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The Development Strategies for
Talwan’s Semiconductor Industry

Pao-Long Chang and Chiung-Wen Hsu

Abstract—Taiwan’s integrated circuit (IC) industry develop- tries, and establishing self-reliant high-tech industries becomes
ment process can be separated into three stages: the initiation an important issue.
stage, consisting of obtaining technology and facilitating set- — pjigh tech development strategies have been widely dis-
up of domestic companies; the burgeoning stage, consisting of d in the li 11 131 141 191 1121 [13]. M f
the formation of manufacturer’'s R&D abilities; and the growth cussed In .t e 'teratur? [11, [_]'_[ 1, 9] [ .]’ [13]. O.St 0
stage, consisting of further raising an industry’s international these studies focus on industrialized countries whose high-tech
competitive levels. In each stage this article examines the de-industries have long histories and whose industrial devel-
velopment strategy from the perspective of interactions among opment discussions therefore often center on competitive
the government, research institute, and the domestic industry in strategies. Most high-tech industries in those industrialized

terms of technology selection, R&D activities, technology transfer, ; . -
and industry development results. Finally, factors underlying countries have possessed the ability or willingness to develop

success, issues arising from the case, and suggestions for newljechnology themselves. Therefore, in industrial technology
industrialized countries are discussed. development the main performer is the industry, and the strat-

Index Terms—Government-supported R&D project, industry €9y Of developing technology may be divided into in-house

development strategy, industry technology research institute development, technology cooperation (with academia, inter-
(ITRI), integrated circuit (IC), spinning-off new company, or intranational industries, or research institutes, for example),

Taiwan, technology transfer. and technology introduction. The role that government plays
is being a sponsor to build a nice infrastructure to facilitate
|. INTRODUCTION industries to conduct R&D activities. But the findings of these

udies cannot necessarily be generalized to NIC industries

. . . t
T HE importance of industrial technology developmerﬁmt have yet to be fully established. Therefore, making the

to the competitiveness of high-tech industries has been o : . :
; . . omestic industry possess industrial technology for developing
widely recognized by government policy-makers. Many coun- . . .
: 2 ; . . ; o igh-tech industry is the first step for the government. From the
tries provide incentives for industries to invest in high-tec ; g . ; . .
L ) X . overnment’s point of view, the strategies for NIC industries
R&D activities in which the private sector underinvests g : LY .
. . . to possess the technologies are mainly: supporting the domes-
practices delayed investment. Underinvestment or delayed'. . ; .
; L ..~ ’fic_industries to conduct technology development; supporting
investment can reduce productivity and hence competitiveness

. : onprofit research institutes to perform R&D activities and
in world markets. The response of most policy-makers

underinvestment or delayed investment is to support R&D Iﬁen transferring the research results to the domestic industry;

order to improve the development of industrial technology. and inducing the multinational enterprises for driving domestic

The development of the high-tech industry in industrializinB'gh'El_ec_h mdt:rs]trles gevglopment.f I q di ved
countries often takes advantage of low-cost labor, land, or rTV\)n awan, the predominance of small- and medium-size

materials. This makes the industrializing country a favorab gmstm ;he |r|1du.str|arl1.strr]utcturr]e of ihe country'm”ay bﬁ a h?nd-
choice for multinational enterprises wishing to set up overseg@P 0 developing high-tech seclors, especially where large

manufacturing sites or issue calls for the government to intrp- D exgenqngre?tatr.e requw;ad. At thbe same tlme,htr;ere gre
duce high-tech industries established by foreign enterpris fgV acagemic Institutions pertorming basic research. In order
build new high-tech industries or upgrade current indus-

Therefore, high-tech industries in industrializing countries a i :
often guided by foreign investments, making for an otheT‘['al technologies, the government elects to support nonprofit
plied-research institutes to develop industrial technology

dominated development system. As the industrializing coun ) -
en transfer it to the domestic industry. The government

gradually evolves toward a newly industrialized country (NI ) h insti hich brid
status, it gradually loses its low-cost labor or land advantag ypports nonprofit research institutes which act as a bridge

Thus, it must then move toward technology-intensive induQ?twee” academia and industry. Those research institutes
conduct the technology that is underinvestment or delayed

investment by the industry, and they will influence the major
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Taiwan’s integrated circuit (IC) industry is a successful ex- The government hoped that the local electronics industry
ample of a high-tech industry that made use of an MOEA R&ould develop in the direction of technology-intensive prod-
project. As Changet al. [5] described in detail, in 1975 IC ucts, and government advisors suggested developing IC design
technology from the U.S.-based company RCA, strategicaiynd manufacturing technology in order to stimulate innovation
selected by the government, was introduced by the Industriatoughout the island’s electronics industry.

