T8 TR
FHR R RR D

Indusirial Technology Research Institute
SaC Technology Center

Taiwan Semiconductor Industry:
from Foundry to SOC Designs

David Chih-Wei Chang, Ph.D.
Deputy General Director
SoC Technology Center/ITRI



T8 TR
FHR R RR D

Industral Technology Research Instiute
SaC Technology Cender

Outline

= Current Status of Taiwan Semiconductor Industry

= SWOT Analysisof Taiwan IC Industry

= Embedded Processor Market and Applicationsin Taiwan

= Development Strategies and Assistance Programs for the
Semiconductor Industry

= STC/ITRI's projects related to MPU/DSP processors

= Conclusion



T8 TR
FHR R RR D

Industral Technology Research Instiute
SaC Technology Cender

Current Status of Taiwan
Semiconductor Industry



T
Bl RR B

Indusirial Technology Research Institute
SaC Technology Center

Industry Development Milestones
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Industry Development Milestones(cont'd)

Main technol ogy

Foundry ! SMC 87— ERSO

IDM ST |1 - Acle7s TI, IBM
I C techHWi 8§yl Bak Teshibd neemtter ed DRAM
ssMo s e || g7\, iSileraehg €
sMX1 C | g9 Matsushita Ent er ed DRAM
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Four stages of Tai waf

e United Microelectronics— Established basic technol

e TSMC - Professional foundry services as strategic

e Vanguard - Self brandname DRAM

M SoC Design Center — Innovation-oriented

A soc

Source: ITRI (2004/03) 5
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Unique Disintegrated I nfrastructurein Taiwan (2003)
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Source: ITRI/IEK (2004/03)
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Taiwan's | C Industry vs. World (2003)

Unit: Million USS$ Supply Side

A A A
Revenue WW Share WW Rank Leaders
Sef BrandnamelC 10,215 7.3% 4 USJIP/KR
0 3
o1 79 DRAM 3132  19.1% KR/US
SRAM 254 9.8% 4 JP/KR/US
Mask ROM 271 89.7% 1 T™W
Asia Pacific
; IC 28.7% 2
53,864 Fabless 5,529 0 us
L MEG 13,666 9.4% 4 US/JIP/KR
8.4% "1\’3\5’9‘{9'63 Foundry 8983 708% 1 T™W
v PKG 3419 360% 1 T™W
Testing 1,189 44 5% 1 TW
7.0%/  ww Semiconductor
v 166,425 MFG Capacity — 15.8% 3 JP/US

Source: ITRI/IEK (2004/03)
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o Worldwide top 20 Fabless

ITEM |RANK |{COMPANY
2003(e) 2002 2001 4 Ixiling
Company | Country o Revenue Revenue Revenue FPGA 3 |Altera
US$M US$M US$M

Qualcomm us 1 2,440 1,942 1,395 Graphic |—2 [NVIDIA
Nvidia U.S. 2 1,835 1,915 1,275 6 |ATI
Broadcom U.S. 3 1,595 1,083 962 PC Chipsets] 11 |VIA( )
Xilinx U.S. 4 1,280 1,125 1,149 7 |SanDisk
MediaTek Tawan| 5 1,170 854 447 M emory 18 |ssT
ATI Canada| 6 1,135 645 480
SanDisk US. 7 930 493 317 1 |Qualcomm
Altera U.S. 8 830 712 839 3 |Broadcom
Marvell U.S. 9 780 482 275 10 [Conexant
Conexant U.S. 10 650 627 646 o] M arvell
VIA Taiwan | 11 620 729 1,009 Comm.IC| 12 |O-Logic
Qlogic U.S. 12 520 415 357 17 |Realtek(
GlobespanVirata [ U.S. 13 360 229 265 .
Sunplus Taiwan| 14 320 250 195 19 [PMC-Serra
Novatek Tawan| 15 311 193 124 13 |GlobeSpanVir
Silicon Lab U.S. 16 310 182 74 16 |Slicon Lab
Realtek Talwan 17 300 265 214 5 M ediatek (
SST U.S. 18 250 244 259 20 lics
PMC-Sierra Canada 19 245 213 323 Consumer
ICS Us. | 20 237 228 155 15 |Novatek(

