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An Interaction-Based View to the Development of the Semiconductor
industry in Taiwan

Student : Jian Hung Chen Advisor(Advisors) : Dr. Tain Sue Jan

Department of Management Science
National Chiao Tung University

ABSTRACT

The development of the semiconductor industry depends on its
interactions with the environment. Developing countries face more
constraints, and the environmental interactions seem more complicated. The
development process -of the“semiconductor industry could be better
understood with regard to the environment interactions and social changes.
This study proposes a variety-increasing viewpoint based on the concepts of
variety increasing and internal learning to analyze the development
experience of the semiconductor industry in Taiwan. This study also
established a system dynamics model to facilitate the policy analysis
process for the industry development. The results of this study reveal that
the development of semiconductor industry in Taiwan is a continuous
variety increasing process, which is achieved by searching and establishing
successful associations in an increasingly wider and complex environment.

Implications of this study are also discussed.

Keywords: Semiconductor industry, development, variety, internal learning, developing
countries, system dynamics.
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Environment status
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Larger environment

Environment status
Rapid domestic economic growth

/’ Abound with superior engineers
Basic manufacturing capability

Models Tried
Science Park Coordination mechanism
SRAM/DRAM Full-fledge and vertically
Foundry

disintegrated industry cluster

Successful models Resource attraction
. Domestic capital and HR
Science Park
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Association
Vertical disintegration

Employee profit sharing
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Environment status

Prosperity in IT industry
»/_ Efficient manufacturing
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DRAM/OEM, OBM o _
Foundry expansion Coordination mechanism

IC Design/CPU, PC peripherals International cooperative network
IC Manufacturing Equip. Reinforcing connection to local IT

{ industry

Resource attraction
Successful models Foreign capital
DRAM OEM International alliances

Foundry
IC design/PC peripherals

Association

International cooperative network
Reinforcing loop with IT industry
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Technology level JVs on DRAM OEM (TI-Acer, Mosel-Vitelic 1991

Powerchip1994,Nanya1995,Winbond1995) )
Foundry Expansion (UMC 1995, WSMC 1996) .

12-inch ADR (Macronix 1996, TSMC 1997,UMC 2000)
1C Design Expansion :
Via(1992),SIS: PC Chipset, Graphic Chip
I ; Mediatek(1997) DVD/CDROM Multi-Media |

i BIPR |
8-inch | F 120+ fabless cesign houses DRAM Self-R&D (Vanguard)
(uLsl Withdraw of low-end package

(1999 Microchip)
. SIS fabless to IDM
ITRI Spin offs

i TSMC(1987,Foundry)

?Vllrjgl]) TMC(1988,Mask)

Winbond(1987,audio IC)
Macronix(1989, Flash,ROM)
SI1S(1987,Design/Mask ROM)
Ali (1987 Design/PC chips)
ASE(1984,Package/Test)

4-inch ITRI Spin offs .
UMC (IDM of simpk IC)
(LSI) Sy ntek, Holtek (1C Design)
FDIs on low-end Package/Test
Micrichip (Packaging)

486 CPU (1994 UMC)
I1C Manufacturing Equip. W]
(YYang)

DRAM(Quasel, Mosel, Vitelic)
SRAM(UMC)
Power transistor (ADT)
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ITRI(ERSO)
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%= Model Equations from Vensim

Profitability= Profatbility Table(SQRT(IC Fabrication Competency*min(RD
Competency,1)))

IC Fabrication Competency= Competency Table(min(HR Fabs Ratio,600))
AT T £ = max(Expansion* g [F] By i2 # -Expenditure,0)

employ= Working+IF THEN ELSE(Time<=1989, Come Back*1+quit*1 ,
0)

leave= IC fabrication Manpower*0.1
quit= RD Institution HR*min((0.05+Attractiveness*0.1),1)
IC Industry Sales= Number of Fabs*gs.[fl §2i¢ % *Profitability*1.35

Expenditure=
min(Accumulated Capital,Expansion® & If] B i3 i +(International
Cooperation+RD Manpower)\
*0.0005)

~ |
¥R+ "= max((HR Fabs Ratio/400-1)*Number of Fabs,0)

Competency
Table([(0,0)-(600,1)],(0,0.001),(100,0.35),(200,0.6),(400,0.85),(600,1))

Expansion=delayl(min(max(HR Fabs Ratio/400-1,0)*Number of
Fabs,(Accumulated Capital+Capital Market Funding)/ £ F] §ui¢ % ),2)