Technology Research Institute (ITRI) and then transferredBy the mid-1970’s, IC process technology in the United

to the private industrial sector, after being assimilated ar@tates had advanced to LSI (large scale integration), while
improved, to initiate the IC industry. By 1990, Taiwan hadh Taiwan, apart from a few IC assembly companies, only
produced a rough industry infrastructure for the IC industifational Chiao Tung University had experience in operating
including design, masking, fabrication, and assembly facilitiea. semiconductor laboratory for the fostering of engineering

However, Taiwan’s IC industry had just been formed anid this field. There was no other local experience with or
had little R&D background. In order to upgrade the techknowledge of planning industrial technology for IC manu-
nical ability of the IC industry, the government contractefhcturing and design. After a consensus was achieved among
with ITRI to perform a five-year (1990-1995) project aimedepresentatives of industry, government, academia, overseas
at development of submicron fabrication technology, withcholars, and expert consultants, the following decision was
DRAM/SRAM products to be used as the primary vehicles fonade: establish a technology advisory committee (TAC) to
testing the feasibility of the fabrication technology [16]. Théake responsibility for planning and introducing technology
success of the submicron project makes Taiwan the 5th courfigm abroad to quickly develop an industrial base. The job
in the world (following the United States, Japan, Germangf executing the introduction, assimilation, and improvement
and Korea) able to independently develop 16Mb DRAM’s [7lvas commissioned to ITRI.

This also attracted a record (1994-1997) three-year investmentiany types of IC technology were developed during the
of over NT $200 billion in 8-in memory-product-wafer 1C1970’s. The members of the TAC discussed the technologies
manufacturing plants. available and then decided to obtain low power, high-density

Due to the high risk, high investment, and high technologgchnology that would provide submicron development po-
intensity of the IC industry, supporting Taiwan’s IC industryential. Due to the complementary metal-oxide semiconductor
in increasing its competitiveness in world markets has becorf@OS) technology which possessed low power and high den-
the main focus at present. This article examines Taiwan’s Kity, CMOS was selected as the technology to be developed.
industry development strategy that is based on an industryBy the mid-1970’'s, U.S. IC process technology had ad-
development process by separating it into three stages: initi@nced to the 3.Qan stage, but only 7.@sm technology was
tion, burgeoning, and growth. In each stage, the strategy tlaafilable for technology transfer. This was because in ad-
supports nonprofit research institutes to perform R&D activanced countries, 7.0m technology was a mature industrial
ities and transfer technology for technological developmetgchnology with the advantages of high consistency, complete
is discussed; this includes technology selection, technolotgchnical documentation, a wealth of skilled technicians, and
development activities, and transfer to the domestic industrieffective operating equipment, making it a suitable transfer
Finally, it discusses the role of research institutes, specificatgchnology for countries without prior experience such as Tai-
ITRI, in R&D and technology-transfer contributions to thevan. Also, as products manufactured with 7s®-technology
entire development process of Taiwan’'s IC industry. It aldead already been introduced into the market, feedback was
identifies those key factors during the development processaamilable concerning process technologies, product develop-
a reference for Taiwan and those similar industrial situatiomsent and design technology, and marketing channels to help
of other NIC'’s in a developing high-tech industry. Taiwan learn about all aspects of IC technology, from R&D

to commercialization.
In 1979, ITRI ended its government-supported IC technol-
Il. THE INITIATION OF THE INDUSTRY ogy development project and successfully introducedyf0-

