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'INTERNETIVITY' AND THE SEMICONDUCTOR INDUSTRY 
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Semiconductor Outlook Towards 2000 

Gene Norrett 
Vice President and Director 
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Gene Norrett is corporate Vice President and Director of Dataquest's Semiconductor Group and is 
responsible for all worldwide semiconductor research, including Asia/Pacific, Europe, and Japan-
based semiconductor research. Before this, he was Director of Marketing, responsible for the 
worldwide m.arketing strategies. Previously he was General Manager for all North American 
technology services. Gene was also the founder of Dataquest's Japanese Semiconductor Industry 
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sector, serving in various marketing and management positions. Gene was also a founder of the 
World Semiconductor Trade Statistics Program and was Chairman of the Board of Directors of the 
Statistics Committee. He speaks frequently at Client Industry and Trade Association conferences. 
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people. Gene's education includes a B.S. degree in Mathematics from Temple University and an 
M.S. degree in Applied Statistics irom Villanova University. 
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European Semiconductor Conference 
May 20,1997 

Semiconductor Outlook 
UowardlOOO 
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Gene Norrett 
Vice President 
Semiconductors Group 

Agenda 

Macroeconomic factors driving electronics 
Electronic equipment production forecast 
Semiconductor market status 
Structural Changes in the industry 
Semiconductor forecast 
Semiconductor capacity 
Summary 

Source: Dataquest (May 1997) 



What Are the Macroeconomic Trends? 
The world is getting richer and more can afford electronics 

Trillions of Dollars 

1995 
Source: Dataquest (May 1997 Estimates) 

World GDP 

2000 2010 

What Are the Macroeconomic Trends? 
The globe is getting a lot more crowded 

Population in Billions 

1900 

Souica: DMaqu«st (May iaS7 Estlmusa) 

2000 2020 
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20 Years 



What Are the Macroeconomic Trends? 
The Far East population is getting richer, faster 

Taiwan 
Hong Kong 
Singapore 
CKiina 
Phiiippines 
United States 
Europe 
Japan 
India 

GDP Growth (%) 
1995-2000 

7 to 9 

3.1 
zji 
2.7 
6 to 8 

iVIiddie-Ciass 
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200 million 

150 million 
530 million 
100 million 
140 million 

Source: Dataquest (May 1997 Estimates) 

What Are the Trends in Electronics 
Production? 
Worldwide electronics production —$1.2 trillion by 2000 

Billions of Dollars 

2,5001 

2,000 

1995 
Source: Dataquest (May 1997 Estimates) 

2000 2010 



Major Product Transitions 

• Sales Calls to E-Commerce 
• VCRstoVCDs 
• Primitive to Advanced Network Infrastructure 
• Wire to Wireless 
• Disk Drives to CD ROIVIs Drives (DVD) 
• Win '95 to Win NT 
• PC to Net PC 

Source: Dataquest (May 1997) 

Latest Worldwide PC Forecast? Up 
19% in '91 

Millions of Units 

175 

1994 1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 
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Multimedia Computing 

100 

(Log) 

Millions of Operations per 

10,000 

1,000 Modem 

ADSL 
Positional Audio 

able Audio 

Source: Dataquest (May 1997 Estimates) 
1996 

Mainstream Usage 
2000 

Digital Consumer Systems 

Source: Dataquest (May 1997) 
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The Chip Market for Next-Generation 
Consumer Electronics Will Top 
$10 Billion by 2000 

Millions of Dollars 

11,000 
10,000 
9,000 
8,000 
7,000 -j 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 

0 
1993 1994 

Source: Dataquest (May 1997) 

Other Nex-Gen Products 
Digital StiU Camera 
HDTV Receiver 
DVD Video Player 
Video CD Player 
Digital Cable Set-Top Box 
Digital SateUite Set-Top Box 
32/64-Bit Video Game ControUer 

1995 1996 1997 1998 1999 2000 

mmmsM 
SSSI^W^fei!;^: 

Summary of 1996 Semiconductor Market 

1996: Excess inventories and a DRAIM ASP cycle 

DRAM revenue declines 46% 

Non-DRAM semiconductors show 5% growth 

Recovery started in fourth quarter 

Asia/Pacific growth slowed 

Technology and product cycle transition 

Source: Dataquest (May 1997) l^iS^^je^ 



Regional Supplier Growth 

Percentage of Market 
60 

40 

20 

Japanese Companies 

Americas Companies 

European Companies 

1986 1988 

Source: Oataquest (May 1997 Estimates) 

1990 1992 1994 1996 

i ^ K M ^ 
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MOS Memory— 
Four ''Downturns" Compared 

"1—n 1 1 r 
Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov 

Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec 

Source: Dataquest (May 1997 Estimates) •^^/^(jw'SS^-^lLsi^'ij^ 
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$0 

DRAM by Month 
Price Per Megabit 

$3 

$2 

$1 • 

H, mm 

>60% Bit Growth in 
1995 and1996 

A- I ^H ^9 • • ^H ^9 1̂ 9 IlliJI Ifli 
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Source: Dataquest (May 1997 Estimates) A i^-^amp amH>' 

DRAM by Month 
Revenue 

i Billions 

III 
Source: Dataquest (May 1997 Estimates) 



Bit Growth Continues Strong! 

Trillions of Bits 

$3,000 

l u H i i i r ' 
Source: Dataquest (May 1997 Estimates) 

Are there any Structural 
Changes? 



Any Structural Changes? 
Semiconductor content skyrocketing 

% of Electronics Revenue 

1984 
Source: Dataquest (May 1997 Estimates) 

1989 1994 2000 

Any Structural Changes? 
Foundry a bigger player 

% Semiconductor Market 

1993 1994 1995 1996 1997 1998 1999 2000 

Source: Dataquest (May 1997 Estimates) 



Semiconductor Capital Spending 

Millions of U.S. Dollars* 
1996 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

*We 

1995 
Rank 

1 
3 

12 
5 
9 
4 

10 
16 
6 

14 

Intel 
LG Semicon 
TI 
Samsung 
Hyundai 
NEC 
IBM Micro 
Siemens AG 
Toshiba 
Micron 

1995 

3,550 
2,258 
1,079 
1,946 
1,492 
2,010 
1,150 

850 
1,624 

960 

1996 

3,400 
2,748 
2,300 
2,248 
2,124 
1,809 
1,550 
1,450 
1,438 
1,400 

Percentage 
Change 

-4.2 
21.7 

113.0 
15.5 
42.3 

-10.0 
34.8 
70.6 

-11.5 
45.8 

estimate the average Japanese co. will spend 12-15% less in '97 

Source: Dataquest (May 1 
970841 

997 Estimates) 

1997 Prelim. 

4,450 
2,250 
1,150 
1,875 
1,750 

* 
1,400 
1,250 

* 
550 

Any Structural Changes? 
Embedded and ASIC/SLI are the drivers 

Microprocessor 

ASIC and SLI 

Source: Dataquest (May 1997 Estimates) 

O c i ^ i e ^ 
A^iarmiSvmiKt' 



SLI Will Be the Dominant ASIC 
Technology by 2000 

ASIC Worldwide Revenue (Billions of Dollars) 

1994 1995 1996 1997 1998 1999 2000 

Source: Dataquest (May 1997 Estimates) hsanxiM.p^mTS^ 

Any Structural Changes? 
Exploding Pipeline 

Cable Modems 
Digital subscriber line 
Broadband Satellite 
ATM 
Gigabit Ethernet 

Faster! Faster!! Faster!!! 

Source: Dataquest (May 1997) 



Summary of Some (not all) 
Structural Changes 

Semiconductor content skyrocketing 
Foundry — a mucli bigger percentage 
intei extends dominance 
Embedded and ASIC/SLI the drivers 
Exploding pipeline 

Source: Dataquest (May 1997) 

AS3t^9513> Q:mXfV 

Semiconductor Forecast 
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1996-1997 Revenue Forecast 
by Product 

1996 1997 

Memory ICs 
Microcomponent ICs 
Logic/ASICs 
Analog ICs 
Discrete Devices 
Opto. Semiconductors 
Total (incl. Hybrids) 

Source: Dataquest (May 1997 Estimates) 

Semiconductor Forecast — Slow recovery 

Billions of Dollars 

500 

1993 1994 1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 
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Percent 

Regional Semiconductor Share: 
AP the big winner! 

-"—Americas 

-•-Japan 

-•-Europe 

-•-Asia/Pacific 

1990 1991 1992 1993 1994 1995 1996 1997 199B 1999 2001) 

Source: Dataquest (May 1997 Estimates) 
970645 

AiWa-affipca!|:s».' 

Capital Spending Trends and 
Forecast 

ASstwetaDQsran' 



Semiconductor Capital Spending 

Millions of U.S. Dollars* 
1996 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1995 
Rank 

1 
3 

12 
5 
9 
4 

10 
16 
6 

14 

1995 

Intel 3550 
LG Semicon 12258 
TI 1079 
Samsung 1946 
Hyundai 1492 
NEC 2010 
IBM Micro 1150 
Siemens AG 850 
Tosliiba 1624 
Micron 960 

"'We estimate the avarage Jpnese co. 

e: Dataquest (May 1 997) 

1996 

3400 
2748 
2300 
2248 
2124 
1809 
1550 
1450 
1438 
1400 

will spend 

Percentage 
Cliange 

-4.2 
21.7 
113 
15.5 
42.3 
-10 

34.8 
70.6 

-11.5 
45.8 

12-15% less in 

1997 Prelim 

4450 
2250 
1150 
1875 
1750 

* 
1400 
1250 

* 
550 

'97 

WrJKfnilSJI^.^^^P^'S^ 

Net Cumulative Investment as a 
Percentage of Equipment Market 

Percentage of Wafer Fab Equipment Market 
40 n 

30 

20 

10 

0 

-10 

-20 

-30 

Only at edge of turning-
point window after 1998 

I I I 1 1 I i ^ ^ T ^ i I I I I —I' I I I 'r 

1984 1986 1988 1990 1992 1994 1996 1998 2000 

Source: Dataquest (May 1997 Estimates) O^ l^ jp^ 



Capital Spending Forecast 

Billions of Dollars 

1993 1994 1995 1996 1997 1998 1999 2000 2001 

Source: Oataquest (May 1997 Estimates) 

n(istTTQm><imm' 

Dataquest Predicts 

Electronic equipment growth of 8% to 9% in 1997 

Semiconductor growth of 9% to 14% in 1997 

Capitai expenditures deciine 12% to 18% in 1997 

Excess capacity untii iate 1998 

Source: Dataquest (May 1997) 
ti(Sns&a.pomyn: 



Connecting For Growth— 
'Intemetivity' And The Semiconductor Industry 

European Applications Market 
Analysis 
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Semiconductor Industry Conference 

J Applications Overview 

Datac^jesl 
A Gainer Group CsTipany 

David Moorhouse 
Associate Director 
Dataquest Europe 

fr'^s^' 
• / J S y 

Applications 
Agenda and Speakers 

Applications Overview 
Communications 
Electronic Data Processing 
Consumer 
Automotive 
Industrial and Mil/Aero 
Summary 

Source: Dataquest (May 1997) 

David Moorhouse 
David Moortiouse 
Robin Daines 
Paui O'Donovan 
Mil(e Williams 
David Moorliouse 
David Moorhouse 

AGWe-aapaiim*' 



Worldwide Equipment Production 
Ex-Factory Revenue 

Billions of Dollars 

CAGR 91-96 
7.3% 

CAGR 96-01 
7.9% 

1991 
Source: Dataquest (May 1997 Estimates) 

1996 2001 

Comms 
16% 

Worldwide Equipment Production 
Ex-Factory Revenue 

\ Consumer 
23% 

1991 World Electronics Production 
Total = $599 Billion 

Source: Dataquest (May 1997 Estimates) 

Consumer 
17% 

Mil/Aero 
Auto 5% 
5% 

2001 World Electronics Production 
Total = $1,240 Billion 

t-wrm-imSim!^ 



Worldwide Equipment Production 
Percentage Growth 1991-2001 

Total 

Automotive 

MiVAero 

Consumer 

Industrial 

Comms 

EDP 

I 

Market Average Growth 

3 

j i ^ ^ i ^ 

T*^*|^^ff^^HnHHW^^^^TF? 

_ P _ _ ^ 
0% 

Source: Dataquest (May 1997 Estimates) 

50% 100% 150% 200% 

UOl^^^^LE^M 
k^i^s&wlxmixv 

What Trends Are Driving This 
Growth in Production? 

Increasing Individual Productivity 
Increasing Value of Information 
User Choice/Convenience 
iVIobility/Portability 
Data Everywhere 
Connectivity 
Safety and Security 

Source: Dataquest (May 1997) 
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Worldwide Equipment Production 
by Region 

1991 Ex-Factory Revenue 
Total = $599 Billion 

Source: Dataquest (May 1997 Estimates) 

AsJa^aclllc 
24% 

2001 Ex-Factory Revenue 
Total = $1,240 Billion 

Total European Ex-Factory Revenue 

300 

250 

200 

150 

Billions of Dollars 

100 

1995 1996 
Source: Dataquest (May 1997 Estimates) 

1997 1998 1999 2000 2001 



European Equipment Production 
Ex-Factory Revenue by Application 

Dttttt 

Processing 
33% 

1996 Electronics Production 
Total = $185.3 Billion 

Source: Dataquest (May 1997 Estimates) 

Mll/Aera 
B% 

Automotive 
8% 

2001 Electronics Production 
Total = $275.2 Billion. 

Aara-aapamw-' 

What Products Are Being Driven By 
These Trends? 

Increasing individual productivity 
Increasing value of information 
User choice/convenience 
Mobility/portability 
Data everywhere 
Connectivity 
Safety and security 

PC, mobile phone 
Smart cards, digital wireless comms 
Digital STB, telecoms liberalisation 
Mobile phone/wireless LAN 
LAN, WAN, remote access, ATM/xDSL 
internet/Intranet, TCP/IP 
Automotive airbag and ABS 

Source: Dataquest (May 1997) 

ri^Ia-SK^te(:w 



How Do These Growth Products Impact 
The Semiconductor Market? 

PC 

Mobile Communications 

Data Networking 

Digitai STB 

Smart Cards 

Automotive Airbag 

Source: Dataquest (May 1997) 

Key Applications Influencing The 
European Semiconductor Market 

Airbag 
0.5% 

Others 
61.4% 

Digital STB 
2.2% 

Digital Cellular 
7.7% 

Card 
0.8% 

1996 Semiconductor IMarket 
Total $28.5 Billion 

Source: Dataquest (May 1997 Estimates) r^^^i^ic^ 
A9^iiratiSjQ:ffiav 



Key Drivers Influencing The 
European Semiconductor Market 

Alrbag 
0.5%. \ 

Others 
52.7% 

Digital STB 
2.7% 

Digitai Ceiiular 
6.1% 

Smart Card 
3.5% 

2001 Semiconductor Market 
Total $62.1 Billion 

Source: Dataquest (May 1997 Estimates) 

European Equipment Production and 
Semiconductor Forecast 

^no -

?5n -

200 

150 -

100 -

50 -

0 

Billions of Dollars 

• Total Equipment Revenue 
-K-Total Semiconductor Market 

• • 1^ 
H H H J^^ 
HB ma -^^"""^m 

~ • • • 1 
-1 1 I 1 • , B 1 • 1 • - , 

Billions of l^liars 

^m JMT W 

WfWm 1 

jjHjl jm ^H 
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60 
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30 
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1995 1996 
Source: Dataquest (May 1997 Estimates) 

1997 1998 1999 2000 2001 
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Electronic Equipment Production 
European Total Ex-Factory Revenue 

Billions of Dollars 

1995 1996 1997 1998 1999 2000 2001 
Source: Oataquest (May 1997 Estimates) 

ftSaw^rSKsr;^ 

European Electronic Equipment 
Production: Communications 

300 
Billions of Dollars 

250 

200 

150 

100 -

5 0 " 

B Total Ex-Factory Revenue 
HCommunications Ex-Factory Revenue 

m • 
^^ Wsk wKk 

BH 1̂ 1 |H[ ^H 

IB ffi,—JM—-fl-

1995 1996 1997 1998 1999 2000 
Source: Dataquest (May 1997 Estimates) 
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| f ^ : 
t^jM' I Electronic Equipment Market Drivers: 

Communications 

Premise Telecoms: 
* Digital Cordless 
* Data Communications 

Mobile Communications: 
* Digital Cellular 
* Mobile Comms Infrastructure 

Public Telecoms: 
* ISDN Line Cards 

'Key Applications 

Source: Dataquest (May 1997) 

European Communications Electronic 
Equipment Production 

1996 Comms Ex-Factory Revenue 
Tofal = $50.3 Billion 

Source: Dataquest (May 1997 Estimates) 

2001 Comms Ex-Factory Revenue 
Total = $69.8 Billion 

IMiKMM 



European Comms Semiconductor 
Market: Key Applications 

Mobile Comms 
Infrastructure 

4% 

<\ Data Comms 
8% 

Mobile Comms 
Infrastructure 

35% 

1996 Comms Semiconductor Market 
Total = $8.3 Billion 

Source: Dataquest (May 1997 Estimates) 

CMgltai ,.... 
Cellular 

22% Data Comms 
S% 

Others 
32% 

2001 Comms Semiconductor Market 
Total = $17.3 Billion 

Aatwaapamai' 

Mobile Communications 
Digital Cellular Production 

Million 
Units 

1996 1997 2001 

Source: Dataquest (May 1997 Estimates) 

1996 Leading Manufacturers 
• Nokia 
• Ericsson 
• Motorola 

Market & Technology Drivers 
• 1997 introduction of 

dual-band handsets 
• Data-intensive, even Internet 

access 
• Semiconductor content: 

- 1996: $87 
- 2001: $51 

C M ^ : ^ ! ^ 



Mobile Comms Infrastructure 
Semiconductor Market 

Billion 
Dollars 

2.S 
2-2 B 

HBaE^D sl^BH 

BHII^H B | ^ & 0 : 

WWWWB m»»™ 

1996 1997 2001 

Soufce: DadaquBBt (May 1997 Estimalas^ 

1996 Leading Manufacturers 
• Ericsson 
• Motorola 
• Nokia 

Marl<et & Technology Drivers 
• Massive exports 
• Multi-band and multi-mode 
• In building pico cellular 
• UMTS rollout starting at end of 

forecast period 

Premise Telecoms 
Digital Cordless Handset Production 

Million 
Units 

3.9 

~ B^^^H ^ W I M H I 
H m B S JmtfBWft 
I™™™* B H H b m 

iHBa^H JHjBMj 

_ Bl^Bo. iE^WBI 

1996 1997 2001 

1996 Leading Manufacturers 
• Siemens 
• Ericsson 
• Philips 

Market & Technology Drivers 
• Driven by consumer market 
• More integration to come In 

RF semiconductors 
• Semiconductor content: 

- 1996: $44 
- 2001: $35 

Source: Dataquest (May 1997 Estimates) A tiirtriSa&iiJiTETi; 



Data Communications 
Semiconductor Market 

Billion 
Dollars 

1996 1997 2001 

Souics: Oalaquest (May 1S97 EEfUmaMs) 

1996 Leading Manufacturers 
• 3Com 
• Cabletron 
• Madge 

Market & Technology Drivers 
• Internet, remote access 

more and more bandwidth 
• High-speed modems 56.6Kb 
• ISDN 
• xDSL (HDSL, ADSL, VDSL) 
• Hubs/switches, bridges/routers 
• 10OMb/Gigabit Ethernet 
• ATM 

AGWs-aai>-a:ma>' 

Public Telecoms 
ISDN Line Card Production 

Million 
Lines 

T r 

1996 1997 2001 

1996 Leading Manufacturers 
• Siemens 
• Alcatel 
• Ericsson 

Market & Technology Drivers 
• ISDN becoming important, 

driven by remote access and 
Internet access 

• Siemens major semiconductor 
vendor 

• Price reduction In liberalizing 
markets 

Source; Oataqueet (May 1se7 Estjmaiss) 



European Semiconductor Market: 
Communications 

30 Billions of Dollars 

25 H 

20 

15-

10^ 

1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 



European Electronic Equipment 
Production: EDP 

300 

250 

200 

150 

Billions of Dollars 

• Total Ex-Factory Revenue 

O EDP Ex-Factory Revenue 

1995 1996 

Source: Dataquest (May 1997 Estimates) 

1997 1998 1999 2000 2001 

oa tMp^ 
fti^eirSEtiKsijssif 

Electronic Equipment Market Drivers: 
EDP 

• Computer: • Storage: 
- PC & Motherboard* - Rigid Disit Drive (RDD)* 
- Workstation 
- Midrange* 
- Mainframe 

n Dedicated: 
- Smart Card* 

* Key Applications 

Source: Dataquest (May 1997) 

- Optical Disk Drive (ODD) 
- Removable Magnetic Storage (Tape) 

• I/O Devices: 
- Page Printer 
- Serial Printer (Ink Jet & Dot Matrix) 
- Monitors 
- Other Output (Plotter) 

xMsm^ 



European EDP Electronic Equipment 
Production 

.<-i.r'":TTrpH'T-(. Market 
,f:. •.:.. •. ]U^!f(fy^ Driver. 

