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ABSTRACT

Studying worldwide semiconductor market and also its future. It is expected to

create 300 billion $ for overall market. The purpose of such analysis on recognize the possibilities

of the whole business opportunities and threats that can be occurred and various strategies in

semiconductor business operation in Thailand . To study about the semiconductor market of

macro section, we should study worldwide by focusing in some segments of the IC product ,

including Micro component, Analog IC, ASIC, PLD in order to get deep visualization in market

size and trend forecasting the yearly prospective consumption of each segments of the IC

product. Further we should study and compare on IC design and Foundry from which we can infer

what is optimal for future investment in Thailand .
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“0” wag A1 “1” YoRvesgUnsallszinniinelinnuuiuiigand uadaiduneoentuaes 1a
410NN
a o A A 2eiq ¥ o v 4 X
Und (Mixed) fio gnsain ldnisdamsuazUszananadeyanauuy Logic 1az Analog
L4
Tuginsaldafion Taosaudefiveaia 2 35 Bdaenu
a P, A ot o an °
2890 (Logic) fin ginsamiszuanadygrauuvadnea lagnsdszuianasiam
Tagaesii lawisoud lunisiinuld wugieselseudwveslulasliusisaiaesuaz
Memory 130 lava9930n TUsunsudaaunsoud luTusunsuiamnsaiidumundesms'1a
] 4 4
wuluIns Tuswensesuas luTasaouInsames
a . & o a o
lovsa (HybridAe giunsei AlFmalulad,mswialeddumaluladniedu
a o a g4 ' a8 a a J v a a
_alnnseiinddu q 1wy malulagmekdansudaaeiuazdunuyszauusliumsnaa
A a a o a = LY
Aafia (Discrete) i gunsaldidnnsetindninwlulszneylidogunsalificaduden
[} o a ¢ o o A o A k4 L4 o "w o
15U Amsugaaes aunulszy niedalalen nieervvzsenoudlvginsainatodi ua i
finsaefunolunazimdhimiiouginseliuy Discrete
a . /e o . [} L4
poAnDa (Optical) ABYUNTAINMIIUNIIAIU Optoelectronics 13U gUATBIYIZIAN
A3 ULAUYY Photosensor gUnsaitlszinnIfuiiauaa 19 LED uag Laser
. { 3 an A
TuTnsnenTUsiuun (Microcomponentfie gilnsaifilseuanadyansuuuaineads
annsoTsunsuldisu TulasTuswawes Tulasnoulnsames uazgunssifildamgi
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gunsaitszianil



ol < aa = o
T3 (Memory) Ao Qunsaiflfinudoyaddnea Tnoli 2 Ussionndn 9 Ao Read
1 9
OnlyMemory (ROM) #agifivdoyaluvazsimswialansufivanes ligwisoud lvldsn
1 Random Access Memory (RAM) #aerunsaiisudoyalnila

a = s a A o 1 a Y o
1989 (ASIC ))AD Qﬂﬂim NHAANDNTIURWICDYN AUNYNATNTIHUA

a ¢
2.2 nszmumsqﬂamnssuanﬁnmauna

L4 =)

1. IC Design femsesnuuyled Idvawidauyssl uaziivszdninwande
f1MUA (Specification)

2. Wafer Fabrication A8n13#aa 108 1u1e Silicon Wafer 9029050001011

3. IC Packaging Aemstiwsurledirunszummsnaauds wdady Die uaz
ussymsnuagdesiuanuiou uazdevnihdyna

4. PCB Assembly aomsih loFudazSuamlsenouasuuirites AW (PCB-Printed
Circuit Board)

5. ﬁﬁ’amn&uqﬂnsnﬁgﬁnwsaﬁnﬁ’uﬁiaﬁ;’uﬁm?aﬂuujd vzgmir luifludou

Usznoulunioa 14 W@ 9 (End Electronics) #o 11

Usznalneiinisni PCB Assembly 1482 End Electronics 3uuudauaz 1an1udnanlu
gsnonIskan lod TudusnTaomsiludaniiendesiiqateu fennidiuvesnnassud
Buni Die Huames 1 udnazamnsoutuiudiudn q miteu q fu Milunds Tod 1
f1 dmidn 9 mait 1 duBendt Die) ade i lareid i uINNY (Package) Fafidadna 9

(Pin) 111szNBUAIVULNAND ATALlY JUN 2.1

Package

Die

Ndaaaaaad
TTTTT T

X,
"

h gﬂﬁ 2 Die AlrzneuAIUWNNG (Package)

517 2.1 Die NsznOUDWANT (Package)
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nles Falszneudls  Die Swaumnisaannaalzme udrdadmniims

U5ZNOVAUNANIATNATDY (Assembly and Test) Tudsemelneg Tnolscrumeoludszina

Faliogna1s1saad U 1599U4U0UTHN  Alphatec Electronics, UI¥N N.S. Electronics

Bangkok, U3t Phillips Electrics .

1 ¥
Uszinnweagsiagaamnssy lod fnsounquaszuiumsdiedu fail

L.

o

Fabless Semiconductor AoUSEniimseonuuyled (IC Design) Taoh lifilsau

o ] 4
wammumweﬂﬂmommm

o 4

Foundry favsinfiishmsndauduiimos 7

(Wafer Fabrication) #1uNUSHNNAIN

@

Y

N

System OEM(Original Equipment Manufacturing) AovsnnaanToals Ivdhn
lawdn lod 104

IDM ( Integrated Device Manufacturer) fioustnisiimsesnuvy lod uaziilsau

=y

a [} 4 2 n:y =2 ~
paaud wudes W uvesaues Fegsivlszaniieonnsounguliis Tod

k]
1

A

Packaging,PCB Assembly iazmsnaninsaals Wi ues wu uidvn IBM , uStn

LG Semicon Co . Ltd. (mmﬁ )

a ad a 1 ' v & o
TuoRngsnvgaannssudidnnsefinddanlugvzeglurszion IDM Gaiueanuann

1 1 v
Junou Aswdanimsidendseneunisinmzdiuilnanouunuguniiy ou'ldun Fabless ,

Foundry uag System OEM laogsnoffinamsuunugaga Ao Fabless (Ho391niiyaninig

Yy (ntellectual Value) sInpgaouniign 317 2

IC Design Wafer Fabrication IC packaging PCB Assembly End Electronics
iDM
Fabless Foundry System OEM

&

>
»

d' o a o a 4 J
517 2.2 g3fvgammassudlannsotndyszinnai o
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mudunseanasmugaataiiolinaadusiing 9 Nadu Fadasimsiyay Tavewnain
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=5 =< ,5’ & a d a o J

(Growth Rate) 11!53831] fA.A. 1996 D3 f.¢. 2001 WUTHDYNUADIAAITDIADUNIADT HAANTUN
9 4 a o P A A o A a a o Y v a d
ﬂ'mﬂ'ﬁﬁﬂﬁ'ﬁ mwmmmmﬂumsawaalumiﬂuuuqsmuazNamnmmmummuumuﬂu
1Y
AU

& a a o da < a J K a ° Y o a

L‘Ll8Q‘D1ﬂﬂ151¢1UTﬁ‘llﬂQﬂa'lﬂWﬁﬂﬂﬂlmmﬁﬂ‘Vli'E)“lJﬂﬁ' il\illNﬁVlﬂﬂﬂﬁ']ﬂ"lﬂ“MWUIﬂﬁ'lil

TUd28 m13199 2.1 uaaaur Tdumsvoealvesaan tod luszes 6 Yk

9/ o ] ~a @ o a ki a dy
Dataquest "lﬂmﬂmsmmqwmﬁﬂssmwﬂauﬂﬂmasTan%zmw'lmwwmﬁ%“lu

.
4 =

Y1997 Tawiiyadr 150 WudumSogansy Fam@uiinsnoinsel 13 Heziidasimsniydy

03

| ¥
Tamnni 10%  dnisuil 1998 mad1esyast 175 Rudumssgansy muduilssana 17%

Tuouanil 2001 Taofiyanmsnaia - Wlansziliyam $300 Wudw  gasinsay Tawmde

@01 (Compond Annual Growth Rate) 16.2 %



(L661 1oquuaidog) 1sanbeje(g : 92Imog

SL 0059 8 $¥0°9 6'L 665°S €6 161°s ye- YLy 'z SI6'y Jogonpuooiuag [eondQ el
861 £€0°5T 9'81 888°0C 0l 909°L1 4 666°S1 9e vS6'El 6's- SLy'El 9121051 [B10.L,
el 688°8¢ L8l £EEVE TLl 076°8T ¢St TL9've 9°01 £68°1T 9'6 0og'61 J1gouoN - Sojeuy
ol £T6'L 681 vLU'L 9Ll 9£0°9 §91 peL's (4] Sov'y 99 voL'Y 313077 SOW 43410 B0l
€1l $€9'C L9 709'T v'8 8EY'T L 6Y2°T s 101°C §'6- £66°1 21307 prepuels SOW
TLt £28°cE €0t 868°8C 88l 166°€T gLl L61°0C Lot 0SI°L1 1’9 884°'S1 JISV =181a SOW
6'vl 18€Yy 61 ve9°'8¢ LLl SOv°zTE 991 6LS"LT 86 659°€T Sy 99 14 18077 [en31d SOW
9§t £79'8 £9C 788'9 §9C 05b's (43 o1e'y 6'9¢ $9T'¢ 6Ty $8E'T 1ossa0014 [eUBLS [eN3Iq
LLl TS°L6 SLL 19878 31 06¥°0L 681 0£L'6S 8 14 §17°08 86l ety 1usu 1 - 0dwoso N SOW
8'81- £0L 891~ 998 6'S1- 0v0°1 £91- LET 0z- 6LV Lye- 6v8°1 rediq sejodig
6 $T9'L9T 0¢ 0EE'YYT §€T 8¥6°L8I1 SLI veTTst €9 T85°6T1 9'9- 7€8'1Tl qAH Suipnjoxg) imoan) pajeIdau] (g0,
1'zt- 116 601- 9€0°l 9'6- £91°1 L'g- 98zl - 60p°1 €l £9v°l 3ofeuy pugiy
ol 690°00€ €8¢ 667°TLT §'IT 91£TIT L91 00LL1 9'¢ £99°6¥1 £9- 069°1 71 (PHGAH Surpnjou[)10}oNpuodILIE [E10],
(%) aNUSAY (%) anudAdy (%) anudASY (%) onuUAAIY (%) anusAay (%) anuaAdy
PMoIDI00Z] 1007 [BM0ID000Z]  000T  UMMOIDE66I| 6661  |WM0IDZEGI 8661  IMOIDLG6I]  L661  |WIMOIDIGEI] 9661

(SIe[[0QY JO SUONIIJA] UI ANUIAIY) [00T O3 9661 ‘ISEII0 JEIX-3AL] ‘9N AEUI JOJINPUOIIUIIG OPIMPHOM [T UbLELY




s Idumsveesivesnana ledludn 6 U4hani (Dataquest, September 1997) T
vazfimsnonsaisasmsiy Tandolszina 16.2% Wdn 6 Tdhanth Taommeodubaly
wonede FalisasimswSydvlafigefigadefoutuginadu waziicAGR (1996-2001)
18.9% il 2001 gimaerdeliyaninain $ 71 Wudumdey (931vvasiddalunianuan)

efinsanielSumnnudesns (Demand) vee lod Tavuvsannlszinnvea
YA IYNITY (Fabless Company, IDM Iag System OEM) ﬁ'amsnff'i 2.2 5erinldnlusses
a1 4 Piiehun @ 1993-1996) Usuannudeamsves lodangaavassuszinn Fabless
wiineusnnes Company (3100218uAglUUN Fabless company) Hyamif lugannileifiou
fulugaamnssulszian IDM uaninmsnenseinunneluil 1996-2001 Fesamriinnnh

s =

sasmsiu Tamdsvesnaia Tod w2 q 1 Sudey 2 wih uazudl 2000 vsxiiyanisauda 300
[V 4 =) o/
Wudnumsonyansy

A15199 2.2

Worldwide SCM Market by customerType,1996 to 2001 (Millions of U.S. Dollars)

CAGR(%)

1996 1997 1998 1999 2000 2001
1996-2001
IDM 4,509 4,279 5,134 6,502 7,737 8,695 14
Fabless 1,832 2,000 2,589 3,791 5,288 6,251 27.8
System OEM 165 184 244 340 466 515 25.5
Worldwide 6,506 6,464 7,967 10,633 13,491 15,460 18.9

Source : Dataquest (July 1997)
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a a (Y J
AAIZIAZUU NG NIAMNHNITNIBNABUAMINDS

3.1. M30ONUVLINVTTIN (IC Design)
Tumsosnuuuvssmsauiensiauesnidiu 2 dau (31 3.1)

1. Front End Design (Logical Design) MIANENA® A5 Simulation NSENITNATOU
$18841715111914v09 Design #3vulun181 HDL (Hardware Description Language) 4agn13in

Synthesis Glﬁ’ﬂgzslug 903 Net-List 138 Gate Level (Logic Level)

Back End Design (Physical Design) Wﬁ1ﬁﬂﬁﬂﬁﬂ 1311 Layout %50 Place & Route
A992214 Gate uRaydIN IMUDUGT Chip tazudazdlvzasiuodils ndanminzdeasing
NATBUNYVBINTBBNLUUY (DRC/LVS) !ﬁammgﬂé’mﬁau"fimzﬁmaa%’w GDS I File tiieda
Tvin Mask (mhan) Faendwdaz Layer voswuaumsnaausunmlesiios lsthe dmsy