Capital Mkt Endorsement= EndorsementTable(Profitability)/1.95

Capital Market Funding= delayl(Ecomonic Development
Status(Time),1)*Capital Mkt Endorsement

Profit=_ Government Funds+Profitability*Number of Fabs* §s [f] ¢ 3%  *0.1



Excess Compensation=

Compensation Table(min(Profitability,1))*IF THEN ELSE(Capital Market
Funding>=2,1 \

0.85)

Profatbility Table(

[(0,0)-(1,1.5)],(0,0),(0.277946,0.138158),(0.586103,0.447368),(0.752266,0.
763158),(0.873112,1.06579),(1,1.5))
Bargaining Chips=(Number of Fabs* & [f] §: 2 % /2+Accumulated Capital/20)
Accumulated Capital= INTEG (+Profit-Expenditure,0)
IC RD Table(

[(0,0)-(1000,1)],(0,0),(114.804,0.0614035),(256.798,0.192982),(374.622,0.4
42982),(486.405\

,0.741228),(574.018,0.855263),(800,0.95614),(1000,1))

RD Competency=  IC RD- Table(min((Government Research
Projects+International Cooperation+ \

RD Manpower*1)/4,1000))
Obsolete= Number of Fabs/7
International Cooperation=min(Bargaining Chips,200)

Government Research Projects=delay3(IF THEN ELSE(Time<1983 :AND:
Time>=1975, 50, 0),5)

leakage= RD Manpower*0.1
HR Fabs Ratio= IC fabrication Manpower/Number of Fabs
oo [ Beid =2

Working= delayl(min(Local Education System*(Graduates
Propensity*0.2+0.32),8000),2)

Graduates Propensity=  Propensity Table(Excess Compensation)

Propensity Table(



[(0,0)-(60,1)],(0,0.05),(8.88218,0.0789474),(20.8459,0.324561),(30.0906,0.
675439),(39.8792\
0.846491),(50,0.934211),(60,1))
~  AZEEAR Y hE R

Enroll= delay3(max(Local Education System*(0.05-Graduates
Propensity*0.02),600),2)

Go Abroad=delay3(Local Education System*(0.15-Graduates
Propensity*0.1),2)

Local Education System=  delayli( EducationTable(Time+4)/2,2,5000)
Increase= Come Back*0.12+quit*0.45+delay3(Working*0.001,2)

EducationTable(
[(1965,0)-(2020,20000)],(1965,5263.16),(1983,5316),(1985,6053),(1987,64
15),(1989,6882\

),(1991,8054),(1993,10169)|(1995,11456),(1997,12256),(1999,13339),(200
0.45,13639),(\
2019.83,15877.2))
S =N AVIVIV

Attractiveness=
Atractiveness Table(Excess Compensation)

EndorsementTable([(0,0)-(1.5,1)],(0,0.01),(0.190332,0.105263),(0.339879,0.412
281),\
(0.484894,0.649123),(0.738671,0.877193),(1.15106,0.964912),(1.5,1))

Ecomonic Development Status(
[(1965,0)-(2020,55)],(1965,0),(1970,1.04),(1972,1.93),(1974,3.49),(1976,4.
49),(1978\

6.92),(1980,10.01),(1982,10.32),(1984,14.97),(1986,23),(1988,32.63),(1990
32,34.01)\

(1992,43.99),(1994,47.75),(1996,52.31),(1997.91,47.61),(2000,51.72),(200

1,44.22),(\
2020,48.7281))



RD Institution HR= INTEG (Enroll-quit, 100)

Come Back=0Oversea HR*(0.001+Attractiveness/100)

Oversea HR= INTEG (Go Abroad-Come Back, 0)

RD Manpower= INTEG (Increase-leakage, 0)

IC fabrication Manpower= INTEG (employ-leave, 1000)

Compensation Table(
[(0,0)-(1,60)],(0,0),(0.280967,7.89474),(0.6,22),(0.85,40),(1,60))
~ REBREfIN A AN E T & AR IR vt B\

Government Funds=delay3(STEP(0.5, 1973)-STEP(0.5, 1974),4)

Atractiveness

Table([(0,0)-(60,1)],(0,0.05),(12.6888,0.149123),(25.3776,0.372807),\
(35.3474,0.719298),(50,0.934211)(60,1))

Number of Fabs= INTEG ( -+ +Expansion-Obsolete,0.1)

FINAL TIME =2015

INITIAL TIME = 1975

SAVEPER =1



