parameters needed by the render
ing engine to do its job. 
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Figure 3-4 
A High-Perf ormance Graphics Subsystem with Nonintegrated 3-D Hardware 
Acceleration 
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Figure 3-5 
Shift of 3-D Functions from CPU to 3-D Accelerators in Figures 3-1 to 3-4 
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Chapter 4 

Software and Compatibility issues 
The 3-D graphics chip market faces a challenge in terms of software and 
hardware compatibility. The first 3-D graphics accelerators priced for con
sumer markets hit the retail shelves with add-in cards last year with a 
variety of btmdled games. These cards had to be bundled with software 
that had been rewritten specifically to take advantage of those new fea
tures because there wasn't any other compatible software. Compatible 
software in this case is defined as software that can make use of the 3-D 
features in a given accelerator. 

The software market is changing, and there are now a few software titles 
on the market that support some of the new 3-D accelerators. However, 
the number of applications is small because a hardware-independent 
application programming interface (API) for using 3-D graphics accelera
tors does not exist. Independent software vendors (ISVs) face a trade-off 
between additional development work for each specific 3-D accelerator 
and greater compatibility with the installed base of PCs. That trade-off 
limits the number of games that will run on any single 3-D graphics 
accelerator. 

New APIs will help to solve these compatibility problems. Microsoft will 
release its Direct3D API this spring, and Apple has already released its 
QuickDraw 3D RAVE. These new APIs, as well as a more mature API 
called OpenGL, could make the dream of hardware independence (for 3-
D graphics acceleration on PCs) a reality. Hardware independence means 
that the programmer does not need to know details of the PC hardware for 
a specific game to be able to use the special features of that PC, such as a 
3-D graphics accelerator. This is really made possible by a part of the API 
called a Hardware Abstraction Layer (HAL). The HAL lets the software 
make use of hardware capabilities without knowing the details of the 
hardware. Of course, this also requires the graphics accelerator vendors to 
make their 3-D graphics accelerators compatible with these APIs from the 
hardware side. As long as one of these APIs emerges as a universal 
standard, support from the software community as well as the hardware 
community will not be a problem because it will simplify product devel
opment and increase market opportunity. 

Widespread adoption of a single API such as Direct3D or QuickDraw 3D 
RAVE will fuel demand for 3-D graphics accelerators in two ways. First of 
all, greater compatibility reduces the buyer's risk of obsolescence. Most 
consumers will postpone spending $250 or more on a 3-D accelerator if 
they feel the product may become obsolete quickly. Reducing that fear 
makes the decision to purchase much easier. Second, if software compati
bility is not a distinguishing factor among different 3-D accelerators, then 
price and performance will be much more important. This will foster com
petition, resulting in lower prices and greater demand. 

Microsoft's DirectSD is the most likely candidate to emerge as the standard 
API for 3-D games on personal computers because it will be integrated 
into the Windows 95 operating system, which meai\s that more PCs will 
have it than any other API. The value of an API increases with the 
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percentage of the installed base that has it, much in the same way that a 
telephone is more useful if everyone has one. Graphics accelerator ven
dors should absolutely make sure that their products support DirectSD. 
Apple's QuickDraw 3D RAVE appears to be strong technically, but would 
be more likely to become standard if the installed base of PCs included 
more Macintosh computers. OpenGL is well established in the profes
sional 3-D graphics markets for CAD and scientific applications, but may 
not be adaptable to the demands of PC game software. 

The biggest potential roadblock to Direct3D's becoming the standard API 
for PC games is performance. Dataquest expects DirectSD to perform well, 
but if the performance is poor it will not be widely used, regardless of its 
integration into Mndows 95. In that case, Apple's QuickDraw 3D RAVE 
will have much greater impact. OpenGL is ttie standard API for the work
station market, with backing from all major workstation vendors, because 
of its mathematical precision. However, current versions of OpenGL for 
the PC do not provide the speed required for PC games, so additional 
development must be done before OpenGL is a realistic candidate for 
those applications. 

An additional benefit of using DirectSD or QuickDraw 3D RAVE is the 
ability of other APIs to use the hardware abstraction features in those two 
APIs while providing additional value in terms of feature set or possible 
speed. Table 4-1 is a more thorough list of popular high-level APIs with a 
brief comment about each one. 