Tsenundaunuruwesaely

Fabless Semiconductor

ldea [ Front End [~ Back End | Fabrication T  Chip

a o a =2 a o o
511 3.1 anbazgsne ledszinn Fabless wlinoudnmes

lumsesnuuydeseifuingeaiie Lﬂ?ﬁ]ﬂ‘l’flﬁmﬁﬂLﬂﬂTuTa?ﬁfngQQ Taouduiln 2
Uszinnlng Ao
1. gunsel Hardware ﬁﬁmmmmmuaxﬂszﬁn%‘qua Y5¢nOUAY Engineering
Workstation 110 High Performance Personal Computer
2. Tsunsufildlunsesnuuy (Software) 152nBUAI0 EDA (Electronics Design

Automation) Software {18% Design Technology
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A 1 A L 1 a
oHe 0% Design #1990 PCB Design iiusumnlundvesnnusudouna
< =) J o - g A
maTulad Tod nie Chip wilsdalsznonludimsudamesilud q @ devzdesldyn
@ o @ -1 9 a o Y a . a a J -t o
AnheudeiuinnudramawieomnziEnia defianaialuns Design Afaduisudn
viose19vi11H Chip Taivham14 luvaizii PCB Design ifiumsi chip Aifloguddnan lifiss
¥y
WdeuuuRUIeIRNW Tavenney Iaeviviuas lums Tusunsy Chip the wensniimaTulad
] 1ty £ a fo A d (1 '
UG annnn bilidundmsudamesindnigesylunnmnnndi 1 luaseu o
lagifuegiiving 035 luaseu uazidnasluiFes q (dumuauiiduriquénarsszana 70
9 é L4 - o ' L. -
Tuasow) MlA chip wiladreunsatinsmdameddidundndosdiudy 1sesdecding

wisunioulunnumuisanvesossuma luladiidaoulthd,

3.2 neldvssgamunssudszian FABLESS

10188 nnmsduiluamvesSimansoutseeniive Uszinn Ao

1. 5wldi 185 un1s0enuY (Front End uazmie Back End) seetaider Taomm
vismer lihmshide Tssnuihmndausuameivie o3 %ﬂunsfﬁﬁqn%
Fosmaamizmsonnuuy 1o winty

2. 510187145 nN108NIUY (Front End Hazm3e Back End) tazvieludnyass
duusunmef Iddugnd e“m‘luﬂsﬁffqnﬁwIﬁmqu?ﬁ'ﬂﬁmwaaﬂuumm uaz
meuFines i lssoundauiuaimes (Wafer Fab) ondn udadaligndn
Aoy TasiigndesiuduameA 18 Tinsszneuieenioninasidielse
afidimsdszneutaznagoudld °§a%z‘lﬁ'zi’]uqﬂnmfﬁt‘s’unimnismqamﬂ
(lod) din 'l

3. 510147 145u91nN 508N (Front End ttaz/Mm3e Back End) inzueludnyaiil
s lod Wiugnd Selunsdiigadiusimimseenuuy Tod Alidnyae
(Speciflcation) AMANNABINITYEIGNM uazmudEm i Tssnundausiy
s Taanusenoutasnadey 1o% (Assembly and Test) titonan 0@ daily
#1 q Tigad

ey o

4. 10180 18T vvnmsnendasuanisnsazidusa o8 TaonauTemezviins
im o o 4 o
oonUUUINNANYUITY Standard Product ¥09uTEnANyI0e TumIfinse
2 & e '
wweenuuunTlszanlaii Yuegiunnudeinsueinain (94 Microprocessor

i 4
Chip Graphics Chip 138 Telecom Chip tHudu 110181utlszinnilszunndraduly
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Yszianit 3 luwiihseldludsanand 3 wldvnmssenuuuinsamiigndih
o P s o o

fu Ewamszasdvesgndn) demaudinimsesnuuunesiadouds ma

viinez i Issaumdausuiaies Tssemdseneuuaznagey o5 uazii lo

& mdaldumhmssmibadiundadusififondn Application Specific Standard

Product (ASSP)

E 4 4
nanlavagliie s1wlds 4 Ussanauiraurasmutuneulunssiunskiag
. n’l’ y o J 1w o/ J 1 o o
Wiz 2nsiiswddiuegiuamuseasfuegniuazdiiuegiuanuaunsonazfnenm

YDIUSENAY

IC Design Wafer Fab Assembly&test Finished Pr&duction

| | |

1 2 3&4

3 H ¥
1 3.2 naasivesswlddsziande 9 Taoumuduneu assuaumsnanlugaanssy 1od

FABLESS $a 18 ufuffugivesgammnssuaiinoudnned Tavhil 199685104
$6.8 Wudum3vglidasnsiiu T 8%vestl1995 &iﬁﬁﬂﬂﬂ‘lilﬁﬂh@iaa 46% TuNgHMs
1ﬁuTﬂaﬂmxﬁmmnmmmawmqmwnsmf HaeMIuUiveIFABLESS Tuinedau
830 1A(Market Segment ) WavInALRUIADIHRIA

- usiednlsiinn yamnaIAFABLESS aunsafivsiisteidifunt 6% vesnanamd

4
nouAnmesTanuA WI19ziiia over capacity Tuduwegaamnssuaies 12000

3.3 Yoveldeveq FABLESS
{0
. Fabless Company hisufludeafiTssaiu Waer Fabrication 3¢'lideelditunayu
g9
2. 1ifi13999 Wafer Fabrication 199 vhlffisaszlumnBonlseam water
Fabrication 1@91AY818 9 (M4
3. maniunudumssenuvuezyi I idnanouinu(Margin) qai’fu
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-

oidy

fnmudvslunsdinnudesmsusunmesinndui i lssm Wafer Fabricatioin
lirwsondaldiunnudesns mefiuSin Submicron Technology FinohnmTsaamly
dszme'lne uada bildiAndy

Tuilegiiuszimalnedigaamnssumudn ainoudames Miflerdy Foundry oz
Packaging QANTHNTSNAIM Packaging B foussuiundn luewaadhifiniuenisiuse
ALz A et Faszihligammnssud Packaging voszmeing $ilszmedinuse
a8 davgaamnssudn Foundry 1Tyu'l*1’f'mﬂTuTa?qum'ﬁmamqu1n wazilums
wiamugadrdariniy fudfyaduiunnnigammnssud Packaging uARatesndt
QATINNTINAIU Fabless ufuitesnsziuvessemeneliuseiusuame islinounamed
voalanld Tandsniumegraimnasudi Fabless #a0 Faorfurinue tazanuemseves

o 1 -1 1 1] o A' :
winaunnnd unggniidm ingestiunamalszme vinlfusemeingldgamsduiuiy

fy

3.4 maduwunnguninAnmives FABLESS COMPANY

| Tumyadt 3.1 duntsusnuseseldues FABLESS mmnlszinnuesniasasivng
Fu9gny MEMORY Wudmudenfifise 1danasas 31 % nndreundhilae 1995 Suhunan
110511y SRAM uaz DRAM umuawmsmmé’awuqmsw‘lﬁ'wnﬂawmmu MEMORY

lllﬂlYlUUﬂlJi’lU‘lﬂ‘\JEN FABLESS ‘VN‘Hllﬂﬂ'lﬂ'Tl 10 % 4% s‘.lllNﬁﬂi&"ﬂ‘lJUOU!J'lﬂ

13199 3.1

Fabless Semiconductor Revenue by Product Type,1995 to 1996 (Million of U.S.Dollar)

Year-to Year
Segment 1995 1996

Change (%)
MPU /Microcontroller/Microperipheral 3,230 3,659 13
PLD 1,277 1,479 16
Memory 633 435 -31
Analog/Mixed Signal 753 772 3
Others 409 461 13
Total 6,302 6,806 8

Source : Dataquest (May 1997)
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ﬂ‘lﬂmﬂﬁ‘ﬁ 3.1 Microcomponents (Microprocessors & Specialty Microperiphaerals)
{huseldues FABLESS 1091 50% T8asimsdiuTaluil 1996 84 13 % Microcomponents
(Microprocessors & Specialty Microperiphaerals) U5 snovualy 3-D Graphics Controllers , Audio
Controllers , Core LOGIC Chipsets ( Core LOGIC) fis #2A2uAun15d08151a811595195084
$oasEMi19 Microprocessor it dutlszneudesdu q meluszuy)

fauihlsa FABLESS #ilngjiiqafie CIRRUS LOGIC filszaisinseldanas
11 % uddmaw q MICROCOMPONENT SUPPLIER iis10l&iftuduenmsiiuTnnndau
¥84 PC nouiunainsiln iy U35n S3, TRIDENT MICRO SYSTEMS, ATI udluduves
AR Audio Controller #4515 FABLESS o ESS Technology tazlitns N 15iAL lnves
Mldinlusadau 114 % Fasadhmafiga vnmed 32) uazgnaniiseldundlu
A 5 voe FABLESS Hianun

wandeiel PLD fiunarafiudaunsefiqa msrzily Niche Market Suiifpaninnny
uansreludmdadasiiazuims  dulisasimsduTannfiqaveswindusi FABLESS NN
Uszinnfie 16 % Judluamaiilngiduil 2 vee FABLESS Sefudimiliduiifinsudldu
Xilinx, Altera, Lattice, Actel 1ag PLD  Ddadauvesswldfiudmnsilavesndndost
(Product type)iia 22 % Tuil 1996 1Tl 1905 Hsel&iRuiiis 20 %

Analog 10% Mixed-Signal FalugTUTIN Fabless Saise 1813 1995 tirdy 753
dumogamsy uasludl 199 Seasmsdulanniy 3 % Taoiswld - 772 dumdoy
an3y Taofl Fabless Company AiimsilAouimlasluseIdiitudiudios 2 visn e SIERRA
SEMICONDUCTOR fmstuduveswl 31 %, LEVEL ONE COMMUNICATION ii51¢'14
nlAoulasindy 44 % uoniufinwldanawmielndifseiuduues FABLESS il 1996
(1 EXAR, MICROLINEAR,INTEGRATED CIRCUIT SYSTEM n@fis1t'ldueq FABLESS
Wdnditnnuandetulungld weanemsiinagni lundnfaaiiuaneaf (Product
differentiate) uAeg1el3fAnuAnIAYes FABLESS ludquildensiimsduTndusnluouna
flea11910% Demand 1ﬁu1uﬂfjuwﬁﬂﬁ'm°ﬁ High speed Data Communications Lia¢ Wireless
Telecommunications

' 1ndoyaves FSA (Fabless Semiconductor Association ) N@129IAINABINS
WAFER (it 30 % 1147 1997 Faluil 1998 unz1999donaziisns i Inddoefuardoudi
ma T TaB it eniu(Leading -edge Technology) #9113 1999 szdeaiilu 035 lunsounietios
nT1 unz FSA 841 Ampnsain1sdesnis WARER 8 111 T Yield il 2 1959 WAFER 11419 6
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2 SamidnldmamsellF 15 8 178 1w Die Ao Wafer Seiwavildamudesmsh
nonsel aaag
o 3 1997 FABLESSTT 018wy 25 %udama arineudmnef duln12%
e 51m ey 8" vuia 05 luaseu fisiAwiunds (AVERAGE SELLING
PRICE) 2,3008 11]u 1,5008
e Aa1A FABLESS ﬁsﬂmmu'ludau‘?‘i'[ﬂﬁqﬂﬁa ¥4 3 D Personal Computer -,
Telecommunication L
® FABLESS COMPANIES Aeafiqaiauiana s szms
® Unique Design .
® Quick Turnarounds
® Working Relationship with FOUNDRIES
® Third Party Licenses.
® Improvements in EDA Tools.
e cMos szflumaTuTadfign14lnu FABLESS COMPANIES
® FABLESS COMPANIES seifaow'ly/19imaTuTadves 035 Tunyeu stnsiada
@uildians nSeulumsugedund 0.6 Tuasentnlih madaiuues 3D
Technology , Multi Media ,Communication. M1ldoan1s FOUNDRY ﬁﬁ
mnTuTaBqauazsfivhlsl FABLESS SEMICONDUCTOR finisiuTnetde
tios udnadl Ionmsnldulasweana luTabfiqedy il l&aussousiia

2
Yulu Speed, Lower voltage ,High Yeilds
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3.5 diaunelduasmanlfeunlasiuneld FABLESS

a
AN 3.2
Top 10 Fabless Semiconductor Company Revenue,1995 To 1996 (Million of US Dollar)

1995 Rank{1996 Rank Company 1995 1996 Change (%)
1 1 Cirrus Logic 1,003 891 -11

2 2 Xilinx 520 5686 9

3 3 Altera 402 497 24

4 4 _|ss3 315 464 417

21 5 ESS Technology 106 227 114

17 6 Adaptec 124 214 73

8 7 Lattice 1886 200 8

12 8 Sierra Semiconductor 143 188 31

13 9 Trident Microsystems 139 180 29

25 10 Oak Technology 84 172 104

FASLESS COMPANIES Wi 18thugld vszTemnivinmsI¥uSmsves scM ud
IDMs (Integrated Device Manufacture) Yjnuiiisman litount 2 1w 3 fnudesnsd
vimslumsiamed maf DM deadhusud ugiesi foundry process tHUUBIA 104 1A
M fidununtelufiqunii Ousourcing lundnffiamzeds wamdunseduidons
HAAYEY IDM uaz*f;"aé'«i‘luﬂw’ﬁ'ﬂmiﬂ'nmﬁ'mﬁﬁﬂs:ﬁﬂﬁmw‘lumsﬁ'ﬁﬁssmmﬁmamu
FAB myluesdns 1ilessarss Tomigeqa uasld scM uauves FAB F;ﬁmﬂTuTa?qu
(Leading -Edge Technology ) fin1e1u IDM eevh 114 cﬁwmﬁnﬁnmtﬂuﬂaqwﬁmqmmﬁm
¥4 IDM

ARIASCM Hiyani1da 155 Wudwumdoganigludl 2000 iifosnnmsdnTasen
winWe FABLESS (tag DM SeTui3) 1996 AR SCM'1l 6.5 WudumIue nazlud 2001 vedl
veare1&iih 15.5 Wudtum3on Feesll CAGR 18.9 % Taviigiinnewsn uag iFould
i st luntsiduimsves FOUNDRY iifeanun oM Tusnidnuitile uaznsiy
Taves  FABLESS luawigoussn uas1Aniu Saud4 IDMs sefiumumdenisdiu Taf
d1A5YeInaIA SCM A FABLESS n:ti‘luﬂ'w’v';ﬂmﬂzmhﬁﬂmﬁuTﬂqq'?';qﬂ Taslinudes
ot 40 % voaguaadly FOUNDRY Wil 2001

1wldves scM W) 1997 Sanailyamiilndifivadull 1996 wiesiimsidy Tadiy
1 14.% 1107 1996 TaeiA9In Millions of Square Inches (MSI) IAABI¥AIEFUT AR EAD
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Yo sariaaazimnaluladmsaums aoa.