> 9S% 

1996 EDP Ex-Factory Revenue 
Total = $48.2 Billion 

Source: Dataquest (May 1997 Estimates) 

2001 EDP Ex-Factory Revenue 
Total = $89.8 Billion 

RfclXiCS 
Asans'SoipSii^av 

European EDP Semiconductor Market: 
Key Applications 

Midrange 
1 1 % 

ii':S?f!J;ti';*<^'J-> 

others 
15% 

1996 EDP Semiconductor Market 
Total = $11.5 Billion 

Source: Dataquest (May 1997 Estimates) 

others 
5% 

2001 EDP Semiconductor Market 
Total = $27.9 Billion 

D^^jK^ 
fc^TB'aioOTnav 



PC Production 

MIIDon 
Units 

^ . 2 0 

nmtvwM |tglW|M 

H^^gl H U B B 

1996 1997 2001 

Market & Technology Drivers 
• 1997 more active than 1996 
• Processor and memory transition 
• Increasing multimedia functionality 

• Ex-factory ASP 
- 1996: $1,320 
- 2001: $1,480 

• Semiconductor content: 
- 1996: $483 
- 2001: $615 

Source: Dataquest (May 1997 Estimates) 

European PC Production Rankings 

Rank 
1996 

1 
2 
3 
4 

=5 
=5 
=5 

8 
9 

10 

1995 
1 
2 
4 

10 
5 
8 
3 
6 
7 

11 

Manufacturer 
Compaq 
IBM 
Hewlett-Packard 
Dell 
Packard Bell NEC 
SNI 
Apple 
Olivetti 
Vobis Group 
Fujitsu 

All Others 

Total Production 

Unit Production (K) 
1995 
1,900 
1,800 

750 
500 
730 
630 
880 
707 
650 
465 

7,116 

15.928 

1996 
1,900 
1,880 

950 
780 
750 
750 
750 
660 
650 
625 

8,035 

17.730 

1997 
2,200 
2,050 
1,100 
1,000 

920 
900 
800 
800 
725 
700 

9,229 

20.424 

Growth 
1996/1995 

0% 
18% 
27% 
56% 

3% 
19% 

-15% 
-7% 
0% 

34% 

13% 

1 1 % 

1997/1996 
16% 

9% 
16% 
28% 
23% 
20% 

7% 
2 1 % 
12% 
12% 

15% 

i.«:% 

Source: Dataquest (May 1997 Estimates) 



Structural Changes in European 
PC Production 

• Increased production in Central and Eastern Europe, Middle 
East & Africa 

• More OEM & channel assembly: 
- Acer/IBM 
- Mitac 
- Olivetti & Digital ? 

m Local motherboard production declining to 45% in 2001 

• The Japanese influence: 
- Fujitsu (ICL) 
- NEC Packard Bell 
- Sony 

Source: Dataquest (May 1997) 
ila&arajei^ 
msv^mmsi^ 

Midrange Computer Production 

Thousand 
Unite 

209 

458 

233 
*>w ggg 

HnJTr ^WSBM. 
EcÊ ^M KHH^H 
H I H H Bj^n] 
H^^Hl • ^ H S B : 
H H B I MMmM 

t ^ 1^^ 
1996 1997 2001 

1996 Leading Manufacturers 
• Compaq 
• IBM 
• Hewlett-Packard 

Market & Technology Drivers 
• Internet/intranet 
• Price/performance of lA 

• Semiconductor content: 
- 1996: $7,183 
- 2001: $4,374 

Source: Dataquest (May TSSTEstfrnatsE) 



Rigid Disk Drive (RDD) Production 

Million 
Units 

11 

MB SSmi 
tSB wBSa 
BsnB' B B S M ' 
•y^^H B^^B 

^ S flS3S 
a^^ol B^^BM 
l^I^^D ^^^^^H 
BnSS inB^^n 1996 1997 2001 

1996 Leading Manufacturers 
• IBM 
• Seagate 
• Xyratex 

Market & Technology Drivers 
• Storage capacity increase 
• Interface evolution 

• Semiconductor content: 
- 1996: $55 
- 2001: $42 

Saunas: Dataquest {May 1097 EsttmotM) 
f^^^^^J^n^^Et 

Smart Card/Chip Card Production 

Billion 
Unit* 

1.1 
- 0.7 ^ n 

W^^^^K ^^^^^H 
•^^^^^Q HUB^B 
^EESi I I H M U 
K H J J B B S S S I 

^ ^ 
1996 1997 2001 

Source: Oataquest (May 1997 Estimates) 

1996 Leading Manufacturers 
• Gemplus 
• Giesecke & Devrient 
• Schlumberger 

Market & Technology Drivers 
• Diverse application base 
• MCU-based cards gain share: 

- 1996: 22% of total 
- 2001:41 % of total 

• Semiconductor content: 
- 1996: $0.59 
- 2001: $0.80 

nami:^:!^!^!!^ 



European Semiconductor Market: 
EDP 

Billions of Dollars 

1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 

European Semiconductor Market: 
Comms, EDP 

70 

60 

50 

Billions of Dollars 

lEDP 
Communications 

1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) tMamS 



Electronic Equipment Production 
European Ex-Factory Revenue: 
Consumer 
Billions of Dollars 

• Total Ex-Factory Revenue 

. \ 1 
1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 
AQErs'trampamB^' 

Electronic Equipment Market Drivers: 
Consumer 

• Video: 
- Set-Top Boxes* 
- Televisions* 
- DVD+ 
- Camcorders 
- VCRs 

• Personal Electronics: 
- Digital Still Cameras t 

* Key Applications 
t Not significant in forecast period 

Source: Dataquest (IVIay 1997) iMjcaiesi 



Electronic Equipment Production 
European Market Drivers: Consumer 

1996 Consumer Ex-Factory Revenue 
Total = $23.1 Billion 

Source: Dataquest (May 1997 Estimates) 

2001 Consumer Ex-Factory Revenue 
Total = $28.2 Billion 

i)e^m^ 

Semiconductor Market by Application. 
European Market Drivers: Consumer 

others 35% others 31% 

1996 Consumer Semiconductor 
Market 

Total = $3.0 Billion 
Source: Dataquest (May 1997 Estimates) 

2001 Consumer Semiconductor 
Market 

Total = $5.9 Billion 
AanucsapcarsBi.' 



Digital Set-Top Box Production 

Million 
Units 

11.0 

1.7 
3^ 

1996 1997 2001 

Source: Dataqueet {May 1997 Estimates) 

1996 Leading Manufacturers 
• Pace 
• Philips 
• Nolcia 

Market & Technology Drivers 
• Digital broadcasting via 

satellite/cable/terrestrial 
• More bandwidth, more 

services 
• Interactive two-way 

communication 
• Semiconductor content: 

- 1996: $199 
- 2001: $96 

Color Television Production 

Million 
Units 

1996 1997 2001 

1996 Leading Manufacturers 
• Philips 
• Sony 
• Grundig 
• Thomson 

Market & Technology Drivers 
• Digital video broadcasting 
• 16:9 widescreen 
• l-lome cinema 
• Semiconductor content: 

- 1996: $40 
- 2001: $50 

Source; Oatsquest {May 1997 Estimates) 
A^iirf^soiicE;^:^ 



The Arrival of the Digital 
Television 

Web Browser 
Digital IRD 
Terrestrial, Cable, Satellite 

16:9 Digital Television 

DVD Plaver • • ^ High-Speed Modem 

Source: Dataquesl (May 1997) ^E.Qit irm^Wi^ 

The Futunrfthe Digital 
Television 

I 
Lighting 

'^^ j r 
Climatr Control 

^^^C^b 
(j^^^J^jH 
16:9 Digital Television 

I l̂ ^̂ Sl ^H^^mm 
Home Security 

^ ^ B Timed Events 

Source: Oataquest (May 1997) 
UfeMslQ^a^^ 
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European Semiconductor Markets-
Consumer 

10 
Billions of Dollars 

8 -
7 
6 
5 i 
4 
3 
2 
1 H 
0 

1995 1996 1997 199B 19>99 2000 2001 

Source: Dataquest (May 1997 Estimates) 

European Semiconductor Market: 
Comms, EDP, Consumer 

Billions of Dollars 

1995 1996 1997 

Source: Dataquest (May 1997 Estimates) 

1998 1999 2000 2001 

I t l t E i C ^ ^ 



European Electronic Equipment 
Production: Automotive 

300 Billions of Dollars 

• Total Ex-Factory Revenue ^ m 

EH Automotive Ex-Factory Revenue ^ ^ ^ B HflBI 

H^^MEj ^^^BH ^^^^H ^^^^H| 

^^m IHH MS ^^H ^^I ^^I 
^^^^^ l^^^H ^^^Hll Qg^^Ha -H^MSB H H ^ ^ H ^^^^^H 
Hl^^H ^^^^B H ^ B H MHtMj BRIBil H I ^ ^ H ^ ^ ^ ^ ^ I 

~ ^H ^H IBI EH ^M HH ^ H 
^^R ^ H ^^H ^ H m^i ^^1 ^^1 
I^^HB i^^^H IHRBB p̂ Mĵ H jXĵ Hxyj ^B^H ^^^^^1 
^^^BH l^^^H jBBMH HHEMB S I H E ^ KH%^ IS^^^I 

^^9 WBk wSk ^ H ^^M 1^^ ^^1 
^^^BH ^H^^^ ^^BSS BHWBW W ^ ^ H B IBHSI SHSS 

^^H ^^B fiMHl M I ^ RBB HH ^̂ M 
^̂ ^̂ 1̂ ^̂ ^̂ H HUHI BHBHI ^^IHB IBHH Î MSKI 
^^^^^|. ^^^^H i^^Hfl llHlHfi ^Hi^K BHIWI ^SBH 

^ IBMI •••T^ ...HfPW. . ;; . ' " 7 " ,,, 
1995 1996 1997 1998 1999 2000 _2(K)1 

Source: Dataquest (May 1997 Estimates) A&MrQ 

Electronic Equipment Market Drivers: 
Automotive 

Body Control 
- Multiplex Systems 
- Body Computer 

Driver information 
- Auto GPS Navigation 

Systems* 
- Dashboard Electronics 

* Key Applications 

Source: Dataquest (May 1997) 

Powertrain 
- Engine Control Units* 
- Transmission Control Systems 

Safety and Convenience 
- Airbag System Diagnostic iVIodules* 
- Antiiocic Braidng Systems (ABS)* 
- Keyless Entry 
- Security Systems 

I^Mg^^ 



European Automotive Electronic 
Equipment Production 

1996 Automotive Ex-Factory Revenue 
Totai = $13.0 Billion 

Source: Dataquest (May 1997 Estimates) 

2001 Automotive Ex-Factory Revenue 
Total = $22.7 Billion 

AMi-̂ aiifj tsrpni 

European Automotive Semiconductor 
Market: Key Applications 

Body Control 
2% 

Saf«ty& 
Convenience 

28% 

Body Control 
7% 

Safety & 
Convenience 

26% 

1996 Automotive Semiconductor 
Market Total = $2.4 Billion 

Source: Dataquest (May 1997 Estimates) 

2001 Automotive Semiconductor 
Market Total = $5.9 Billion 

E î̂ ::^^!: 
Aia^Bfaa&iiTsy 



Engine Control Unit Production 

Untts 14.9 

1996 1997 2001 

1996 Leading Manufacturers 
• Robert Bosch 
• Magnet! Marelli 
• Siemens Automotive 

Market & Technology Drivers 
• Known good die 
• Increasing functionality 
• Multi-valve engines 
• Semiconductor content: 

- 1996: $36 
- 2001: $37 

Sourcs: OataqusM (May 1^7 EstimHtas) 

ABS Production 

Million 

1996 1997 2001 

Source: Dataquest (h^ay 1997 Estf males) 

1996 Leading Manufacturers 
• Robert Bosch 
• ITT Automotive (Teves) 
• LucasVarity 

Market & Technology Drivers 
• Legislation 
• Traction & engine control 
• Dynamic vehicle control 
• Brake boosters 
• Semiconductor content: 

- 1996: $36 
- 2001: $31 



Airbag (SDM*) Production 

MKIIon 
Unl» 

1996 1997 2001 
* System Diagnostic Module 

Source: Dataquest (May 1997 Estimates) 

1996 Leading Manufacturers 
• TRW 
• Autoliv (Morton) 
• Siemens Automotive 

Market & Technology Drivers 
• US Legislation 
• Seat sensors 
• Chip level system integration 
• Semiconductor content: 

- 1996: $21 
- 2001: $23 

GPS Navigation System Production 

Million 
Units 

1.35 

0.15 

1996 1997 2001 

Souree: Dataqusst (May 1997 Esilmatea) 

1996 Leading Manufacturers 
• Philips 
• Blaupunkt (Robert Bosch) 
• TECmobility (Magneti Marelli) 

Market & Technology Drivers 
• Digital maps & content 
• GSM/GPS integration 
• GPS chip sets vs GPS 

engines 
• Semiconductor content: 

- 1996: $315 
- 2001: $180 

D^mmsi 
fiSnp^t^isTtnv 



The In-Car GPS Navigation System. 
Evolving Multimedia Platforms 

GPS Engine 
- GPS Receiver (Input) — RF ASIC 
- Signal Processor — Digital ASIC 
- Position Processor (Output) — 

lUIPU, SRAM, ROIVI 
CD-ROM/DVD (Digital lUlap) 
Navigation Processor Unit 
LCD (I/O system) 
Dead-reckoning (I/O system) 
Trip Computer (I/O system) 
In-Car Entertainment (Audio, TV, 
Games, Karaoice, internet,...) 
Cellular Phone (I/O system) 

Source: Dataquest (May 1997) 

Graphics Courtesy of Philips 

Example: Philips CARiN System 

Î ^^^^SB^HB 

vt^^^W^^p^T^^^yTV^TTT^^' ••;^^'?^"'^- ^ 
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Intelligent Transport Systems 
Infrastructure ^. ^^ 

^^^rf^^^^^tagF^^^P^ SSB^^H GPS Rfltfillrtfi.Q'^ 

AirportJnformation Road Traffic Information 
"" and Control ^%. J 

Traffic Control / Information Cmtre 

\ 
l^ td Baawt Smart Car with )itMtllg«Rt 

R*calyerSy«t«m X :̂ rasM^;, 

Polica Traffic J nfcmiatEOrt 

Source: Dataquest (May 1997) 

Traveller Infonnation 
Terminals 

•jj 
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European Semiconductor Market: 
Automotive 

Billions of Dollars 

1996 1997 

Source: Dataquest (May 1997 Estimates) 

1998 1999 2000 2001 

t a ^ j K s i 

Semiconductor Market: Comms, 
EDP, Consumer, Automotive 

Billions of Dollars 

1995 1996 1997 1998 1999 2OO0 

Source: Dataquest (May 1997 Estimates) 

2001 
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Electronic Equipment Production 
European Ex-Factory Revenue: 
Industrial & Military/Aerospace 

300 

250 

Billions of Dollars 

H Total Ex-Factory Revenue 
@ Military & Civil Aerospace Ex-factory Revenue 
El Industrial Ex-factory Revenue 

1995 1996 
Source: Dataquest (May 1997 Estimates) 

1997 1998 1999 2000 MOI 

ikWiitTj^SSimxv 

Electronic Equipment Market Drivers 
Industrial & Mil/Aero 

Industrial: 
* Motor Drives 
* iUletering 
* PLCs 

• Mil/Aero: 
* Civil Avionics 

Source: Dataquest (May 1997) 



Industrial Electronics 
Semiconductor Market 

BIMIon 
Dollars 

Leading Manufacturers 
• Siemens 
• ABB 
• GEC 

H/larl<et & Technoiogy Drivers 
• iVIotor Drives 
• Security and Energy IManagement 
• Metering 

1996 1997 2001 

Source: Dataquest (May 1997 Estimates) iMtac^K: '̂ 
iiSitBaaptanarv 

Mil/Aero Electronics 
Semiconductor Market 

IMIIllons 
Dollars 

^1 T" 

1996 1997 2001 

Leading Manufacturers 
• Matra 
• GEC 
• Alenia 

Maricet & Technoiogy Drivers 
• Euro Fighter entering production 
• Defense electronics company 

mergers improving competitiveness 
• Revival in world Civil Aerospace 
• Airbus Industries exceeding market 

growth 

Source: Dataquest (May 1997 Estimates) D^'iC^im 
ASa^O'^QjWtnjHv 



European Semiconductor Market: 
Industrial & Military/Aerospace 

10 
9 
8 
7 -
6 
5-^ 
4 -
3 
2 
1 
0 

Billions of Dollars 

I Mil/Aero Semiconductor Market 
Industrial Semiconductor Market 

tUSHiS;;; 

1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) •jkjK^i^^JI^Mii^in, 
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Semiconductor Market: 
All Applications 

Billions of Dollars 

@ Mil/Aerospace 
• Industrial 
H Automotive 
î Consumer 

pEDP 
Communications 

1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 



uropean Semiconductor Market and 
ffilectronic Equipment Production 

Data Processing 

Communications 

Consumer 

industrial 

Transportation 

itfliiitary/Aerospace 

Totai Electronic 
Equipment 

1996 
Semiconductor 

Marlcet 
$28.5 Billion 

$48B 

$50B 

$23B 

$308 

$13B 

$21B 

$1858 

Source: Dataquest (May 1997 Estimates) 

1997 
Semiconductor 

Market 
$30.7 Billion 

$56B 

$58B 

$24B 

$32B 

$14B 

$21B 

$205B 

2001 
Semiconductor ^ ^ i i | S 8 

Market ^S^^^m 
$62.1 Billion 

$90B 

$70B 

$28B 

$448 

$238 

$208 

$275B 

13.3% 

6.8% 

4.0% 

8.0% 

11.7% 

-0.1% 

8.2% 

Ip^^ l^ :^^ ' 
A%$tr€R(^t{qy 

European Semiconductor Market 

Data Processing 

Communications 

Consumer 

Industrial 

Transportation 

M i 1 itary/Aerospace 

Total Semiconductor 
IMarket 

1996 
Semiconductor 

Market 
Dollars Billion 

$11.58 

$8.38 

$2.98 

$2.98 

$2.48 

$0.58 

$28.5B 

Source: Dataquest (May 1997 Estimates) 

1997 

Dollars Bi 

$11.08 

$10.08 

$3.38 

$3.18 

$2.88 

$0.58 

$30.7B 

ictor 

llion 

2001 
Semiconductor 

Market 
Dollars Billion 

$27.98 

$17.38 

$5.88 

$4.68 

$5.88 

$0.78 

$62.1 B 

19.4% 

15.8% 

14.7% 

9.6% 

20.0% 

4.3% 

16.8% 

I ^ ^ j y ^ 
fiS?w5i!:^ajtTnv 



European Semiconductor Market 
Applications Conclusions 

• Underlying electronic equipment production growth stronger next 5 years 

• Unit production volumes of high volume equipment contlnlues to grow 

• New products moving Into volume production, boosting European 
semiconductor market 

• Semiconductor market continues to grow faster than electronics production 

Source: Dataquest (May 1997) 



Connecting For Growth— 
'Intemetivity' And The Semiconductor Industry 

European Device Market Analysis 
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European Semiconductor Conference '97 

European Device Market 
Analysis 

Richard Gordon 
Joe D'Elia 
Jim Tully 
Jim Eastlake 

The European Memory Market 

^Memory 
25% 

• Memory 
- Richard Gordon 

• Microcomponent 
- JoeD'Elia 

• ASIC 
- Jim Tully 

• Total Forecast 
- Jim Eastlalce 

Total 1996 Revenue 
$28.55 Billion 

Source: Dataquest (May 1997 Estimates) 
«!jjtx»tsrspQiip?¥ 



Memory Share of MOS Digital TAM 

17% 

Total 1996 Revenue 
$28.55 Billion 

Source: Dataquest (May 1997 Estimates) 

In 1996: 

• MOS Digital accounted 
for 69% of the total 
semiconductor maritet 

• Of MOS Digital: 

- Memory 36% 

- Micro 47% 

- Logic 17% 

Relationship between MOS Memory and 
MOS Microcomponent 

1995 1996 1997 199B 1999 2000 3001 

Source: Dataquest (May 1997 Estimates) 

n; in 1996, MOS Memory 
revenues dropped 
below MOS Micro 

• MOS Memory proportion 
of MOS Digital will 
recover during forecast 
period 

m In 2000, MOS Memory 
will once more be tlie 
largest portion of MOS 
Digital 

EfitMneS; 
AawHSapcSipfii 



What Happened to the European 
MOS Memory Market in 1996? 