14 [Sunplus(

Source ICInsight ITRI/IEK (2004/02) 8
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Taiwan Top 10 |C Companiesin 2003

millions of US dollars

2002 2003 Company I ndustry 2003 2002 2003/2002
Ranking | Ranking Segment  [Revenues|Revenues| Growth (%)
1 1 TSMC Foundry 6,118 4,876 25.5%
2 2 UMC Foundry 2,572 2,042 25.9%
5 3 [Mediatek |Fabless 1,154 894 29.1%
6 4 ASE Package 954 776 23.0%
3 5 Windbond |IDM ,DRAM 895 973 -8.0%
4 6 Nan-Ya DRAM 861 909 -5.3%
8 7 SPIL Package,Test | 829 676 22.7%
9 8 Promos DRAM 761 555 37.3%
9 PSC DRAM 696 388 80%
7 10 |VIA Fabless 618 764 -19.0%

Source: ITRI/STC (2004/03)
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e Worldwide SoC Market Trend

WW SoC Market Forecast SoC Applications
O 1 100% 0% -
l[=s0c Reverme | o | || | |
60 56.9
-o— Crronrth rate — %% oEm o
408 50.9
a0 | i
- B
0.3 0%
o 0 L
£ 344 4 4o WE T
@ a0 6.4 [ ] s 405
21.9 L {aom  wm |
20 f a0 20,39 .'3.1%%‘_.\ | &
- e 15% 0% T
1 g B.7% 1% s}
E |
'y (& : : : * )
0 : . : ' -30% 2001 2002 2003(e) 2004(f) 2005(f) 2006(f) 2007(f)

2001 2002  2003(€) 2004(f) 2005(f) 2006(f)  2007(f)

U Computing  UComnmmications O Consumer-oriented OOt heys

*WW SoC grow 20% in 2003

1.Globe economic recover gradually.
2.Demand of communication product increased, problem of stock-in-house r eleased.
3.Demand of consumer product is expected to growsrapidly.

* Communications & Consumer Electronicsaretwo major SoC applications.
Computer/lInfor mation takes ~20%.

Source Dataguest ITRI/IEK (2003/11) 10
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e Fabless Industry

Market share

A
0
(%) *U.S & Taiwan together have WW

Market Share over 90%
| P sCanadaisthe 3" largest country in
el nnovation fabless market sharein the WW
60T *Since 1996, fabless companiesin China,
Japan and Korea started to booming

*Quick Tech
follower

|P

20T e[ nnovatio
n

M ar ket
No.3 “@@ .&
| 1 1 |e9 O

1985 1990 1995 2000

Notes. EMEA: Europe & |srael
Source: I TRI/IEK (2004/03) 11

*Newly emer ged
eDomestic -driven
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Superior Performance of Talwanese Fabless

Annual Growth —— \WW Fabless % TWN Fabless
80.0%

R

60.0% \

40.0%

A
D\

1997 1998 1999 2000 égcp/ 2002 2003

-20.0%

-40.0%

Source: STC(2004/03)
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7 Strength of Taiwan Design
Industry : Rising Year by Year

*Perfor mance of Taiwan Companies over the Past Few Years

0)
\ 27.8% 29.2%
% 207% 0%
WW
g 1o
358
&
2000 2001 2002 2003
Top Ten Companies Worldwide
(Number of Companies) 1 2 2
Top Twenty Companies Worldwide
(Number of Companies) 3 3 4

Source: IC Insights; ITRI/IEK (2004/01)
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millions of US dollars

Rank Company Rev (2003) Rev(2002) GR (%) Products
1 MEDIATEK 1154 894 29.1% Optical storage
2 VIA 618 764 -19.0% PC Chipsets
3 SUNPLUS 333 258 29% Consumer
4 NOVATEK 330 201 Consumer
5 REALTEK 279 276 0.8% Networking
6 ALI 195 183 6.9% PC Chipsets
7 ESMT 159 117 36.8% Memory
8 ELAN 138 120 15.4% Consumer
9 HiIMAX 135 57 137% Design Service
10 Etron 132 93 42% Memory