A3 (Average Price per Square Inch ) ianaq uduuﬂﬁmmmzqqifu Snquqﬂmﬁ'ﬁi'ﬂ
fu MSI szfuduedansfinasaiadl 2001

NTNTIYDIQARTHATIUYEY SCM 34 Overcapacity AauAn3aTndevosdl 1996 au
2491 2001 wazludl 1998 923 Overcapacity qaqﬂﬁa 15% éadauﬁ Overcapacity a;j"lu

ma TuTadve4 0.5 849 0.8 luasou

3.6 amaruwes 0.35 Micron
ifdsmandmimi guasdeg 6 i@eu il 1999 lunsdisidumsaSulunsdl

4

d‘d -a' J ' LA |
nlgUasamuiuegiaiud

jUn 33
Transition of Technology in Foundry ( Source : ICE )

Installed Capacity(1992-1996)

0.25Micron
0.35Micron
6%

30%

>0.5Micron

36%

0.5Micron

28%
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71 3.3

Transition of Technology in Foundry ( Source : ICE )

<0.25Micron

0.25Micron
A% >0.5Mcron

0.35Micron

53%

Plarned Capaciy(1997-2000)

® 035 lunseu szlfunmaiiddudyTa (Ui 3.3) ilesninnisiinonsse

Use Tonffqaunzdatisinii Tuiuwa
3.7 MINGINIAUNRIAYBISCM

® ama SCM 11l 1996 fiven 6.5 WudmmSugy uazezlyasmamadiv 15.5
Wwudmmsogyluil 2001 Tagii COMPOUND ANNUAL GROWTH RATE
(CAGR) 1My 18.9 %

® North America & Asia/Pacific wiiiugininfiiumumlumsiiuguasdues
SCM

o 11997 1101R1ndiRosuidlnew udeslimsmutulums 4 #3auuy Mst
819 14 % U100 AL (AVERAGE SELLING PRICE) 10q

o simmeianasluil 1996 uaz 1997 uazmasmoRas (Average Selling
Price) nzqafunﬁﬂﬁau wamnmmj?;uuuﬂm"11]1‘1’f'mn'[u1a§‘ff"‘uqa (Leading-
Edge )

o maluTadfieglunnuiouilagiuie 0.5 Tunseu uaz FABLESS
COMPANIES (31t 11 14ina TuTad 0.35 lunsou
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v
DM Tuilagiiudud1$u5n1sves FOUNDRY @4 2 Tu 3 vesguaadsianua
1Az FABLESS COMPANY vz Indla 40 % vesguassves scM uil 2001
m312m 351912197 114 Application Market Y89 FABLESS COMPANY

3.8 35n1¥ lumswensal

N15NEINTBIVBINAIA SCM °l‘i’fllu1Tﬁ'uvfaﬁ'1uqﬂmﬁua:qﬂw1u

msdnsed Tnefnnuuuiuiaidy siticon Taoiaisiu MsT (Millions of
Square Inches ) TnoruneF 6 111 3 27.4 m31iia F18AMTuS MRS
saveaedifunua Iy Fufumsdszanumsansauamesiizg 1.0
Tunsou 4 035 Tuasou fsimiuanmennmaddszinnveanaTulad
ﬁﬁws1ﬂ1ﬁ“l%'zi‘lu13uﬂaaaﬁaw%"g

AugUnu( SUPPLY ) 1$81danmswdaues DEDICATED FOUNDRY uas
1DMs fifegluilagiu oz nnunnumimsvneidwanlueuinn
#ugU/eaf( DEMAND) 484 SCM 11910 FABLESS SEMICONDUCTOR

DESIGN HOUSE, IDMs, SYSTEM OEMs

3.9 msnennsaigasn scM

v

307 3.4 Humsuaainisnoinsalluglaas (DEMAND) ¥94 SCM Sewvice 112 Tan

Tumiiag MSI (Millions of Square Inches) ¥4 Silicon #in1A3191le14A (DEMAND) w4 i

a 4 a 1 AR o [ a a P o
ABUAALRNDT FOUNDRY ﬂSLﬁUTﬁ’OUNﬂQﬂﬂQﬂ 2001 ﬂulﬂuNﬁlﬂUIﬂiuﬂﬂiﬂ’lTJﬂﬁ'ﬁlﬂi

i < Y o a
FABLESS COMPANY tiaz IDMs filvuiaidn Tanldougduvygsivvesau Ty

' ¥ v
FABLESS 1azmsmuvuveddunud mi ilinousmnoi FAB 110lvi dniu msvseuda

ABYUIA (Economies of Scale) 921TUNALINADANIIUNUYSI DEDICATED FOUNDRY

tag IDM nlvualng
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SCM Market Forecast in MSI,1996 to 2001
700 T 613.5
600 + 547
500 ; 4418
362.7

400 -+

271.6
300 -
200

1996 1997 1998 1999 2000 2001

Source: Dataquesr(July 1997)

3.10 1 Yus IMANASCM
Y 1 B Qy 4 1 e 1 [

uun Tinvesnmasviamsaiveuunes lunquusuna Tuladhuanaieiu

Faduna ldIudusn vzilulaungued Product Life Cycle FaluzrausnvoanaTulad
' o IS d' ' A
Tmivzimuasimguas 3n15a21un a7 149291987 Pre-Production Phase taziiama TuTad
v ¥ 1

1Ay LINE wana3a SnitunaTuTad ldnldeu luiluaonsndandn (MAIN STREAM
PRODUCTION) 7113 1#192aA04 uazazioudansutaiussnindnwnaioens (swazidon

qun “uur Tusaimes” undaly)

3.11 amdszanveunalulad
® anA1( Fabless Company) Adn1snaznamiayssaus lunmsesnuuunandua

Y

UDIAULDN

e ; 4
® Fabless, System OEM wziilungquusniidonly maTulagilianudimiduie

wuany Idnlsouumsuvady

'
e

® lungu IDM madiez l¥hidainskdaifiognisluvesaues

as

» v '
® iomnTulatiuegluszAududd (Mature) 18235171989 SCM anad IDM 3414

SCM isumsnanmolusInnsves IDM

@ a g ~ J a -3
® 991 0.35 lunseu gUasduiniigqa uq 0.25 Tunsou wiimsSundndoulu

1 1997
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® nnmisdisagasdveaunes1ull 1997 ¥ea Fabless isdnoudnamnes
<4 v v a4 4
Association’s (FSA) %4 Fabless wiiugnandulgilmanuos scM iy 1u

- : o o < A‘ J
A TuTad9uih (Leading-edge) unavh vfimles 0.35 Tunseusiguaadinuin

® DM aumnezidnwan luma TuTad 0.6 81 0.8 lunsou wazsimdeue1ias us
simezaanaell  Tas IDM a2 luwaanina TuTad 0.5 lunseu melumulsau

fundning

. A 4 4 &
® Average Price Per Square inch ¥94 SCM iy Uiipannmsnlasuutlaslyly

4 4
mA TuTadngeyu

3.12 msdszanamsneld scm

uamalugUit 3.5 11018103 1997 idew liumneafuid] 1996 uamnTimsiduTanis
Wi 14 % TutSuums1973alumiae Mst uanua Tiuseldlueunaludl 2001 vzl
CAGR 18.9%

Jun 35
Worldwide SCM Market Forecast, 1996 to 2001
Worldwide SCM MarketForecast ,1996 to 2001
20000 T
: 0
15000 + B!
162
10000 + o2 4
Giv3) 654
"B B
0 J | f : : :
1996 1997 1998 1999 2000 2001
Source:Dataquest(July 1997)

Tuguinze umsnfSouivusasnmsdu TaveaSmams 14i3alumiae Mst

uazswdluudad) Jasmsdszuianis) suiedl 2001

J 1 r - Q’ J ' ' 4
FaoznuNoaTIMsau Tnlugdves MsI imsmuiustndeiiosnudll 2000

J o J Q' 'w @
uamIveeAnzanaalul 2001 Faezisudigiginsvesmsanney
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» y > " a o & 3-8
Tugdvessiw Rz 1ddalundasd sdasmaiiviuuesne1d dandesne
é [ A Y a ] ' -1 [ a
wnludl 1997 Aasedudy MSI Fetsasimsiiuduun udenslsiaueziisnsinisy
2 e ] P a 2 4 a 4 o
Yuog1aun 1ul) 1998 waz 1999 FamsimuvuidunaiiswnnmsinIulusnundedein

(Average Price per Square Inch) voauwes Tuma TuTaduga i 0.35 Tunsou uag 0.25
lunsou

3107 3.6

Year-Over-Year Growth in the Worldwide SCM Market, 1996 to 2001

Year-over-year Growth in the Worldwide SCM Market ,1996-2001

3.13 gnAuthwinaves sCM
B Fabless Semiconductor design companies Avafiy foundry provider 1111.1’:1]
ADUWafer Processing Fabless @090y Outside Sources 75%
| System OEMs
B DM duviiniieonuuyuda uozdudinainlundasusd aiinoudmnod
voeAuIBs us IDMs lirlesfiasumnaaniolu Tasmsdenn Foundry (e
Audangulumsninuoanuie vendaiumsniy Range of process

Technologies tazunssAunansuavesau Ididuidoans

y

Dedicate Foundry 14a¢ Fabless Design house iilugsfvfideaftamdsiuuasiu fufu
Fabless Companies ouiiugnfmdnves foundry uafifithedi oM fugldusmsunnnda so%
vosnn1a SCM 11l 2001 uASAIIN3IAL TAYBA Fabless 1xiidasiiquiiqatie 91n 28% Tl
1996 i1 40% 1ud) 2001 (g31#t 3.7)
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N3z
Distribution of Worldwide SCM Demand by Customer Type,1996 and 2001
TotiSESEonN
1006
FREs SSEVCE
Bo s

ovi

o
7N 3.7

Distribution of Worldwide SCM Demand by Customer Type,1996 and 2001

Total $ 15.5 Billion
2001
SySTEM OEM
3%
FABLESS

40% (\
DM

Ny

57%

3.14 MIuNULIAMAKUBYRNIA
o o a & a H

0N 3.7 Wumsuansguadlu SCM Market uuugiinin #i eussnunile 7

U310 foundry Services ¥NTqA 1118921910 Fabless Community luanigowsm Sdwauwn
a e d' [ d' -

woziluuTinildsuanuiede
@1Ju Foundry Service daunnzausdonaianieludszmaminiu waz 1l 2001

' a - a a a a d o ' - a
MAN BTN uaz iroulda sxiimsniydyTasinga TudmuveueFoudFines

' t 4
Fabless luvszme ldm usziidumunmusiodu Taunguasdvesamia scM lugiinindi
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TLER

Distribution of Worldwide SCM Demand by Region, 1996 and 2001(Source :Dataquest)

Euroffrica/ Middle

Asia/Pacific
10%

5%

SCMDermand by Region, 1996

Euro/ Africa/
QSatagic Middle East
7% 8%

SCV1 Dermand by Region 2001

3.15 gulasnnargUmuvegAmvn3 31 Foundry (SCM )
* 11996 Huilfinarn scM sznldsunniineidedrialudumdamsnda 1y
S 0o w a - 1 v d' J 1 3 1
Whuiiddsmandamie wdwaliifouuasnnianas Fedewadaudnais
1 1996 w1161 1997
S a ! ' J N J '
® SCM sriigUmuiiuninnudesmsedisdeiiiomanall 1997 dsvziivnga
qalull 1998 Aie 15% neuNaziuanaadng sude 8% il 2000 wazuua Ty
a o a a v a oA .’! - L "
winafdsmswaauniu ldududnaialuil 2001 Suiiloanan

a LY 4 1 v W {
gammnssuiineudames (gn1izvesiginsiionnoy
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o misinsziues 035 lunseuluduglasdinzgunuszaoudreaugad
Tagezilgunmuimdfugilasdegiios 5 idou

® 0.5-0.8 lunsou ARIA SCM dauiiar Over Capacity AiguussSuiioaA
IDMs nﬂ%‘uu'lﬂmmﬂiuTn‘i‘]*?iq«'fu(ﬂ'nunuwmmﬂas’ﬁaﬂaq)

o fdmsndnerwszaunaunniy lugnamnssusiaeudnned &
1171 IDM 88N9INAR1A SCM szaanaldamia SCM Ramsvaunanlull
1999

o anwudenslu 035 lunsou dannnidhives FABLESS COMPANY 80%

3.16 myaauvesiwdnreiselngjveslan @l 1996-1997)
@319 3.3 LEASA1TAIYUYO TOP THREE DEDICATE FOUNDRY i 1997
M3 3.3

Capital Spending Trends of the Top Three Dedicated Foundry Companies,1997

Percentage Change,
Company
1996 t01997
Chartered Semiconductor Mfg. 11.9
TSMC 13.9
UMC 16.7
Total Worldwide Capital Spending -8.5

Source : Dataquest (July 1997)