Table 4-1 
List of 3-D APIs for the PC Platform 

Name 
BRender 

3DR 
DirectSD 

RenderWare 

OpenGL 

QuickDraw 3D RAVE 

Main Supporter(s) 
Argonaut 

Intel 
Microsoft 

Criterion 

All major workstation 
vendors (SGI, IBM, HP, 
SUN and others) 

Apple 

Comments 
Popular today for PC games; likely to coexist with 

DirectSD 
Not likely to be mainstream 
Will define universal platform in the future; is 

expected to include the high-level features of Reality 
Lab; will be cross-platform, including Windows NT 
and Mac OS 

Popular today for PC games; likely to coexist with 
DirectSD 

Widely used for math and scientific applications; may 
realize broader consumer appeal with 3-D graphics on 
the World Wide Web; unlikely to have an impact for 
PC games 

Cross-platform; combination of rendering engine and 
HAL that is similar to Direct3D 

Source: Dataquest (April 1996) 
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Chapter 5 

Feature and Product Positioning, 
Comparing two or more 3-D accelerators fairly is challenging because 
performance numbers can be misleading and some advanced features 
compensate for lower performance in otiier features. This chapter contains 
a section about the performance numbers currently used for 3-D accelera
tors, as well as tables showing the relative positioning of these products. 
For the purposes of this report, 3-D accelerators are lumped into three 
general categories: low-end, midrange, and high-end products. The fea
tures of these products have also been categorized as low-end, midrange, 
and high-end. Unfortunately, a one-to-one correlation between the prod
uct groups and the feature groups is not possible because of the variety of 
products and features. 

Confusion about Performance Numbers 
The lack of good benchmarks for 3-D graphics accelerators is a problem 
because performance numbers are a critical element of selling computers 
(and therefore graphics products). Excuse me ... what clock speed is your 
Pentium? ... How many polygons per second does your graphics card ren
der? These performance indicators can be misleading with 3-D graphics, 
even more so than with other areas of computing, because the metrics (for 
example, polygons per second) do not map directly to what the user really 
wants, which is a combination of image quality and interactivity. Image 
quality is a function of image resolution, number of colors, shading tech
niques, and the sophistication of the texture mapping as well as the poly
gon rate. It is difficult to measure because a particular scene might be 
constructed with fewer polygons if advanced rendering features are used, 
so a trade-off is possible between rendering feature set and polygon per
formance. Interactivity is more dependent upon the polygon rate because 
it affects how many frames per second the graphics controller can draw 
with a given number of polygons. More frames per second (that is a higher 
frame rate) is critical for action games like Doom or flight simulators 
because the game player will be frustrated by small delays between press
ing a key and seeing the response. 

Positioning of 3-D Acceierator Features 
3-D graphics features are much more complex than those for 2-D graphics 
and can be confusing. Table 5-1 is a list of features that are commonly 
implemented in 3-D graphics chips; it groups them by level of impact on 
chip design. More detailed descriptions of tihe most common features 
follow the table for those readers who may not be familiar with this 
terminology. 

Polygon Setup 
Polygon setup is a high-end feature for 3-D accelerators. It is typically off
loaded to the CPU because it is floating-point calculation intensive and 
benefits greatly from the floating-point unit (FPU) built into every Pen
tium microprocessor. The problem with off-loading all the polygon setup 
to the CPU is simply performance. A typical 3-D accelerator is capable of 
rendering more polygons per second than the CPU can process. This 
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Table 5-1 
Positioning of 3-D Accelerator Features 

Feature 

Polygon Setup 

Polygon Rendering Rate 

Up to 300,000 Polygons 
per Second 

300,000 to 500,000 Polygons 
per Second 

Over 500,000 Polygons 
per Second 

Shading Techniques 

Flat 

Gouraud 

Phong 

Texture Mapping 

Perspective Correction 

Filtering 

Linear 

Bilinear 

TrUinear 

MIP-Mapping 

Z-Buffering 

Alpha Blending 

Antialiasing 

Relative Positioning of Feature* 

High-end 

Low-end 

Midrange 

High-end 

Low-end 

Midrange 

High-end 

Midrange 

Midrange 

Low-end 

Midrange 

High-end 

Midrange 

Midrange 

Midrange 

High-end 

Comments 

Usually completely off-loaded to 
host CPU 

Highly variable depending on 
number of rendering features 
and average triangle size 

The budget method of shading 

A nice trade-off between realism 
and algorithm complexity 

Calculation intensive 

Impact varies greatly with sophis
tication of fQtering and perspec
tive correction 

AUows scenes to be constructed 
from fewer polygons 

Averages two texels to calculate 
a pixel 

Averages foiu' texels to calculate 
a pixel 

Averages eight texels to calculate 
a pixel 

Important for matching detail 
level to distance of objects 

Stores depth (Z-axis) value for 
every pixel in the frame buffer 

Holds transparency/translucency 
information 

Increases memory accesses, so 
higher memory bandwidth is 
required 

Note: Midrange products include low-end as well as midrange features. High-end products include low-end and midrange as well as high-
end features. 
Source: Dataquest (April 1996) 
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means that the CPU is often a bottleneck for 3-D graphics performance, 
rather than the 3-D accelerator itself. As a result, some 3-D accelerators 
share the polygon setup with the CPU to create a more balanced system. 

Polygon Rendering Rate 
The polygon rendering rate can be misleading because it is typically not 
the system bottleneck for 3-D graphics in an actual PC. It also varies 
widely with the average size of the polygons and the number of rendering 
features (such as texture-mapping, filtering, and perspective correction) 
that are used. A rough guideline for polygon rates is up to 300,000 poly
gons per second for a low-end accelerator, 300,000 to 500,000 for a 
midrange accelerator, and greater than 500,000 for the high-end. Those 
polygon rates are for textured polygons with an average of 50 visible 
pixels each. 