SI Nonvolatile 
DSRAAA 

@DRAM 

1995 1996 

• MOS Memory revenues 
declined by 30% 

DRAM crashed by 40% 

SRAM fell by 13% 

Nonvolatile grew by 20% 

• $10b in 1995 to $7b in 1996 

Source: Dataquest (May l997Estimates) nQar^sn^sss^^-

The Shifting MOS Memory Market: 
1995 vs 1996 

1995 
Source: Dataquest (May 1997 Estimates) 

1996 



1996 MOS Memory Market Share 
Ranking 

1996 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1995 
Rank 

1 
2 
3 
8 
7 
6 
4 
13 
10 
9 

Samsung 
NEC 
Siemens 
Hitachi 
Fujitsu 
Texas Instruments 
Hyundai 
SGS-Ttiomson 
LG Semicon 
Tosliiba 

Ail Otiiers 

Total Market 

quest (May 1997 Estimates) 

Revenue 
1995 ($m) 

1,470 
849 
790 
618 
643 
646 
781 
275 
452 
579 

2,971 

10,074 

Revenue 
1996 ($m) 

1,090 
540 
494 
469 
433 
409 
395 
391 
376 
342 

2,119 

7,058 

Percentage 
Change 

(26) 
(36) 
(38) 
(24) 
(33) 
(37) 
(49) 
42 

(17) 
(41) 

(29) 

(30) 

1996 Market 
Share (%) 

15 
8 
7 
7 
6 
6 
6 
6 
5 
5 

30 

100 

tMxgmA 
ASnnranpftjiwiv' 

The DRAM Cycle 

Millions ($) 

-»-Quarterly revenue 

— 12-month avg. growth 

Growth (%) 

200% 

Source: WSTS/Dataquest (May 1997 Estimates) 



I DRAM Capacity Outlook 

Q2'97 Q4'97 Q4'98 Q4'99 Q4'00 Q4'01 

Overcapacity 20-25% 10-15% 0% 0% 10-15% 
Undercapacity 0% 5-10% 0% 

• Overcapacity will remain in place throughout 1997 and 
most of 1998 

• A period of tight supply is expected during 1999 and 
most of 2000 

• Before the return of overcapacity in 2001 

Source: Dataquest (May 1997 Estimates) S ^ ^ S ^ ^ ^ ^ 

uropean DRAM Market Forecast 
Spring 97-^Part 1 

(Millions of Dollars) 1996 1997 AGR 2001 CAGR 

Dynamic RAIUI $4,759 $4,158 -13% $12,515 2 1 % 

Market Conditions: Short Term (1997) 

• European PC production forecast to grow by 15% to 20.3 million 
• Average main memory fit expected to increase to 28MB 
• Historic DRAM bit growth maintained at about 70% per annum 
• Overcapacity remains in place 
• Reference pricing will act to provide an ASP floor level 

Source: Dataquest (May 1997 Estimates) 



European DRAM Market Forecast 
Spring '97—Part 2 

(Millions of Dollars) 

Dynamic RAM 

1996 1997 AGR 2001 CAGR 

$4,759 $4,158 -13% $12,515 21% 

Market Conditions: Longer Term (2001) 
• European PC production forecast to grow by CAGR of 15% to 35 million 
• Average main memory fit expected to increase to 120MB 
• Historic DRAM bit growth maintained at about 70% per annum 
• DRAM market will recover throughout 1998,1999 and 2000: 

- Synchronous DRAM will replace EDO 
- 64Mb density will dominate the market 

Source: Dataquest (May 1997 Estimates) 

European SRAM Market Forecast 
Spring '97 

(Millions of Dollars) 

Static RAM 

1996 1997 AGR 2001 CAGR 

$800 $890 11% $2,042 21% 

Market Conditions 
• Fragmented marketplace: 

- Many vendors 
- Many and varied applications 

• Fast SRAM price declines of 1996 stabilise 
• All PC's fitted with at least 256Kb cache, moving to 512Kb 
• Slow SRAM market driven by communications applications 

Source: Dataquest (May 1997 Estimates) AS«H6ras>ttiwrv 



The Shifting Nonvolatile Memory 
Market 1995 vs 1996 

1995 Market Size 
$1,180 Millions 

Source: Dataquest (May 1997 Estimates) 

1996 Market Size 

$1,414 Millions 

ACBteiswcajifav 

Nonvolatile Memory Market Forecast 
Spring '97-^Total 

(Millions of Dollars) 

Nonvolatile Memory 

1996 1997 AGR 

$1,414 $1,441 2% 

2001 CAGR 

$3,797 22% 

Comprising: 
- EPROM, EEPROM, Flash and Mask ROM 

Market Conditions 
• Growth driven by Flash and EEPROM 
• Death of EPROM accelerating 
• Mask ROM market remains insignificant 

Source: Dataquest (May 1997 Estimates) î SJsciJocSiBty 



Nonvolatile MOS Memory Forecast 
Spring '97—EPROM 

(Millions of Dollars) 

EPROM 

1996 1997 AGR 

$282 $230 -18% 

2001 CAGR 

$163 -10% 

Market Conditions 
• Market decline driven by: 

- Flexibility of Flash 
- Cost effectiveness of Mask ROM 

• Exacerbated by: 
- Increasing cost competitiveness of Flash EPROM 

Source: Dataquest (May 1997 Estimates) 

Nonvolatile MOS Memory Forecast 
Spring '97—EEPROM 

(Millions of Dollars) 

EEPROM 

1996 1997 AGR 2001 CAGR 

$431 $459 7% $1,525 29% 

Market Conditions 
• Continued pervasion of devices in all application areas: 

- Communications - mobile handsets 
- Consumer - Television, VCR 
- Automotive - ABS, Airbag 

• Market growth driven by Smart Cards: 
- Pre-paid telephone cards 
- True Smart Cards 

Source: Dataquest (May 1997 Estimates) 
OKtte^e^ 



Nonvolatile MOS Memory Forecast 
Spring '97—Flash 

(Millions of Dollars) 

Flash 

1996 1997 AGR 2001 CAGR 

$641 $705 10% $2,056 26% 

Market Conditions 
• ASPs fell by 50% during 1996 as competitive pressures increased 
• 1 Mb and 2Mb densities in demand in Automotive: 

- Engine Control Units 
• 4Mb and 8Mb densities in demand in Communications: 

- European GSM handset production forecast 39 million in '97 
• Slow adoption of 16Mb in Europe 

Source: Dataquest (May 1997 Estimates) 

Nonvolatile MOS Memory Forecast 
Spring 1997-^Mask ROM 

(Millions of Dollars) 

Mask ROM 

1996 1997 AGR 2001 CAGR 

$60 $47 -20% $53 -2% 

Market Conditions 
• Stagnant market dominated by Printer application 
• Europe accounts for only 4% of the global market 

Source: Dataquest (May 1997Estimates) 



MOS Memory Forecast 
Spring 1997 

(Millions of Dollars) 

MOS Memory 

Dynamic RAM 
Static RAM 
Nonvolatile Memory 
Other MOS Memory 

1996 

$7,058 

4,759 
800 

1,414 
85 

1997 

$6,587 

4,158 
890 

1,441 
98 

AGR 

-7% 

-13% 
11% 
2% 

15% 

2001 

$18,504 

12,515 
2,042 
3,797 

150 

CAGR 

21% 

21% 
21% 
22% 
12% 

Source: Dataquest (May 1997 Estimates) 
^^^m^^C^^^^v^^^^ 
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Microcomponent Explosion 

Microcomponent 
33% 

Total 1996 Revenue 
$28.55 Billion 

m Memory 
- Richard Gordon 

• Microcomponent 
- Joe D'Elia 

• ASIC 
- JimTully 

> Total Forecast 
- Jim Eastlake 

Source: Dataquest (May 1997 Estimates) tMac^ie^ 
^ilss^^jr^^M^^iX^'j-



Microcomponent—1996 in Review 

(Millions of Dollars) 

IVIOS iVIicrocomponent 

Microprocessor 
Microcontroller 
Micro peripheral 
Digital Signal Processor 

1995 

7000 

3196 
2030 
1226 
548 

1996 

9371 

5088 
2083 
1542 
658 

AGR 

40% 

59% 
3% 

26% 
20% 

%of 
TAM 

33% 

18% 
7% 
5% 
2% 

MOS Microcomponent largest growth segment In 1996 
Different growth drivers among subcategories 
Becomes biggest portion of European Semi TAM 

Source: Dataquest (May 1997 Estimates) 

Top 10 Microcomponent Companies 
1996 

Millions of Dollars 
5,000-t 

B1995D1996 

Source: Dataquest (May 1997 Estimates) 

ASrt^TMssxxiiprv 



1996 Growth Drivers—Part 1 

PC continued to be prime driver for Microprocessor: 
- Low rate of technology advancement 
- Intel dominated with 67% growth, 85% share: 

• Portion of growth is result of redistribution of revenues 
- AMD/Cyrix had 5% of total Microprocessor TAM 

Microcontroller revenue flat: 
- 8 bit unit growth continued, 2% revenue decrease 
- 16 bit highest growth 33%: 

• Automotive, Cellular Radio, Digital Consumer 

Source: Dataquest (May 1997 Estimates) 

1996 Growth Drivers—Part 2 

Mlcroperipherals fueled by PC and Comms growth: 
- Intel main participant with PC chipsets with 25% share 
- Rockwell dominates Comms sector with 13% share 
- Philips rising force in Video/Imaging with 9% share 

DSP fuelled by Mobile Comms growth: 
- 4 players dominate segment with 96% share 

• Tl = 42%, Lucent = 31%, ADI = 12%, Motorola = 9% 

Source: Dataquest (May 1997 Estimates) 

WW 



Microprocessor Forecast—Part 1 

(Million of Dollai^ CAGR 
1997 AGR 2001 96/01 

Microprocessor $5,088 $5,790 14% $10,500 16% 

Assumptions: 

• PC maricet continues to grow at 15% CAGR to 2001 
• Intel continues to drive technology adoption rate: 

- Intel releases four major new processor families In 1997: 
• MMX, Pentium 11, Tlllamool<, Deschutes 
• New modular packaging for desktops/mobiles 

- AMD releases K6 
- Cyrix releases MediaGX, M2 

Source: Dataquest (May 1997 Estimates) D H O C ^ ^ M 

Microprocessor Forecast—Part 2 

AMD/Cyrix and others continue to provide competition to Intel 
Power PC in compute applications continues at low single-digit 
share 
Other RISC volumes continue to be driven by embedded 
applications 
x86 architecture continues migration into embedded space 

Source: Dataquest (May 1997) F i ^ S ^ ^ ^ ^ ^ 

ftOT^Sa^aiirv 



Microcontroller Forecast 

(IMillions of Dollars^ 

Microcontroller 

Assumptions: 

1996 

$2,083 

1997 

$2,250 

AGR 

8% 

2001 

$4,240 

CAGR 
9&01 

15% 

• Digital Handset unit growth continues at 25% CAGR to 2001 
• Automotive swing to 16/32 bit continues to ramp as application 

complexity grows 
m True Smart Card adoption accelerates as secure multifunction 

capabilities proliferate 
• Digital Consumer applications continue to grow 

Souroe: Dataquest (May 1997 Estimates) fcJ^St^KH 
ft^^^stifSmssv 

I Microperipheral Forecast 

(Millionsof Dollar^ CAGR 
1996 1997 AGR 2001 96̂ 01 

Microperipheral $1,542 $1,770 15% $3,610 19% 

Assumptions: 

• PC growth maintained at 15% through 2001 
• +45% of PC Motherboards remain manufactured in Europe 
• Second-Tier Cellular Handset manufacturers use off-the-shelf 

chipsets 
• Consumer digital products utilise merchant marlcet ASSPs 

Source: Dataquest (May 1997 Estimates) ' O O S ^ | | J ^ M 
AfS^^Hfiasjffiilirv 



Digital Signal Processor Forecast 

(MlllonsofDillar^ 

Dgtal Sg^y RocssBor 

Assumptions: 

1S96 

$6BB 

1997 

$790 

tCR 

2QP/o 

2Q01 

$^130 

QQGR 
SSfOI 

mo/ 
27% 

DSP continues to expand into vo lume Consumer applications 
lUlobile Base Stations deployment increases in step with Celullar 
Handset growth 
Motor Control becomes vo lume application 

Source: Dataquest (May 1997 Estimates) 

\Microcomponent—Total Forecast 

(Millions of Dollars^ 

M 0 6 Microcomponent 

MicroprocesBor 
Microcontroller 
Microperipheral 
Digital S i^ ia l Processor 

1996 

$9,371 

$5,088 
$2,083 
$1,542 

$658 

1997 

$10,600 

$5,790 
$2,250 
$1,770 

$790 

AGR 

13% 

14% 
8% 

15% 
20% 

2001 

$20,480 

$10^500 
$4,240 
$3,610 
$2,130 

CAGR 
96^01 

17% 

16% 
15% 
19% 
27% 

Source: Dataquest (May 1997 Estimates) .OM^^^LI^^ 
AiMiltU^tUI)^^ 

file:///Microcomponent


Microcomponent as Share of Total 
TAM 2001 

Discrete Others 
8% 3% 

Analog 
15% 

Memory 
30% 

'Microcomponent 
33% 

Total 2001 Revenue 
Source: Dataquest (May 1997 Estimates) $62.12 BllllOn OS^KJ^C^ 

A^iwsa^&taav 

Microcomponent Segment Split 
1996/2001 

1996 Revenue 
$9.4 Billion 

2001 Revenue 
$20.5 Billion 

Source: Dataquest (May 1997 Estimates) OtteMSl 
ni^iSlireif&WW 



ASICs: Which Way Now? 

ASIC/Logic 
12% 

Total 1996 Revenue 
$28.55 Billion 

Memory 
- Richard Gordon 

Microcomponent 
- JoeD'Elia 

ASIC 
- Jim Tully 

Total Forecast 
- Jim Eastlake 

Source: Dataquest (May 1997 Estimates) iMacH^' 
AQsj^s^a^iiptefav 

ASICs: Key Features 

Have to be designed-in 
Interface is primarily with designers 
Needs different sales approach from that of 
commodity products 
Needs close integration with design tools 
Harder to switch; customers are 'locked-in' to a greater 
degree 

Source: Dataquest (May 1997) 
ASrtaSrspQIiprv 



A Three-Way Partnership 

EDAX^ndor 

Design tools 
(software) 

ASIC 
Process 

Libraries 

OEM ^ ^ 

" Iroot-end (logical) 
design. Eg.VUDL, 

synthesis, limiilarinti 

Finished Eteviees 

Nctlist 

Back-end (physical) 
design. Eg. piace 

and route 

Manufacture W-^ 
Etevices 

Source: Dataquest (May 1997) 

European ASIC Market Share 

1 9 9 6 
R a n k 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

C o m pa ny 

L u c e n t T e c h n o l o g 
T e x a s I n s t r u m e n t s 
L S I L o g i c 
V L S I T e c h n o l o g y 
M i e t e c 
S G S - T h o m son 
N E C 
X l l i n x 
M o t o r o l a 

i e s 

A u s t r i a n lUI i k ro S y s t e m s 

T o t a l A l l C o m p a n i 

Source: Dataquest (May 1997 Estimates) 

e s 

R e v e n u e 
( $ M ) 

2 8 0 
2 0 8 
1 8 8 
1 7 9 
173 
1 6 7 
1 5 8 
125 
1 12 
1 0 6 

2 , 9 5 1 

A G R 
(%) 

164 
42 
4 

33 
7 

67 
-4 
15 
1 
1 

24 

I M ^ M ^ 



Forecast Assumptions 
(Short/Medium Term) 

Cell-based ICs will continue to 
gain share 
Gate Array market will flatten, 
squeezed between CBICs and 
PLDs 
PLDs will capture a significant 
portion of the 'less than 20K gate' 
market 
Availability of 'soft' processor and 
other cores will boost PLD market 

b l̂i-Base^ 
•/Devices;:'" 

Source: Dataquest (May 1997) 

Forecast Assumptions 
(Short/Medium Term) 

Telecoms will continue as major driver, with 
networking and consumer showing strong growth 
BiCIMOS technology will continue its decline 
Full-Custom ASICs will continue to decline 
Cannibalisation process will continue 

Source: Dataquest (May 1997) 
|r:PW)s-T: 
^̂ ŝ̂ ĝgpfc' 



ASIC Forecast—Europe 

Millions of Dollars 

3,500 

3,000 

-Gate Array 
PLD 

-Cell-Based 
-Mixed-Signal I 

1995 1996 1997 1998 1999 2000 2001 

Source: Dataquest (May 1997 Estimates) 

Forces For Change: Manufacturing 
Races Ahead 

Manufacturing teclinology r, 
progressing at incredible 
rate 
12M transistors; 3[\/l gates l^^' 
on a device. NOW! 
Silicon capacity for 
system-on-chip: compute 
engine, memory and logic 
(SLI) 

.'»'*;ffwr 

Source: Dataquest (May 1997) 
Source: Dataqueat/SGS-Thomson 

1, . ^ ^ ^ j R ^ ^ ^ E i H l j t 
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Forces For Change: Intellectual 
Property (IP) Market 

Re-use of large functional 
blocks/cores/macros is the only 
solution 
New market in intellectual 
property about to explode ... 
- 1996: $60 million worldwide 
- CAGR 65% to 2004 

I'WaoiJos 

Forces For Change: 
Design Technology 

Third-party design tools proliferate: 
- Wide range of cores 
- Ability to manufacture anywhere 

Language-based design becoming mainstream 
Hardware/software co-design solutions emerging 
SLI/ASIC design methodology widely used outside of 
pure ASIC market: 
- MPU, DSP, ASSP,... 
- Key driver of semiconductor market 

Source: Dataquest (May 1997) 



Design Houses Proliferate 

Increasing number of 
design houses 
Greater quantity and 
more stable in Europe 
because: 
- Redundancies 
- Fewer start-ups to 

steal staff 
- l\1obiiity barriers 

Independent Design 
Houses (Worldwide) 

Europe 
67% 

Americas 
22% 

Source: Dataquest (May 1997 Estimates) 

ASrmifepdjsipjfV 

A Market Torn Apart 

^^^^ce* 

'"^-'ll 
Source: Dataquest (May 1S97) 

teg^"^^ 

iMac^e^ 
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Which Way for ASIC Vendors? 