3.17 Yeyanainlaasinves SCM
AT NN 3.4

Worldwide SCM Demand, 1996 to 2001 (Millions of Square Inches)
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CAGR(%)
1996 1997 1998 1999 2000 2001

1996-2001
Americas 109 135 162 206 270 311 23.3
Japan » 118 124 139 161 185 200 11.1
Europe, Africa

33 37 44 51 60 66 14.7
and Middle East
Asia/Pacific 12 14 18 24 32 317 26.5
Worldwide 272 310 363 442 547 614 17.7
Source : Dataquest (July 1997)
AT 3.5

Worldwide SCM Market by Geographic Region,1996 to 2001 (Millions of U.S. Dollars)

CAGR(%)
1996 1997 1998 1999 2000 2001

1996-2001
Americas 3,536 3,563 4,513 6,299 8,299 9,703 22.4
Japan 1,994 1,979 2,278 2,750 3,212 3,485 11.8
Europe, Africa and

639 577 729 929 1,085 1,218 13.8

Middle East,
Asia/Pac;iﬁc 338 345 446 655 895 1,053 25.6
Worldwide 6,506 6,464 7,967 10,633 13,491 15,460 18.9

Source : Dataquest

(July 1997)
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Worldwide SCM Market by customerType,1996 to 2001 (Millions of U.S. Dollars)

CAGR(%)
1996 1997 1998 1999 2000 2001

1996-2001
IDM 4,509 4,279 5,134 6,502 7,737 8,695 14
Fabless 1,832 2,000 2,589 3,791 5,288 6,251 278
System OEM 165 184 244 340 466 515 25.5
Worldwide 6,506] - 6,464 7,967 10,633 13,491 15,460 18.9
Source : Dataquest (July 1997) '

AN 3.7

Dedicated Foundry Capacity by Company,1996 to 2001 (Millions of Square Inches)

1996 1997 1998 1999 2000 20001

Americas
Orbit Semiconductor 2.1 24 24 24 2.4 24
Wafer Tech 0 3 12 13 13 13
Europe, Africa, and Middle East

INewport Wafer-Fab Ltd. 3.9 43 5.5 7 9 10.5
Tower St;miconductor 44 53 5.5 5.8 6.1 6.4
Asia/Pacific ' W
Anam 0 12 59 9.9 14.8 14:8
ASMC-Sha;lghai 4.1 5.8 75 9.8 12.2 152
Chartered Semiconductor Mfg. 14.4 33| 408 495 612 73.5
Holtek 0 0 2.9 7 11.8 14.8
Inter Connect Technology 0 0.5 35 8.8 11.7 11.7
Submicron Technology 0 0 1 2.8 8.2 11.8
TSMC 40 50.1 54.7 73.8 98.1 118
UMC Group 175 29.4 38.1 a4 487 56
Worldwide Semiconductor Mfg. Cory 0 0 2.9 7 11.8 14

Source : Dataquest (July 1997)
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318 oy

dnuazvesgeaIMnssy FABLESS siflugamnnssufidesordninuzlumseen

. a’: 1 at o a I'4 P $ as 4 ¢ A a o

wubnees luduneunsufissih lundaruves  Fedesordvarsauns alilssaninnge uaz

g v . & a9 Yo P
w¥oNALIS 15U EDA uaz Design Technology Insdollugaamnssuii Idfumansuunudiq
(o9 Inliganinieilygn (ntellectual Value) 5948¢AY

9 ' =4 - 4

wr TduvesnaIngaAIMASsN FABLESS yanmamsaainiull 2000 szfistea
BUNI 6% vounaaiineusanes TaoelisnsnisidvuTaves Microcomponent 113l 1996
13% PLD imsiavTagegamifiu 16% (PLD iy Niche Market)

ANYBITYDIATINAITY Foundry n38 SCM llugaavnssuiidesnsnisaanu

w1 a s =Y 0o Aw o ] 1 té 4'( 3/ a d'o'
vl luvuiumssda Aeslinisiidtouasiannednaoiiisane I lddunumsniaid

uazaNIsananaomn 1uTadn1swanfiga (Leading-Edge Technology) taz ¥ Yields figa
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UNT 4

BN VAN AT NAD U MIAD S

LOGIC
standard Logic ASIC
k4
Programmable Logic | Gate Cell-Based ICs [ Full-Custom
Devices ( PLDs ) Arrays (CBICs) ICs

4.1 aa1qa ASIC

uveeenidlu 21szianlng o Ao 1. Standard Logic 2. ASIC Tasfi ASIC &4
aunsasuuneemdiy PLD (Programmable Logic Device) , Gate Array , CBICs (Cell-Based
ICs),Full Custom IC CBICs (% Full Custom ICs 92 Persénalized Taun15tU&6u (Altering)
The Full Set of Masks 11411&13‘7; PLD Ua¥ Gate arrays 950 Personalized 1ay electrically

Programming Devices nionsasumsioudes £1219 U 1U Final Layer
Hew
Application - Specific Integrated Circuits (ASICs)

Wunsyads Tod yawiaiiadrailuiieny (Customized IC) e?*msug'lmnmzsw
mwamﬂmmma ASIC 10 Mixed Signal 1ta¢ Analog 1 Customized IC qumeTﬂuﬁ"l%mn

i1 1 90 ezdondaduaiifuiasgiu (Standard Products) Taoey hisaeglu Asic 8n
ao'ly
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Programmable Logic Devices (PLDs)

1 y
dlu lod Uszianfiezgn Program ndsnnnsyseneunIefafa(Memory Devices

tos

] t 4 [ 4
5u PROM uaz ROM ¢ lifaidlundadaaifioglu Market Segment i) PLD ufiflazgnia

t 4
v Al

uuiludszinndes  asiife

Simple Programmable Logic Devices (SPLDs) W Programmable Logic
ArrayLogic(PAL) éﬁﬂi:ﬂﬂﬂﬁ"]ﬂ array Y83 AND gates (AND Gate = A gate whose output is
ON only if all signal are ON) i |&tGoNRDAUNTD (Fixed) MIAORLYEY OR gates(OR Gate =
The output is YES if at least one in input is yes.) AT CRRITY TS TRY Logic, (Bit 0,1) Taolidesd

MSINY O (Input /Output) Cell

High-density PLD fi® FPGAs (field Programmable Gates Arrays) 110¢C PLDs (Complex
Programmable Logic Devices ) {18191 PLD luils i;ﬁ'uﬂ"ﬁﬂmﬂmumsu fignaiu uazi
msnniivzSoudoufusznin FPGAs #u CPLDs Tnold gate Count Suilunasinasd
aoilaonssudi Indnuds uasineenuuuszuy (System designers) 1Ana1299 FPGAs
doaldnnududougealunisesnuuy (high Complexity devices) uas CPLD fianududouly
n1508nuUYT 88031 (Lower Complexity) uAD199 @ m1s0s wun 14 Iaon131¥  Clock,
frequencies 7119 1uszuuile CPLD 40 MHz Tuvaiz# FPGAS o4l 33 MHz.

Gate Arrays

iy Asics fluss qqmﬁnﬁﬁum UnCommitted elements 11 Pre-Fabricated base

& o "V v & ' &
Wafer gq9sQna $1alaens wouRpiu vilavionInnves Routing Layers

CBICs (Cell based ICs)

Hu ASICs ﬁqnﬁ%’ WuuuMs 1% full set of Mask az 14 automatic place-and-Route
o H @
tool 452UN4 Standard cells HUUN2 11 (fixed-height/fixed-width .cells) ilagMegacells
(Variable-height/Variable-Width cells) tiag Compiled cells

Full-Custom ICs

: - o 1) g N J
i Asic AndadmivdldinmenoviniuTaold full set of mask Benszunms

1 4
Hiflunsi Routing and placement 1{U1) Manual
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4.2 1ulviy ASIC
ASIC

&

® M3 forecast 14371 MOS ASICs 141 BICMOS ASICs #uiiiu Nich Market o214

Fuanuaulinngnfana
. 1 & J

® Bipolar ASICs 1Agnaamsnan Wssnnmsanasvesnnuauleluama udld
IWW Mixed Signal ASICs

® Full custom 1o% gaunuiied1eaaidr 1as Cell based ICs taz gate Arrays (IC
designs using cell Libraries) in51emsUivlyaseanmlunsauosdonain

Cell-Based ICs 11y SLI (System-Level integration or System on a Chip) 1591191017
Uszurana,mireanuitiazassnuuiuidoasiu
o SuuahiufesiSuramsldmunnlutenwndindy vielu tewndnsud
a w 9
AN UdoUNIN
° qn'l%"luﬂmﬂqﬂnsnfﬁams (Commucation Market)ad 30% YR Cell-
¥
Based N4M1A
® AeonuuY Data Processing System 181/Aou 11114/ Cell-Based ICs NALNY Gate
is 4 44 X
Arrays sz Tnsearrevesdunuidininuas 1deddu i
Gate Arrays
* ldidhgannnzannsy (decline phase) 494239553 nvBawARF L (product life
cycle)
. . @ o o a P
® Tier-one ASIC Supplier I#ann1s3douazianilumaTuTadues gate arrays #9
-4
Hunluaain
. . a 4
® Tier-Two ASIC Supplier i1a¥ Foundries 3z Nunumluaaa gate arrays ¥1NYU
a i 1 A oy ﬂ' ]
® Asia/Pacific Senahoz1dina TuTaBues gate amay Aol dednawdediy
® PLD Supplier 92A393A01A Low-end Y04 gate arrays ae'll (low and gate array
mnedali§ g gate ooni 50,000) 8n 3 1 wazszFudlunmadis gate

wouni1 100,000 1usn 2 1
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PLDs

o uFaiinauny Standard Logic
® VAUNU gate array

o fluasic Prototyping

Application Iniivzgnadelasldiiamiunivey uazlinundsanasuos PLDs

uenndindulmitzgnadrelay IN-SYSTEM PROGRAMMING (ISP)

. . a o o a 4 o LY
High-density lﬂuﬂﬁﬂﬂﬂl‘ﬂﬂﬂ ﬂi']ﬂ.’lﬂﬂUIﬂl?'J'/lffﬂ]ﬂQﬂf’f'lﬂﬂi'J’!Jl‘]ﬁlﬂﬂﬂ

[ & aAf “ ]
dnnes Falunar 51 SCompound Annual Growth Ratelfiun- 28%

AR MATIN ASIC fenadiuwd Tdulumaeiid Mos asic wmydiumiwalu 5 T

a & a - | & ° -
wihlagezll CAGR Vszana 17% & Application Iai 4 #ideal4 ASIC Futhumsinled iy
MsAL Tnuoa ASICs 19U Switches , Satellite Link , High Performance Workstation & Network-

Centric Client Server , Cellular Phones , Set-Top Boxes ,HDTV ,Cable Modems , DVD Playets

4.3 MINTdAn?IA ASIC
Tables 4.1 through 4.17 show the worldwide ASIC market
ﬂ'li'N‘?i 4.1
Estimated Worldwide MOS/BiCMOS ASIC Consumption by Technology

(Millions of Dollars)
CAGR(%)
1995 1996 1997 1998 19991 2000 2001
19962001
TotalASIC 15,567 16,554 18,546 21,998 26307 31818 37450 177
Digital ASIC 14,646} 15489 17,150 20,197 23991 28‘,857 33823 169
Mixed-Signal ASIC 21 1,065 1,396 1,802 2316 2!,961 3627 278

Note:Columns may not add to totals shown because of roundingSource:Dataquest (September 1997)
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A131994.2
Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal
ASIC Consumption (Millions of Dollars)

1995 1996 1997 1998 1999 2000 2001
Total ASIC 15,567 16,554 18,546 21,998 26,307 31,818 37,450
Gate Array 5,977 5,609 5,571 5,544 5,450 5,291 5,049
PLD 1,701 1,904 2,254 2,861 3,674 4,628 5,613
Cell-Based IC 5,747 7,317 9,467 12,552 16,472 21,420 26,490
Full-Custom 2,142 1,724 1,254 1,041 711 479 298

Note :Columns may not add to totals shown because of roundingSource : Dataquest (September 1997)

ANTN ﬁ 4.3
Estimated Worldwide MOS/BiMOS Digital and Mixed-Signal ASIC Consumption

(Percentage Growth)

CAGR(%)

1995 1996 1997 1998 1999 20000 2001 o
Total ASIC 269 6.3 12 18.6 19.6 209 17.7 17.7
Gate Array 26.9 6.2 -0.7 0.5 -1.7 2.9 4.6 2.1
PLD 50.1 11.9 18.4 269 28.4 26 213 24.1
Cell-Based IC 39.6 273 29.4 326 312 30 23.7 293
Full-Custom -14 195 273 -169] 317 327 3738 -29.6

Source:Dataquest (September 1997)



A1319N 4.4

34

Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal ASIC Consumption by Region

(Millions of Dollars)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 13,425 14,830 17,292 20,957 25,596 31,339 37,152
Americas 5,380 5,952 6,985 8,472 10,398 12,875 15,417
Japan 4,298 4,456 4,906 5,782 6,895 -8,228 9,970
Europe,Middle

2,312 2,833 3,437 4,177 5,075 6,129 7,232
East,and Africa
Asia/Pacific 1,435 1,589 1,964 2,526 3,228 4,107 4,934

Notes : Columns may not add to totals shown because of rounding . Full-custom ICs are excluded from this table.