The initiation of Taiwan’s IC industry has been studied bfabrication technology. For the next nine years, ITRI continued
the authors [5]. In order to describe the entire developmegchnology development by taking charge of the government's
process of the IC industry in Taiwan, this section presentsi&0 IC-technology development projects.
short overview. In the early 1970's, Taiwan’s government and 1) Between 1979 and 1983 NT $670 million was invested
local and foreign scholars recognized that Taiwan, an island to upgrade from 7.Gsm to 3.0x:m technology. In the
country with scant natural resources and a limited domestic area of IC design technology, computer simulation pro-
market, should set up an export-oriented strategy for eco- grams were introduced, as well as an ITRI-developed
nomic development and should develop high-tech industries logic simulation program and an automated mask-design
to sustain economic growth. However, in the 1970's it was  program to enhance the product design speed. Mask-
anticipated that no existing industry in Taiwan could lead ing technology was introduced and independent mask
the way in developing future high-tech industries for more capability was developed.
than ten years. In order for the domestic industry to gain2) Between 1983 and 1988 a total of NT $245 million
the fundamental expertise required for high-tech development, was invested in upgrading process technology from the
the government had to assist in the initial development of 3.0 um to the 1.0xm level. In addition, a very large
high-tech industries. scale integration (VLSI) laboratory was built. A com-
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mon design center was promoted to diffuse applicatiothe United States and Japan had already begun development
specific integrated circuit (ASIC) design technologyof submicron technology by the end of the late 1980's. If
Furthermore, optical masking capability was upgradethiwan did not upgrade its technology to submicron levels, it
to incorporate electron-beam masking technology. could soon expect to lose competitiveness, perhaps as early

ITRI also made use of every possible method of technologp 1995. Due to a lack of qualified personnel and insufficient
diffusion to transfer new technologies to industry for applicdinancial resources on the part of local companies, none could
tion. These methods included transferring technology, spinniigle-handedly develop submicron technology. And obtaining
off new companies, offering seminars, accepting design Coﬁubmicron technology from other countries proved difficult, so
missions from manufacturers, training technical staff, sendiffde government decided to support upgrading the industry’s
newsletters, etc. The spin-off companies in particular promptt&ehnical capabilities [16]. The following section discusses the
the establishment of related business corporations. The Unigétftegy at this point of development from the following per-
Microelectronics Corporation (UMC) was the first IC manuspectives: technology selection; industry involvement; R&D
facturer established in Taiwan as a result of ITRI's technologgtivities; technology transfer; and industrial development
and technical staff-transfer program. In October 1979, UMEsUIts.
became the first company to apply to enter the Science-Based
Industrial Park. UMC commenced pilot runs in April 1982 andé\. Technology Selection
had reached the break-even point by November 1982 [11].

. ) Taiwan’'s semiconductor industry, with its weak private-
In IC design, the Syntek Semiconductor Co., Ltd. w y P

@ector R&D base, was not able to produce competitive
f the EI ics R h and Service O ! tDRAM/SRAM for PC’s and peripherals even by 1990. With
ment of the Electronics Research an ervice rganlzani)_rb_um technology and 256K DRAM products, there was little

et?E)mpetitiveness. The only way for local manufacturers to get

tablished in a _s?milar way, such as Wel Trend Semiconducﬁ?ﬂolved in the global DRAM/SRAM market was to acquire
Inc. and the Silicon Integrated Systems Corp. (SIS). In ord e submicron technology necessary for mass production

to speed up the transfer of IC design technology, ITRI co ¥ DRAM's and SRAM's. This was crucial for Taiwan's

laborated with universities and colleges to foster IC deSiQHformation industry, since most RAM’s were supplied by

ex.pertise and established ?ma”'sc"’?'e common design ceny f)'an and Korea, whose information industries competed
With the help of computer-aided design (CAD) software an rectly with Taiwan’s. Failure to develop RAM products

circuit-design tools, the center trained industry personnel Would mean placing the Taiwanese information industry at
the development and design of ASIC products using compu

Kstai i e the devel t of Tai s | b mercy of Japanese and Korean semiconductor suppliers.
workstations o promote Ihe development of fawans fg,,qp, understanding by the government, research institutes,
design industry [6].

nd the semiconductor industry enabled the continued growth
Since the establishment of UMC in 1979, it remains the on y 9