Shading Techniques 
Three shading techniques are popular today: flat shading, Gouraud shad
ing, and Phong shading. These are listed in order of complexity from low 
to high. Flat shading is the low-end technique. It is fast and simple, but 
draws attention to polygon edges, making objects look blocky if too few 
polygons are used. Gouraud shading is a midrange technique and is a nice 
trade-off between speed and sophistication. Almost all 3-D accelerators 
use a combination of flat shading for some objects and Gouraud shading 
for others. Phong shading is an advanced technique that includes effects 
such a glare and reflection, but it is much slower tiian Gouraud shading. It 
is an important differentiator between accelerators and is included on 
some midrange products, all high-end products, and no low-end ones. 

Perspective Correction for Texture iViapping 
Perspective correction is a critical texture-mapping feature that is standard 
for almost all 3-D accelerators. It is important because it reduces the num
ber of polygons in a scene and removes armoying image defects that result 
from texture mapping without perspective correction. Consider this a 
required feature for 3-D accelerators. 

Filtering 
Filtering, like shading, can be done several ways that scale from low to 
high in terms of performance and image quality. The types of filtering that 
a 3-D accelerator can use are important differentiators among competing 
products. Filtering is a part of the texture mapping process and is impor
tant to reduce image defects resulting from mapping a 2-D texture onto a 
3-D object. The lowest option for filtering is not to do any filtering. If 
someone talks about point-sampled texture mapping, that person is say
ing "no filtering is used." The t3^es of filtering, in order of increasing com
plexity, are linear, bilinear, and trilinear filtering, with each level being 
twice as demanding as the previous one. Bilinear filtering is the best trade
off between image quality and performance and is a requirement for 
midrange or higher accelerators. 
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MIP Mapping 
MIP mapping is an important aspect of texture mapping and is included 
in almost all 3-D accelerators. It allows different versions of a texture map 
to be used, depending on how much detail is necessary. This improves 
image quality and speed because the texture can be prescaled with a high-
quality scaler, and then stored, rather than being scaled in real time, which 
increases the processing load on the 3-D accelerator. Any accelerator 
without MIP mapping will be relegated to the low-end category. 

Z-Buffering 
The Z-buffer stores the depth or Z-axis value of each pixel in a 3-D graph
ics scene. 3-D accelerators need to have a Z-buffer to avoid image defects 
where a background object obscures an object supposed to be in front of it. 
If a 3-D accelerator renders only visible pixels, then the main memory has 
effectively been used as a substitute for tiie Z-buffer. Most 3-D accelerators 
will render an entire polygon if any part of it is visible. Once a pixel is ren
dered, it is not written to tiie frame buffer unless it is "in front of" the pixel 
currently stored in that location. The basis for determining which pixel is 
visible is the depth information stored in the Z-buffer. Any 3-D accelerator 
that does not use a Z-buffer or does not otherwise prevent pixels from 
being overwritten by background objects should be considered a low-end 
3-D accelerator. 

Alpha Blending 
Alpha blending allows a new pixel to be "blended" with an existing pixel 
in the frame buffer according to the alpha values of the pixels. This feature 
is a differentiator among the low-end 3-D accelerators and a required fea
ture for midrange or high-end accelerators. 

Antialiasing 
Antialiasing is a high-end feature that reduces the "jaggies" or stair-step 
defects on sloping lines. It is less important for action games than for static 
images, and it places additional demands on memory bandwidth. For 
these reasons, it is often omitted from low-end and midrange products. 

Product Positioning 
Table 5-2 lists the basic details for a variety of 3-D accelerators that have 
been announced or are expected soon. 
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Table 5-2 
Product Positioning for 3-D Graphics Accelerators 

@ 
CO 
CD 
CJ> 

a 
OJ 
f - t -
(U 

X 3 

^ 

CD 
CD 
C3> 

Company 

3Dfx 

3Dlabs 

Alliance Semi
conductor/3 Dfx 

ATI 

Chromatic 

Cirrus Logic 

Cirrus LogEc/3DO 

Creative Labs 

LockJiccd Martin 

LSI Logic 

Matrox 

N EC/ \^ deoLpgic 

NVIDIA 

NVIDIA 

Oak 

OPTi 

Rendition 

S3 Inc. 