Source: Dataquest (September 1997)

A1519N 4.5

Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signd] ASIC

Consumption by Region (Percentage Growth)

] CAGR(%)
1995 1996 1997 1998 1999 2000 2001
1996-2001
Worldwide Total 34.6 10.5 16.6 21.2 22.1 224 18.5 20.2
Americas 26.5 10.6{" 174 21.3 22.7 23.8 19.7 21
Japan 41.9, 3.7 10.1 17.9 19.2 19.3 16.3 16.5
Europe,Middle East ,
33.7 22.5 21.3 21.5 21.5 20.8 18 20.6
and Africa
Asia/Pacific 49.6 10.7 23.6 28.6 27.8 272 20.1 254

Note: Full-custom Ics are excluded from this tableSource : Dataquest (September 1997)
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Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal ASIC Consumption by Region

(Percentage of Revenue)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 100 100 100 100 100 100 100
Americas 40.1 40.1 40.4 40.4 40.6 41.1 41.5
Japan 32 30 28.4 27.6 269 26.3 25.8
Europe, Middle :

17.2 19.1 19.9 19.9 19.8 19.6 19.5
East.and Africa :
Asia/Pacific 10.7 10.7 114 12.1 126 13.1 13.3

Note:Columns may not add to totals shown because of rounding. Full-custom Ics are excluded from this table,

Source:Dataquest (September 1997)

AT 4.7

Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal Cell-Based IC Consumption by

Region (Millions of Dollars)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 5,747 7,317 9,467 12,552 16,472 21,420 26,490
Americas 2,229 2,754 3,681 4,892 6,419 8,423 10,503
Japan 1,556 1,873 2,210 2,983 4,003 5,287 6,600
Europe,Middle

1,304 1,753 2,288 2,900 3,653 4,521 5,442
East.and Africa -
Asia/Pacific 658 937 1,288 1,777 2,397 3,190 3,946

Note:Columns may not add to totals shown because of rounding,

Source:Dataquest (September 1997)
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Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal Cell-Based IC Consumption by

Region (Percentage Growth)
CAGR(%)
1995 1996 1997 1998 1999 2000 2001
1996-2001
Worldwide Total 39.6 273 294 32.6 31.2 30 23.7 29.3
Americas 24.6 23.6 33.6 329 31.2 31.2 24.7 30.7
Japan 64.5 204 18 35 34.2 32.1 248 28.6
Europe,Middle
35.2 34.5 30.5 26.8 26, 23.7 20.4 25.4
East,and Africa
Asia/Pacific 58.6 423 37.5 37.9 34.9 33.1 23.7 333

Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal Cell-Based IC Consump&on by Region (Percentage Growth)
Source:Dataquest (September 1997)

15190 4.9

Estimated Worldwide MOS/BiCMOS Digital and Mixed-Signal Cell-Based IC Consumption by

Region (Percentage of Revenue)

) 1995 1996 1997 1998 1999 2000 2001
Worldwide Total 100 100 100 100 100 100 100
Americas 388 37.6 389 39 39; 393 39.6
Japan 27.1 25.6 23.3 23.8 24.3 24.7 24.9
Europe,Middle East,a:# 22.7 24 242 23.1 22.2 21.1 20.5
Asia/Pacific 11.5 12.8 13.6 14.2 146 14.9 149

Note:Columns may not add to totals shown because of rounding.

Source:Dataquest (September 1997)
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-Estimated Worldwide MOS/BiCMOS Gate Array Consumption by Region (Millions of Dollars)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 5,977 5,609 5,571 5,544 5,450 5,291 5,049
Americas 2,116 2,062 1,943 1,865 1,763 1,669 1,561
Japan 2,530 2,325 2,399 2,415 2,402 2,324 V 2,209
Europe,Middle
684 697 708 710 699 691 672
East,and Africa
Asia/Pacific 647 525 521 554 585 607 607,
Note:Columns may not add to totals shown because of rounding.
Source:Dataquest (September 1997)
#3199 4.11
Estimated Worldwide MOS/BiCMOS Gate Array Consumption by Region (Percentage Growth)
CAGR(%)
1995 1996 1997 1998 1999 2000 2001
1996-2001
Worldwide Total 26.6 -6.2 -0.7 -0.5 -1.7 2.9 ~4.6| -2.1
Americas 19.6 2.6 -5.7, -5.5 -5.3 1 -6.5 -5.4
Japan 29.3 -8.1 3.2 0.7, -0.6 -3.2 -5 -1
Europe,Middle
23 1.9 1.6 0.2 -1.4 -1.2 -2.7 -0.7
East.and Africa
Asia/Pacific 45.7 -18.9, -0.7] 6.3 5. 3.6} 0.1 2.9

Source:Dataquest (September 1997)
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Estimated Worldwide MOS/BiCMOS Gate Array Consumption by Region

38

(Percentage of Revenue)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 100 100 100 100 100 100 100
Americas 35.4 36.8 34.9 33.6 324 315 30.9
Japan 423 41.5 43.1 43.6 44.1 43.9 43.7
Europe,Middle East,ar 114 124 12.7 12.8 12.8 13.1 13.3
Asia/Pacific 10.8 9.4 9.4 10 10.7 11.5 12
Note:Columns may not add to totals shown because of rounding.
Source:Dataquest (September 1997)

A3 'Nﬁ 4.13
Estimated Worldwide MOS/BiCMOS PLD Consumption by Region (Millions of Dollars)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 1,701 1,904 2,254 2,861 3,647 4,628 5,613
Americas 1,035 1,136 1,361 1,715 2,216 2,783 3,352
Japan 212 258 297 383 490 617 761
Europe,Middle East,at] 325 383 441 567 722 917 1,118
Asia/Pacific 129 127 155 196 246 311 381

Note:Columns may not add to totals shown because of rounding.

Source:Dataquest (September 1997)
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Estimated Worldwide MOS/BiCMOS PLD Consumption by Region (Percentage Growth)

CAGR(%)
1995 1996 1997 1998, 1999, 2000 2001
1996-2001
Worldwide Total 50.1 11.9 18.4 26.9 28.4 26 21.3 24.1
Americas 47.6 9.8 19.8 29.2 25.6 20.5 24.2
Japan 68.3 21.5 15 29.2, 27.8 26, 23.2 24.1
Europe,Middle
55.5 18 15.1 28.7 27.3 26.9) 22, 23.9
East,and Africa
Asia/Pacific 33 -1.8 222 25.8 26.5 22.5 24.6

Source:Dataquest (September 1997)

A5 4.15

Estimated Worldwide MOS/BiCMOS PLD Consumption by Region (Percentage of Revenue)

1995 1996 1997 1998 1999 2000 2001
Worldwide Total 100 100 100 100 100 100 100
Americas 60.8 59.7 60.4 59.9 60.3 60.1 59.7
Japan 12.5 13.6 13.2 13.4 133 13.3 13.6
Europe,Middle
19.1 20.1 19.6 19.8 19.7 19.8 19.9
East,and Africa
Asia/Pacific 7.6 6.7 6.9 6.8 6.7 6.7 6.8
Note:Columns may not add to totals shown because of rounding.
Source:Dataquest (September 1997)
Gl'l'i'l\ﬁ"i; 4.16
Estimated Worldwide PLD Consumption by Logic Complexity (Millions of Dollars)
1995 1996 1997 1998 1999 2000 2001
Total CMOS PLD 1,701 1,904 2,254 2,861 3,647 4,628 5,613
Total SPLD 403 316 287 238 189j- 147 106
Total High-Density
1,298 1,588 1,967 2,623 3,485 4,481 5,507
(CPLD+FPGA)

Note:Columns may not add to totals shown because of rounding. Source:Dataquest (October 1997)
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A1319N 4.17

Estimated Worldwide PLD Consumption by Logic Complexity (Percentage Growth)

CAGR(%)
1995 1996 1997 1998 1999 2000 2001
1996-2001
Total CMOS PLD 50, 11.9 18.4 26.9) 28.4 26 213 24.1
Total SPLD 6.6 -21.6 9.1 -17.2 20.5 =22 -28 -19.6
Total High-Density
71.7 223 23.9 33.4 32.9 28.6, 22.9 28.2
(CPLD+FPGA)

SPLD = Simple PLDSource : Dataquest (Octoberber 1997)

=h.
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Estimated Worldwide Gate Array and consumption

Estimated Woridwide Gate Array and PLD Consumption
Billion of Dollar

1995 1996 1997 1998 1999 2000 2001

Source:Dataquest(October 1997)
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U7 4.3

ASIC Market Share,1997&2002 by (ICE)

YEAR 1997 (FCST) $19.58

Full Custom PLD

15% 12%

Gate and Linear

Arrays
28%
Standard Cell
45%
YEAR 2002 (FCST) $53.08
Gate & Linear ( )
Arrays Full Custom
15% 6%
PLDs

15%

Standars Call

64%

4.4 121 Analog IC

Analog IC ﬁuawaﬁﬂfwmn"luﬂ 1995 1Ay § 17.6 WudumSogansy uazlull
2001 azfivinanaia $ 39 WudumTogansy dail Compound Average Growth Rate 11111 15
% TnulueAnnain Consumer electronics 1H1A1Y Analog IC nqulngjfiqauaiiuunTuanas
Tuewnn uazdiingu pc uazqunsaidomsimaiuTnfiqe Fafimsu3Tnn Analog IC ¥a

(¥0'UNGY Consumer electronics Nanas’lyl Tavezdimsuonuaalumistedi 4.21
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4.5 i1 Analog IC

® Signal Processing, Purely Analog or Post-DSP
® A/D and D/A Converter
® Power Supplier for electronics

@ Bridging digital electronics to electromechanical, electrochemical, or electrical

systems

® Providing drive to Communication Link & devices, signal conditioning for

receiving end

® Radio frequency (RF) communications
4.6 Ysz1anAnalog IC

® Linear IC ﬁmﬁ'ﬁ';uuu Standard Linear 1% am;zliﬁers, Comparators

regulators, Consumer -Specific ICs, Special functions IC

® Mixed-Signal ICs iy Data converters, interface ICs, mass storage ICs,

Telecommunications-specific ICs
4.7 mIwennselaaia Analog IC

AMUABINTTVOINART AN lUNGY Wireless Communication Hudanszdulama
@uTa uaglu 2-3 Ydhanilh Analog IC 19 lundn CellularPCs e lvinanaves RF wilnou
Fned dauthufirhis uazlungu Analog IC fimTTUUY Linear wzveruirotinnluy
ARIAYBY Portable Application

ﬂ‘l‘I'N‘ﬁ 4.18
Worldwide and Regional Analog Forecast 1997 to 2001 (Millions of Dollars)
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CAGR
1997 1998 1999 2000 2001] (%)1996-
2001
Americas 5,346 6,164 7,125 8,272 9,223 14.3
Japan 4,718 5,401 5,941 6,654 7,519 10.3
Europe 4,825 5,350 6,546 7,964 9,108 14.1
Asia/Pacific 6,464 7,757 9,308 11,448 13,050 20
Worldwide Total 21,353 24,672 28,920 34,338 38,889 15

Source : Dataquest (September 1997)

A1519N 4.19

Analog Consumption versus Production,1996 (Millions of Dollars)

Consumptio| Growth (%) | Production | Market

n by Region| 1995-1996| by Region | Share (%)
Americas 4,731 18.5 8,522 44.2
Japan 4,599 -3.1 5,210 27
Europe 4,715 14.1 5,132 26.6
Asia/Pacific 5,255 10.8 436 2.3
Total 19,300 9.6 19,300 100

Source : Dataquest (September 1997)




4.8 AMUUVIRAIA Analog

15199 4.20

Top Five Suppliers of Analog by Region, 1996 (Millions of Dollars)

Worldwide Japan Europe Asia/Pacific
Rank Revenue Americas  |Revenue Revenue Revenue Revenuo
Company Company Company Company
Company
SGS- TexasInstru SGS- . SGS-
1 2,042|Motorola 503 441 791 759
Thomson ments Thomson Thomson
TexasInstru Texaslnstru TexasInstrume
2 1,730 470|Toshiba 436|Siemens 787 574
jments |ments nts
Analog
3 Philips 1,291 400|NEC 419|Philips 54 2|Philips 507
Devices
SGS- Analog
4 Motorola 1,210 387|Matsushita 386 298| Toshiba 373
Thomson Devices
National National National
5 Semi 1,040[Semi 371|SANYO 345{Semi 287|SANYO 361
conductor comductor conductor
Top Five |
7,313 2,131 2,027 2,705 2,574
REV. ($M)
Top 5
Share 37.90%, 45%) 44.10%) 57.40% 49%
ofMarket

Source : Dataquest (September 1997)
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A1519N 4.22

Top Five Suppliers of Special Function ICs, Linear Array ICs, Mixed-Signal ICs, Special
Consumer ICs, and Special Automotive ICs to the World (Millions of Dollars)

Linear Special Special
Special Function Mixed-Signal
Rank Revenue| Array | Revenue Revenue| Consumer | Revenue | Automotive | Revenue
Company Company
Company Company . Company
. SGS-
1 Analog Devices 108|NEC 48|SGS~Thomson 167|Philips © 1,031 335
Thomson
2 Hitachi 103|Fujitsu 37]Symbios 152|Toshiba 566|Motorola 286
GEC 1
3 SANYO 73 18{Mietec 147|SANYO 558|Siemens 113
Plessey
Austria Mikro
4 Fujitsu 69|Raytheon 18 79|Matsushita 402|Toshiba 81
Systeme
National National
SGS-
5 Maxim 44{Semi 13|GEC Plessey 68 338{Semi 60
Thomson
conductor conductor
Top FiveRevenue ($M) 397 134 613 2,895 855
Top FiveShare ofMarket (%) 42.2 69.4 57.6 59 70
Source : Dataquest (September 1997)
o
A1319IN 4.23

Worldwide Analog IC Consumption Forecast, 1995-2000 (Millions of U.S. Dollars)

1995 1996 1997 1998 1999 2000 CAGR(%)