Source: ITRI/ IEK (2004/03)
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Taiwan Semiconductor Industry
SWOT Analysis
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SWOT Analysisof Taiwan's|C Industry

v Specialization within semiconductor industry,
industry clustering effect evident

v Strong professional foundry segment, stimulating
development of upstream and downstream industries

v Support of downstream PC industry

v Operational flexibility

+ Comparative cost advantage

v Strong in digital design technologiesand CM@

process capabilities
Streng

J Great potential of China market for PCs

and digital consumer devices

+ Demand for componentsfor emerging 1A
products

v Industry alliances, technology transfers,
mer ger s ar e strengthening capabilities

v Large DM vendors are continuing to

place orders, greatly benefiting the

manufacturing, packaging, and testing

industries

v Redundancy in industry segments
and products targeted for vendor
investment, little innovation

v Shortage of talent in high-frequency
devices, wir eless communications,
analog design, and systems

v SoC-related design, manufacturing,
packaging, and testing technologies
in need of strengthening

SS ¥ Marketing channels and mar ket

sengitivity insufficient

+ Competition in the foundry segment
from new entrants, such asKorea, China.

v Rapid development of latecomer design
industries, such aslsrael, Europe

v Barriersto entry for wireless
communications productsis high;
companies without key technologies or
who enter too early find it difficult
to survive

16
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Strengths:

*Many domestic wafer fab, |C packaging, IC testing
companies

. Weaknesses:
Eq ul pment *Uniform Frlcmg for equipment, global market

increasingly controlled by limited number of
I suppliers

«Difficult to persuade potential customersto
switch suppliers

Development Dir ection:
*Begin with component supply
*Maintain close interaction with downstream

|C Design —b*C M anufacturing -»| C Packaging and Testing

t TStrengths:
e Proximity to fol
Strengt

. ) I e« Advanced technol
Strengths. e Production i

T

e Cost control e Service qu M 't . . eaknesseS:
. . a el I a. Slnsufficient CO:
e Proximity to downs tFroauanmd rlyT pa l ogy | ow-end products
mar ket
WeaknessesStrengt hs: - Lack of strong |
Weaknesses: « Weak in DRAM-t@omaetbgiwaferqu,bé|opment Dir
« Product innovation Marketing capaaNumetoes | C packagiggigd eSagadi |60
e Anal og, W're'e[ﬁévcé’W“b“ﬁ'rﬁé‘h'Wéﬁknessbsn: SoC testlng

al and medi, ul
depl oymPntficult to develvtép, Toﬁff‘s MmMolv@gd Y ofw®

* Weak marketing capghiljipti es, DRApMOdUCr]tnsologies technologies

omers,for advanced oducts hav
Devel opment Di reCHﬁu"0dn12"”ChW|V"|aI¥erfgrfe"@‘sb§ to switch s pppliers

e Strengthen anal og, telecoms,D§Q/Ce| opment Direction:
technol ogi es )

e« SoC, technol ogy Iaclﬁ obY |

Wor k with technology providers and

e Devel op mainland China mar ket devel op new technologies
e Maintain close interaction witﬁy_ do
customer s 7
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Embedded Processor Market and
Applications in Taiwan
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Worldwide M PU I P Revenue 2003

2002 2003 Cumulative

Rank Company (M) ($M)  Growth Share Share
1 ARM 159.3 158.2 -1% 64% 64%
2 MIPS Technologies 43.1 47.0 9% 19% 83%
3 Tensilica 12.8 15.1 18% 6% 89%
4 ARC International 10.1 8.9 -12% 4% 93%
5 SuperH 4.2 7.5 76% 3% 96%
6 Faraday Technology 1.0 2.0 101% 1% 97%
7 Western Design Center 1.2 1.4 19% 1% 97%
8 Cast 0.7 0.9 24% 0% 98%
9 Mentor Graphics 1.0 0.7 -23% 0% 98%
10 Patriot Scientific 0.6 0.6 0% 0% 98%
Others 4.6 4.1 -12% 2% 100%

Total 238.5 246.4 3% 100% 100%

Source: Gartner Dataguest (2004/5)
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Worldwide DSP Core | P Revenue 2003