WSm^ g 

f ^ Foundry • | 

• Core strength in | 
manufacturing I 

• Logistics expertise I 
• Flexibility j 

ataquest (May 1997) g 

i 
\m 'P Provider ^ 1 

1 • Core strength in 
1 design 
1 • Distribution channels 
1 • Support/ 
1 consultancy 

1 8 AiBTErQa.pSJ!WV 

Conclusion 

Strong growth over forecast period 
Fragmentation/cannibalisation will continue 
Big changes are afoot in the longer term 
Impending structural changes in response to SLI 
requirements 
SLI is creating and driving the IP market; key driver of 
wider semis market 
ASIC vendors must re-examine their businesses 

Source: Dataquest (May 1997) 
AiiiTGr^^^i^rgj?^ 



Total Forecast 

other 
Discrete 

j^'^i B 

Analog / • i . ^ m l ^ ^ ^ n 
^•jrTMffiMmp 
K;-^^^gKm^ 

^ ^ ^ Memory 

Loglc/ASIC ^ » w =: iKff^*^ 

Micro-
Component 

Total 1996 Revenue 
$28.55 Bil lion 

• 

• 

• 

• 

Memory 
- Richard Gordon 

Microcomponent 
- JoeD'Elia 

ASIC 
- JimTully 

Total Forecast 
- Jim Eastlake 

Source: Dataquest (May 1997 Estimates) wmm^ 
iS^nrQW&iitRri' 

Worldwide Quarterly Unit Shipments 
of Semiconductors 

(lUllliions of Units) 
60,000 

I I I I 

s s 
D C O 

Source: WSTS/Dataquest (May 1997 Estimates) 
A3f»«aapCMipry 



Worldwide Unit Shipments— 
Year-on-Year Quarterly Growth Rate 

Source: WSTS/Oataquest (May 1997 Estimates) 

World Semiconductor Market 
Quarterly ASP Trend 1990-97 

^ z > UiWll 
Source: WSTS/Ciataquesi (May 1B97 Estimates) I M a ; i ; E g t 

ASWHSsspCWipry 



World Semiconductor Market— 
12/12 ASP Growth Rate 

-25% 
Source: WSTS/Dataquest (May 1997 Estimates) •Os^aemsst 

Annual ASP Trend of Leading 
Device MarketS'1990 to 97 

DRAM 
Micro 
MOS Logic 
Analog 
Power Transistor 

**• -V 
# \ 

1990 1991 1992 1993 
Sojxe: WSTS/Dataquest (May 1997 Estimates) 

1994 1995 1996 1997 



\Total Market 3-Month & 12-Month 
[Moving Average Billings Growth 

Source:WSTS/Dataquest (May 1997 Estimates) L^^^^^^S^iiBtL 

r ji.WK^*. 
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Europe an Semiconductor Market 
Consumption 
(Millions of Dollars) 

Total Semiconductor 
Total IC 

Bipolar Digital 
MOS Digital 

Memory 
IVIicrocomponent 
Logic 

Analog 
Discrete 
Optocom ponents 

1996 

28,548 
24,901 

246 
19,814 
7,058 
9,371 
3,385 
4,841 
2,848 

799 

Forecast 

1997 

30,650 
26,534 

202 
21,081 
6,587 

10,600 
3,894 
5,250 
3,211 

906 

AGR 

7% 
7% 

-20% 
6% 

-7% 
13% 
15% 
8% 

13% 
13% 

2001 

62,116 
55,387 

92 
46,055 
18,504 
20,480 
7,071 
9,240 
5,220 
1,508 

CAGR 
2001/96 

17% 
17% 

-18% 
18% 
21% 
17% 
16% 
14% 
13% 
14% 

Source: Dataquest (May 1997 Estimates) 
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Major Product Markets— 
Share of the European Market 

Opto 

Bipolar 

1990 1991 1992 1993 1994 1995 1996 1997 1 

Source: Dataquest (May 1997 Estimates) 

1999 2000 2001 

SSStlDT^^a^SVl' 

Summary of Forecast 
Assumptions 

• PC has become a long-term driving force 
• Cultural shift toward electronics 
• Electronics market elasticity 
• Communications, consumer and automotive 

markets are alive and driving 
• Capacity/demand imbalance corrected end 1998 
• DRAM market next peak in 2000 
• x86 MPU dominance 
• Structure of the industry is changing 

Source: Dataquest (May 1997) Oa^e^cs!^ 



European Market Share 

'^IfiSB 

Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

European Ranking-1996 
^ (Millions of Dollars) 

H l ^ t 

Company 
Intel 
Siemens 
Motorola 
SGS-Thomson 
Philips 
Texas Instruments 
Samsung 
NEC 
Hitachi 
Toshiba 
Total Europe 

Source: Dataquest (May 1997 Estimates) 

1995 
3,240 
2,058 
1,955 
1,533 
1,789 
1,560 
1,505 
1,429 

947 
1,095 

28,341 

1996 
5,044 
2,068 
1,844 
1,814 
1,747 
1,502 
1,156 
1,095 

872 
810 

28,547 

Growth 
56% 

0% 
-6% 
18% 
-2% 
-4% 

-23% 
-23% 

-8% 
-26% 

1% 
IMaica: 
ASJfSSSriSSQIiP?!^ 



I Europe Rankins-Without PC* 
[^H^S 

Overall 
4 
2 
5 
3 
6 
8 
1 

10 
12 
9 

(Millions of Dollars) 

Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

:* Company 
SGS-Thomson 
Siemens 
Philips 
Motorola 
Tl 
NEC 
Intel 
Toshiba 
National Semi. 
Hitachi 

Total Market 
Source: Dataquest (May 1997 Estimates) ' 

1995 
1,515 
1,543 
1,787 
1,783 
1,151 

870 
685 
766 
612 
543 

19,691 

1996 
1,800 
1,768 
1,747 
1,734 
1,266 

755 
750 
652 
605 
568 

20,865 
Minus PC DRAM and MPU 

Growth 
19% 
15% 
-2% 
-3% 
10% 

-13% 
9% 

-15% 
- 1 % 
5% 
6% 

0@^[^L^^ 
•lartTT^SJKpasiprv 

alaQLiesl 
ariner Group Company 
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Dataquest European Semiconductor 
Procurement Survey: 1997 

Jim Tuily 
Principal Analyst 

CtetaQiiest 
A, fijistn--- ZtoMp t;cmp:;i;v 

Procurement Survey Overview 

Survey major European buyers of semiconductors 
Target significant portion of market 
Key survey dimensions ... 
- Amount purchased 
- Purchase outlook 
- Purchase criteria 
- Vendor assessment 

Method: Telephone / fax 
Survey date: March - May 1997 

Source: Dataquest (May 1997) 



Participants—1 

Mitel 
Alcatel 
Valeo Electronics 
Hewlett-Packard 
SCI Europe 
3Com Access 
Philips Business Communications 
•Motorola ECSD Ltd 
Sony Broadcast & Professional 
Research Machine 
3Com Technologies 
Ericsson OMC 
Jabil Circuit 

Source: Dataquest (May 1997) 

Dassault Automatismes et 
Telecom m un ications 

Apple Computer 
Siemens AG 
Motorola ECID 
MET Commutation 
Alcatel Telecom 
Alcatel Telecom Antwerp 
Matra Communication 
Valeo 
Bull 

Alcatel SEL 
Racal Mobilcal Ltd 
Loewe OPTA GmbH 

Participants—2 

Electrolux Zanussi Electrodomestici 
Bruel & Kjaer 
Semi-Tech 
Cabletron Systems 
Seleco Spa 
Psion Computers pic 
Ericsson Business Networlcs AB 
Ascom Business Systems AG 
Brother industries (UK) Ltd 
Samsung Electronics Research Inst. 
Altec SA 
Grundig 
Biaupunict-Werke GmbH 
Calluna Technology 

Source: Dataquest (May 1997) 

British Aerospace (Systems & 
Equipment) Ltd 

Valeo Borg Instruments GmbH 
Apricot Computers Ltd 
AST Ireland Ltd 
Welwyn Systems Ltd 
SEW Eurodrove GmbH & Co 
Memorex Unirepair BV 
Bull 

Rohde & Schwarz 
E.G.O Elektro-Geratebau Gmbh 
DeTeWe 
Becker Automotive Systems 
Acer Computer BV ^^^^^ 



Participants—3 

Panasonic C.T.V 
Hitachi Home Electronics Europe Ltd 
Ericsson Diax A/S 
Mitac Europe Ltd 
Tefal SA 
Siemens Automotive SA 
GPT Ltd 
Osterreichische Philips 
Industrie GmbH 
Siemens pic 
IBM - ECP Europe 
Bang & Olufsen A/S 
SNIAG 
Sony 
Siemens ATEA 

Source: Dataquest (May 1997) 

Siemens AG 
Danfoss A/S 
Alcatel CIT 
Avex Electronics 
Nortel 
Hewlett-Packard 
Oki-UK Ltd 
NUM SA (Schneider Group) 
Syntaq 
Delta Eiectronica Spa 
Dassault Electronique 
Siemens Med Mek 
3Com Ltd 
Nortel 

EfalaQpest 
h ftiftnr-- Grous iicmp-^E-y 

Participants—4 

Ericsson AB 
ICL - Fijitsu 
Audioiine 
Maxon Communications 
Radiometer Medical 
Hughes Microelectronics 
Nokia Telecoms 
Brother industry 
Solotron 

Source: Dataquest (May 1997) 
St 



Significant Sample Size 

• $12.6 billion semiconductors 
purchased by sample 

• 44.4 percent of total market 

• Wide range of company sizes 
(<$1mto>$2.5b) 

• Significant basis for decision­
making 

Sample size: 
S12.6 billion 

Total Market 1996 
$28.55 billion 

Source: Dataquest (May 1997 Estimates) 
ttetaQiiest 

Semis Spend by Country/Region 

1 

m^m^g^mmsmSmmasmMm^xsBmmSmwsm^mm J 

^ f^ f- • f- f- f, T ' f 

Source: Dataquest (May 1997 Estimates) 

500 1000 1500 2000 2500 3000 3500 
$ millions 
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Respondents by Title 

Director/CEO 
69% 

Buyer 
15% 

Senior Buyer 
16% 

Total Responses: 91 
Source: Dataquest (May 1997 Estimates) 

ItetaQiicst 

Projected Growth by Sector 

0% 5% 10% 15% 20% 

Percent Spending Increase Expected 

Source: Dataquest (May 1997 Estimates) 

25% 

AtiSflisf^ Pf^^icir'.rrtmpiDr 



Largest Users by Category 

DRAM $1.8 billion 

SRAM $446 million 

EEPROM $359 million 

Micros * $2 billion 

Computers (especially PCs and 
workstations) 

Central office, car radio & navigation, 
PCs, mobile infrastructure 

As SRAM, plus aircraft guidance, 
defence systems 

PCs and peripherals, VCRs, car 
security and navigation, TV and 
satellite receivers 

* MPU, MCU and DSP 

Source: Dataquest (May 1997 Estimates) 
ttetaQuest 

Largest Users by Category 

Gate Array $622 million 

Cell-Based $457 million 
ICs 

PLDs $181 million 

Network adapters, car radio / 
navigation, PCs, central office 

Central office, car navigation, 
network adapters, PCs 

Mobile base stations, network 
adapters, PCs, aerospace, 
defence 

Source: Dataquest (May 1997 Estimates) EtetaQiiest 



Number of Vendors, by Sector 

• Average number of 
vendors: 56 (98 in 1996) 

• Highest figures in 
industrial sector 

• Higli in 'dissimilar 
products' companies 

• Low in 'one product' 
companies (especially 
PCs) 

How many vendors do you do business with? 

f:-urmm}ir •—-*- .ulu.u— ~ 
C U r lilP̂ BMmHHSH 

-̂ 3̂  Comms i}taaaffi»»''tffjgfffHr| 
. J ^ 
^^z: ^ 

Automotive ^^eaaSi^ 

KESi 1 
r.t9 01996 

@1997 
1 

^̂ 2̂ 

40 60 80 100 

Number of vendors 

120 

Source: Dataquest (May 1997 Estimates) Itotaoyest 

Direct vs Distributors 

(O 
o> 
O) $2,000 

<U SI ,500 

CO 

o 
^ 81,000 

3 
'D c o 
O S500 

E 

Total Semi Spend 
Distributor Percent 

I 
I 

I 
Respondent Number 

Source: Dataquest (May 1997 Estimates) 



The Distributor Channel 

• Semis revenue 
through distributors: 
$348 million 
• 3.9% of total 

EDP 

Comms 

Industrial 

• l\/IOStly t o c o m m s a n d consumer 
EDP sectors 

Mil/Aero 

Automotive 

Source: Dataquest (May 1997 Estimates) 

0% 10% 20% 30% 40% 

Percentage of Totai Semis Purchases 

Ctetac^est 

Distributors: Mil/Aero Dominates 

0% 5% 10% 15% 20% 
Percentage of Each Sector Through Distributor Channels 

25% 

Souree: Dataquest (May 1997 Estimates) 
DataQiiest 

t 



Advantages/Disadvantages of 
Distributors 

Advantages 

Flexibility 
Stocking 
Service 
Delivery 

No of 
Mentions 

25 
18 
10 
6 

Disadvantages 

Pricing 
Technical support 
Non-availability 
Service 

No of 
Mentions 

42 
15 
6 
5 

Source: Dataquest (May 1997 Estimates) tfatac^est 

Inventory 

EDP 

Reduced in EDP comms 
- Continued easing 

of supply Consumer 

Flat or rising in 
other sectors 
Expected reduction 
(1997/98): 33% 

Industrial 

Automotive 

Mil/Aero 

10 20 30 40 

Average Inventory (Days) 

rtetaQuest 
Source: Dataquest (May 19S7 Estimates) 
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Top Five Issues—Overall 

Ratings (1-10 scale) 

Rank 

1 
2 
3 
4 
5 

1996 

Quality/Reliability 
On-Time Delivery 
Pricing 
Cost of Ownersliip 
Flexibility 

8.1 
7.9 
7.3 
7.1 
6.9 

1997 

Pricing 
On-Time Delivery 
Avail, of Products 
Flexibility 
Lead Times 

8.5 
8.3 
8.2 
8.1 
8.0 

Source: Dataquest (May 1997 Estimates) 
•Stn-v- [i:'j-^z LicfTiC:-

Top Five Issues—EDP 

1 

2 

3 

4 

5 

1996 

Quality/Reliability 

On-Time Delivery 

Pricing 

Inventory Control 

Cost of Ownership 

7.9 

7.7 

6.4 

6.1 

5.8 

1997 

Pricing 

L-Term Agreements 
Flexibility 

On-Time Delivery 

Avail, of Products 

8.4 

8.0 

7.9 

7.3 
7.1 

Source: Dataquest (May 1997 Estimates) CtetaQiiest 

10 



Factors Causing Vendors to Lose 
Business-'EDP 

0% 5% 

Source: Dataquest (May 1997 Estimates) 

10% 15% 20% 25% 30% 
DataQpest 
'''•;!:Sln-:; tirauc licrtipfi^iv 

Top Five Issues—Communications 

1 

2 

3 

4 
5 

1996 

Flexibility 

Cost of Ownership 

Quality/Reliability 

On-Time Delivery 

Pricing 

8.3 

8.2 

7.9 

7.7 

7.7 

1997 

On-Time Delivery 

Pricing 

Avail, of Products 

Lead Times 

Flexibility 

8.8 

8.8 

8.7 

8.6 

8.5 

Source: Dataquest (May 1997 Eatlmates) 

11 



Top Five Issues—Consumer 

1 
2 
3 
4 
5 

1996 

Avail, of Products 
Pricing 
On-Time Delivery 
Lead Times 
Flexibility 

8.7 
8.3 
8.2 
7.9 
7.4 

1997 

Avail, of Products 
On-Time Delivery 
Pricing 
Lead Times 
Flexibility 

8.3 
8.1 
8.0 
7.8 
7.0 

Source: Dataquest (May 1997 Estimates) 

Top Five Issues—Automotive 

1 
2 
3 
4 
5 

1996 

Pricing 
Cost of Ownership 
On-Time Delivery 
Responsiveness 
Avail, of Products 

9.8 
9.5 
9.5 
9.3 
9.0 

1997 

Pricing 
Quality/Reliability 
Cost of Ownership 
Flexibility 
Avail, of Products 

9.8 
9.7 
9.2 
9.1 
8.9 

Source: Dataquest (May 1997 Estimates) 

12 



Conclusion 

Record number of responses; 69% from Director/CEO. 
Strategic shift/change of policy? 
Vendor reduction continues. Increasing competition in 
EDP 
Distributor channels viewed as flexible but expensive. 
Technical support challenge. 
Desire for inventory reductions continue, but seem 
difficult to achieve 
Price returns to top concern overall 

source: Dataquest (May 1997) ! S ^ ! S f ô .! 
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Dataquest European 
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Presented by: 

Jim Eastlake 
Vice President and Director 
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Vice President and Director 

Semiconductor Group 
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Connecting For Growth—'Intemetivity' 
And The Semiconductor Industry 

Seamless Connectivity: The Role Of 
Wireless 

The Autonet 

Connecting The Interactive Consumer Via 
Multimedia 

Processor Solutions For Connectivity 





Connecting For Growth— 
Tnternetivity' And The Semiconductor Industry 

SEAMLESS CONNECTIVITY: 
THE ROLE OF WIRELESS 

Chairman: David Moorhouse 

Dataquest—^A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 

©1997 Dataquest—Reproduction Prohibited 



Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Integrated Cellular And Cordless—The Next 
Generation 

: 

Jeremy Hendy 
IC Technology Business Manager 

Symbionics Ltd 

Jeremy Hendy is responsible for the IC Technology business area at Symbionics, based in 
Cambridge, England. Symbionics provides design services and technology licensing to OEMs 
and senuconductor companies in the wireless commvmications and multimedia markets. Jeremy 
has been with Symbionics for 5 years, developing IC technology for DECT, PWT, PHS, GSM, 
radio local loop and multi-mode. Prior to joining Symbionics, Jeremy spent 4 years in the telecom 
systems marketing group of Texas Instruments' semiconductor division in the UK, working on IC 
designs and systeni solutions for CT2, DECT and GSM as weU as spending some time as an ASIC 
Field Applications Engineer. Jeremy graduated from the University of Liverpool with a first class 
Honours degree in Electronic Engineering. 
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Integrated Cordless and Cellular 
The Next Generation 

Jeremy Hendy 
Business Manager - IC Technology, Symbionics Ltd 

jph@symbionics.co.uk 

SiMft 1 D/UKt/DOCnf^£B3<frnWXI3l MO 

Symbionics 
engineering new business 

• Design services & technology licensing 
I Cellular, Cordless, RLL, Digital TV 
I Designs end-products and ICs for 
equipment manufacturers and IC vendors 
Global view of markets, players and 
technologies 
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Integrated Cordless & Cellular 

Multi-mode/multi-band background 
• Sorting the sheep from the goats ! 