. S A X f the Taiwanese semiconductor industry.
domestic IC manufacturing firm in fabrication in Taiwan. In It was then decided that between 1990 and 1995 a total
order to meet the production demands of the IC design ind “NT $7 billion would be invested to develop submicron
try, ITRI completed a VLSI laboratory via technology transfe{e

L . . chnology. The outline of the development project was as
activity in 1987 and spun off the Taiwan Semiconductor Ma%llows: development of submicron technology with estab-

ufacturing Company (TSMC), whose only goal was to proVidl'iashment of an 8-in wafer submicron lab; development of

foundry services to IC design companies. Around 150 tecgz.'&um fabrication technology, with the establishment of 4-Mb

cal support personnel were transferred to TSMC from IT RAM : ; ;
and 16-Mb DRAM designs, testing, and preproduction
and the VLSI laboratory was rented to TSMC as a foundry'capabilities; development of 0.35n technology modules;

The estgbhshment_ of TSMC, a!ong with contmuogs Nastablishment of complete micropollution control techniques;
vestment in IC design by local industry, resulted in th

. ; nd finally, fostering of high-level technical expertise and
establishment of large numpers of ASIC design houseg. ¢ elopers to meet the needs of the semiconductor industry
1990, more than 56 IC design houses had been establis f%.

This resulted in a large demand for masking, thus the Industria
Technology Investment Corporation (established by ITRI in
order to transfer ITRI's technology to local industry) organizel: Industry Involvement
related industries to set up the Taiwan Mask Corporationin 1990, when the government decided to support upgrading
(TMC) to transfer personnel, technology, and business fraime industry’s technical capability to submicron levels and
the mask operation originally owned by ERSO/ITRI. Thusontracted with ITRI to carry out the submicron technology
Taiwan evolved from IC assembly operations in 1975 tdevelopment project, there were altogether eight IC fabrication
development of a local IC industry consisting of IC fabricatiorfirms and 56 design firms in the private sector. ITRI had just
design, and mask companies by 1990. completed the transfer of about 150 technical personnel to the
newly established TSMC. The following question thus arose:
how would ITRI be able to efficiently proceed with the devel-
opment of submicron technology? ITRI's upper management
Although by 1990 Taiwan’s IC technology had reachethen decided that since most of the technical personnel had
the 1.0um level, companies in developed countries such &gen shifted to private industry, and the purpose of ITRI's

I1l. THE BURGEONING OF THEINDUSTRY
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technology development was transfer to industry, there wasntinuous revision and timely modification of the project
no reason companies could not participate in ITRI developentents.

ment projects to avoid the manpower shortage problems. AtDuring the submicron project's planning stage wafer size
the same time, this would also facilitate and speed up thas set at 6 in. All required equipment was also devoted to
technology transfer process. The question then became hmwduce 6-in wafers. Although IBM possessed 8-in wafer pro-
to persuade companies to willingly send their most talentediction technology, the equipment in use was modified from
people to take part in this submicron project. This gave riske original 6-in wafer production equipment. Thus, Taiwan
to the “Submicron Working Consortium.” The idea was thataturally held 6-in wafers as the target for development. By
if companies submitted one-ninth of the total project budgdhe beginning of the second year of the project, with the
they would be able to receive the entire submicron technolodgpanese IC equipment manufacturers ready to accept 8-in
transfer from ITRI. This made it certain that the industryvafer production equipment purchase orders, the project leader
would send their best people to ITRI in order to share in trapplied to the committee for a change of target from 6-in
technology transfer. to 8-in wafers. Since the primary concern was to develop

Six IC fabrication firms demonstrated interest in joining th&ully competitive submicron technology by 1995, technologies
project before it started, yet by 1990 when the project officialigeveloped by ITRI would still require technology transfers
began, many firms refused to join due to the large, high-risikad investment for production-site buildups. Therefore, the
investment required, and also because rights to the transferiredlistry might not be fully willing to accept a transfer of
technology were not exclusive. To ensure that the projdess up-to-date technology; besides, converting a completed
proceeded, the government included it in its own budgetbmicron lab to 8-in wafer production would require a far
while any money invested by participating firms had to bgreater investment than converting it at the current stage. With
remitted entirely to the government. Thus problems involvinidpese considerations in mind, the committee agreed to shift the
individual firms would not impede the entire project. At theroject goal to 8-in wafers, add an additional NT $1.2 billion
same time, it was expected that as the project progressed,tthéhe current budget (making the total budget NT $7 billion),
decreasing risk factor would attract other firms to participand extend the schedule by half a year. These changes were
when the advantages became more obvious. later approved by the MOEA.