2002 2003 Cumulative

Rank Company (M) ($M) Growth Share Share
1 Ceva 19.7 27.5 40% 63% 63%
2 Adelante Technologies 5.6 6.3 12% 14% 7%
3 StarCore 0.0 4.8 NA 11% 88%
4 3DSP 2.6 2.4 -9% 5% 93%
5 Improv Systems 2.3 2.2 -4% 5% 98%
6 Faraday Technology 0.2 0.4 104% 1% 99%
7 Clarkspur Design 0.2 0.2 0% 0% 100%
Others 0.9 0.2 -82% 0% 100%

Total 315 43.9 39% 100% 100%

Source: Gartner Dataguest (May 2004)

20
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|P Market by Function — Worldwide, 2003

US$M

Microprocessor i 246

BOS Merface
Platform IP
Memory
Other IP
Blogk—tirares
DSP Core B
Physical Libraries
MNetworking
Analog/Mixed-Signal Functions
Peripherals

Compression/Decomprassion
Software [P

Chip Infrastructure . . : : :
$0 $50 100 $150 $200 $£250 $300

Source: Gartner Dataguest (2004/5) 21
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IP Revenue Growth by Function — Worldwide,
2003

DSP Core

Bus Interface

Software |IP
Compression/Decomprassion

Phiial-l-_-l-la-ﬁa-ms.' Hetael
icroprocessor_
Analog/Mixed-Signal Functions
Platform IP

Block Libraries

MNetworking

Memaory
Peripherals ! . : ! !
Chip Infrastructure : :

-40%  -30%  -20%  -10% 0% 10% 20% 30% 40% 50%

Source: Gartner Dataguest (2004/5) 22
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T Top 10 Semiconductor |P Vendors by
Total | P Revenue — Worldwide, 2003

Rank |[Company 2002 ($M) | 2003 (M) |Growth | Share | Cumulative Share
( ARM ‘ 185.6 175.2 -6% 17% 17%
2 |Rambus 97.4 118.1 21% 12% 29%
3 | Synopsys \ 73.2 81.2 11% 8% 37%
4 | Artisan Compongnts™* 43.7 74.6 71% 7% 44%
5|TTPCom 70.5 73.5 4% 7% 51%
| é MIPS Technologigs 43.1 47.0 9% 5% 56%
7 |Virage Logic 47.5 40.0 -16% 4% 60%
A )v\ 51.2 36.8| -28%| 4% 63%
9 | Imagination Te\ ologies 15.3 23.6 54% 2% 66%
10 [ Mentor Graphics\\ 16.0 22.2 39% 2% 68%
Others \ 326.6 326.4 0% 32% 100%

Total \ 970.2 1,018.6 5% | 100%

N pr ocessor related vendors
Source: Gartner Dataguest (2004/5)
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Embedded Processor Market in Taiwan-

2003(By Applications)

US$M
Q O o]
90 O— O 1=
80 | = MPU O DSP
70F
60¢
50(
| 3 8. 4
40
30 21 . 1
20H
Iad Lo ] R 7 A A
10 ] 4. 71 |V =" = . S
0.9 .67 0. B
0 DVD/CD DVD/CD Broadband M/B DSC/DV Digitd STB
ROM player Access
Devices

Source: ITRI/IEK (2004/7)
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 Current Developing Status of
Embedded Processor in Taiwan

Dnclizrsirial Technoiogy

CEVA & FARADAY ¢ snIC

&5 SUNPLUS T

ARM
B311.0CICH ' rpc ' e
M EE%

RS2, tensilica
y 4

Everywhere you imagine.

All trade-mark are belong to each company

Most of embedded processors(or |Ps) are licensed from foreign

countries . BUT ...