Market drivers for Cordless+Cellular 
• Understanding the market forces 

GSM/DCS/DECT Market size 
• Does anyone want it ? 

IC Technology requirements 

611^ 3 [M^kCT/DOC/PflEBtDVr/TKiaV i.Q tf i^riui^n«^>«« 

Which mode combinations ? 

Analogue Cellular + Digital Cellular 
• stopgap solution for the US marl<et 
• AlViPS with everything ? (CDIVIA, D-AIVIPS,...) 
• Difficult to pick a single winner for the US 

Satellite + Digital Cellular 
• Low volume, high value market 
• Addressed by NRE-funded ASIC technology 
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Which mode combinations ? 

Multi-band Digital Cellular 
• Intercontinental combinations (GSM/DCS/PCS) 

• Low volume, high value end-use market 
• Major drive from GSM operators for WorldPhone 

• Single continent combinations (GSM/DCS) 
• Becoming a mainstream product for Europe 
• "No brainer" for new IC developments 

Digital Cordless + Digital Cellular 
9 New consumer market opportunity 

Which standards ? 

Europe 

US 

Japan 

Asia 

Digital 
Cordless 

DECT 

PWT 
PACS 
Proprietary 
PHS 

PHS 

Digital 
Cellular 

GSM 
DCS1800 

IS-136 TDMA 
IS-95 CDMA 
PCS1900 
PDC 

GSM/DCS 

Analogue 
Cellular 

(E)TACS 
NMT 

AMPS 

JTACS 
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Integrated cordless and cellular 

Europe: DECT/GSM/DCS1800 
• Significant harmony between standards 

Japan : PHS/PDC ? 
• Operator competition issues 

Asia:PHS/GSM 
• Different modulation schemes add to cost 

US: fragmented (!) 
• PCS + Unlicensed PCS ? ISM cordless ? 

Smwf BMKTffJO&r*flS&n-fTB0M^ 1,0 «»i^rim>^Biis««» 

Multimode market forces 

•New services/ 

•Capacity 
• Dual band 
• Dual mode 

\» Data services 
• Bandwidth 

Cellular 
Operators 

Multi 
Mode 

^ Handset 
Dual^ 
Band ^ ^ J X T ^ Mode 

•Lowest cost 
• Operator choice 

•Mobility 

Mobility 
• CTM 
^•Dual mode 

i« Fixed services 
• Cordless 

. , • Multimedia 
Dual 

Fixed 
Operators 

Users 
• In-building 
• Wide Area 
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DECT/GSM/DCS1800 Multimode 
Application Scenarios 

DECT 
Private Base 

p ^ 

DECT 
A Public Base 

DECT 

-Piff^^ 

DCS1800 

-ti^pL^ 

GSM 

add 3 owicTfljocffiHesorT^Tgooaf m 

Why tripie mode GSiVi/DCS/DECT ? 

• Cellular operators want multi band 
• Will subsidise 1800 MHz RF component for DCS1800 
• Will not subsidise DECT 

• Users want dual mode cordless+cellular 
• Consumer product choice 
• Delta cost for DECT is critical 

• Triple mode meets both needs 
• Minimal cost overhead from Dual Band is achievable 
• Needs integrated chipsets and innovative RF architecture 

w i/riM^^ivi^BP^ 



Multimode handset + home base 
• User buys cellular phone + home base 

• DECT/GSM/DCS1800 phone + DECT home base 
• Signs up normal GSM or DCS service agreement 
• Still attracts cellular handset subsidy from operators 

• Indirect benefits to cellular operators 
• Phone becomes "personal" - increases cellular usage 
• Increased contactability, "one number" services, etc... 

• Pragmatic - no infrastructure impact 
• Sell alongside regular cellular phones 

9 Market for consumer epuipment manufacturers 

Supply chain discontinuities 

/ 'c V 
\ Manufacturers J~ 
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^ Y Handset 
^ ^ Manufacturers 

/ ' "Retf l l i /Dlst t ~̂  
\ ^ ^ Channels 

"Consumer"^^-^ 
cordless 

model 

\ /̂  Network \ 
y ' - ; \ Operators J 

' • ^ 1 "Cellutar 
* ' *y model 

N j^ Service ~ \ 
y \_ Providers ^^ 

1 ' 

r̂  Users J 
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Do the users want a multimode 
cordless/cellular phone ? 

• Symbionics commissioned an independent telephone survey of 
200 cellular users 

• A simple product concept was presented 
• Buy the package of "multimode" phone + "home" base 
• No airtime charges for using the home/office base 
• Could buy additional domestic cordless handsets 

• Questions were then asked to test interest 
• Would you be interested in buying this product ? 
• How much would you pay ? 
• Would you buy additional cordless handsets ? 
• What's important in a mobile phone ? 

Slide 13 DMKr/DOC/PRESerr/TE003'1.0 

Symbionics multimode survey 
results 

81% interested in buying the product 
£50 price tag acceptable to « 90% of buyers 
40% would like additional liome cordless 
phones 
Most important factors in choosing a phone: 
• Monthly charges (cost of ownership) 
• Speech quality 

w •/r i iH^^i^i^M* 



GSM World Congress Survey 

Would you like to use GSM-based dual-
mode/dual band ? 
• 96% said Yes 

What type of multi-mode ? 
• 33% said GSIVI/DECT 
• 47% said GSIVI/DCSISOO 

• GSM/DECT/DCS1800 meets needs of 80% 

Slide 15 DMKT/DOC/PRESENTn3003'1.0 WlWlUl^n^l' 

GSM World Congress Survey 

Would it bring benefit to your business ? 
• 85% said yes 

• Operators & equipment manufacturers 

What price penalty would you pay ? 
• 90% OK with GSM + 10% 
• 40% OK with GSIVI + 30% 



British Teiecom market research 

• BT's estimate of UK multimode market 
• 4.5 million small business/SOHO customers 
• 4 million residential customers 

• Assume 3 year product life 
• 2.8 million units per year 

• Extrapolate to European population 
• 70 million TAM 
• 23 million units per year 

$iav 17 owKT^DOCWEsatfT^raBa' i.o 
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Dual IVIode Terminal Price Elasticity 

J e o 

•a I =0 

^ 40 \ 
/ 

( 
\ ^ t J y^' 

% 

J 
/ 

zr 

\( X' 
V ^ 

S^ = GSM World Congress 

Soiree ; Nokia 
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DECT/GSM/DCS1800 
Handset Bill-Of-Materials estimates 

DECT 
Assumes production in 1998/99 
Based on integrated RF & BB 
chipset availability 
Much cheaper than GSM today 
($150 to $200) 
Triple mode 11 % more 
than GSM-only 
Triple mode 3% more 
than GSM/DCS 

GSM DCS1800 

Slide 19 DMKT/DOC/PRESBfT/TBOOa^ 1,0 
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Triple Mode DECT/GSM/DCS1800 
Total Available Market forecast 
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What about UMTS? 

UMTS/IMT-2000 likely to invent new air 
interface 
• Service based on GSM mobility platform 

Service launch unlikely before 2002 
• Specification work ongoing in ETSI 

Integrated cordless/cellular is a stopgap 
• 5 to 10 year marl<et window 

Skip t i OMKr^xciP^ssB^rroxis/1 a 

Baseband Technology issues -
Physical Layer Processing 

GSM/DCS suited to DSP solution 
• Relaxed group delay allows "off line" receive processing 
• Flexibility is an advantage for performance optimisation 

DECT needs a hardware solution 
• Group delay constraints force "real time" receive processing 
• Cost constraints & high symbol rate drive optimised signal 

processing hardware 

Solution is a hybrid 
• DSP core + additional hardware accelerators 

$ H * s ouKTXitXi/pfteaofTfTBoos ta wvriM^mi^*w 



Baseband Technology issues -
Voice Coding 

) DECT uses 32 kbps ADPCIVI 
• Low complexity waveform coding 

• Traditionally implemented in Application Specific DSP for 
cost & power reasons, 4..8 MIPs 

GSM/DCS uses various voice coders 
• Full rate, Half rate, Enhanced Full Rate 

• Traditionally implemented in DSP, 3..30 MIPs 

Solution is programmable DSP 

&Wff 23 &W?f(/DOQrTre5HirTfTB0[»' M 

DECT/GSIVJ/DCSISOO Baseband IC 



Baseband IC strategy for multimode 

• Create multinnode variant of multiband 
GSM/DCS baseband IC 
• Additional hardware accelerators 
• Additional ROM for voice coding 

• Modify GSM/DCS mixed signal blocks 
• Dependent on architecture of radio 

SlIdBS DMKTfiOCffiESBitJT&nV 1 jQ «#l#FIUI^^HB^»«y 

Radio tecKinoiogy issues 

• DECT = 4 X GSM channel bandwidth 
• Incompatible channel spacing 
• Fast synthesizer settling requirement 

• Must scan for DECT in GSM standby 

• GSM/DCS need linear RX (AGC) 
• DECT protocol not designed for AGC 

• Avoid VCO and filter proliferation 
• Avoid Duplication of PA and LNA 

SIM a atMCtiOOC/ftfesattftmoat I A V l/^r liM^^I Vl\a*«» 



DECT/GSM/DCS1800 solution 
based on integrated iCs 

s i d a ^ nwKT/DocvPfiEa&n'TflHjv IB «# tMt lu i^r f i ve^d-tf 

RF IC strategy for multimode 

• Apply additional thinking at design stage 
I Produce competitive integrated multi-band 
RF chipset for today's market 

• Support multi-mode operation with 
minimal additional silicon area 
i Be the first with a multimode-capable 
chipset to secure key design-ins 



Multlmode - challenges for the 
semiconductor industry 

Investment decision 
• Need to "leapfrog" competitors increases risk 
• Offset by mainstream Dual Band opportunity 

Specification & design 
• Spec is more difficult than single mode DECT/GSM/DCS 

• Design effort can be similar to multi-band 

Time-to-volume 
• Significant hurdles to equipment manufacturers 

9 Can address with software and reference designs 
Sitia 29 a/kKTSOOCJPflEEEKTfV^acai ^ if 

IC Technology trends for wireless 
• Late 80's/Early 90's - ASIC 

• Early adopters building up IP themselves 

• Mid/Late 90's-ASSP 
• Integration drives single chip solution 
• Maturing standards de-risk investment 

• Late 90's/00's - Customer Specific SP 
• Differentiation can only be through silicon 
• Multlmode is a good example 
• Tier 2/3 OEMs will stick with ASSP 

> » o/VKJ/otK/Pfisss^rTgota/tjf uT/riuiwriis^ 



Chipset differentiation 

I Almost a "me-too" market by definition 
I Cost is main driver for cellular market 

• Winners provide kit pricing for most of the BOIVI 

I Power consumption is next 
• ...and can't be subsidised ! 

Multiband/multimode are opportunities for 
function & feature differentiation 

Slide 31 DiMKr/Doc/PRESB^fwooy 10 Hi/tntSm^rn^^ 

BB IC Technology Requirements 

Low cost, low power CMOS process 
• System voltage will be limited by RF PA 
• Low voltage core operation can reduce power 

Mixed signal is the key technology 
• 2 chip or 1 chip partitioning driven by cost and risk 

• l\/lultimode may need tweaks to GSM mixed signal blocks 

On-chip Flash for code development 
• before going to mask ROM for production 
^ ^Ar^KA rviQi/ )r\e\ Q r^r\r\r4 r^ryrmtrMrr^rmie^rs m MOM may be a good compromise 
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BB IC Technology Requirements 

Embedded DSP + Micro cores 
• Low power, low cost, memory efficient 
• Must address embedded code development issue 
• Need competent development tools (C compiler etc) 
• There's more to life than MIPs - need firmware as well! 

Support for Customer-Specific ICs 
• Variants of "Generic" ASSP solution 
• Must have IP blocks available for all key cordless & cellular 

standards 

stitfv^ \MKJJQQCiP?^EsaiiTfT9x3/:a 

RF IC Technology requirements 

High performance, low cost processes 
• 25 GHz, low Ft, Bipolar/BiCMOS 
• Move to high performance CMOS for lower cost ? 

Libraries of well-characterised components 
• Characterised passives 
• Precharacterised circuit blocks 

• Fractlonal-N synthesizers, image-reject mixers etc 

Low cost packaging, characterised for RF 
• Broad range of low inductance packages 

SHB M ouKTiCXicvpAEasvmBDow ID wlyriiflwr^iw^ 



IC Methodology Requirements 

Customisability 
• May move away from "one size fits all" 
• Vendors with ASIC flow have an advantage 
• Infrastructure for customer-specific mask ROMs 

IP availability 
• DSP/MCU cores & third party IP for key wireless standards 

Need for complete solutions 
• Lower the barriers to reduce time-to-volume 
m Chipset, software & complete reference designs 

SiOt as EMMKiJDOOmES&n/lBOIMf t.a ««•rriui\^iVB\i>w 

C£ Software radios" - tlie future ? 

• Significant interest in S/W radio concept 
• Mostly from the military ! 
• Operators champion the downloadable air interface 

• Significant technical challenges 
• Will push process technology to the limits 
• High linearity, wide bandwidth RF solutions 
• Several GIPs of DSP power 
• All for $50 and 10 mW... 
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Conclusions 

Convergence of cellular & cordless is the 
next big opportunity 
Likely to be addressed by "consumer" 
driven manufacturers looking for a niche 
Successful products need low cost, 
integrated RF and Baseband chipsets 
Customisation is the key I 
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Connecting For Growth— 
'Intemetivity' And The Semiconductor Industry 

Integrated Digital Baseband Platform For 
Digital Wireless Communications 

Gilles Delfassy 
Vice President and General Manager 

Wireless Communications Business Unit 
Texas Instruments 

Gilles Delfassy is in charge of the Worldwide Wireless Commtmications Business Unit at Texas 
Instruments. Since joining TI in 1978, Gilles has held a number of positions in sales, marketing 
and management. In 1984, he joined ASP, then named MMP, as European Product Marketing 
Manager for microcontrollers. In 1988, he was named Automotive Business Manager for Europe, 
and became European DSP Department Manager in Septentber 1989. During these years, Eviro-
DSP is largely credited with defining, shaping and executing the strategy which eventually led TI 
to a leadership position in the wireless communications market - with such partners as Ericsson, 
Matra, Kyocera and Nokia, and such products definitions as BBIC and Lead Cores. In 1995, Gilles 
moved to Dallas to take worldwide responsibility for the Wireless Communications organization 
with the charter to make TI the dominant semiconductor supplier in this market. Gilles holds 
both an M.S.E. and an M.B.A.. 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 
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Integrated Digital Baseband 
Platform for Digital Wireless 

Communications 

Tl Wireless Comm Systems 

Gilles Delfassy 
Vice President and General Mgr 
Texas Instruments Wireless 

Communications Business Unit 

05/09/97 

Digital Wireless Terminals-
Major Opportunity 

Digital OUular "SUce^ 

Year End 1996: 

71 M total terminals: 41 M digital; 30 M analog 

4F Tl Wireless Comm Systems 

^AMPS 
MTACS 
• NMT-450 
B NMT-900 
@NTT 

• CDMA 
a GSM 
SPDC 
BTDMA 
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Digital Cellular Handsets-
Extreme Challenges 

size 
Power Consumption 
Cost 

Market Fragmentation due to multiple 
air interfaces 
Multlmode Requirements 

^ ^ Tl Wireless Comm Systems 
os/oam 

Initial Digital Cellular 
Architecture (1990) 

5 chip Baseband/ 3Chip DBB 
5 Volt Operation 
500+ cc Volumes 

Standby times on the order of 8 hours 
Talk times in the 1 -1.5 hour range 

^ ^ Tl Wireless Comm Systems 
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Humble Beginnings (1990) 

m. MMif'°^H ^"-HJ^roBfi 
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Current Digital Cellular 
Architecture 

Single Chip Analog Baseband 
Single Chip Digital Baseband 
Sizes as small as 150 cc 
Standby times in the 200-400 hour 
range incent users to keep the units 
activated 
Talk times exceeding 5 hours 

< ^ ^ Tl Wireless Comm Systems 
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Current Situation (1996/7) 

05/09/97 

Unified Digital Baseband 

DSP and associated memory 
MCU Core 
ASIC logic exceeding 200K gates 
Integrated on chip peripherals 

Tl Wireless Comm Systems 
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Single Chip Digital Baseband 
(DBB) Applications 

wmBsmmss^^ms^^^M^^^^^^^m^^m 

GSM 

IS 95 CDMA (Digital plus AMPS) 
PDC 

IS 136 TDMA (Digital plus AMPS) 

"^f Tl Wireless Comm Systems 

osmmi 

Applying the DBB-
Same Platform, Different Configurations 

-¥ 

GSM IS95 CDMA PDC IS136 TDMA 

y^codd'a':' • • i-

Ctmn Coding 

Demod 

40-45 mm 

^V î̂ odar̂ . : 

OiflTi Codbg' 

AMrs 

20-30 MIPS 

^i'i'i^^'^ifi 

Vtjtoder^"..' 

Qianf^t^ng 

Demod 

40-50 MIPS 

' Vocodas . • . i"; 

•Ch^nCodiiig-^ 

Dwnud/AMPS 

40-45 MIKI 
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Evolving to the Next Step 
(2000) 

Key Semiconductor Trends Impacts to Digital Wireless Baseband 

Digital Cellular 2001 



^bn 

Summary 

Digital wireless communicators represent a major 
opportunity with major challenges 
In response to these challenges, the single chip 
baseband platform has been developed 
This platform, fueled by technology trends, will 
evolve further to support the challenges of 2001 and 
beyond 

» Broadband Wireless 3rd Generation Systems 
» Wireless Internet Access 
» Voice Driven Interfaces 
» Image Based Services 

Tl Wireless Comm Systems 
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Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Problems With Future Baseband 

Ronald Rosenzweig 
President and CEO 

Anadigics Inc. 

Ronald Roser\zweig is President and Chief Executive Officer of Anadigics Inc., based in Warren, 
New Jersey, USA. He has held this position since co-founding the company in 1985. Anadigics is 
the leading resource for the design and manufacture of high speed, gallium arsenide (GaAs) 
analog integrated circuits (IC's) used in high volume commercial and consumer electronic 
applications such as cellular and PCS telephone handsets. In addition to directing the successful 
day-to-day operations of Anadigics, Ronald was also a co-founder of Microwave Semiconductor 
Corporation (MSC). He served as President of MSC for 15 years. MSC, a market leader in 
microwave silicon and GaAs transistors and amplifiers, was later sold to Siemens Corporation 
and, subsequentiy, to SGS Thomson. Ronald is a graduate of the City College of New York where 
he received his Bachelor of Science Degree in Chemical Engineering. 
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Wireless Communications 
Cellular Base Station 

Saf^ 
Telgnhonv 



Mobile Subscribers Worldwid 
Million 
600 

1995 1996 

Source: Ericsson 

1997 1998 1999 2000 



Cellular/PCS Handset Market: Large and 
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Transition to "Tri-Mode" 800/1900 M 
PCS Terminals, U.S. Market, 1996-200 
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World Digital Cellular Subscnbers by S 
December 1996 
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Market Condition & Demand 
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The GaAs IC Solution 



Bill-of-Materials for Chips in a GSM 

Baseband 
Analog/Mixed 

Signal 20% 

$100 BiU-of-Materials 

Source: Dataquest 



Wireless Handset Block Diagr 
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Why Gallium Arsenide ICs? 