1995-2000
Amplifiers 1,496 1,679 1,865 2,190 2,522 2,930 14.4
Comparators 174 186 200 215 235 255 7.9
Voltage Regulators 1,625 1,945 2,290 3,425 3,425 4,245 21.2
Data Converters 1,263 1,290 1,355 1,510 1,700 1,935 8.9
Interface ICs ' 1,144 1,275 1,425 1,650 1,925 2,245 14.4
Telecom ICs 2,651 3,037 3,475 4,191 5,090 6,139 18.3
Consumer/Automotive ICs 5,949 6,435 6,876 7,615 8,541 9,792 10.5
Special-Function ICs 2,264 2,585 2,959 3,526 4,295 5,225 18.2
ASICs 1,044 1,130 1,253 1,495 1,795 2,145 15.5
Total Analog 17,610 19,562 21,698 25,147 29,531 34,911 14.7

Source : Dataquest (August 1996)

4.9 A01A Microcomponents
Micro Component dhu Microprocessor (MPU), Microcontroller (MCU), Digital
4 . N dat
Signal Processor (DSP) dagnosnuuyldvhnunmsidai Ihsunsuer linfleglu software
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%3 Firmware o mihfid 1 Logic (Bit 0.1) Microperipheral (MPR) tfudafivimifieniy
ﬂqun?exﬁyam'a MPU, MCU, DSP Micro component faautiianataidiy 29 % il 1996 a4
ﬂuﬁ'ﬂfhuﬁ'lnqjﬁqﬂ voswnma siineudameianuauas 1wl 2001 wldmutwainyes
(riinoudmney ﬁannﬂqam 300 Wudw) ludadu325%  nquitiidiundnduanu@y
Tm‘lumjuﬁuﬁiﬁ'uus nfifie PC (data processing, digital VDO & image compression ) uaznzju
Consumer Product ﬁnzlﬂuﬁ%’ﬁ 161584 Micro component (é?aﬂszﬂanﬁ"w 16, 32, 64 Bits
MPU tiag MCU )iind178914un Digital Cable Set-top Boxes, Digital Satellite Set-Up Boxes,
Video Game Controller, DVD Video Players, Video- CD Players, Digital Still Cameras, Digital
Camcorders, Digital TVs, HDTV

4.10 MINLNTAIAAIA Microcomponents
m517 4.24 Humsuanesoldvest) 1996 aiis1w'ld 41321 AumSoyonsy Tae
Sswl8iuiin 19.8 % 910 1995 MAMIUINLIIAINYTNIA éagﬁn1ﬂatu?n1ﬂztﬂuquv§wﬁﬂ
uazf1d molngjfigaveston Tayl&Tmssrumnlungy Microcomponents Tum13197 4.25
5197 4.4
MOS Microcomponents Revenue Forecast, 1997-2001(Million of Dollars)

CAGR 9%
1997 1998 1999 2000 2001] 1996-
2001
Microprocessor 24,540 28,990 33,690 39,053 45,372 18.5
Microprocessor share of
48.9 48.5 47.8 47.1 46,5
Microcomponents (%)
Microcontroller 11,140 13,110 15,550 18,604 22,188 16.7
Microcontroller Share -of
22.2 22 22.1 22.5 22.8
Microcomponents (%)
Microperipheral 11,270 13,320 15,800 18,322] .21,319 18.2
Microperipheral Share of
roperip 22.4 22.3 22.4 22.1 21.9
Microcomponents (%)
DSP 3,285 4,310 5,450 8,882 8,849 29.4
DSP Share of
8.5 7.2 7.7 8.3 8.8
Microcomponents (96)
Total Microcomponent RE 50,215 59,730 70,490 82,861 97,522 18.7
MOS Microcomponents Revenue Forecast, 1997-2001(Million of Dollars)
Total Microcomponent RE{ 50.215] 59,730| 70,490' 82,861 97,622 18.7

Source: Dataquest (Sepiember 1997)
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MOS Microcomponent Consumption versus Production ,1996

(Million of Dollars)

48

Growth ,
Consumptio Production Market
(%) 1995-
n by Region by Region | Share (%)
1996
America 14,369 15.6 30,306 73.3
Japan 8,806 12.5 8,114 19.6
Europe 9,371 33.9 1,977 4.8
Asia/Pacific 8,775 21 927 2.2
Total 41,321 19.8 41,324 100

Source :Dataquest (August 1997)

A1519N 4.26

Top Five MOS Microcomponent Suppliers by Region 1996(millions of Dollars)

Worldwide Americas Japan Europe Asia/Pacific
Company Revenue Company Revenue Company Revenue | Company Revenue | Company Revenue
Intel 16,831 | Intet 7,043 | Intel 1,906 | Intel 4,794 | Intel 3,088
Motorola 3,153 | Motorola 1,539 | NEC 1,373 | Motorola 814 | Motorola 558
NEC 2,179 | Texas 579 | Hitachi 919 | Texas 487 | Philips 386
Instruments Instruments
Hitachi 1,628 | Rockwell 500 | Toshiba 716 | Philips 384 | Toshiba 301
Texas 1,550 | IBM 393 | Mitsubishi 615 | NEC 292 | Texas 291 |
Instruments Instruments
25,341 10,054 5.529 6,771 4,624
Revenue (SM)
Top Five Share 613 70.0 62.8 723 527
of Market (%)

Source : Dataquest (August 1997)
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Top Five Suppliers of Specific MOS Microcomponent Products to the World 1996(Millions of

Dollars)
Microp Mi ! Microperipheral Digital Signal Processor
Rank Company Compeny R Company R C y

Texas

1 Intel 14,935|Motorola 1,673|Intel 1,366 939
 Instruments
Luceat

2 Motorola 1,0684|NEC 1,474]|Rockwell 1,211 835
Technologies
Analog

3 IBM 642|Hitachi 1,108{Cirrus Logic 741 258
Devices

Advanced Micro
4 479|Mitsubishi 848|Philips 527|Motorola 140
Devices
National
5 NEC 311 Toshiba 577 508| Toshiba 92
} Semiconductor
Top Five Revenue (SM) 17,432 5,680 4.353[ 6,771 2,064
Top Five Share of Market (%) 92 §7.2 43.3J 72.3] 86.6]
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5.1 msdhsrenananes

y
A15d139937A1 Wafer on Semiconductor Contract Manufacturing mé"l%’uazv’q’wm

P ° ' P P a
F'lASwunAsULIA 150 mm. 18y 200 m Milu CMOS uazina Tu 1o Aldlunszuiumsnaa
( process Technology) 11 option process 1wy Tungsten , Chemical Planarization (CMP) ,
Salicide, Epitaxial
r Xz 3% g )
HaMITI9TINFRADUAUOIOU 1997 403 SCM #4148 S nuaduily wafer
P . s
1YY CMOS,Unprobed @43 Mask Level 13 fia 15, Single-Level poly, {182 no epitaxial
[ 4 ]

oge -3 o g .' 4 ﬂ' 1] v J A
silicon Iaofimsfmuad i utudNdean1sn 1,000 uluAs@ou F9iln150aa9 Estimated
Average Price (10¢ Price range 1um1519715.1 uazsimeeaunesvuia 0.25 luasou ums
° H i) 2 a ° 1 aa s vl & " @A
dirnsmasusnlunsell ddismdiniminsaianiseier 13naeseuna 13 hiisim

’ ' o 4 AN, '
$2,500 11 $3,000 AvvArAned 200 Ta Fudunaurnnmatsiuluaaia FOUNDRY ud

1 o io L) a a 1 & y

ot Isiou mddudnyasvesnmiskaafuaiinnudemsvesnaa Feluvasinny

#B4M15984 Leading - edge Foundry ogiraedvunn 0.35 unsou
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' ' 14
17 5.1 wazs.2 Wumsuamanani IdnnmsdsnnnddeunzduonSoufivudy

Foundry Wafer Prices:150mm Wafers

Dollars
800
600 A
400
200 +
; B sallers
o
M buyer
1.0 1.0 0.8 0.8 06 06 0.5 0.5 0.35
micron micron micron micron micron micron micron micron micron
2ML aML ML 3ML 2ML amL 2ML ML ML
Source Dataquest
P
JUN 5.1
Foundry Wafer Prices:200mm Wafers
Dollars
3000
2500.
2000
1500
1000 +-
500 +
[H sallers
0 4
06 06 05 05 0.35 035 0.25 0.25 025 M buyer
micron micron micron micron micron micron micron micron micron
2ML ML 2ML ML ML aML ML aML 5ML
Source:Dataquest
-
Uns2

- - 4 1 ' P
M3190 5.1 1 HumsfSsudeusaaimesanunuiviiaga q lusenaruan

ANNUAD DU TWIAY uay AuIou
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15199 5.1

September 1997 Foundry Wafer Prices (U.S. Dollars per Wafer)

150 mm Wafers 200 mm Wafers
Technology Estimated Price Range Estimated Price Range
Average Price Average Price

1.0-micron, 2-ML 568 500 to 700 NA NA
1.0-micron, 3-ML 565 NM NA NA
0.8-micron, 2-ML 550 450 to 590 NA NA
0.8-micron, 3-ML 563 490 to 635 NA NA
0.6-micron, 2-ML 608 520 to 670 1,215 | 1,180 t01,250
0.6-micron, 3-ML 660 500 to 750 1,345 | 1,230 to 1,500
0.5-micron, 2-ML 716 680 to 790 1,425 | 1,350 to 1,500
0.5-micron, 3-ML 759 650 to 850 1,483.| 1,400 to 1,600
0.35-micron,3-ML 750 NM 1,865 | 1,550 to 2,050
0.35-micron,4-ML NA NA 2,020 | 1,700 to 2,200
0.25-micron,3-ML NA NA 2,600 2,560 to 2,800
0.25-micron,4-ML NA NA 2,763 | 2,600 to 3,000

NA = Not available
NM = Not meaningful
Note : ML refers to number of levels of metal.

Source : Dataquest (October 1997)




AT N 5.2

Change in Average Foundry Wafer Prices-March 1997 to September 1997

(U.S. Dollars per Wafer)

150 mm Wafers 200 mm Wafers

Technology March | September | Change | March | September. | Chang

1997 1997 (%) 1997 1997 | e (%)
1.0-micron, 2-ML 505 568 12.4 NA 1\‘¥A NA
1.0-micron, 3-ML 542 565 42 NA NA NA
0.8-micron, 2-ML 573 550 -3.9 1,116 NA NM
0.8-micron, 3-ML 626 563 -10.1 1,283 NA NM
0.6-micron, 2-ML 641 608 -5.2 1,305 1,215 -6.9
0.6-micron, 3-ML 696 660 -5.2 1,453 1,345 -14
0.5-micron, 2-ML 760 716 -5.8 1,547 1,425 -7.9
0.5-micron, 3-ML 793 759 -4.2 1,693 1483 | -124
0.35-micron,3-ML NA 750 NM 2,347 1,865 | -20.6
0.35-micron,4-ML NA NA NA 2,514 2,020 -19.6
0.25-micron,3-ML NA NA NA NA 2,600 NM
0.25-micron,4-ML NA NA NA NA 2,763 | NM

NA = Not available

NM = Not meaningful

Note : ML refers to number of levels of metal.

Source : Dataquest (October 1997)
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5.2 Leading and Lagging-Edge Technology

013 aives queaasi( Demand JuazgUnn( Supply Jveq 0.35 lunsou
Foundry Wafer vi:mm@faqmmazﬁwﬁ'«mswﬁmﬁuqqfu (i$9991nT115%U Line mMswdn
iy Foundry User 1811119 usl gunn( Supply ) Ssnsfinnnnit gulaest (Demand
ylsza0 4 e (il UNITED INTEGRATED CIRCUITS CORPORATION wifalugdn
FAB ¥11@ 0.35 lunseu Tsenu1&iia T Tndfen ) udaarusvosnaadonaiifnoninly

muay In uazdanadinsudatudiuludusia

Tunsdiveaaesnnumuing 1 luasou Whume TuTagfdrasis ndanniis
nmiqadedeusueon 1996 FuihluaunesiiaveunaTulad (Technology Life
Cycle) Fanglugasiiandt Feuiimgl¥olng 18iEon W14 water fiima Tu Tabgetu s
varfidufiySunams 14 Fasinale average selling price gan Ay (1uifou September
1996 )

5.3 Special Process Option Pricing

alums19ft 5.3 ¥l process fusnmilernasruaun1mNASIgIU( standard
process )3aiiarh I Sidunuint sz fidunald$ TUNGSTEN SALICIDE cMP f (
ATZLANMI( process )i uuasIgndaly WAFER 1@ 200 mm, $4lunedu] PRICE
RANGE %1 14ds1miudiiquidmsusondumanil anszumunts ( process ) et

ATTUIUMIUIATIGU( standard process ) Tuma TuTabinuady
A3 19N 5.3

September 1997 Foundry Wafer Process Option Pricing (U.S. Dollars per Wafer)

150 mm Wafers 200 mm Wafers
Process Option Estimated Price Range Estimated Price Range
Average Price Average Price
Tungsten (Per Level) 32 NM 30 0to 50
Salicide 70 50 to 100 74 0to 120
Epitaxial Silicon 65 44 t0 85 149 | 102to0 250




55

CMP 52 48 to 58 52 0to 100
Additional Mask Level 60 50 to 74 102 60 to 140
0.6-micron, 3-ML 83 50to 150 120 60 to 150

NM = Not meaningful

Source : Dataquest (October 1997)

. P P - . &
1u¢nf1\"ﬂ 54 ‘ﬂuﬂ'ﬁuﬁUUW‘U'US]F”‘QE‘U”EN SPECIAL PROCESS PRICES %4

vy zaumetuunr uveaamesinaag
A13 9N 5.4
Change in Average Foundry Wafer Process Option Prices-March 1997 to September 1997

(U.S. Dollars per Wafer)

150 mm Wafers 200 mm Wafers

Process Optic?n March | September | Change | March | September | Chang

1997 - 1997 (%) 1997 1997 e(%)
Tungsten (per Level) 28 32 143 31 30 -3.2
Salicide 60 70 17.0 77 74 -3.2
Epitaxial Silicon 66 65 -1.9 123 149 214
CMP 44 52 18.2 49 52 54
Assitional Mask Levels(abovel5) 58 60 2.6 108 ’ 102 -5.3
Polysilicon (above One Level) 74 83 12.2 120 120 0

Source : Dataquest (October 1997)
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Tumrsei 5.5 umsdisrn enenseimanioulnivsssim foundry Wafer
£ &
Tuszezinm 6 iwoudranih ve40.5,0.35,0.25 lunsou gaflumsagnamsuaasnnuiugs

Nnaeinmezdrada lugndiui iddanueuledhedy
A3 5.5
Expected Change in Foundry Wafer Prices over Next

six Months (Percent)

Median Response 0.5 Micron | 0.35 Micron | 0.25 Micron

Buyers -5.0 6.3 -2.5
Sellers 2.5 0 2.5
Combined -5.0 6.3 0

So;zrce : Dataquest (October 1997

d
5.4 wanszmAnganmiumsiiuluginedou

weannnamaluginnedy1dinainqgamseilunmoszme uazinmald
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a dyd o’ P 1 ar Y ' a9 ° s A o
giimail ffnommiisznigaflniluaaieaniys diesndiidugudnaiedoususeld
4 o A 1 a 1
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ﬂ'lTNﬁ 5.6
Exchange Rates

1995 1996 1997
Japan (Yen/U.S.$.) 93.90 108.81 117.93
Frence (Franc/U.S.$.) 4.97, 5.12 5.57
Germany (Deutsche Mark/U.S.$.) 1.43 1.50 ) 1.74
United Kingdom (Pound Sterling/U.S.$.) 0.63 0.64 0.61
Source: Dataquest (May 1997)
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uni 6
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Worldwide Semiconductor market, Five-Year Forecast, 1996 to 2001

NIRHUIN A13199 1

65

(Revenue in Millions of Dollars)

1996 1997 1998 1999 2000 2001
Growth Growth Growth Growth Growth Growth
Revenue Revenue Revenue Revenue Revenue Revenue
(%) (%) (%) (%) (%) (%)

Total Semiconductor .