SGS-Thomson 

S-MOS 

Trident 
Yamaha 

Chip Name 

Voodoo Graphics 

PERMEDIA 

Not announced 

3D RAGE 

Mpact 

Unnamed 

Unnamed 

Gigi 

REAL3D 

Undefined for PC mar
ket; Sony Playstation 
Graphics Processor 

Unnamed 

PowerVR 

NVl 

NV3 

OTI64311 

Unnamed 

Verite 

ViRGE 

STG2000 

PIX {SPC1515) 

T3D9692 

RPA2 

Target Platform 

PC, arcade, game 
cxinsole 

PC 

PC 

PC 

PC; suitable $>* 
others 

PC 

PC 

PC 

PC 

Possible entrant 
to PC graphics or 
second-genera -
tion cliip for 
game consoles 

PC 

PC, arcade, game 
console 

PC 

PC 

PC 

PC 

PC 

PC 

PC 

PC 

PC 

PC 

2-D and 
Motion Video 
Acceleration? 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

TBD 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Integrated 
RAMDAC? 

No 

No 

TBD 

Yes 

No 

Yes 

TBD 

No 

No 

TBD 

No 

No 

No 

No 

Yes 

Yes 

No 

Yes 

No 

No 

Yes 

No 

Number of 
Chips 

Two 

One 

One 

One 

One 

One 

TBD 

One 

Two 

One 

One 

Two for current 
version, one 
for PCXl 

One 

One 

One 

One 

One 

One 

One 

One 

One 

One 

Rel 
Pos 

Hig 

Mi 

Mi 

Low 

Low 

Low 

Hig 

Low 

Hig 

TBD 

Low 

Hig 

Low 

Mid 

Mid 

Low 

Mid 

Low 

Low 

Low 

Low 

Low 

TBD = To be determined 
Source: Vendors, Dataquest (April 1996) 



Chapter 6 

Leading Market Players 

3Dfx 

3D labs 

The market for 3-D graphics accelerators is exciting. Competition includes 
traditional graphics providers and a number of new companies. Start-ups, 
as well as established companies new to the PC graphics world, are using 
3-D graphics chips as their entree into the PC graphics market. Competi
tion will be fierce as vendors scramble for design-wins at both the mother
board and add-in board levels. This market will see rapid growth as 3-D 
penetrates the PC market, but that level of growth will be insufficient to 
support all these players. The companies described below are listed in 
alphabetical order. 

3Dfx refers to its product line as Voodoo Graphics. The implication is that 
the engineers at 3Dfx have worked miagic or voodoo to pack so many fea
tures into their products. The company has put a lot of features into their 
chips, but it plans to charge a premium price for them. The 3D£x products 
announced for the PC market so far aire positioned at the high end of mar
ket. The chips are targeted initially at the PC and arcade game platforms, 
but could be scaled for home video game units as well. Look for a scaled-
down, single-chip solution for the PC market later this year as a joint effort 
between Alliance Semiconductor and 3Dfx. 

3Dfx is a privately funded company founded in March 1994. The first 
round of venture capital totaled $5.5 million. 

3Dlabs established itself as a 3-D graphics company with accelerators tar
geted at the commercial desktop and workstation markets. The GLINT 
300SX chip from the company has been the highest-volume 3-D graphics 
accelerator over the past few years. It is an OpenGL accelerator and is 
most widely used for CAD and other professional applications. The 
GLINT chip is too expensive for volume consumer applications, so 3Dlabs 
has leveraged its graphics expertise to create new products tailored for 
that market. The first chip, called Gigi, was designed for the exclusive use 
of Creative Labs and powers the 3DI?]aster VL-based card from Creative. 
The follow-on product is called PERMEDIA. The name follows from 
3Dlabs' vision of PERvasive MEDIA, where 3-D graphics, 2-D graphics, 
and digital video features become pervasive. Creative Labs has 
announced that it will use the PERMEDIA chip in board-level products, as 
well as the Verite chip from Rendition. 

3Dlabs is sampling the PERMEDIA chip now with plans to ramp produc
tion quickly. This chip has a good price/performance trade-off, but is not 
ready for motherboard implementations because it requires an external 
RAMDAC. 
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ATI 
ATI's chip-level entry in the 3-D graphics market is called 3D RAGE. It is a 
single-chip design that is pin-compatible with the Mach64 graphics con
troller. ATI is selling the 3-D Rage chipset at both the chip and the board 
level. 3D RAGE is a single-chip design and therefore is a motherboard can
didate for designs where the Mach64 is already designed in, including the 
Intel Atlantis motherboard. In fact, ATI has already secured a major PC 
OEM design-win with IBM's Aptiva line. The name of ATI's board-level 
product that uses the 3D RAGE chip is 3D XPRESSION. 

Chromatic Research 
Chromatic is bringing a new business model—the chipless semiconductor 
company—to the market. The Chromatic chip is named Mpact, but it will 
not be manufactured or sold by Chromatic. Strategic partners will make 
and sell the chip while Clliromatic will sell the software to use the chip. 
The company has announced two partners so far, LG Semicon and 
Toshiba, and expects to announce a third partner soon. 

The Mpact chip is not a graphics controller, but it can be used as one. It 
is actually an embedded processor that, along with some similar products, 
is defining a new product category called media processors or media 
engines. Instead of designing fixed-function chipsets. Chromatic and oth
ers have designed embedded processors optimized for multimedia-type 
functions including graphics, digital video, telephony, and audio process
ing. The Mpact chip is powerful enough to run several functions concur
rently and could replace several of the fixed-function chipsets designed 
into multimedia PCs today. 