25
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Current Developing Status of
Embedded Processor in Taiwan

Self-build Processor | Ps

16/24bit DSP *2%0 FARADAY  16/24bit DSP

GLOBAL UNICHIP ¢ TECHNOLOGY CORPORATION

— e

/N #IET S
S

16/32 bit RISC MPU
MK %86 based MPU

Wl ST

¥1A& Technologies; Inc:

an 16 bit RISC MPU

&5 SUNPLUS
8/16/32 bit RISC MPU

26
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Taiwan Foundry supporting for M PU

|P Vendor P Process

ARM ARM7TDMI 0.25um/0.18 um/ 0.18 low power um
ARM922T/ 0.13 um/0.18 um
ARMO946E/ 0.18 um
ARMO926EJ] 0.13 um
ARM1022E 0.13 um

MIPS MIPSAKEC/4KC 0.15um/ 0.18 um
MIPS5KC 0.18 um
MPIS20K ¢ 0.13um/ 0.18 um

ARC ARC tangent-A4 0.25 um/0.18 um
ARC tangent-A5 0.25 um/0.18 um
ARC600 0.25 um/0.18 um

SuperH SH4-202 0.13 um

CAST 16/32 bit Processor 0.25 um

Tensilica Xtensa 0.18 um

Faraday FA510 0.18 um
FA526 0.18 um

GUC UMPU700/926/946 Same AsARM

Source: ITRI/STC (2004/5)
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Talwan Foundry supporting for DSP

|PVendor |P Process
Ceva(DSPG) TeakLite 0.18 um
Oak Core 0.25um/0.18 um
Teak Core 0.25um
Palm Core 0.18 um Low power
3DSP DSP3/DSP5/DSPS flex 0.18um
Improv System | JAZZ 0.18 um
LSI Logic ZSP family 0.13 um/0.18 um
CAST C32025 16/24 bit DSP (Softcore) | 0.25 um
Faraday FD216 0.25um
FD230 0.18 um
GUC UDSP1600/2400 0.25 um

Source: ITRI/STC (2004/5)
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Development Strategies an
Assistance Programsfor Taiwan
Semiconductor Industry
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7 Si-Soft National Program

| ntegrate national resources and
focus on three forerunning pilot
= IP Mall vehicleswith aview to upgrade

e Demonstrated innovative product design

Product/Technology capability, SoC design capability ,
and SoC infrastructure.

e Platform Service

IP Mall

g
TW Design
Houses

Foreign Design

30
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National Si-Soft Program Vision& Strategy

= Egtablish Tawan as Worldwide SoC Design Center

= Stimulate domestic industry’ s growth and attract oversea
design services

= Conspicuous effect and long lasting operation

= QObject-oriented development, encouraging basic research

= Set mechanism for pooling industrial, reaserch and
academic resources and talents

s> B
o

=N

AN

1 Taiwan be an SoC advanced design center
1 Taiwan be a worldwide SoC design service center

31
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" Government Industry Policy

2006 3.58

. 2,500
2. 1,500

2006
1. (Polyester filam ent,
N ylon Fiber 2 )
2.
3.
4 .
5.
6 .
7. ( 3 )
8 .
2006 3,
1. 1,760
2.
1. 2,000
2. 400
3. 10
2006
350

32
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| C Design Parks Network in Taiwan

»TaoYuan LongTan Aspire Park

»\Wasia Scientific and Technological Park = NanK ang Softwar e Park,
KGT Park ] . ./ *NeiHu Park,
“ ~  HsinTien,

*HsinChu Science-Based Industrial Park ~ -7 ZhongHo
»TaiYuan Scientific Park :

»TaiChung Scientific Park

=TaiNan Scientific Park "\ £
sTaiNan Scientific & Industrial Park

=|_uZhu Scientific Park
sSeaboard Industrial Plaza

33
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= |C Design Park’sVision

|IC Design Demands for Integrated Service§.

Foundry
Mask

IP Collection

Platform
Service

B.Sprvicas

Package

Testing

2 EDA Service

PCB
Assembl % Data Center

ManufactuMK; Design V

Service Services

34
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STC/ITRI’sProjects Related to
M PU/DSP Processors
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" STC Role & Executive Strategy in programs

|[EK/ITRI National Si-Soft Program (- Sweden ACREO SOC WARE Center
. - | emonstrator Program
(Worldwide&Taiwan) | Office/MOEA ] «USCMU ’
— — . . - Analog |P: Methodology & Design .....)
Market Information Strategy designation +UCSB
Program Controlling - SoC Analog and Mixed Signals Design
ERSO/ITRI
e e O | nter action/Cooper ation
Flat Panel | with foreign country
OES/ITRI Technology Cooperation or
I (SOCIP.) . translation
Opto-electronics Chung-Shan Institute of Science

and Technology...