141,690 -6.3] 149,663 5.6 174,700 16.7] 212,316 215 2722 28.3| 300,069 102
(Including Hybrid) 99'
Hybrid Analog 1,463 -11.3] 1,409 -4 1,286} -8.7 1,163 -9. l.036| -10.9 911 -12.1
Total Integrated Circuit

121,832 -6.60 129,552 6.3| 152,224 17.5] 187,94 23.5| 244,330 30| 267,625 9.5
(Excluding Hybrid) 81
Bipolar Digital 1,849 -24.7 1,479 -208 1,237 -16.3 1,040} -15.9 866} -16.8} 703 -18.8
MOS Memory 37,807, -3l6 32,846 -13.1} 39,006 18.8 55,033 41.1] 87,636 59.2| 86,129 -7
Dynamic RAM 25,927 -38.6 22,059 -14.91 26,643 20.8| 40,089 50.5] 68;57 713 62,591 -8.8
Static RAM 4,848 -22.6]  3.988 -17.7] 4,840 214 6.044] 249 8,479 402 11309 33.4
Nonvolatile Memory 6,455 3.5 6,157 -4.6 6,688 86 7942 18. 9,480 19.4 11,15 17.7]
EPROM 1,249 -13.1 713 -42.94 634 -11.1 642 1.3 659 2.6 704 6.8
EEPROM 1,050 32.4 1,364 29.9 1,725; 264 2,147 245 2,601 211 3,150) 21.1
Flash Memory 2,866 476 2,994 4.5 3,417 14.1 4,163 21.8 5,1193 247 62808 20.9
Mask ROM 1,290 -37.6 1,085} -15.9 911 -164 990) 8.6 1,028 3.8 1,029 -0.2|
Other MOS Memory 577, 8.1 642 11.3 834 30 956 14.6] 1,0204 6.7 1,071 5|
MOS Microcompon-ent 41,321 19.8 50,215 215 59,730 18.9] 70,490 18] 82,861 17.5 97,552 17.7)
Microprocessor 18,632 30.6 24,540 3171 28,990 18.1} 33,690 16.2] 39,053 159 45372 16.2
Microcontroller 10,244] -0.1]  11,140) 8.7] 13,110 17.7) 15,550 18.6] 18,604 19.6) 22,188 19.3]
Microperipheral 10,060, 211 11,270 12| 13,320 18.2| 15,800 18.6 18,322 16 21,319 16.4
Digital Signal Processor 2,385 429 3,265 369 4310 32 5450 26.5| 6,882 26.3 8,643 25.4
MOS Digital Logic 21,555 4.5 23,659 9.8 27,579 16.61 32,465 177 38,634 19] 44,381 14.9
MOS Digital ASIC 15,488] 6.1 17,1508 10.7] 20,197 l7.8[ 23,991 18.8] 28,558 20.3] 33,823 17.2
MOS Standard Logic 1,993 9.5 2,101 54 2,249 1 2438 84 2,602 6.7 2,635 1.3
Total Other MOS Logic 4,704 6.6 4,408 8.2 5,134 16.5| 6,036 17.6} 7:174 189 7,923 10.4
Analog - Monolithic 19,300] 9.6| 21,353 10.6) 24,672 15.5] 28,920 17.2] 34,333 18.7} 38,889 13.3
Total Discrete 13,475 -5.9 13,954 3.6 15,999 147 17,606 10] 20,888 18.6/ 25,033 19.8
Total Optical Semiconductor 4,915 2.1 4,748 -3.4 5,191 9.3 5.599) 7.9I 6,045 8 6,500 7.5
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Total Semiconductor Consumption by Region, Revenue Forecast, 1996 to 2001

66

(Revenue in Millions of Dollars)

1996 1997 1998 1999 2000 2001 1996-2001
Growth Growth Growth Growth Growth Growth
Revenue Revenue Revenue R R R CAGR (%)
(%) (%) (%) (%) (%) (%)

Worldwide 141.690; -6.3| 149.663 5.6] 174,700 16.7] 212316 2150 272,299 28.3] 300,069 10.2) 16.2
Americas 44,818 <713 48,717 8.7] 56,694 164 69,388 224 89,568 29.1] 98,545 IOI 17.1
Japan 38,589 -8.3] 38973 1} 44578 144 52360 17.5 64,650 23.5 70,345 8.8] 12.8
Europe, Middle East, and 3,

28,548, 0.5 29.489 4.6 34,721 163| 42,78 232 55,537 29.8| 60,573, 9.1 16.2]
Aftica
Asia/Pacific 29,735 -84 32,123 & 38707 20.5] 47,779 234 62,545 30.9' 70,605 12. 18.9I

Source : Dataquest (September 1997)
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9199 3
Microcomponent Product consumption by Region Revenue Forecast 1996 to 2001

(Revenue in Millions of Dollars)

1996 1997 1998 1999 2000 2001 1996-2001
Growth Growth Growth Growth Growth Growth
Revenue Revenue Revenue R R R CAGR (%)
(%) (%) (%) (%) (%) (%)
MOS Microcomponent
Worldwide a2 108 sozis] 25l somd  uso] oa0d  uf sase] 7 orss] 179 18.7
Americas 1436 15 18380 279 21000 196 25820 17 somd  wn| 3569 17 191
apaa gsod 125 10220 1] 12270 200f 14200 165 16514 15’ 18753 134 163
Europe, Middle East and
oan| 339 sl sg 12850 154 1siod iz 17830 18 2160 187 177
Africa
Asia/Pacific 8.775 2 104z 194 12620 204 15280 201 18200 197 22240 21 20.4
Microprocessor
Worldwide 18632 206 2450 317 28990 1] 3360 162 3005 159 as3rd 162 19.9
Americas 7788 145 10700 374 12600 178 1as0df 15| 16693 5] 1920 156 19.9
Japan 233 a4 320l a0l asoo sl asi  isa sasd a2 serd  14d 20
Europe, Middle East, and . 600’
sos8l 592l 6050 189 6960 15| soiol 15 9210 15| 10, 15.1 15.
Africa
Asia /Pacific 3a] 3] as0l sl ssio] 219 eer0  20if sood 199 9600 2 29
Micorcontroller
Worldwide w0224 ofl used 87 nud g isssd sd ised  wd 2208 13 16.]
Americas 202 6| 20l 12| sem| 233 3740 21 asod 209 sa0 197 19.9]
Fapan | 3930 sl aaso] 64 4300 o sed sy ese|  wsl sl 13 134
Europe, Middle East, and sl
. 2088 26 23200 14 2630 134l 3070 167 3670 108  ad0d 223 16.
Aftica
Asia/Pacific 20500 ool 2us0  asf 2520 172 saod 2 3seo 226 479 261 18.5
|Microperipheral f
Worldwide 10,060) 21~ 11,270l 12 329 s 1ssoo]  1sd 1832) 16 231 164 162
Americas 3612 2na| a0 ne a2 oo se| w7 o] 1wl md 6 16.9
apan 2072 200 2030 28 2520 183 a2 67 3220 97 3s0d s 1.1
Europe, Middle East, and
1542] 258l 1soo| 226 22000 164l 2700 227 3250 204 3 20] 204
Africa
Asia /Pacific 2834 o] 32200 e 3810 s3] as2of ise s3] 157 eusdf 182 16.9
Digital Signal Processor
Worldwide 238 a2s| 326 369 4319 3] sas) 265 sy 263 ses 254 294
Americas g 324 rsel  arz] tss]  mg] roa]  2es] 2413 204 204 218 30.1
Japan el ms|  ea 362 oad ass| 120 22 usos| 259 1sed 23 317
Europe, Middle East, and 60I
- os8l 204 875 33 10 | 13200 245 1700 288 2070 274 27
Africa
Asia/Pacific s sef  soo ass 1] 322  ood 269 t2ed 273 1en a2s 289

Source : Dataquest (Scptember 1997)
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Digital Logic Product Consumption by Region, Revenue Forecast, 1996 to 2001

68

(Revenue in Millions of Dollars)

1996 1997 1998 1999 2000 2001 1996-2001
Growth Growth Growth Growth Growth Growth
Revenue Revenue Revenue R R CAGR (%)
(%) (%) (%) (%) (%) | . (%)
MOS Digital Logic
Worldwide 21,555)4..5 23.659'9.8. 27,579 lG.d 32,46 177 38,634 19] 44381 14.9] 15.51
Americas 7,154 5.4 8,078[ 12.9{ 9,584 18.6] 11,406 19] 13,826 2120 16,216 17.3 17.8]
Japan 7.850] 0.9] 8,260 5.2 9.377] 13.5] 10,837 15.6] 12,589 16.2] 14,160 12.5] 12.5]
Europe, Middle East ,and
3,385 14.6} 3,825 13 4,454 16.4] 5.210] 17 6.124] 17.5 7.044 15 15.8
Africa
Asia/Pacific 3,166 2.1 3,495 10.4} 4,164 19.1 5,012 20.4 6,095} 2L.6 6,960 14.2] 17.1
MOS Digital ASIC
Worldwide 15,488 6.1} 17,150 10.7) 20,197 17.8] 23,991 18.8] 28,858, 20.3| 33,823 17.2 16.9
Americas 5.950 7.8 6,794 14.2} 8,158 20.1 9,802 20.1 l2.020| 22.6] 14,308 19§ 19.2
Japan 5,271 0.7] 5,484 4 6,224 13.5] 7,20 15.7 8,406} 16.7] 9,641 14.7 lZ.iﬁ
Europe, Middle East, and
2,403 18.7] 2,803 16.6| 3,334 18.9] 3,98 19.4] 4,745 19.2 5,562 17.2 18.3
Africa
Asia /Pacific 1,864} 2.6‘ 2.069l 11 2,480 19. 3.008| 213 3,686 22.6] 4312 17] 18.3)
MOS Standard Logic
Worldwide 1,993 9.5 2,101 5.4 2,249 7 2,438I 8.4' 2,602 6.7 2,635 1.3} 5.7
Americas 652 -4.7] 704 8| 753 7 814 8! 867 6.6 88 LS| 6.2
Japan 449 -13.5) 4764 6| 507 6.5 553 2.1 589 6.6 591 0.4 5.7
Europe, Middlc East, and
. 420f =13 416 -1 438] 5.3 461 5.2 479 4 434 1 2.9]
Africa
Asia/Pacific 472 -8.5 505 7 5504 9) 611 11 666 9‘ 679 2 7.9
Other MOS Logic .
Worldwide aord 66 aaosl 83 s ueq o 17d 7.7 89 7923 104 14
Americas 552 -5.2} 580' 5 672 16} 791 17.6] 939 18.8] l,028[ 9.5 13.2
Japan 2,130§ 5.2 2,300 8| 2,645 15 3,082 16.5) 3,594 16.6} 3,928 9.3 13
Europe, Middle East, and
562 26| 607 8 683 12.5] 770 12.% 900] 16.9 999 11 12.2
Africa
Asia /Pacific 830 8.1 921 11 1,133 23] 1,394 23] 1,742 25| 1,969 13 18.9]

Source : Dataquest
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Analog Semiconductor Consumption by Region, Revenue Forecast, 1996 to 2001

(Revenue in Millions of Dollars)