In 1992, TSMC, UMC, and ITRI formed the Submicron The firms’ investments and participation in the submicron
Working Consortium. Each company was required to inveR&D process not only assisted the government in monitoring
NT $129 million over five years and send technical personnigle implementation of the project, but also enabled the com-
to directly join in ITRI's R&D effort, for which each would panies to obtain the newest technology developed by ITRI
receive a complete transfer of development results. Not loirgthe shortest possible time. Therefore, the project advanced
after, other companies gradually applied to join in the proje@nd was completed on time.

These included Mosel Vitelic Inc., Winbond Electronics Corp.,
Macronix International Co. Ltd., Holtek Microelectronics Inc.,
Etron Technology Inc., and First International Computer Cd2- Technology Transfer

Ltd. Besides receiving information from ITRI, these compa- At each stage of the implementation of the submicron
nies could also ask ITRI to test-produce their own designs @bject, ITRI worked to transfer all technical data to the firms
additional cost. in the Submicron Working Consortium in the shortest amount
of time possible; even the most advanced @mB-fabrication
. technology was immediately transferred for use by firms,

C. R&D Activities enabling UMC and TSMC, for example, to make use of ITRI

The first batch of 16-Mb 8-in wafer DRAM's was suc-technology transfers to develop Q.8 fabrication technology.
cessfully test-produced in the submicron lab by ITRI in AprilTRI also provided design rules for DRAM and SRAM logic
1993. In the same year, 4-Mb SRAM's were successfully tedt design companies in the Submicron Working Consortium
produced [15]. During the implementation of the submicrofor advanced product designs such as 16-Mb DRAM'’s and
project, the MOEA called upon 12 to 15 representatives frodiiMb SRAM'’s [14].
industry, the government, academia, and research institutedeanwhile, the MOEA made use of the developed submi-
to form the “Submicron Advisory Committee,” which wascron fabrication technology and related purchased equipment
chaired by ITRI's chairman Chang. Each year, two to fowand talents and targeted the much-needed key component—the
meetings were held to provide advice and counseling @RAM—as the choice for assisting local firms to raise their
the goals, content, progress, and results of the submicmmpetitive levels through production in the domestic private
development project. sector. Thus the MOEA used the submicron lab equipment,

The submicron project was performed by ERSO/ITRI. ITRiechnology, and human resources in collaboration with private
was able to reach the goal in time by recruiting capable persamnpanies to form professional production companies devoted
as project leaders, as well as completely commissioning @&l DRAM’s. This was carried out in the form of a solid plan
responsibilities of the ERSO director to the project leadeio apply submicron fabrication technology, commencing with
The project leader was able to concentrate all participantie selection of suitable private corporations to participate in
attention on the project goals, set precise milestones, ahé plan. The spin-off of a new company from the submicron
give incentives to participants to enhance team spirit lproject was done in the most open and fair manner—by
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publicly seeking investment partners. The open bidding ansure U.S. leadership in the world semiconductor industry
tracted 13 local companies, headed by TSMC in Septemi@8}; in 1989, semiconductor industries in countries in Europe
1994. These 13 companies included suppliers, at varidirsanced the formation of the Joint European Submicron
levels of the information and electronics industries, as well &licon (JESSI) project so that they would not have to depend
funding institutions. The new company was named Vanguaod the United States and Japan for semiconductor technologies
International Semiconductor Corp. (VISC), and its primarf8], [17].
goal was the production of DRAM’s. Initial capitalization was Semiconductor technology development will evolve into a
NT $18 billion. The MOEA, possessing the submicron labnore advanced and more costly high-end technology, beyond
equipment, and technology, took 32% of the company stottke ability of a single company or companies in a single
right away, making this the fastest return on investment eveountry to carry through entire projects alone; in fact, it is
among MOEA R&D projects. ITRI completed the transfer bgvolving into a form of strategic international alliance [2],
the end of 1994 and transferred a total of 330 people to VIS[8], [10]. Upcoming efforts to strengthen the competitiveness
of Taiwan’s semiconductor industry require the industry to
E. Industry Development Results become involved in the production of wafer-material, de-
Although DRAM'’s are key components in computer marz 9N wafer _fabr|cat|o_n, pac_kagmg, testing, as well as the
o . related chemical and industrial-gas technologies that form a
ufacture, exceeded in importance only by microprocessors, . . . . \
: . . . complete industrial structure. At the same time, Taiwan’s
large investment requirements, technology-intensive natum: : : o )
) ; . ational Science Council is also planning the development
and variable market factors restrained the Taiwanese sefnl- . .
. . o of collateral and support industries for IC development, such
conductor industry from making decisive moves to become . . g
) . : o . as collaborative efforts between universities and colleges and
involved in this market. Apart from Mosel Vitelic, which . . : S
. : . industry to conduct research into semiconductor fabrication
began producing 6-in wafer DRAM's in 1991, by 1993 Iocall)é Lipment beginnina in 1997. The purpose is to build up a
supplied DRAM'’s still accounted for less than 6% of the Ju!P 9 9 i burp P