Isolation 

Bandwidth 

Noise figure 

Linearity 

Efficiency 

Size and weight 

Reliability 

Cost performance 

DISCRETE 
COMPONENT 

+ 
+ 
+ 
+ 
+ 

SILICON 
ICs 
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Ga 
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+ 
+ 
+ 
+ + 
+ 
+ 



ANADIGICS ICs in Cellular/PCS Teleph 

Standards driven 

Lower operating v 
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Smaller footprint 

Higher efficiency 
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Cellular/PCS Handsets with G 
IC Power Amplifiers 

Nokia GSM 
(AWT0904) 
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900/1900 Dual Band DAMPS 
GaAs IC Power Amplifier 

RFIN_A 

Power rVREF_A 
Control I VREF B 

VDB 
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900/1900 MHz Dual Band DAMPS 
GaAs IC Power Amplifier 

DESCRIPTION 

The AWT is a highly 

integrated GaAs monolithic 

Power Amplifier suited for 
I j - U n o / o / rk * i i !J = 

uuLn o^H-o^y rinz 

AMPS/DAMPS and 

1850-1910 MHz TDMA/CDMA 

dual-band handset 

applications 

FEATURES 

High Output Power 

High Efficiency 

Low Distortion 

28 Pin SOIC Plastic 

Surface Mount Pac 

Low Cost 
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'Internetivity' And The Semiconductor Industry 

The Future Of The Navigation System Market 

Roy Metcalfe 
Market Development Manager 

Navigation Technologies 

Roy Metcalfe is Market Development Manager for NavTech, based out of their European 
headquarters in Frar\kfurt. He has more than 20 years' experience in the electronics industry, 
including 12 in semiconductors. Roy is responsible for the development of new markets within 
NavTech and is currently active in the mobile area of transport telematics focusing on d5niamic 
route guidance, inclusion of live traffic and Mayday services. During his time with National 
Semiconductor, Roy gained experience in applications engineering, sales and marketing, 
specializing in personal systen\s AMD commvmications solutions. Roy has a Honours degree in 
Electronic Engineering from Manchester. 
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The Future of The Navigation 
System iVIarliet 
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I;- I '§ \ 
Roy Metcalfe 

Market Development Manager 
avigation Technologies 

Future Technology Conference 
Navigation Technologies 
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• Future Systems 
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Navigation Technologies 

[Huge Market Potential 

Luxury 

Business 

Rental Cars 

Sourcas: DRI, Company Analysis 

Future Technology Conference 

1996 Annual 
New Vehicle 

Sales 

Vehicles 
in Use 

Navigation Technologies 



Navigation IVIarket Tomorrow 
M ,^- -.g. 

Initial Unit Sales in U.S. and £uro|>e ^ 

1996 

Source: NavTech Analysis 

Future Technology Conference 

11.7M 

2000 2003 ' ^ 0 0 ^ ,* 

JVovjjf afuHi Technabrgxa 

Route Guidance Product 
Market Estimltes ,̂  
implied Unit Sales in U.S. and Europe* 

1997 1998 1999 2000 2001 '2002 

B Extrapolation from Japan's Percentage of Navigation Products in New Vehicles Sold (Assumes 28 Million New 
Vehicles Each Year) 

S Extrapolation frpm Japan's Percentage of Total Vehicles in Market Carrying Navigation Products (Assumes 400 
million Total IVehiclcs) 

^ii 
^Assumes 1994 for Route Guidance Products in Japan is comparable to 1997 in U.S. 

Future Technology Conference »r • .<• -r » i • 
Navigation Technologies 

A^ 
^ 



Projected Product Adoption Curves 
for Navigation Systems-Europe 

't' 
%of 

Households 
Owning 

Navigation 
Systems 

NOTE: 25% houiahold penotntlon In Eun>pe cormBponds to a •omewhat higher penetration of vehicle population. 

Future Technology Conference 
Navigation technologies 

Price Matters 
Demaid Analysis for Route Guidance Products: 

U.S. and Europe 

-:;M 
"^ 

\ 
0 

. nHr 

" It 

f-

% !; Implledi" 
I , \ U n i t 
" bemand 
_ 4A (Uillion 

New 
Vehtttes) 

9 m& 

$401-$600 $601-$800 $801-$1000 $1001-$2000 >$2000 

Price 
/ 

Source: Center for Strat^ly Research, January 1996 
'^'Assumes 28 miNion new vehicle sales 

Future Technology Conference 
Navigation Technologies 
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Expansion of System 
Functionality 

Car Control |fawrtjftanc& ^ ^ 

^^^^^BiftUteatiuiJ!Jittm?m>;^»'ftf. 
•WHBMBHlMBMIJIWffJ!tfliri!r->' 
^^^^^^BBlBBwmBBKBafi^^ 

1994 1997 1999 2003 2005 Beyond 

• First Generation of: 
- Route Guidance 

Product 
- l\/layday System 
- Trar-'~'irTTiation 

Reporting 

are available but 
unconnected... 

Wexf generation 
of products will 
integrate Route.^ 
Guidancef Isj 
Mayday, and-M'^^ 
Traffic Reporffn0 

j f ' 

Future Technology Conferonce 
Navigation Technologies 



JFuture Possibilities for 
Integrated in-Vesl̂ icle System 

!• RoiJte guidance systern can serve as 
platform for other^s^ryices: ^ 
-^^^Office in the Cal̂ * r'Dafshboard Desktop" \ 
- Voice: mail / E-mair ^ 
- Access dcteuments from;;Gffice or Internet 
- Conduct business trarts^ions 
- Send/^eceivefaxes ^'ii 

- Entiiiainment facilities for backseat 

Future Technology Conference 

A^ 

Navigation Technologies 

l i l : 

Future Vehicle Warning & 
Contror Systems ^ 

12 

I f Adaptive Cruise Control 
#i|=iiel Economy Assistance 
• Headlight Direction Control 
• Obstacle Warning ''^' 
• Curve Warning 
• Lane Ifj^ilowing 

x. 
rl-' 

- I 

1 
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Enabling Vehicle Warning & 
Control Systems 

p Original thinking reqi^ired expensive, 
f corriplicated sensors # 

M- Video cameras * 
"i^f^.,, • . . . ^ 

- Visual frame analysis ^ p 
- Infra-red sensing device^ "5 w ^ 

• Cheaper, less external approach is to 
use an accurate map database as a .A 
sensor 

Future Technology Conference 

^ / -

Navigation Technologies 

.14 

S-: 
The Future 

• G'̂ ^bal navigatlqp nn~ ' 
is growing 

• System functionality is 
increasing 

I i 

^> 

Future Technology Conference 
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Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

The Market Of GPS Navigation 

Fabrizio Righetti 
Manager of Marketing and Sales 
Magnetic Marelli TECmobility 

Fabrizio Righetti is the Manager of Marketing and Sales and of Business Development and 
Product Development of TECmobilih/, the business unit of Magneti Marelli in charge of the 
development of telematic technologies, namely car navigation systems, locating systems and 
software for mapping inforniation and route calculation. Previously he worked in the 
International Activities Department of the Fiat Holding Con\pany, with specific responsibilities 
for the development of business of the Fiat Group in Japan, Taiwan and former USSR. 

Dataquest—^A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 

©1997 Dataquest—Reproduction Prohibited 



rSCmobility 

TECmobility is a Business Unit of Magneti 
Marelli constituted in 1994 for the 

development of telematic technologies for 
traffic and transport 

mS-^ TECEtMB 

Main Product Lines 

• car navigation system 
- standalone 

- integrated in fleet management systems 

- integrated with traffic control systems, anti-theft and emergency 
systems 

• mapping information and route calculation software for PC 

• Location unit for emergency, anti-theft, fleet management 
systems 

• off-board navigation 

SRES' TECBSSSSB 



The market of GPS navigation 

•CEII' TECESEESSB 

GPS Navigation products 

• Tum-by-tum navigation systems 

• Routing systems 

• Location systems 

NAREU' TECEsnssn 



Tum-by-tum navigation systems 
competitors 

• Alpine 

• Bosch Blaupunkt 

• Philips 

• Magneti Marelli Tecmobility 

*fSfiEL? TECESSSSn 

Competition 

Our competitors are consumer electronic 
companies. They have established their 
name on audio-video, not software and they 
are used to work on proprietary OS 

HSREIII TECEESISS 



Standardization 

Several companies are trying to establish their 
own format as the standard format: 
Blaupunkt, Navigation technologies, 
Naviken 

These standards works on car navigation 
systems only: dedicated hw platform 
installed in the car 

HAREIV' TECIBSiSSn 

Vision 

There is the need to develop products on 
standards that are already available and not 
limited to car navigation only 

We need to integrate different functions in the 
same HW architecture, not just sharing the 
same MMI 

O ' TFrnmm 



Products Road Map 

Car dedicated 
Products 

RPNAVIOO 

RPNAV200 

PC Connected Products 

Sensor box Home Planner 

AutoPc 

Off-board 

iiAGNEri 
IAREU' ' TECIMSB 

Needs 

Navigation 

Traffic information 

Communication 

Office Productivity 

Multimedia 

News 

IIAGNETI 
OIAREU'' 

Emergency 
Car diagnostic and interior 

Car control 

Rear camera view 

Anti-theft 

Telepayment 

TECESMB 



RPNAV Family 

PC board Voice messages 
Rate-gyro CD-ROM 

Odometer connection Infrared remote control 

GPS receiver LCD Monitor 

O ' TECBSSa 

Home Planner & Sensor Box 
Home Planner^°^^ "^^: a Windows compatible 

navigation and information software for home and 
office PC 

RP sensor box'̂ '̂̂ ^ °^^-|a,controller board for sensor 
data processing (GPS, rate-gyro, odometer 
connection) 

Home Planner & Sensor Box 
Turn-by turn navigation performed by a 

standard portable PC 

"tREiIi TECESMB 



AUTO PC 

The PC into the car: the integration of 
different functions in the same hardware 

Integrates radio & audio functions, 
navigation,entertainment, connectivity and 
safety functions 

Targeting DIN form factor 

^IAREII' TECESSSS 

Capabilities and functionalities 
RPNAV HP&SB AUTO PC 

Navigation 
Traffic information 

Communication 

Office Productivity 

Multimedia 

News 

Yes 
Yesi 

No 

No 

No 

No 

Yes 

Yesi 

No 
No2 
No2 

No2 

Yes 

Yes 

Yes 
Yes 
Yes 

Yes 

: WITH AN OPTIONAL HW &SW ADD-ON 
ACHIEVABLE VIA SW ON PC 

iGNETi 

2. 

HAREU' TECESSSn 



Capabilities and functionalities 
RPNAV HP&SB AUTO PC 

Emergency 
Car diagnostic 

Car control 

Rear camera view 

Anti-theft 

Telepayment 

Yesi 
No 

No 

Yes 1 

Yesi 

No 
1: WITH AN OPTIONAL HW &S W ADD-ON 
3; WITH SW ADD-ON 

iNETi 

Yes3 

No 

No 
No 
No 

No 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 

TEC^MB 

Criticalities 

The car environment has requirements not 
yet completely addressed by the 
manufacturers of PC components 

Speech recognition is not yet ready for a 
noisy and multilanguage environment 

Production cost is a key factor 

System stability (hw & sw) 

*(AREI*' TffrJBWWHW 



Criticalities 

• Human I/O interface and security issues 

• Standardization of external information 

• Status of service providers and 
infrastructures 

•CREI*' TECESSSSSn 

Conclusions 

• The AutoPc is the platform for connectivity 
of the cars of the future 

• The technology is not yet ready as well as 
the infrastructures and service providers 

• The goal is to find a viable approach to 
implement the PC technology into the car 
following the specifications of the car 
makers 

•iflffiJ' TECBSSSM 



Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Instant Location Information Using 
GPS Technology 

Kanwar Chadha 
Vice President, Marketing 

SiRF Technology 

Kanwar Chadha is a founder and Vice President of Marketing at SiRF Technology, Inc. He has 
over 13 years of experience in various marketing management positions. Prior to founding SiRF, 
he served as Director of Strategic Marketing at S3 Inc. and started the multimedia group at the 
company. As General Manager of the multimedia group, he led the development of innovative 
audio and video processing technologies. Before joining S3, Kanwar was the Chairman and co-
founder of AQuesT, Inc., a developer of multimedia and 3D graphics acceleration products. From 
1983 to 1989, he was at Intel in various product marketing positions. As the product line manager 
for the i860 RISC processor and floating point coprocessors, he developed the coprocessor 
business into one of more than $100 million. Kanwar holds a B.S.E.E. from ttie Indian Institute of 
Technology, New Delhi, and an M.S. in CIS from the University of Pennsylvania. He also has an 
MBA from the Wharton School of Business, University of Pennsylvania, Philadelphia. 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 
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35 
S i K F 

Instant Location Information 
using 

GPS Technology 

i . i i" ' 

GPS & Wireless Innovations 

3S Instant Location Information 
S i R F 

Knowing instantly 

where you are 

or 

where anyone or anything else is 

GPS & Wireless Innovations 



^ Global Positioning System (GPS) 

A Technology that provides 

Instant Location Information 

Any where in the world 
At any time of the day 
For free!!! 

GPS & Wireless Innovations 

J^ 
S i R F 

^ 

GPS 

^ 

u s government developed and funded 

24 Satellites, orbiting around the earth twice a day 

Both military & commercial signals 

Signal sent at 1.575 GHz using spread spectrum 

J F^ 

GPS & Wireless Innovations 



3S 
S i K F 

Instant Location Information 
Applications 

GPS & Wireless Innovations 

35 Helping Loved Ones 

/^j. 

Personal Locator 

Panic Button 

GPS + 2 Way Wireless Links 

GPS & Wireless Innovations 



3S Asset Location & Location Loclcs 
Si RF 

GPS or GPS + Wireless 

GPS & Wireless Innovations 

Si RF Finding Your Way Around 

PDA + GPS 

GPS & Wireless Innovations 



j^ Linking Auto to Information Highway 
S i R F 

Emergency Assistance 

Theft Prevention 

Navigation 

Real time TrafHc Info 

/>-

Location Filters 

Location based Promotions 

GPS & Wireless Innovations 

35 Instant Location Information Platforms 

In the Car 

Consumer Handheld 
^ K 
^BB^ 

HBH 

^^^ 

PC-Based 

Platforms for 
Location Awareness 

Inte 

GPS & Wireless Innovations 



^ ^ Instant Location Information in Cars 

• Navigation with "Destination Databases" 
- Digital mapping infrastructure 

- "Electronic Yellow Pages" 

- Internet for real time data bases access 

• Real-time routing with Telematics 
- Real-time traffic information infrastructure 

- Digital data and services across cellular 

• Emergency response, security and tracking with wireless links 
- Emergency response infrastructure: 911/SOS 

- Wireless link infrastructure: Cellular, Radio 

- Link to car safety & security system: Airbags, engine control 

GPS & Wireless Innovations 

^d GPS in Cars 

• Navigation, Telematics, Tracking, Emergency response 

• Car navigation market is the largest volume, today 
- 1996 volume of -800 KU; most of the volume is after-market 

- Significant move towards integrating GPS into future cars 

- Japan has more than 70% of the market: Focus on Entertainment-
Navigation systems 

• Telematics picking up with digital cellular and real time 
traffic information infrastructure 
- Germany and Japan leading the way 

• Emergency Response driving US market 
- High price ($1500H-) reducing car navigation system penetration 

• Fleet tracking & management with GPS gaining popularity 

GPS & Wireless Innovations 



3S 
Si KF 

GPS Market 

20000-1 
18000 
16000 
14000 
12000 
10000 1 

BaDol 
KKJO-I 
'4000 
2000] ^ i 

1 

[ 

f • 

, 

0 i^i^^^^^^l^g^^M^^ 

H ^ 

1994 ^ 9 ^ 7 7 ^ 6 ^ ^ ^ * ^ ^ ^ ^ ^ 
1388 1999 gggg 

Year 

WS^mtm 

H 
S^^^l 
Ri^gfl^ 

UnH Voluini 

Total Units 

2001 

S*ift)[!: Dftlftl^n 

Market in its Infancy Stage with High Growth Potential 

GPS & Wireless Innovations 

Si RF 

SiRF Strategy 

Exploit the consumer GPS potential by enabling a range of 
products with Instant Location Information 

SiRFstar GPS Architecture 

GPS & Wireless Innovations 



Co SIRF 
S i K F 

• Company formed in February 1995 

- A fabless silicon and software connpany based in sihcon valley 

• First GPS product-line announced in Q4'96 

• GPS, spread-spectrum, silicon and RF expertise 
- Pioneers in GPS and spread-spectrum development 

- Multiple GPS receiver designs developed by team members 

- Advanced R&D contracts from Airforce & Navy 

• Experienced management team 
- Founding team has done multiple start-ups 

- Management team has understanding of both PC and GPS markets 

• Raised $12.5 million in funding so far 

GPS & Wireless Innovations 

^ SIRFstarl GPS Solution 
S L R F 

• SiRFstarGRFl 

- Highly integrated GPS RF front-end 

- Eliminates the need for expensive components: TCXOs & SAW filters 

• SiRFstarGSPl ,_ 

- Hard-wired parallel processor for GPS signal processing 

- Flexible interface to multiple CPUs and memories 

• SiRFstarGSWl 

- Complete GPS software 

- Modular and portable 

- Enables layered application integration 

GPS & Wireless Innovations 



Barriers to l\/lainstream GPS Acceptance 
S i R F 

Expensive 
High-end system business model; Vertical market focus 

'Not a stand-alone" solution 
- Need integration in to existing platforms 

- Need wireless link for tracking 

Market perception 
- Too complex : "Black Magic" 

- Niche apphcations 

GPS & Wireless Innovations 

J^ 
Si RF 

SIRF Strategy 

Cost effective solutions 
- PC market business model 

Easy integration 
- Chip-set with modular software 

Easy to design 
- Complete cook book solutions 

GPS & Wireless Innovations 



3S 
S I R F GPS Technical Barriers 

Limited "Availability" due to obstructions 
- Buildings in metropolitan areas 

- Tunnels, over-pass bridges 

- Foliage in suburbs, rural areas, forests etc. 

GPS & Wireless Innovations 

3S 
S i K F 

SiRFstar Solution 

Solving the "Urban Canyon" availability problem 
- 100 ms SnapLock feature re-acquires satellites in-between buildings 

and at intersections: 10-20 times faster than existing products 

- SingleSat mode allows position updates with a single satellite 

Solving the availability under foliage problem 
- FoUageLock capability acquires and track signals even in dense 

foliage as weak as 5% of its original strength 

Providing fast start-up 
- 20 ms first satellite code search gets rapid position fix 

- <10 sec hot start 

TWH GPS & Wireless Innovations 



3J5 
S i K J? GPS Technical Barriers 

Accuracy problem 
- Multipath can introduce significant errors 

- Selective Availability (SA) degrades the signal to 100 meters 

Improving accuracy 
- SiRFstar "Dual multipath rejection" scheme 

- Differential GPS support for better accuracy 

- 12 simultaneous channels use more sateUite data for accuracy 

- US government committed to removing SA 

GPS & Wireless Innovations 

Js 
Si RF 

SiRF Vision 

GPS & Wireless Innovations 



Connecting For Growth— 
'Intemetivity' And The Semiconductor Industry 

CONNECTING THE INTERACTIVE 
CONSUMER VIA MULTIMEDIA 

Chairman: Paul O^Donovan 
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Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Nokia Mediamaster—Bringing Interactive 
Services To The End-User 

Ari Nieminen 
Assistant Vice President, Business Development 

Nokia Multimedia Network Terminals 

Ari Nieminen joined Nokia in 1988 as an R&D Manager. In 1992, he moved from R&D into 
Product Management and from there to Business Development in 1995. He sees the introduction 
of Multimedia Terminals as a major opportunity for Nokia to help the service providers to go into 
value-added service provision. Ari has a Ph.D. in Information Science, was expatriated in 1991 
and has since worked in France and Germany before his move to Sweden. 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Anisterdam, The Netherlands 
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Nokia Mediamaster 
Bringing interactive Services To The End-User 

Assistant Vice President, Business Development 

Nokia Multimedia Network Terminals 

Ari Nieminen 

MULVMBiXA NETWORK THKWlMlS 

m- MOKIA^ 

^ ^ l ! ^ 

Convergence of Media Market 

Pagel 



^:''=()}^:. 