1996 1997 1998 1999 2000 2001 1996-2001
Revenue] o | Revense| O | Revenue] O | Growh ) o Growh | Gt | aor (0
%) %) %) %) ) )
Analog-Monolithic
Worl_dwidc « 19,300] 9.6 21353 10.6] 24,672 15.5 28.920| 17.2] 34333 18.7] 38,889! 13.3 15]
Americas 4,731 18.5 5.346) 13 6.16;4 15.3 7.125 15.4 8.318 16.7] 9.317] 12} 14.4]
Japan 4,599 -3.1 4,718, 2.6 5,401 14.5 5,941 104 6,603 1L1 7.414 12.3 10
Burope. Middle Bast and 4,715 14.1 4,825 2.3 5,350 10.9| 6,546} 22.4 7.964] 217 9,108 14.4 14.1
Africa
Asia/Pacific 5,255 10.8§; 6,464 23] 1,757 20 9,308J 201 11,448 23 13.0511 14] 20i
Souece : Dataquest
' ﬂ'l?'N‘?i 6
Top 50 Fabless Semiconductor Company Revenue,1995 To 1996
(Million of US Dollar)
1995 Rank | 1996 Rank Company 1995 1996 Change (%)
1 1 Cirrus Logic 1,003 891 -11
2 2 Xilinx 520 566 9
3 3 Altera 402 497 24
4 4 S3 315 464 47
21 5 ESS Technology 106 227 114
17 6 Adaptec 124 214 73
8 7 Lattice 186 200 8
12 8 Sierra Semiconductor 143 188 31
13 9 Trident Microsystems 139 180 29
25 10 Oak Technology 84 172 104
NA 11 Sun Microsystems - 170 NA
7 12 Cyrix 212 Iet -24
18 13 Eupec 120 160 33
14 14 [Chips & Technologies 138 151 9
16 15 C-Cube 125 150 20
20 16 Actel 109 149 37
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Top 50 Fabless Semiconductor Company Revenue,1995 To 1996
(Million of US Dollar)
1995 Rank | 1996 Rank Company 1995 1996 Change (%)

NA 17 ATI Technologies - 130 NA
15 18 Silicon Integrated Systems 127 127 0
9 19 OPTi 167 119 -29
27 20 Level One Communications 76 112 44
10 21 Integrated Silicon Solutions Inc. 158 111 -30
NA 22 VIA - 110 NA
11 23 Exar 147 96 -35
39 24 Silicon Storage Technology 35 91 160
23 25 TCS 100 83 -17
24 26 Integrated Circuit Systems 917 79 -19
6 27 Alliance Semiconductor 220 76 -65
5 28 Western Digital 240 70 =71
28 29 Q Logic 61 68 11
30 30 DSP Group 60 67 12
33 31 Micro Linear 54 55 2
34 32 |Catalyst 48 54 13
28 33 Quality Technologies 61 52 -15
36, 34 Integrated Information Technology 44 51 16
26 35 Acer 80 50 -38
38 36 Wafer Scale Integration 36 43 33
35, 37 Quality Semiconductor 46 46 0
37 38 ACC Microelectronics 40 45 12
31 39 Information Storage Devices 56 41 -26
40 40 Seeq Technology 27 32 19
NA 41 Zoran - 29 NA
22 42 Tseng Labs 105 26 -75
42 43 Quick logic 16 25 56
NA 44 Chip Express - 24 NA
32 45 Paradigm 55 23 -58
44 46 Symphony Laboratories {5 17 11
a5 47 |G-Link USA 14 s 7
41 48 Logic Devices 17 14 -16
NA 49 3Dlabs - 14 NA
42 50 International CMOS Technology 16 12 -25
18 NA Brooktree 120 - NA
' Other Fabless Companies 236 254 8

Total Fabless Companies 6,302 6,806 8

NA = Not available

Source

Dutayuest (May 1997)
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North American Fabless Companies

(Revenue in Millions of U.S. Dollars)

Initial -|
Year Stock 1996
Public Product and Market
Founded Symbo! { Revenue
Offering .
Canada
ATI Technologies Inc.33 Commerce
1985 1993 | ATY.TO 467  |Graphics accelerators, multimedia accelerators
Valley Dr. East Thomhil,ONT L3T 7N6
Focam Technology 3050 Blvd.Cartier
1992 P Analog, digital, and mixed-signal ICs, ASICs
WestLaval, QUE H7V 1J4
Genesis Microchip Inc. 200 Town ICs for high perfomance,
1987
Centre Blvd.Suite 400 Markham, ONT graphics/visualization, and imaging
High-perfomance ICs for video and signal
Gennum Corporation PO Box 489,
1973 1996 | GND.TO processing, integrated circuits and hybrids for
Station ABurlington, ONT L7R 3Y3
hearing instruments.
MOSAID Technologies Inc2171 McGee
1995 | MSD.TO Memory ICs DRAM, HDRAM
Side Road Carp, ONT KOA 1LO
Tundra Semiconductor Corp.603 March Bus bridging and encryption ICs for high-
1995 P
RoadKanata, ONT K2K 2M5 Speed data ciphenng systems
United States
3Dfx Interactive Inc. 4435 Fortran Drive 3-D graphic accelerators exclusively for the
1994 1997 TDFX
SanJose CA 95134 entertainment market, for video games only
3-D graphics processors and accelerators and
3 Dlbs Inc181 Metro Drive, Suite 520
- 1994 P software for
San Jose,CA 95110
multimedia, CAD,simulation,virtual
8x8.Inc. (Fomerly Known as Integration
Systerns and technology products for video
Integration Technology) 2445 Mission 1987 1997 EGHT
communications
College Blvd.Santa Clara, CA 95054
Actel Corporation955 East Arques
1987 1993 ACTL 150 |FPGAs
Ave.Sunnyvale,CA 94086
Adaptec Inc. 691 S. MilpitasBlvd. ) Accelerators and controllers for multimedia,
1981 1986 ADPT 659 .
Milpitas, CA 95035 database backup,and networking
. ’ Programmable analog microcontrollers and
Adaptive Logic 800 Charcot Avenue
1991 P recognitiondevices for solving control and
Suite 112 San Jose,CA 95131
pattem-recognition problems
Admos Inc 2345 Harris Way San DSPs for sound add-in cards, motherboards,
1991 p
Jose,CA 95131 and musical instruments
Advanced Hardware Archipectures 2365
Coprocessors for error correction coding and
NE Hopkins Court Pullman, WA 99163- 1988 P 10
data compression
5601
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North American Fabless Companies

(Revenue in Millions of U.S. Dollars)

Fremont, CA 94538

Initial
Year Stock 1996
Public Product and Market
Founded Symbol | Revenue
Offering
LAAPD, VAPD:s, photodiodes for light
Advanced Photonix Inc. 1240 Avenida p
1988 1991 API 8 detection used im ipdusgrial, medical, military
Acaso Canarillo, CA 93012
space, science, and commercial applications
Alesis Semiconductor Corporation
1996 P Studio electronics, mostly R&D
12509 Beatrice Street Los Angeles, CA
Alliance Semiconductor Corp. 3099 High-perfomance memory and memory-
1985 1993 ALSC 90
North First Street San Jose, CA 95134 intensive logic products
Altera Corporation 2610 Orchard
1983 1988 ALTR 497 |PLDs
PrakwaySan Jose, CA 95134-2020
AMP Sensors 470 Friendship Road
1941 1982 Sensors
Harrisburg, PA 17111
Appian Technology
Inc.(Formerly,Zymos)555 Republic APPN Micmcomponents, ASICs
Drive Plano, TX 75074
Aptek williams 700 NW 12TH Avenue Thick-film hybrid circuits, communications
1982 1995
Deerfield Beach, FL 33442 components
Aptix Corporotion 2880 North First
1989 P FPICs and prototyping systems
Street San Jose, CA 95134
. SRAMs, high-speed miniprocessors, speech
Aptos Semiconductor 2254 North First
1993 P and speaker recognition neural net technology
Street San Jose CA 95131
circuits, SRAM
Arithmos Inc. 2730 San Tomas Expwy, Mixed-signal, chipsets for video compression
1993
Suite 201 Santa Clara,CA 95051-0952 5 applications
Amedia Inc. (Formerly Arcus
1987 P Custom ICs, MPEGs
Technology) 1885 Lundy Avenue San
Array Microsystems Inc. 987 University
. 1990 P DSP, video compression products
Avenue Los Gatos, CA 95030
Auctor Corporation (Formerly ACC
Microelectronics) 2401 Walsh Avenue 1987 P Microcomponents
.
2nd Floor Santa Clara CA 95051
Aura Vision corporation 47865 Fremont
1992 Video processors
Bivd. Fremont, CA 94538
Aureal Semiconductor Inc. (Formerly
Media Vision) 4245 Technology Drive 1990 1997 AURL NA [Audiovisual ICs for 3-D audio technology
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North American Fabless Companies

73

(Revenue in Millions of U.S. Dollars)

Initial
Year Stock 1996
Public Product and Market
Founded Symbol | Revenue
Offering
Battery-management products, NVSRAM
Benchmarg Microelectronics Inc. 17919
1989 1995 BMRQ 40  |products, RTC products, mixed-signal (analog
Waterview Parkway Dallas, TX 75252
and digital) ICs
B Processors, decoders, and encoders for video
C-Cube Microsystems Inc. 1778
1988 1994 CUBE 320 and still images in consumer electronics,
McCarthy Blvd. Milpitas, CA 95035
computers, and communications
Califomia ASIC (Division of Jaymar)
13845 Alton Park way, Suite B Irvine, Gate arrays, X-ray lithography
CA 92718
Catalyst Semiconductor Inc. (Also
known as Logical Silicon Solutions) 1985 1993 CATS 47 EEPROMs, NVRAMs, and flash memories
2231 Calle de Luna Santa Clara, CA
Celerix Inc. 370 N. Westlake Blvd, Suite High-performance analog and mixed-signal
1996 | ,
220 Westlake Village, CA 91362 ASICs
Chip Express 2323 Owen Street Santa
1989 P 29  [High-performance ASICs.
Clara, CA 95054 [
Chips & Technologies Inc. 2950 Zanker Video and graphics gontrollers and
1984 1985 CHPS 150
Road San Jose, CA 95134 accelerators, chipsets for PCs
Chromatic Research Inc. 615 Tasman
1993 Media processor
Drive Sunnyvale, CA 94089-1707
Chrontel Inc. 2210 O'Toole Avenue San ’ Mixed-signal ICs for graphics, video, and
1987
Jose. CA 95131-1326 audio, high-perfomance clocks
Cirrus Logic Inc. 3100 W. Warren Multimedia, communications, mass storage,
1984 1988 CRUS 1061
Avenue Fremont, CA 94538-6423 and data acquisition ICs
Clarkspur Design Inc. 12930 Saratoga
: DAP core for modems, voice mail, and disk
Avenue, Suite B9 Saratoga, CA 95070- 1988 P 0
drivers
4661
Colorado Micro display 55 Roberts
1996, P Semiconductors for flat-panel displays
Road. Blvd.G Los Gatos.CA 95030 )
Comlinear Corp. 4800 Wheaton Drive
. Mixed-signal, linear
Fort ollins, CO 80525
Comm Quest Technologies Inc.527 ICs for wireless voice and data , cordless
Encinitas Blvd. Encinitas, CA 92024~ 1991 telephony, interactive cable modems, and
2740 satellite communications
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North American Fabless Companies

?

(Revenue in Millions of U.S. Dollars)

Initial
Year Stock 1996
Public Product and Market
Founded Symbol | Revenue
i Offering
CORSAIR Microsytems 160-D
1994 p Cache memory for PCs
Albright Way Los Gatos, CA 90530
CPU Technology Inc. 4900 Hopyard -
1989 Processors
Road, Suite 300 Pleasanton, CA 94588
CREE Research Inc. 2810 Meridian
1987 1993 CREE 17 iSilicon carbide (SiC) ICs (LEDs)
Parkway Durham, NC 27713
Crosspoint Solutions Inc. 694 Tasman
FPGAs (customer-programmabie ASICs)
Drive Milpitas, CA 95035 ‘
Cyrix Corporation 2703 N. Central
. 1988 1993 CYRX 184  |High-perfomance trocessors
Expressway Richardson, TX 75085-
Data Path Systems Inc. 2334 Walsh CMOS and BiCMOS mixed-signal VLSI
P
Avenue Santa Clara, CA 95051 circuits
Dialight Corporation A Roxboro Group LED indicators for telecommunications, data
Company 1913 Atlantic Avenue 1972 S processing, industrial, computer, diagnostic,
Manasquan, NJ 8736 ’ and backlighting applications
Dianond Multimedia Systems Inc. 2880
. 1982 1995 598  |Graphics accelerators, DVD videophone Kits
Junction Avenue San Jose, CA 95134~
Displaytech Inc. 2200 Central Avenue -
1984 P High-perfomance electro-optic components
Boulder, CO 80301
DSP Group Inc. 3120 Scott Blvd. Santa
1987 1994 DSPG 53  |Digital signal processing ICs for digital speech
Clara, CA 95054 "
Edge Semiconductor Inc. 10021 Willow 14 |High-perfomance analog and mixed-signa! ICs
1994 d
Creek Road San Diego. CA 92131 est.  |for ATE (bipolar and CMOS)
Electronic Designs Inc. (Division High-density, high-perfomance memory
Crystallume) One Research Drive 1996 EDIX 59 devices for communications (SRAMSs and
Westborough, MA 01581 monolithic devices)
Emulex Corporation3535 Harbor Blvd. Communication processors, LAN and WAN,
1979 1990 EMLX 51
Costa Mesa, CA 922626 fibre channel techonlogy
ESS Technology Inc. 48401 Fremont Highly integrated, mixed-signal ICs for
1995 ESST 226
Boulevard Fremont, CA 94538 multimedia
Eted Microsystems 1900 McCarthy
Microcomponents
Blvd, Suite 110 Milpitas, CA 95035-
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North American Fabless Companies
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s

(Revenue in Millions of U.S. Dollars)

Initial
Year Stock 1996
Public Product and Market
Founded Symbol | Revenue
Offering .
Eupec Inc. 1050 Route 22 Lebanon, NJ !
P Discretes
8833
Exar Corporation 48720 Kato Road
1971 1985 EXAR 126 |Analog, digital, Mixed-signal and SCF ICs
Fremont, CA 94538
Exponential Technology Inc. 2001 Microprocessors for high-perfomance power
1993 P
Gateway Place, Suite 610 W. PCs
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