total used. By the end of 1991, Texas Instruments-Acer Ingomplete development environment for the IC industry. In

. adopting MOEA's R&D project mechanism, the government,
a company founded as the result of collaboration betweﬁrhl and industry have come to a consensus which calls for

Texas Instruments and Acer, started production. The resultilnrgh . i
. | to gather resources from industry through consortia and
products were entirely marketed by Texas Instruments. Even

. PS(? available lab facilities to support advanced fabrication-
so0, most local manufacturers avoided the rough battle expecte . . L
odule development and integration of parts fabrication. For

in the DRAM market. Due to the successful establishment S} . .
) o . . . example, ITRI formed the Deep Submicron Consortium among
Taiwan’s first 8-in wafer submicron lab, the semiconductor

. i . .Jocal manufacturers, and together they developed 0.25-0.16
industry grew ever more confident of being able to establis .

; - i . . um-level technology, then transferred the results to industry.
8-in wafer facilities. In addition, the experience from previou

efforts at wafer facility establishment allowed reduced timing part from d|ffusc|ion of _;t_echmcalfdata, collabdoratllve effort_sf_

in further buildup of production sites. Currently TSMC, UMC etween [TRI an _specilic manu acture.rs to deve op speciiic
Mosel Vitelic Inc., Macronix International Co., Ltd., Chia Hsin'prOdUCts and the licensing of patents will be the major forms
Livestock Co., Ltd., Nan Ya Plastics Corp., Umax Data Syste% technology transfer.
Inc., and Texas Instruments-Acer Inc. have already established
or are in the process of planning for the establishment of

8-in wafer production sites. These are all expected to begin

operation by 1997. The total investment capital involved is _ ] o
approximately NT $231 billion. Taiwan’s IC industry, under government supervision, has

gradually developed from rough, undeveloped beginnings into
the flourishing industry it is today. Throughout this develop-
ment process, ITRI has been involved in the planning and
How Taiwan’s government should proceed with the nexterforming of R&D activities and the technology transfers
step in IC technology development is still under discussioto the IC industry (see Fig. 1). In each of these three stages
Some believe that developing the IC industry is a nevefthe initiation stage, consisting of obtaining technology and
ending process and the government must continue supportiagilitating setting up domestic companies; the burgeoning
development of next-generation technology; others believe tiséage, consisting of formation of manufacturers’ R&D abilities;
after 20 years of development, Taiwan’s semiconductor indusad the growth stage, consisting of further raising industry’s
try has acquired the capability to independently obtain newternational competitive levels) the roles of ITRI were some-
technologies. However, as the semiconductor industry is riskyhat different from one another.
costly, and technical, it makes the large investments localln the initiation stage, ITRI transferred the technology from
manufacturers have put into R&D efforts seem insignificaatoroad then assimilated and processed it through in-house
in the international arena. Additionally, each industrializeR&D activities. After it came into full possession of the
country gives various forms of aid to its own semiconductdaechnology, ITRI spun off new companies and transferred
industry to increase competitive levels. For example, in 198&levant technology and technical staff to industry, so that
the U.S. federal government aided in the establishment admpanies existed to conduct manufacturing and marketing
semiconductor manufacturing technology (SEMATECH) tactivities. This initiated the rough outlines of an industry.