Chromatic is making rapid progress on the software modules for the 
Mpact chip and expects to release the final beta versions in March. The 
hardware design is finalized and appears to be robust and manufactura-
ble. The progress in both hardware and software indicate that technical 
issues will not be a barrier to Chromatic. Market issues such as design-
wins into leading OEMs and sell-through to the end user are the next step. 
Chromatic expects to announce several key design-wins soon, but this 
information is not yet public. The Mpact chip offers significant benefits in 
terms of programmability compared with fixed-function chipsets and 
could seize market share from the leading graphics suppliers (as well as 
audio, telephony, and digital video suppliers). 

Cirrus Logic does have a 3-D graphics strategy but has been very shy 
about sharing details publicly. Dataquest expects something like S3's 
ViRGE chip in terms of price and performance from Cirrus. The similari
ties will be the following: 

• Single-chip 

• Pin-compatible with other Cirrus chips (most likely the Laguna series) 

• Shipping in time for Christmas 1996 
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Matrox 

NEC/VideoLogic 

NVIDIA 

OPTi 

Matrox introduced the 3-D Millenium graphics card and ramped up vol
ume in 1995. The company is selling board-level solutions predominantly 
and appears to be pricing them at the high end of the consumer market. It 
is likely that it will remain in the premium range of the retail and OEM 
card market rather than compete for the mainstaeam 3-D graphics market. 
This card is not suitable for PC games because it does not include texture-
mapping features. 

NEC and VideoLogic have teamed up to produce a high-end chipset for 
3-D graphics on PCs, arcade games, and even home video games. The 
arcade chipset is the first one out of the gate and consists of two chips: an 
image synthesis processor (ISP) and a texture and shading processor 
(TSP). For arcade implementations, multiple ISPs can be used to scale per
formance. The companies are planning to sample the PC version of this 
chipset in the second quarter of 1996. The PC version is a single chip, 
called the PCXl, but offers 3-D graphics only. The PCXl requires a stan
dard graphics controller to provide the VGA, 2-D, and digital video accel
eration features. 

A unique feature of these chipsets is the technique for processing 3-D 
images. Instead of using a standard polygon-based model, the NEC/ 
Videologic products use graphical planes and divide the screen into small 
chunks that are processed sequentially. This effectively moves the Z-buffer 
back into the PC's main memory instead of the graphics memory. The rea
son for doing this is simply graphics memory bandwidth. 

NVIDIA is truly a multimedia company, as proven by its integration of 
graphics, wave-table audio, and game port features into a single chipset 
witti a single bank of memory. The company started shipping its first 
product, the NVl, last year and is expected to ship a second-generation 
product called the NV3 later this year. However, NVTDlA's strengths have 
also been its Achilles heel. The NVIDIA chips support a nonuniform ratio
nal P-splines (NURBS)-based model for 3-D graphics as well as use the 
more broadly accepted 2-D polygons, but a lack of compatible software 
made this feature less important. NVIDIA is now emphasizing the poly
gon performance of its chips instead of evangelizing the NURBS capabili
ties. NVIDIA's big design-win is Diamond Multimedia's EDGE 3D card. 
SGS-Thomson Microelectronics makes NVIDIA's chips and has the right 
to sell the DRAM versions, while NVIDIA sells the VRAM versions of its 
products. 

OPTi (like Qrrus Logic) has been very quiet about its 3-D graphics strat
egy. Dataquest expects a single-chip solution to appear in OPTi's product 
line. When this product arrives, it will need to compete head-to-head with 
the other single-chip solutions for motherboard design-wins. In this sce-
Tia.no, S3 and Cirrus have a great advantage because of their current 
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design-wins. OPli will have to make the product very attractive on a 
price/performance basis with the ViRGE chip and whatever Cirrus 
announces. 

Rendition 
Rendition announced its Verite chipset in 1995 and since then has won an 
add-in board design with Creative Labs. Creative will produce at least two 
different PCI boards, one of which will feature Rendition's Verite. This 
chip is positioned at the high end of the graphics line, so start-up Rendi
tion is playing the price/performance strategy (that is, the product is 
expensive, but worth it). 

Rendition is privately funded by venture capitalists and other investors. 
Initial funding in April 1994 was $5,2 million. The company secured a sec
ond round of financing for an additional $7 million and added Mitsubishi 
to the list of investors. 

S3 inc. 

Trident 

S3's \^RGE chip is this year's best bet for 3-D graphics on the motherboard. 
This is one of die lowest-cost 3-D chips announced so far and boasts pin-
compatibility with the popular Trio64V+ controller. If an OEM has 
designed a motherboard for the Trio64V+, then upgrading to 3-D graphics 
is simply a matter of substituting the ViRGE chip for the Trio64V+ and 
adding a second megabyte of memory to the frame buffer. 