Telecom-Datacom and Broadcast 
Convergence 

Ctif.sunier \ 

Multimedia 
s^rtiatiofi 

Anything 

Anytime 

Anywhere 

MOKU 

Page 2 
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Content & Services 
Segmentation 

SOHO 
•private administration 
•home banking 
•home office applications 

Shopping 
•home shopping 
•travel booking 
•reservation services 
•interactive advertising 

Home Steering 
•appliances monitoring & controls 
•security/burglar alarms 

Education 
•courses/programs 
•private coaching 
•continuous education 

Entertainment 
•games •interactive sports 
•movies/videos 'virtual reality 
•novels/magazines •gambling 
•game shows 

Commmiication 
•e-mail 
•video telephone 
•video conferencing 
•greetings/family messages 

Information 
•data bases/info access & services 
•local/regional/national info 
•health care applications 
•subscribtion services 

MULVMEOIA NETWORKTERMINALS 

- - - ^ ^ 3 « ^ N : : WIOKiA'-

^ ' " " ^ ^ ^ ^ T " 

' usability 
' user habits 
' driver services 

' performance 
' iP dominance 
' SW dommanoe, 

Multimedia Industry 
Forces of Change 

service integration 
buslrtess integration 
gtobaitzation 

ssrvioe orientation 
new cliaitanges 
reregulation 

poiarization 
systems dervlce 
new outiets 

N O K I A ' 
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A Simple Terminal Concept 

MULTIMEDIA NETWORK TERMINALS 

MOKIA 

New Terminals 
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Connecting People -
Access Technology Waves 

FIXED 
TELEPHONE 

BROADBAND 
WIRELESS 

Transition from smalog to digits 
toi^ any ells' 

t A M h n n t n m n o k n 

MUi.T.'MEC^^/) r^.^TrVO'^, TEf^\{'l^'\l '-

^^wjiiii, f y o K i J ^ 

iSffiriS^ * .> ? ^[HjHIIijflHi j 

Digital System Evolution 

degree 
of inter­
activity 

new access and 
server tecKinology 

Two - Way Broadband 

iiSli. iSiDJgital Interactive Broadcast i-î lli'TlV , ^ ^ -.- ^ . • 
•••i^.....': ,• :: :isi,- I n t e r n e t T e c h n o l o g i e s 

ifixaH^im^BOaait 

DVB, MPEG2 

1 h H \ \ h 
96 97 98 99 

MUi-VMSX* NETWORK 7EHWM4LS 

00 01 02 03 04 05 
start of the commercial services 

lyOKIA'^ 
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Network Centric l\/larket 

;^^'.^;, 

Etiienainmepit 

Fast 
WWW-Vtdeo 

Interactivity/Video Roadmap 

IP 

97 99 2001 2003 

DVB 

Audio + tIAedium Ouaji^^'^^'^^ 
Video Clips Aut^o & Vidcf;-

Higl^3aMa((ty;;;i;ij Mi 
Audto: it-Video 

WL-niA^DiA NenmmcrnimiALa 

^mm^Sr lyoKiA 
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IJBS 

Nokia and interactive multimedia 

• Information 
servces 

• Distance 
learning 

• Homo 
batiidng 

• Home shoppiil j 

• !n!emi;i 

• E-Maii 

• Entflrtainmwtl 

f\ 
^^iqm^^^^^^j 11J 
CELLULAR " - ->, / / / 

MOLVMeoiA NETWOHff TERMAMiS 

mmst^i^ 

Digital Set-Top-Box Becomes ... 

MORE CAPACITY 

MULTJUEOIANElWOnKTEnUlNALa 

If^Liif'liil^t!'! ̂ L '' 

Page? 



Multimedia Terminal 

CONTENT 

PRINTER 
(VIDEO/TEXT) 

ING 

CD-PLAYER 

MORE CAPACITY MORE INTERACTIVITY MORE CONNECTIONS 

MUL TIMEDIA NETWORK T^RMINMS 

Ki;W£?: vv;rK^:St::.v,-. mm&^,.^. ryoKiA 

Multimedia Terminal, 
the Rear View 

.-— • Telecommunicafiofr" 

Interactive s îvipes 
Horn© shewing 

- E-Mail 
- F A X 
- Internet 

Near 
Video 
on Dwnand 

•^Wi^sm!ssmismisi:siiiissiik' • 
Internet serv«^s 

Vicieo on pefflarid cD.ROM=;ap^k t̂k*n : :, 
'Entertainment / ' ^ ' - ^K , . ^_ ; , ' ;;Gompyt(ng 

MULTIIVIEDIA TERMINAL 
Integration of telecximmunication, computing and entertainment 

Nokia brings multimedia to your livingroom 

mjLVIVISSIA NSTWOnK TERMINALS 

-WTWKW'fSflSiWfl WOlCiA" 
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Digital TV Market In Europe 1996 

B Telepiu 

• Multichoice 

11 Canal+ 

MULTIMEDIA N^rWOflK T H K V M U 

NOKIA' 

m^^m 

Digital TV Market in Europe 1997 

t ) J i ^ H Canak 

MULVM^DfA NETWORK TBVMNALS 

Kirch 

Telenor 

AB, TPS 

Premiere, DT 

Telia, Kinnevik 

BSkyB, UK cable co's 

Telefonica 

Teracom, BBC, Retevision 

ir:^. ^ ryOKIA^ 
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Digital Terminal, Block Diagram 

HUL TJMEDIA NETWORK TEHMINM.S 

m^'- MOKIA-

IVIultimedia Terminal 
Product Concept 

t .v«:F;:: . , . ,^j i 

DVB T«rre3tia! 
(inc. moljiitej 

\ 

DVS Satellite PVB CsWe HFC 
{iv^-: 'r-~r-d ^S'- {-"l^^ic M-:ri.-rr-:.- fR;i{ Seniles P O T ^ " • • 

•fetworttsi {XOSL ecc^s) 

i^lOKIA' 
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Interactive Services 

• Problem 

• There is no standard (in STB world) for defining interactive 
application and it's requirements (HW requirements, OS 
system version, etc.) 

• Current downloadable applications are in proprietary format 
(proprietary run-time engines, proprietary authoring tools) 

• Solution 

• HTML offers a standardised way to offer most of the 
additional services offered today in proprietary format 

MULTIMBDIA NETWORK TERMINALS 

-~~.<tm.^:A nyoiciiik 
-< -< ft ^8» VlmfV n ^4hlV#* ' *% 

HTIVIL in Interactive Services 
• HTML is widely used in Internet 

• Electronic commerce 

• information sharing 

• advertising, ... 

• Huge existing base of applications 

• Applications easy to create and many authoring tools 
available 

• Easy to find qualified people to create applications 

• No need to create the same applications again for a different 
platform or media 

• Does not currently directly support multimedia features, 
extensions and plug-ins needed 

MULTIMEDIA NETV/ORKTEFOAINALS A 

mmnm^F^^^^^^^'-'-^- - -^^^m PJOKIA-

Page 11 



HTML for Interactive Digital TV 

Access 
provider 
modem pool 

Request and additional information 
with a modem and TCP/IP 
- HTML pages 
-forms 

STB 

^K/iTln^tDIJiwi^iV^ot^H Vt:^,\' 

Vi^-r ^ N O K I A 

HTML for Interactive Digital TV 

• Current DVB services are enhanced with HTML linking 
capabilities to increase interactivity 

• Offers additional information together with SI data 

• Offers enhanced teletext features 
• Easy moving from page to page 

• possibility to refer to sen/ices outside teletext 

• Can be used for selecting the channel 

• Additional information from local CD or HD, or from Internet 

• Interactive subtitling for creating applications for 
• homeshopping, education, news, games, ... 

• Internet access is a natural extension to DVB services 

MULVMEDIA NETWORK TERMINALS 

;-:|^^pg;r MOKIA 
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HTML for Interactive Digital TV 

Broadcasted MPEG, 
IHTML in DSM-CC data carousels 

Optional support for requesting of 
additional information and ordering 
witti a modem and TCP/IP 

MucTWHJi/i nem/ofiK TEWmwiis 

MediaMaster 

Optional 
CD&HD Unit 
- video streams 
- audio CD 
- HTML pages 
- cache 

::̂  f^QKIA 

^im -:Mmi 

Terminal Interoperability 
m 

^m^^- NIOKIA^ 
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Providing Interactive Needs To The Consumer 
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Director of France Telecom Pay TV 

France Telecom 
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(r^} France Telecom 

MULTIMEDIA BY FRANCE TELECOM 

Company Profile 

France Telecom Television a Peage (Advanced Television Services) is part 
of the Multimedia Division of France Telecom. 

The Multimedia Division has corporate authority for Television and 
Multimedia Services, On-Line Data Services, and Directories and 
Databases. Some distinctive corporate brands in these market segments 
are: France Telecom Cable, Wanadoo, Teletel, Viaccess, Pages Zoom. 

France Telecom is the fourth largest telco worldwide, with revenues of 
151.3 billion French Francs in 1996 (including bl4.2 FF in multimedia), and 
164 000 employed. It is the largest cable MSO in France, and a partner in 
several ventures in the multimedia industry, from edition to distribution, 
ranging from thematic TV channels to innovative developments on the 
communication marketplace: their potential is best represented by TPS 
("La Television Par Satellite"), where advanced high-speed multimedia 
services are converging with digital television on satellite and cable. 

France Telecom Advanced Television Services (FTTP) is in charge of 
driving the Group's actions in the area of Access Control services, and 
contributing to the development of multimedia applications, toward 
nationwide pay-TV, Pay-per-view and advanced television services. The 
Business Unit has especially managed the European developments based on 
the "VISIOPASS" Set-Top Box and the business development of the 
Viaccess TM Access Control system. 



France Telecom Television a Peage 

Providing Interactive Resources to the Co 

Marc du Peloux 
France Telecom Advanced Television S 

Presentation at the Dataquest Semiconductor 
May 20-21, Amsterdam 

France Telecom , ^ 
France Telecom Adv 



Several type of distribution systems 

OPSTN 
OCable 
OSatellite 
OHertzian broadcast 

These systems differ on both the topological 
economical plan 

same information to everybody ^satellite 
advertising, local info ̂ hertzian, cable 
point-to-point^PSTN 

>^55-'France Telecom ^ , .^ 
France Telecom Adv 



Future Services 

OTrend toward fully transactional and intera 

OThe business model 
All communication services will be digital 
and integrated on the same broadband dis 
system 

ODynamics generated will be shaped by the q 
of "Intermediation Resources" 
inside the broadband distribution system 

,v^') France Telecom 
France Telecom Adv 



The Multiservices Network 

OGeneraUsation of Interactive Services 

Ointegration on the same broadband support 
communication services, from the narrow-b 
up to the broadband (television) 

ODistribution servers for approxim. 200 conn 

OATM transport to the distribution servers 
HFC 
FTTNeighbourhood 

^̂ ŵ  FfsncB TGISCOITI 
"Btjmet l^etecbza iidi 



Selected Factors of Change 

0Will of producers (movie studios and the lik 
home video distribution with broadcast so 

0Ambitions of telcos to extend system capabi 
from Telephony (2-way!) to television 

OAlliance policies in the video game industrie 

OPolicies and actions of personal computing 
in the areas of display techniques 
and program-software development 

'^tamee ifeleCOta AcN v g ; France Telecom 



Which network solutions? 

OThe right solutions 

•HFC networks: "Hybrid Fiber Coax" 
•FTTN networks "Fiber To The Neighbou 
•ADSL distribution "Asymmetric Digital 
Loop" (high data throughput on phone 

OFalse good idea: 
FTTH networks: "Fiber To The Home" 
(all optical networks from the head-end) 

, ^ ) France Telecom ^ ^ , ^̂  
France Telecom Adv 



Distribution System Architecture 

Application 
Server 

On-Demand 
Services 

Broadcast 
Services 

Subscribers 
Managment 
System 

i 1 

i— 

i 

i 1 

A 
i 

^ 
f 

Local 
Server 

Back end 

Distribution N 

i, 

Backchanne 

France Telecom 
France Telecom Adv 



Examples of Services 

OAll services linked with TV broadcast: 
Electronic Program Guide (EPG) 
Teleshopping 
Games 
Information, Sport, Meteo,**. 

OSoftware and games services 
downloading, multi-players network 

OHigh Speed on-line services e.g. Internet 
PC or TV screen 

,i5i''France Telecom ^ ^, ,^ 
France Telecom Ad 



Broadband Internet Access 

OADSL 

0 Cable modem for Cable TV networks 

OSatellite : 

TV decoder 

PC card (e.g. DirectPC,...) 

.î '̂'France Telecom ^ ^ , .^ 
France Telecom Ad 



Cable modem 

OBroadband Internet Access over Cable TV n 

OTo access to the Internet through cable netw 

OSeveral Mbit/s shared among a grape of use 

OAlways « on », no dialling 

OSubscription for unlimited time connection 

OBetter with servers located near the head-en 

>g; France Telecom 
France TelecaliL AS*W 



ADSL modem 

OOver PSTN 

OThroughput: up to 8 Mbit/s 

OUsed for TV broadcast and high speed Inter 

OFor non-cabled area 

^̂ î̂ i France Telecom , , 
France Telecom Adv 



SatelHte access 

OBroadband Internet Access through geo sa 

OThe Internet requests are sent through a te 

OThe Internet answers (HTML pages) are br 
through satelUte, to be downloaded 

OMaximum throughput: 

connected mode (TCPIP): 2 Mbit/s 
non-connected mode (UDP): several Mbit 

/ ^ 

,î 5̂ i France Telecom ^ ^ . *̂  
T]mipt!OGT0P'^iiV^A» 



Network computers 

OTo access to the Internet with a TV connect 
STB to PSTN network 

e.g. WebTV, Netbox from NetGem 

OThe network computer can be integrated in 
decoder 

OFor non computer users 

>i^5^'France Telecom ^ ^ , ,^ 
France Telecom Ad 



Conclusion 

Ointegration of interactive services originate 
digital TV decoder 

OThe trend starts from TV broadcast^ adds l 
interactivity (e.g. EPG) to full interactivity, 
Internet navigation 

OPersonal computer platforms used as STB t 
TV failed. 

j^) France Telecom _ , . , 
>^^ France Telecom Ad 



Conclusion: France Telecom actions 

ODigital TV: Viaccess Conditional Access Sy 
developments in Europe and all over the 

OCable Modem: St Quentin '97, Metz, Mar 

OADSL: Noisy-le-Grand 

OSatellite: TPSnet 

OJASMIN: Interactive Services over ATM (V 
ADSL in Rennes, HFC in St Que 

.^"j France Telecom 
l̂̂ EUiee TelcsCiDia A d 



Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Internet Access For The Consumer 
From The Armchair 

Jan Arisse 
Product Manager, WebTV 

Philips Electronics NV, Sound and Vision Division 

Jan Arisse is certified in Accounting, Fiscal Law, Computer Science and Management 
Consultancy. After working for a financial institute, an auditing firm and a tiading enterprise, he 
joined Philips. He has experience in International Business, Strategic Planning and Business 
Development, Software Development, Value Added Networks and Electionic Shopping Mails 
and Development of Marketing Concepts. Jan has been involved in a number of "start-up" 
companies for the generation of new business. At this ntoment he is developing terminals, 
software and service concepts for Internet Access for the TV platform as well as interactive TV. 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 

©1997 Dataquest—Reproduction Prohibited 



'Internet Access for the Consumer from the Arm Chair' 

by Jan Arisse Philips Sound & Vision 

Robert Bense Philips Sound & Vision 

Amsterdam, 21 May 1997 

• Internet is typically the PC world 

• Barriers to broader Web use 
- Complexity of setup and access 

- Complexity / reliability of use 

- High equipment cost 

- Relevance & quality of content 

- Poor performance 



• Make Web surfing as simple as TV channel surfing 
- Internet Access at the press of a button 

- Attract a new, broad demographic 

• Provide affordable system solutions, low entry 
threshold 

- Fast and unlimited communication to anyone in the world 

- Provision of most up-to-date Education, Information and 
Entertainment to the homes 

- Balanced combination between local news - national news 

-Ve^^easytoins ta l l and to start, simple and intuitive 

Everything you need to surf the Internet is all in one 
box with wireless remote control and infrared 
keyboard 

Easy hookup and connection: first Internet surfing 
within minutes 

Explore section with previews and categorized best 
Internet sites without getting lost 

Family concept, more e-mail boxes and safe for kids 

Search capabilities and visual favorites storage 



'Works anywhere where is a phone line and T V 

;5»**4io» /•^••i. J j j j 

'":. £jy.-;i*:aJK/*A'^.i 



Question 1: 

Question 2: 

Question 3: 

'i:m^^a^^M^^. 

Conversion of PC world and TV world or 

coexistance and extention of functions on 
the distinguised platforms ? 

Dedicated Internet appliance ? 

On demand pull model versus push model 

Question 4: Infrastructure versus added demand 

(vertical applications, schools, churches, 



Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

PROCESSOR SOLUTIONS FOR 
CONNECTIVITY 

Chairman: JoeD'Elia 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 
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Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Connecting With Embedded Devices 

Robin Saxby 
Chairman, President and CEO 

Advanced RISC Machines (ARM) Ltd 

Robin Saxby is Chairman, President and CEO of Advanced RISC Machines' world-wide 
operations. He joined the contpany from the ASIC manufacturer, European SUicon Structures 
(ES2), where he was Vice President of Northern Europe, Managing Director of ES2 Ltd and 
President of its American sister company - US2. He was with ES2 for five years. Prior to ES2, he 
was the CEO of Henderson Security Systems and before that Robin, now 50, spent 11 years with 
Motorola Semiconductors in various sales, marketing and engineering management positions. 
The early part of his career was in design and development at Philips and the Rank Organisation. 
He holds a degree in Electronics from Liverpool University. Besides directing ARM, Robin is also 
the Chairman of the ESPRIT OMI (Open Microprocessor Systems Initiative) Advisory Group, a 
board member of the Belgian Sirius Communications and an advisor to Oxford Parallel. 

Dataquest—^A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 

©1997 Dataquest—Reproduction Prohibited 
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RRM 
Advanced RISC Machines 

Connecting with 
Embedded Devices 

Robin Saxby 

President & CEO 
email: rsaxby@arm.com 

http: www.arm.com 

Introducing ARM 
"To become the Global Volume Embedded RISC 

Processor Standard" 

• Intellectual Property Licensing Business Model 
- Build Partnerships with 

» Semiconductor Companies 

» Software Companies 

» EDA & Tools Companies 

» System Manufacturers 

mailto:rsaxby@arm.com
http://www.arm.com


What are we talking about today? 

Opportunities 
Information Appliances 

Mobile Personal Assistants 
Interactive Entertainment 

Home Services 

r-stt! 