V. THE ROLE OF RESEARCH INSTITUTES

IV. FUTURE TECHNOLOGY DEVELOPMENT
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Fig. 1. The Taiwan IC industry development process.

In order for Taiwan’s semiconductor companies to beconpany. To promote collaborative R&D efforts among businesses
more or less self-sufficient in R&D activities, research inand to increase overall competitiveness, the government may
stitutes, industry, and the government collaborated to selscipport the development of commonly required technologies.
much-in-demand DRAM key technologies—the submicroimdustry and ITRI will jointly select technologies that are up to
fabrication technology—to be developed by ITRI under gowate with those under development in industrialized countries
ernment sponsorship. Industry also invested funds and sengd jointly develop the chosen technologies. ITRI will also
personnel to participate in the R&D activity to speed upransfer these technologies via technical data diffusion or co-
technology transfer timeliness and efficiency. Thus, ITRI wakevelopment of specific products with various companies. It
able to periodically produce technical data or receive coi$ expected that companies will gain efficiency and in turn
tracts from private businesses for developing specific produggrease Taiwan's industrial competitiveness in international
technologies throughout the entire project life cycle in suchraarkets.
manner that the technology transfer was complete. It was also
supposed that at the end of a project a spun-off new company Vi

would be formed to accept the transfer of DRAM/SRAM . ) . ]
technologies and specialize in DRAM production so that This section discusses strategies for government support of

Taiwan’s semiconductor technology could be upgraded froﬂgnprofit research institutes that conduct R&D activities and
VLSI to the ultralarge-sized IC (ULSI) technology level. At thetrans_,fer te_ch_nology to domestic industry. The mformapon here
same time, investment in DRAM was encouraged to expaREﬁV'ded is intended to serve as a reference for Taiwan and

Taiwan’s semiconductor industry into the domain of RA!\@t er NIC's presently de\_/eloplng their h|gh-tech_|ndustrles.
development. _hree aspects are considered: factors underlying success;

As businesses begin to gain the ability to do independeI pUes ansing from this case; and suggestions for NIC's.

R&D, industry must take control of technology development

and do their own R&D. Since new technologies are develop8d Factors Underlying Success

at rather rapid rates in high-tech industries, R&D activities As this case study shows, Taiwan’s IC industry was success-
conducted by independent businesses often do not achiévw® developed over a 20-year period. Several factors have
the most efficient results. Collaborative R&D efforts aimed ahade the IC industry successful, most important of which

technologies of common interest can achieve the same R&Rs been the government’s strategy in supporting ITRI to

results at only a fraction of the total investment cost per cordevelop IC technology and to transfer relevant research results

. DiscussIoN
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to the private sector, thus commercializing the products. Sinte manufacture high value-added memory products such as
Taiwan’s industry is dominated by small- and medium-sizddRAM/SRAM. The main reasons for this are that Taiwan’s IC
firms, most companies are unable to afford expensive high-taodustrial technology development started later than developed
research. countries such as the United States and Japan, and because
Besides government support for ITRI, other factors hatke scale of Taiwan's R&D expenditure is proportionately
contributed to the successful development of the IC industygry small. Even today, R&D investment is quite low. For
in Taiwan. First, the government and ITRI chose appropriagxample, in 1994 total R&D expenditure in Taiwan was about
“vehicle products,” such as the 16-Mb DRAM, to develof).S. $4371 million, which is approximately 2.53% of U.S.
submicron fabrication technology, to test the technologyR&D expenditure. Since the scale of R&D in Taiwan is very
feasibility, and to establish marketing potential. It is clear thatmall, one of the most pressing issues related to high-tech
once a market is captured, related private sector industries davelopment is how to focus on special technologies and
survive and can grow step by step. leverage R&D benefits.
Second, the research project leaders themselves were in-
strumental in overcoming obstacles. During the initial stag€s Suggestions for NIC's
of the project, local professors and experts thought that Taiwar\N