This chip offers lower performance than many of the competing solutions 
but places well on the price/performance curve. S3 planned the ViRGE 
chip to be low-cost in order to help the market for 3-D graphics grow, 
while providing a performance level matched to a Pentium-100 or -120. 

S3 is the largest variable in predicting how many 3-D accelerators will ship 
on PC motherboards. The Trio64V+ chip has a lot of motherboard design-
wins, and each one is potentially a win for the ViRGE chip because of the 
pin-compatibility. If S3 is aggressive on pricing, the company will drive 
the adoption of 3-D hardware on the motherboard this year. Otherwise, 
3-D graphics will remain predominantly an add-in card feature for 1996. 

Trident's 3-D graphics controller is named the T3D9692 and is scheduled 
to sample in March of this year. The T3D9692 is a single-chip design that 
includes VGA, 2-D, 3~D, and digital video features like the ViRGE chip 
from S3. This chip is another good bet for motherboard implementations 
because of its pin-compatibiEty with the TGUI9660, TGUI9680, and 
TGUI9682 graphics products. If it is aggressive on pricing the T3D9692, 
Trident will help drive 3-D graphics onto the motherboard in 1996. 

One unique feature of the Trident chip is support for unified memory 
architecture. Trident is the first company to announce a UMA, 3-D graph
ics product. This feature is not critical for 1996, but may become important 
for 1997. Dataquest expects other vendors to add UMA compatibility to 
3-D graphics chips in 1997. 
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^ Chapter 7 

V Dataquest Perspective 
3-D graphics is the next big feature for consumer PCs. Christmas 1995 was 
the first test of board-level 3-D products, and early adopters were willing 
to pay $300 to $500 for these cards. The year 1996 is the dawn of a new 
opportunity for 3-D graphics for two reasons. First of all, a number of new 
3-D graphics accelerators are available now or will be shortly. These new 
chipsets will make board-level products less expensive (down into the 
$200 and higher range) as well as offer greater variety to the buyer. The 
second reason is moSnerboard implementations. A few of the new chipsets 
are suitable for motherboard implementations. Dataquest believes that 
only single-chip solutions will make it onto the motherboard, and that 
means VGA, 2-D, 3-D, digital video acceleration, and RAMDAC all in a 
single chip. 

This market is going to grow rapidly, but how rapidly is a matter of great 
debate. The barriers to rapid growth are the following: 

• The retail price of the 3-D cards 

• The ability of software to take advantage of these cards 

• The lack of a universal API for 3-D applications (corollary to the delays 
of Direct3D) 

• The willingness of PC OEMs to configure their consumer PC models 
with 3-D graphics as a standard feature 

All these are changing in favor of 3-D graphics, but Christmas 1996 is 
closer than you think. These issues will affect how many retail cards are 
sold (largely a factor of retail price and number of available games) and in 
which year, 1996 or 1997, motiierboard implementations become the pri
mary driver for this market. 

The 3-D graphics hardware market will also be affected by features and 
market trends for both memory and microprocessors. The price and avail
ability of extended data out (EDO) DRAM and SCRAM can help make or 
break the market opportunity for specific 3-D graphics chips. Lower mem
ory prices help fuel this market, but sudden changes in the availability of 
spedfic memory types or configurations could have significant impact. 
Intel's new multimedia instruction set, MMX, will also have an effect by 
accelerating a number of multimedia functions, but the specific impact on 
3-D graphics is unclear. 

The shift from add-in card to motherboard implementation is a key trend 
to watch as this market unfolds. Semiconductor vendors that do not cur
rently have a single-chip product (VGA, 2-D, 3-D, digital video accelera
tion, and RAMDAC) are advised to develop one for no later than spring 
1997. The market cannot support the number of 3-D graphics companies 
now selling or developing products. It is possible for everyone to ship 
some product at the add-in board level, but the long-term winners will be 
those delivering motherboard solutions. The Christmas 1997 design-win 
cycle is crucial for the existence of many of these companies. The battle
field will be littered with the corpses of those companies that do not secure 
design-wins with either premier board suppliers or (and much better) PC 
OEMs. Niche markets do exist, but the price elasticity in the consumer 
graphics market causes sales volumes to shrink quickly as price increases. 
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Appendix A 

Dataquest Alert on Inters Accelerated Graphics Port 
The following Dataquest Alert on Intel's Accelerated Graphics Port (AGP) 
is included here because of the expected impact of AGP on the 3-D graph
ics market. This Alert, written by Nathan Brookwood, was sent to all cli
ents of the Semiconductor Directions in PCs and PC Multimedia program 
on April 5,1996. 

Intel Moves to Close Workstation/PC 3-D Performance Gap 
At this year's just-completed Mndows Hardware Engineering Conference 
(WinHEC), Intel unveiled a new aspect of PC system architecture that has 
the potential to drive a wave of system upgrades and, quite by accident, 
do major damage to vendors focused on the classic workstation market. 
Intel calls its new technology the "Accelerated Graphics Port" or AGP. The 
good news, if you are a workstation vendor, is that this technology will not 
enter the market until mid-1997 and will be introduced then only on PS-
based products. 