CCL/ITRI T i ication
: . : echnical Communication
(RE-IC/ Processor/Analog Mixed Signal...) . Natlonaj Unlversty.. 1 | Collocation & Integration
: & Forward-looking
Broadband, Wirelesy | oo I[P Qualification

SOC Al lil ance

EDA acka_gi ng
/Testing
Company Company

|P Compan
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ST C technology development plan —
DSP Processor Core

N
Ingtruction Memory [ Data Memory

Main items L J ]
+ 32-bit Low Power, High ( i S @ .......... @ j@

~
Program Fetch j [ I
. ! Local oo
Performance DSP Core | o S
Instruction Dispatcher/Deco@ : L T : . : Accelerator

. Ping-Pong Register File - .
- - . c . . Local
pplications e ) || o il
Controller Sequencer : . . . Customized . . ‘
: [Anthmetlc Unlt] [ Function Unit | = - :

)

e Portable Multi-function Device ool Lnit : [[Reg%::;?'pne] (receia) |-
- J D S
( Control/Status Registers J
Achievements
Vender] ITRI/STC TI Motorola / ADI Infineon
3 papers on |EEE conference N Agere [
roperty PAC DSP C6000 C5000 SC140 Blackfin Tricore2
° 6 patents ( 4 patents SmelttEd, Architecture \éLIV|\I+ VLIW Dual MAC VLIW Dual MAC | Superscalar
calar
. ., o . Frequency 300 ~ 450 |300 ~ 1000| 50~200 300 600 600
2 patents will submit in this (tiz)
|Pmmess 0.13um [0.13pm ~| 0.13um | 0.13um | 0.13um | 0.13um
90nm
year) |Performance 1500 ~ 1600 ~ 30 ~ 532 1200 1200 900
(MIPS) 2250 4800
Power 0.5 1.21 0.42 0.39 0.25 0.33
Consumption
(MW/MIPS)
Dynamic Yes Yes Yes Yes Yes Yes
Power
Management
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ST C technology development plan—

Multimedia SoC
PAC SoC Pl atform Ar&@@mure

Main items
* Multimedia Platform Generator
 Virtual Prototyping
o System-level Design
* Intelligent Power Management

Applications
» Portable Media Player
e Smart Phone

Achievements
» C-Based Design flow
» Hardware Semaphore Patent submit

DSP
Interrupts

38
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" ST C technology development plan-
L ow Power Design

Main items
e Multi-Vth Design Flow & Methodology
|_ow-Power Clock Tree Construction
 Low-Power Circuit Design

Applications
*Low Power ASSP/ASIC
| C with Tunable Frequency

Achievement
*Multi-Vth Design Flow
 Low-Power Clock Tree Construction
Methodol ogy
oLow power MAC(patent submit)
*Register File w/ Wide Operating Voltage
Range from (0.6V,100MH2z) to (1.2V, 450MHZz)

ya

Multi-Vth Netlist &
Lli_praries Constraint 4

TUINTvo

Multi-Vth Synthesis

(Synopsys-Power Compiler)

[ 2

Placement & Routing

(Synopsys-Astro)

A 4

Post-layout Leakage Power

Optimization
(Swap Cell Utility)

Register File

—O—freq(M'lI-zrr)Wi

— 0.8 0.9 1 1.

vdd

40.0

135.0
130.0
125.0
12020

115.0

10.0

5.0

0.0
1

39
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Conclusion
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Conclusion

= |n addition to foundry business, IC design isthe key to
the future of Taiwan Semiconductor Industry

= Key components such as MPU/DSP (star IP) play critical
positions in design SOC products

= Taiwan |C design houses (both fabless and IDM) will
keep use MPU/DSP world wide and also build them
owns

= MPU/DSP processors built within Taiwan have to face
global competition and patent challenges (quite different
from China)

41
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