did not have the capacity to develop in such high-tech areas hen most of a country's industries are small- and medium-
. .p Y p In such hig 5|tzed firms that lack big enterprises or foundations to support
as the IC industry; there was much criticism and a gre

deal of pressure. However, these pressures forced the rese &I;u) works, R&D expense is usqally |nsuff|C|en_t. _Moreove_r,
project participa.nts to foc’us on specific problems and thﬁ{g r_esearc_h results _of academia are oft_e_n difficult to !mk
contributed to making the research successful. Third, IT th industrial production. Under sych conditions, one feasible
adopted the “spin-off” method to allow the succeésful tr:;msft rchnolggy developmelnt strategy s for government to support
of technology and talent to industry ﬁonproflt research institutes to Qevelop technologies, and then
inallv. th ¢ orovid d incentives to prom tto transfer the res_ults to local mdustry._ .
Finally, the government provide centives 1o promote Nowadays, the life cycles of technologies are shorter than in

private sector investment in the IC industry. For example, ﬂ@%e&past, the costs of developing new technologies are higher,

government established the Hsin-Chu Science-Based Indust]; the risks associated with technology development are far

Park and_ the _electromc technology tra|n|_ng program Of.Ch' eater. To function in this new environment, many countries
Tung University. Moreover, overseas Chinese experts in el 07

tronics technology were recruited, a strategic investment lo
and tax benefit package was developed, and a channel
established to transfer the technology from abroad.

e increasingly turning to international technology coopera-
fibn and/or consortia as a means of increasing opportunities
¥&¥Sresearch and development.

Moreover, multinational enterprises have also changed their
operation strategies; they have begun to establish research
laboratories abroad. These and other changes necessitate new
developmental strategies, including support for nonprofit re-
technology, then to upgrade to 3m, then 1.0em, and geach institutes that cooperate with foreign multinational
finally to in-house development of O/ fabrication tech- onterprises to accelerate technology development. It is also

nology. In terms of efficiency, although Taiwan's IC industry,herative that governments share the risks associated with
has been established successfully, whether government S”pﬁé?fltmology development.

could have been reduced or whether Taiwan's IC industry agier 41, if the decision-makers of a NIC's government wish

could have been developed more successfully are interestiggq ot technology domestically, they must necessarily support

questions for discussion. However, this case study mainlynorofit research institutes that conduct R&D activities and
focuses on examining the development strategies of the 9@ sfer the results to the industries.

ernment’s support rather than evaluating the performance
efficiency of that support. Nonetheless, two issues need to be
considered.

First, Taiwan’s IC industry investment in R&D activities is After 20 years of development, Taiwan's semiconductor
insufficient; this may be because the government didn’t pusidustry has become Taiwan’s principal high-tech industry.
the industry to devote itself to R&D activities. But althoughWwith assistance and investment from the government and
local industries are now dependent on government support é@velopment and transfer of technology by nonprofit research
the development and transfer of technology, this pattern seeimstitutes in the early stages, the structure of an IC fabrication,
to be changing. For instance, in 1990 the government sujesign, and masking industry was gradually established until it
ported ITRI to develop submicron technology and requestedpanded into the RAM domain. This encouraged industry to
participating industries to share the R&D expenses. Althoug@hin in the manufacturing of wafer materials and talent from
this approach has been embraced by local industry, it seeatsademia to train and participate in R&D of semiconductor
clear that more could have been done earlier, especially wittanufacturing equipment. All of this demonstrates the roles of
those industries that devote relatively greater profits to R&Government, research institutes, and industry in the initiation,
activities. burgeoning, and growth stages when a newly industrialized

Second, although Taiwan has been developing its IC indussuntry such Taiwan is establishing high-tech industrial de-
try since 1976, it was not until 1990 that our industries begamelopment strategies. As the industry grows, what government

B. Issues Arising from This Case
The government supported ITRI's plan to introduce j#tf-

VIl. CONCLUSION
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can do is create a favorable environment, while technicah]
issues can be guided by industry, and research institu[t(fa
can facilitate technical collaboration between companies to
maintain efficiency in R&D activities. As the industry grows

stronger, it will be up to the schools to train people so th §/6]
possess the capabilities to participate in basic research. [17]
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