The driving force behind AGP is the need to increase the available band
width between the system's main memory elements and its graphics con
troller, in order to accelerate the task of creating realistic on-screen 3-D 
images. Personal computers already have all the performance they need 
for today's 2-D graphic user interfaces (GUIs). When most 2-D images are 
dragged around on the screen, they move as fast as the eye can follow. 
They do not need to move any faster—the eye cannot sense it. But when 
systems try to create 3-D images, the computational task becomes far more 
daunting. For every pixel on the screen (there are over 300,000 of them in a 
640 X 480 screen, small by today's 2-D standards), the system must figure 
out which of several objects will be visible, what color it wUl be, and how 
that color will be affected by available lighting sources within the image. 
Then the system must determine where everything will be in the next 
frame, and repeat all these shading and lighting calculations. It must 
accomplish all this at a rate of thirty frames per second, or the eye can tell 
the difference. Developers refer to the process of translating the abstract 
definition of 3-D objects in the computer's memory into a series of shaded 
pixels on the computer's screen as rendering, and it is key to 3-D imaging. 

Until just a few years ago, computers had no way to accomplish all the 
calculations needed to render realistic 3-D simulation in real time, so 
developers cheated. They did all the calculations off line and stored the 
final result (that is, the completed frames) on the disk for later playback in 
real time. Even this is not easy, because the system must move lots of data 
very quickly to the display buffer, but it at least eliminates all the real-time 
calculations. Of course, it also eliminates any opportunity for interaction; 
the system is merely replaying a digitally created movie, so this approach 
is of limited value for games. In order to create the movie Toy Story, Pixar 
needed to render a few billion polygons each second. Arcade-quality 
games must be capable of rendering one-half million polygons per second 
in order to achieve a more impressive visual effect than "Donkey Kong" 
provided a few years ago. Today's fastest PCs can render about 100,000 
polygons per second, and midrange technical workstations (from Sun, 
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Hewlett-Packard, Silicon Graphics, and others) achieve rates of 500,000 to 
750,000 polygons per second. Table A-1 provides a rough estimate of the 
graphics performance needed to render scenes of varying complexity in 
real time. Some really neat games can be played on a $20,000 workstation! 
Of course, it does not take a sophisticated market research analyst at 
Dataquest to figure out that the consumer market for $20,000 game con
soles is quite small, and thus few game developers have put any effort into 
this segment. 

With its new AGP technology, Intel set out to solve the price/performance 
problem for 3-D graphics rendering in personal computers. Intel hopes to 
bring the system cost of rendering 500,000 pixels per second from $20,000 
to $2,000, a more workable figure for high-end consumer devices. In order 
to accomplish this, the system must provide 250 MB/sec to 300 MB/sec of 
bandwidth between the display controller and the system's main memory. 
Today, a well-implemented PCI interface between these two points deliv
ers a peak rate of 100 MB/sec, not nearly enough capacity. In order to 
break this bottleneck, the PCI specification would need to be increased 
from 32 bits and 33 MHz to 64 bits and 66 MHz. This would take years to 
implement and would add extra cost to other PCI devices (disk control-. 
lers, LAN controllers, and so forth) that really do not need increased per
formance. Instead, Intel chose a more expedient path, one that enhances a 
single PCI-like port on the system to 133-MHz operation, and provides 
over 500 MB/sec of memory bandwidth. Intel ended up calling this port 
the Accelerated Graphics Port, or AGP. Before this announcement, Intel 
had referred to it as the Graphics Attachment Point, or GAP. 

All this memory bandwidth would be useless without a graphics control
ler that knows how to use it, and Intel is not (yet) in the graphics controller 
business. So, Intel took its concept to ATI,. S3, and Cirrus Logic, and 
together they worked out the details of thie interface between the graphics 
controller and main memory. This interface will be incorporated into 
chipsets Intel plans to deliver early next year. Dataquest anticipates that 
the graphics vendors wiU target a similar introduction date for their wares. 
Intel plans to add this feature only to its P6 chipsets; there may be an 
opportunity for astute Pentium-class chipset vendors to incorporate this 
technology. Figure A-1 shows Dataquest's latest estimate of 586-class and 
686-class unit shipments by quarter through the end of 1997. The majority 
of units will still comprise 586-cIass components and 686-type devices 
with Pentium pinouts, including the Cyrix 6x86 and the AMD 6K86, at the 
end of 1997. 