''S'liK^'l 

the convergence of Consumer Electronics, Computing 
& Communications 

Information Networks 



Connection on the Move 
Personal Digital Assistant 
- Contact Database/Organiser 

- Email 

- Internet Browser 

- Fax 

- 160MHz StrongARM processor 

Connection 
- Wireless (GSM) 

- Ethernet 

- IR 

Apple Newton 2000 

Connection at Work 
Network Computer 
- JavaOS Terminal connected to a Windows NT server 

- All the functions of a PC 
» Applications downloaded from server as Java applets 

- Fraction of the Cost 

» Purchase price 
» Maintenance costs 

Connection 
- Ethernet 

- ISDN 



Connection at Home 
Digital Television 
- MPEG2 Video 

- Pay per view 

- Electronic Program Guides 

- Downloadable Applications & Games 
- Internet Browser 

Connection 
- Terrestrial, Satellite, Cable 

- POTS, ISDN 

SHARP Interactive TV 

The Demands of Embedded 
Connectivity 

Very High performance processors 
- Pentium class and above 

At very low costs 
- 1/lOth of the cost of the Pentium Class processors 

- Low power < 1 watt 

High Levels of Integration 
- Wide variety of peripherals to match application 

- AMBA on-chip bus 



Reducing Cost 
Using processor performance instead of silicon 
- Soft Modems, Soft Surround Sound, Soft MPEG decode 

High Levels of integration 
- Single chip solutions 

Reducing development times 
- Fast Efficient Tools 

- On-chip bus methodologies 

- Methodologies for the re-use of IP 

- Virtual Socket Interface 

ARM Technology Thrust 

Best CPU Performance 
(MIPS & MFLOPS) 



Performance 
ARM Core Roadmap 

JAVA Performance 
ARM architecture well suited for running interpreted 
languages 

StrongARMIIO PentJumPro MIPSR4400 PowerPC604 UitraSpan; 1G7 Alpha21064A 
20aMHz 2S0MHZ 180 MHz MHz 266 MHz 

Source Pendragon 

Just In Time Compiler Available Q4 1997 



Virtual Socket Interface Alliance 
EDA, IP, Semi, & Systems Cos: 

» Accelerate standards 

» More efficient integration & design 

» Grow the market for I C s, tools & IP 

» Reduce development cost 

» Shorten design cycle time 

Status 
» 120+ members, charter working groups 

» http://www.vsi.org 

4feVSI. 
^ ^ Alliance 

ARM Partnership 

OS A — ' 
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AMBA Bus Enables Silicon Systems 

1^ Easy interconnection of macrocells 

• Optimises system power AMBAbus 
^ S impl i f ies reuse ^ 
^ Eases tes t ing 

• Proven in real customer apps. 

1^ Reduces time to market 

Software Strategies 



Future Applications 
Connect all three networks 
- Digital TV 

» offers 60-90Mbps 
download rates 

- Videoconferencing 

- Organiser 

- Communicator 

- Information Appliance 

and make it mobile! 

Future Processor Requirements 

500 - 750 MIP Performance 
- MPEG2 in software 

- All protocol handling for 
Broadcast, Comms and 
computer networks 

200mW power consumption at 
max performance 
> O.lmicron process 



Conclusion 
ARM is designing Microprocessors that will 
- have the performance to do most functions in software 

» MPEG2 / JPEG 

» 56K / Cable Modems 

» GSM/DECT 

- can be easily integrated into a single chip to reduce cost 

- is powered from batteries for portable applications 

Above all - high performance at low cost 
Low cost portable info appliances will emerge 



Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Java^^—The Answer For Connectivity 

Peter Harverson 
Director and General Manager 

Sun Microelectronics (SME) Europe 

Peter Harverson, Director and General Manager of Sun Microelectronics (SME) Europe, is 
responsible for Sun microprocessors, chipsets, modules, boards and technology Hcenses. The 
SME portfolio includes SPARC (TM) processors, SPARC board level products along with Java 
(TM) core and chip products. Mr Harverson joined Svm in August 1994 having previously spent 4 
years as European Vice President and General Manager of Cadence Design Systems, growing 
Cadence to the leading design automation software supplier in Europe. Between 1985 and 1990 
he w âs a Vice President within Daisy Systems Corporation, now Intergraph. Prior to that, he 
spent 7 years at Intel—2 years as European Major Accounts Manager in Brussels and then as UK 
Regional Manager. Before this, he was with Texas Instruments and The Plessey Company after 
initially training as an electronics engineer with AEI Telecommunications Group. Peter is a Senior 
Industrial Fellow of DeMontfort University. 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 

©1997 Dataquest—Reproduction Prohibited 



S U N M I C R O E L E C T R O N I C S 

Java™- The Answer for 
Connectivity 

Peter Harverson 
Dataquest Semiconductor Conference 
21 May 1997 

AGENDA 

• The Networked World 

• Java - The Platform 

• Java - Applications 
TM 

• JavaChips - Implementation 

S U N M I C R O E L E C T R O N I C S 
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Fast Changing Computing World 

• Demand for Zero/Low l\/laintenance Clients 

• Network Bandwidth 

• Scaleable Server Cost/Performance 

• Demand for Network Centric Languages 

• Growth of Networked Embedded Applications 

S U N M I C R O E L E C T R O N I C S 

New Network Infrastructure 



Expansion of Net-Centric World 
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PCs E Non-PCs 

1996 2000 

NETWORKED DEVICES 
Total Wbrldwide Shipments 
Data compiled from IDC, Dataquest 

S U N M I C R O E L E C T R O N I C S 

Software Development Challenge 

• Re-useable Code 

Platform Independence 

• Application Security 

Networked - Distributed Applications 

• Robustness 

S U N MICROELECTRONICS 
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Java Language is Compelling 

• Compile & Run 
• No compile-link-load-test-crash-debug cycle 

• Simple 
• No pointers, memory management 

• Robust and Secure 
• strong typing, extensive checl<ing, exception liandling 

• Extensible, Reusable Code 
• Consistent object-oriented approach 

• Scaleable 
• Built-in multithreading, networking 

• Widely Supported 

S U N M I C R O E L E C T R O N I C S 

Java is Pervasive! 
• 400,000 Java Developers 

• 300,000 Downloads of JDK1.1 in March 1997 

• 162 Universities Teaching Java - Many as First Language 

• 150 Java Books 

• 9,000 Java Developers Attended JavaOne in San Francisco 

• Applications 
• Corel 
• Lotus 

• IBM 

• Tools 

• Symantec, SunSoft, Borland, Microsoft 

S U N M I C R O E L E C T R O N I C S 



I Virtual Machine: Revolutionary 

• simple Stack-based Architecture 

• Easily Implemented On Top of Any Hardware/OS 

ti.]i,i 

Programs Compiled for the Virtual Machine 
("byte codes") are: 
- Platform-independent ("Write once ...") 

• Single Source 

~ Location-Independent ("... Run Anywhere") 
• Semantically rich "byte codes" can be verified upon download 
• Dynamic run-time binding 
• Compact code 
• Distributed support 

S U N M I C R O E L E C T R O N I C S 

Java APIs and Libraries 
• Required in Addition to tlie Virtual l\/lactiine 

• Create the interface to Application Programs 

• Make Java Technology Useful, Useable 

• Configurable to the Different Requirements of Different 
Sorts of Programs 

• API's for 
• Media, Enterprise, Commerce, Security, Management, 

Embedded, Java Beans, Servlet, Telephony 

• Libraries for 
• Mgdia, Connect, Commerce, Crypto (security) 

S U N M I C R O E L E C T R O N I C S 
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Three Alternatives for Executing 
Java Code 

intdHtter 

JavaDS 

its^iij^ 

(?) Interpreted 
Optimized JVM 

match irij&liinE^y 

General 
OS 

(2) Compiled 
Transform the byte-code 
into a machine binary 

>- Statically 
>• Dynamically (JIT) 

(3)Direct Execution 
Transform the CPU into 
a byte-code execution 
engine 

S U N M I C R O E L E C T R O N I C S 

Java Execution Alternatives 
JAVA PARADIGM 

COST 

S U N M I C R O E L E C T R O N I C S 
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TM 

Benefits of JavaChips 
• Optimized CPU Design for Java Code/Java Virtual 

l\/lachine 
• Specialized hardware support for run-time environment 
• No "overhead" blocl<s for legacy code (e.g., MMU/TLB) 

• Minimum 2X Performance Advantage at Same MHz 
• vs. any JIT compiler 
• More vs. any interpreter 

• Reduced System Costs 
• Less Software (no Interpreter/JIT compiler) 
• Less Memory (no expansion from byte code to native code) 

• Maximum Reliability/Security 
• No intervention (interpreter/JIT) between byte codes and hardware 

i^sffimH~ S U N M l C R O E l E C T R O N I C S 

TM. 

Where Are JavaChips Useful? 
• Optimized for Java Code 

• Intended for Applications Where Efficiency at Executing 
Java Code Dominants 

• Targeted to Inexpensive "Thin Clients" 
• Networked Devices 

• Natural environment for Java code 

• Where Interpreters are Too Slow 
• JavaChips also may be cheaper 

• Where JITs are Too Costly 
• JavaChips also may be faster 

• Great for NCs, Many Embedded Devices 
• Including Internet TVs, GPSs, Screen Phones, PDAs, etc. 

S U N MICROELECTRONICS 



JavaChips Roadmap 

A 

Net Computer 

r'% 

plcoJAVA 
core 

licfoJAVA 

yf^il* ^ • i 

iJsatfSj: 

mJI. mJ2 

UftraJAVA 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 CW Qi 

1996 1997 
All dates are for production (FCS) 

1998 
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Running Java 

MOST 

several MBs 
• 2 MBs JIT 
»- 4X code 

expansion 
(of applets) 

time 
memory 

picoJava interpreter JIT compiler 
comparison running Java code only 

S U N M I C R O E L E C T R O N I C S 

picoJava I Architecture 

0-16 KB 
direct-mapped 
8-byte line 

12 Isytes 
supports inst 

prefetch 

2 instrs/clock 
supports folding 

64 entries 
unified (I & FP) 
3 rd 2 wrt ports 
spili, fill 
"dribbling" 

0-16 KB 
2WSA 
write-back 
16-bvte line 

fast SP ops 
DP supported 

/ adder 
mult/div 

3 modes: 
normal 

/ standby 
coma 

S o 
•o ^ i- ° I I 

NOTE: No MMU, TLB memory | 

32-bit integer ops togtc | 

S U N M I C R O E L E C T R O N I C S 



picoJava flexibilty 
SME picoJava Technology enables a new range of 
Java-based devices: 
• Smaller, cheaper devices 
• Better performance Higher Performance 
• Less power consumption 
• Preserves full JVM Paradigm 

direct execution 
Java bytecode 
engine 

Lower Cost ' -^^^p^" '" Less Power 

L J configurable blocic 

S U N M I C R O E L E C T R O N I C S 

Some Possible Integrations 
*'T$C 

®i«»ter 

\ / 

piepJaystl 
'com'i-':}}. 

•l^SiSS 
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^tifM'glMMigtgl^ 

(asmti^^wsrrtlMy} 

^ \ 
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IniMpiEG: 

Add application-specific: 
• I/O 
• Memory 
• Control Functions 

::»iS":i;:;:H,5-s S U N M I C R O E L E C T R O N I C * 
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Summary 
Network Bandwidth will be Free and not a Barrier 
to Connectivity 

• Requirement for Lower Cost, Higher Performance 
Connected Devices Redefines the Partition 
between Client and Server 

• Java - the Language Designed for Connected 
Applications - Write Once, Run on any Platform 

TM 

• JavaChlps provides the Cost Effective 
Solution for Running Java Applications 

S U N MICROELECTRONICS 



Connecting For Growth— 
'Internetivity' And The Semiconductor Industry 

Microprocessors For Networked Computing 

Steve Poole 
Director, European Operations 

Intel Corporation (UK) Ltd 

Steve has been in the semiconductor industry since 1974, gaining experience in American, 
European and Japanese semiconductor sales organisations. Steve joined Intel in 1982, and became 
responsible for aU UK sales and service activities in 1984, Assistant General Manager of Europe 
with responsibility for sales and marketing activities in 1987, and Director and General Manager 
of Europe in 1991. In 1992, Steve was appointed Vice President Sales and General Manager 
Europe and held this position until 1997 when, prompted by family health problems, he stepped 
down from the General Manager role. Today, Steve is Director of European Operations for Intel, 
having responsibility for F&A, IT Customer Services/Logistics, Customer Support, Legal and 
Security. Steve graduated in Electronic Engineering from Birmingham, UK in 1971. 

Dataquest—A Gartner Group Company 
Dataquest European Semiconductor Industry Conference 

May 20-21,1997 
Amsterdam, The Netherlands 

©1997 Dataquest—Reproduction Prohibited 
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Microprocessors for 
Networked Computing 

Steve Poole 
Director of Operations 
Intel EMEA 

May 21 1997 
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Evolution of Computi 
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'Jie Current PC 
ntium* Processor 

PCI Bus 
I g ^ l t Ethernet 

•^-^i'-.'^dlo & araohlcs 
The Original PC acceleration 

• E-mail 

What Applications? 
Wliat Systems? 
What Processors? 

Jri.U' 



The Role of the PC in the 
Enterprise Has Changed 

ITJIJ 
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Internet and Intranet 
Business Exchange 

Intercompany and Intracompany 

Consumer 



Basic Premise for the 
Future: 

All computing is 
networked computing 

j j - j j j ' 

However,... 

There is a problem with 
PCs connected to a 
business network: 

jn.y* 



Unmanaged PCs Are Costly 
LAN-based PC 

• End-user operations 

• Technical support sIStt 
• Administration 
• Capital cost 

Source: Gartner Group 

Tech. 

Jij-U* mamm 

Megatrend One: 

Reducing the total cost of 
ownership of networked 
PCs & servers 

j/j-.y-



Our Goal: 

To reduce TCO while 
retaining appropriate level 
of flexibility 

( = ready for the future) 
jnij-

Intel Wired for Management 
Initiative 

Ent MgiiiiiSii 

VVorkgroup Products 

M a n a g e a b l e and 
<0 : ^ a ^ P * a b . e P i a t f o n -

To Reduce TCO by 
Increasing the 

Manageability of the 
PC 
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Spectrum of Managed PCs 

Flexibility 

Megatrend Two: 

Java emerges as a tool for 
connected applications 

j j j y . 
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Java* Programming 
Language 
• "Communications" oriented language for 

the Internet 
• Java is capturing IT attention as a front-end 

application to legacy databases 
• Intel is actively making sure that Java is 

best on lA: 
-Extending Java environment on lA-optimized 

virtual machine 
-Java is fastest on IA & scales w/ processor 
-Java/Active X programming happening on 

Windows/I A 
*Other brands «nd names ere the property of their rsspeetivs owners. 

Java Performance 

a 
1 

4.0 

3.0 

2.0 4 

1.0 

I 0.0 

^CaffeineMark 2.5 

1.2 

UuUu, 
SparcStationS 
microSPARCII 

110MHz 

PowerWave 604e 
150MHz 

PP-100 System PP-200 System 

Source: http://www.webfayre.coni/cm.html 

Jrj.y« 

Java* Runs Fastest on lA 
PP, PP/MT: Dell Dimension, 16MB RAM using Symantec Caf6 vl .5 with JIT 2.0 
PPC 6(Me-150; Power Computing PowerWave, 56MB RAM using Internet Explorer 3,0 
micioSPARCn-110: Sun SpaicStation S, 32MB RAM, using Sun Solaris SPARC Edition JDK/JTT vl.0.2 

* All brands are the property of their respective owners 

http://www.webfayre.coni/cm.html


Intel Architecture delivers 
the best performance on 

Java plus the ability to run 
today's PC applications 

J;j.y-

Megatrend Three: 

Enfiergence of the Internet 
in business-to-business & 
business-to-consumer 
communication 

j / j -y-



Worldwide Growth in Internet 

jn.y-

Users 
(Millions) 

1«M IMS 19W 1M7 19M 19M 

Projected 
Source: IDC, 12/96 

66 

In the future, 
commerce will be 

conducted 
screen-to-screen" 

j j - j j j -



Megatrend Four: 

Visual computing 

]nU' 

The Intersection Is Enhanced 
By Visual Computing 

Bring visual computing 
to ttiis intersection 

in-y-



Example: 
Federal Express Shipment 
Tracking 
Traditional Shipment Tracking 

ITLU.: 

Example: 
Federal Express Shipment 
Tracking 
internet Shipment Tracking 

j/j-y* 



Megatrend Summary: 

All computing is 
networked computing 

Increasingly it will become 
visual computing 

j j - j y -

Networked Computing + 
Visual Computing requires 
balanced high performance 

j j-j.U-



Pentium® II Processor 
Enabling High-Performance Computing 

Dynamic 
Exec. 

mfm 

j(jy^ 

>gy 

• 32KB LI cache 
• 512KB L2 cache 
• Industry BSRAM 

.25 

Pentium® II Processor 
Delivers All Three Vectors of Performance 

Pentiunf II 
The foundation of 
connected, visual 
computing 



Transition to Better Teclinology 

toy-

PC Bus Bandwidth 
Bus Bandwidth 

(i\yiB/sec) 
2500 1 

2000 

1500 1 

500 

Pentium® II Processor 
D.I.B. Architecture^ • 

M^gr 

mnn J Pentium® Processor 
^""" 1 Bus Architecture 

irj.y* 

1 i 1 — 

60 66 75 83 
System Bus Frequency (MHz) 

100 

Source: InteP^ 



Pentium® il Processor Adoption 
• A&A 
• Acer 

• Actebis 

• Aibacomp 

• AutoCont 

• Birg 
• Brett 

• CDC 

• Cinet 

• Comelta 

• Commodore 

• Compaq 

• Compulink Res. 

• Dan Technologies 
• Datalogic 

jj- jy* 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Dell 

DGC Systems 
Digital 

Fujitsu 

Gateway2000 
HP 
IBM 

Investronica 
Intergraph 

J&W 

JTT 

Macroda 

Maxdata 
MEPCD/Apricot 

NEC 
NetPower 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Olidata 
Olivetti 

Optimus 

Opus 
Peacock 

R&K 
SItre/APD 

Sintronic 

Siemens-Nixdorf 

S Plus S 

Triline 

Tulip 

Vikomt 
Vist 

ZDS 

Evolution of Business 
Computing 

rent Business PC 
bum* Processor 

-PCI Bus 
'•^iii^M^i Ethernet 

s^y^^ lo & graphics 
The Original acceleration 
Business PC • E-maii 

j j- j .y-



Evolution of Business Computing: 
The Visual Connected PC . 

Jm^.. 

The Original 
Business PC 

ent Business PC 
ium® processor 

l.veCI Bus 
^5/lbî  Ethernet 
Wo & graphics 
acceleration 
• E-mail 

J; jy ' 

The Visual Connected PC 
• Pentium*' 11 processor 
• Dual Independent Bus 

architecture 
• Intranet & internet access 

• Videoconferencing capable 
• 3D visual computing 

• lOOIVIbit Ethernet 
• Built-in manageability 

Intel Product Roadmap 
Future IA-64 

Merced Processoi^ 

Pentium® Pro 
Processor 

Pentium® II Future IA-32 
Processor Processor 

Pentium® Processor 
with MMX™ 

jn.y* 



Summary 

Processors for Networked Computing: 
-All computing is networked 
-PC industry is addressing TCO 
-Networked computing demands ever-

higher performance 
-Java* 
-Visual Computing 

-Intel's role: Deliver high-performance 
processors in very high volume 

Jii.U-



Spectrum of Managed PCs 

Flexibility 

j j iU -

•Task specific applications 
•Requires limited flexibility: 

-Limit configuration 
-Not user upgradeable 
-Remote management 
-Remote SW & OS 
configuration 

•Full range of applications use 
•Require full featured flexibility: 

-Flexible configuration 
-User upgradeable 
-Remote management 