Table A-1 
Graphics Perfonnance Requirements for Image Rendering 

Hardware 
Environment 

3-D Graphics 
Capabilities 

Bandwidth 
(Polygons 
per Second) 

Today's per
sonal com
puter 

Low-resolu
tion games 

100,000 

Today's work
station 

Complex 
interiors 

1 million 

Today's super
computer 

Realistic 
interiors 

10 million 

No real-time 
solution 

Realistic faces 

100 million 

No real-time 
solution 

Toy Story 

1 billion 

No real-time 
solution 

Photo-realism 

10 billion 

Source: Rendition Inc. 
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Figure A-1 
Quarterly x86 Unit Shipments b y Processor Generation in Computational Applications 
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Historically, the lack of 3-D software standards meant that hardware ven
dors designing a new 3-D controller had to undertake a major selling 
effort with software developers to get them to support his device. This 
took time and limited the market for such devices. This situation is about 
to change dramatically. For the past year, Microsoft has been getting ready 
to release Direct3D, a new software component for Windows 95 and Win
dows NT. DirectSD enters its beta test phase this month. With DirectSD, 
application software developers design their programs to work with an 
abstract 3-D device, and then the operating system maps these commands 
into the specific instructions needed by each individual hardware control
ler. Microsoft claims that this can be done without adding lots of overhead, 
which historically has limited customer acceptance of approaches like this. 
The proof of this pudding will be in the testing, which starts soon. If it 
delivers acceptable levels of performance, it wiU unleash a wave of 3-D 
software applications late this year and early in 1997. Users will be clamor
ing for increased 3-D performance at the precise moment that AGP hits the 
market, and its arrival will trigger the onset of a major upgrade cycle to 
lower-cost ($2,500 to $3,000) Pentium Pro systems equipped with AGP 
graphics. 

Dataquest Perspective 
Dataquest sees the AGP technology as a major enhancement to PC archi
tecture that should benefit everyone, with the exception of traditional 
workstation vendors (Sun, HP, IBM, Digital Equipment, and Silicon 
Graphics), and dedicated game console vendors (Sega, Sony, and Nin
tendo). We are particularly encouraged that the DirectX APIs in Windows 
95 can permit such radical architectural changes with so littie impact on 
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application-level software. If the AGP scenario plays out as smoothly as it 
was presented at V\^nHEC, it will signal the start of a new boom in PC 
hardware innovation, which historically has been held back by the need to 
be compatible with older hardware interfaces in order to gain software 
support. Rapid hardware innovation drives industry growth and provides 
increased value to end customers. 

Workstation vendors should pay special attention to this announcement. 
Three years ago, it was easy to differentiate workstatioris selling for 
$10,000 to $50,000 from personal computers selling for $1,500 to $5,000. 
Workstations had sophisticated multitasking operating systems based on 
UNIX that were far more capable than the DOS/Windows environment on 
PCs. A variety of designer RISC CPUs allowed workstations to compute 
much faster than PCs with mass-market 486 processors or clunky early 
Pentiums. Workstations could display their results faster, and in more col
ors, using high-performance 3-D graphics subsystems with lots of dedi
cated processing power. The introduction of Windows NT in 1993 began 
the erosion of the workstation's software advantage, a process that contin
ues today. The introduction of the Pentium Pro began to diminish the 
workstation's computational advantage, which continues to erode today. 
The introduction of AGP accelerators in 1997 will eradicate the last major 
competitive advantage that expensive workstations have over mass-mar
ket personal computers. It will become increasingly difficult for worksta
tion vendors to justify the premium prices they need to charge to support 
their relatively low-volume (compared with PC markets) products. It is 
ironic that Intel does not appear to have targeted workstations with its 
AGP initiative; workstations are merely innocent bystanders impacted by 
Intel's desire to expand the PC market through improved 3-D gaming 
facilities. 

PC chipset vendors need to move quickly on this opportunity or they run 
the risk of being at a substantial performance disadvantage. Intel has pro
claimed that the AGP specification, to be released this quarter, will be an 
open specification, available royalty-free. It has avoided the confusing 
gobbledygook that surrounded last fall's unveiling of MMX technology. 

CPU vendors G ôth x86 and RISC) must find a way to tap the AGP perfor
mance potential and must respond to Intel's MMX extensions, or they will 
find themselves at a serious competitive disadvantage by the end of 1997. 

Graphics controller chip developers have a wide-open field with lots of 
miming room. They will have four times the memory bandwidth they've 
had up to now, and DirectX puts them squarely in charge of their own soft
ware destinies. 

Developers of gaming hardware and software also need to take note. Intel 
has put them on notice that it intends to make the personal computer the 
ultimate 3-D virtual reality gaming platform. Intel's moves here mesh 
nicely with Microsoft's gaming initiatives and its DirectX programs. 

Content developers for the World Wide Web and for intranets should also 
study the opportunities created by Intel's 3-D initiative. The combination 
of Intel's MMX and AGP initiatives means that 3-D capabilities will 
become a standard feature in personal computers in the 1997 to 1998 
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period. As the installed base of such systems grows, there will be opportu
nities for program content to rise above the network clutter via compelling 
3-D user interfaces. It hardly matters whether content is authored in 
VRML, Java, or C++ over DirectX; the hardware will move into place to 
support a major shift in user interface styles. 
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