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Abstract

To promote industrial development and economic gnaw a vital issue for governments all over thaldio
The ideals guiding policymakers in their endeavpstsongly influenced by traditional economics ghd
innovation system approach, are that innovatiorsedbaon new and advanced knowledge are central for
industrial and economic development. As is exengaifthrough the quote below policymakers have no
problem with finding inspiration from success casash as Silicon Valley.

The idea that so much could grow in so short tinteivsuch small geographical area sent planning
bodies from Albuquerque to Zimbabwe scrambling towgthe next Silicon Valley on their own
backyard. Sturgeon (2000: p.15)

But although the identified “generic” features hdneen copied, there are few examples of how anmisitio
“artificially” create policy supported high-tech $ed business regions and industries have succe@dedof
the few successful examples of policy created bégi+ industries often mentioned is the Taiwanese
semiconductor industry. The story of the Taiwarssmiconductor industry is just as impressive aotieeof
Silicon Valley; in just a few decades an industrgswdeveloped from scratch. One of the most common
explanations to the transformation addresses theergimg role of the state in coordinating industria
development. Some of the major factors mentionee fiag example the creation of public researchtinsts,
the public provision of R&D, and the subsequentdfar of technologies to a downstream sector aielaye
Taiwanese policy. This envisioned development seerfeas been strongly supported in Taiwanese policy
circles and forms a foundation of contemporary Baigse industrial development policy. However apipice
biotechnology this economic development model leEnlwidely criticized for not fulfilling it promise

This paper challenges the so called “semicondud@velopment model” by investigating the
emergence of the Taiwanese semiconductor indusing & resource interaction perspective. By comparin
this picture with Taiwanese policy’s interpretatiibris argued that the development model is cleaxgr-
simplified omitting several important factors iretdevelopment, for instance the importance of useerctive
participants in the development process.

Keywords: Industrial development, Resource interaction, Taiv&miconductor industry

A policy ambition to create industries and new business resources based on innovation

The promotion of industrial development and ecomogrowth is a vital issue for governments all otrex
world. The ideal that guides policymakers in thedeavours, strongly influenced by traditional ecoits
and the innovation system approach, is that inmowvatased on new and advanced knowledge are kcimtra
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industrial and economic development (OECD, 199Quikdk 2007). This observation is explained by the
OECD (2007: p5):

Today, innovation performance is a crucial deteeminof competitiveness and national progress.
Moreover, innovation is important to help addredsbal challenges, such as climate change and
sustainable development. But despite the importah@enovation, many OECD countries face difficedti

in strengthening performance in this area. [...] Gomgents can also play a more direct role in fosteri
innovation. Public investment in science and bassearch can play an important role in develop@g |
and other general-purpose technologies and, hemcenabling further innovation. This highlights the
importance of reforming the management and fundigublic investment in science and research, dls we
as public support to innovative activity in thevaie sector. The latter calls for an appropriatg ofi
direct and indirect instruments such as tax creditsect support and well-designed public-private
partnerships, support for innovative clusters agdrous evaluation of such public support.

To support development of advanced knowledge ancrdate a system that facilitates the transferhef t
results from scientific research to industry hasiseguently been a main concern in contemporary
policymaking. Although many countries can boaspulific scientific production, it is also often wed in
policy circles that a knowledge paradox exists. mbgon of a knowledge paradox or knowledge bogtdn
refers to a view that an increased knowledge priboluin the academic sector has not led to a cpomding
increase of its use in the business setting (S26G2; Dosi et al., 2005; OECD, 2005).

However, empirical evidence suggests that commiezicig scientific results is a cumbersome task with
few traces of linearity. That it is not that easysupport artificially the development of new scietfbased
solutions which will lead to knowledge-based indigst and business regions has been experienceciby m
governments. An editorial ihhe Economis{2007: p4) gave the following opinion on this erprce:

EU officials, like government bureaucrats everywheare obsessed with creating geographic clusters |
Silicon Valley. The French have poured billionsoimtdles de compétitivitéand Singapore, Dubai and
others are doing much the same. There are dozeaspofng clusters worldwide, nicknamed Silicon Fen
Silicon Fjord, Silicon Alley and Silicon Bog. Tymlly governments pick a promising part of their atoy,
ideally one that has a big university nearby, andvide a pot of money that is meant to kick-start
entrepreneurship under the guiding hand of benavblereaucrats. It has been an abysmal failure.

Despite these disappointing results there are ebesngd science-based business regions and induskra
are presented as successful creations of policyalignt example is the Taiwanese semiconductorsinglu
based in Hsinchu. The development of this industipntimately linked with Taiwan’s economic succelss
just a few decades, the Taiwanese economy transtbitself from being dependent on agriculture toobee
one of Asia’s high-tech centres. In short the stooynmonly told is that in the early 1970s Taiwarsvea
backwater economy. The country was dependent oricudtgral production and labour-intensive
manufacturing of textiles, electronic componentd plastics. At that time, Taiwanese policymakersidked
that it was time to direct industrial productiomwerds more knowledge-intensive sectors. What pestéis
ambition was an already expanding economy. Impdvsstution policies for self-sustainability in amber
of critical industries had been implemented in1B&0s with success.

In the 1960s export-expansion policies were putdtion to attract foreign capital. Through low labo
costs and generous investment rules Taiwan coald floreign investment in the manufacturing of labou
intensive products. By the late 1960s the expartration policy had turned the chronic trade deficib a
consistent trade surplus. Agriculture was stillisaportant economic sector but revenue coming fran-n
agricultural manufacturing industries, such as oorer electronics, toys, petrochemicals, plasticstartiles,
was driving the economic growth. Policymakers wagtermined that it was time for Taiwan to takedivect
leap into more advanced industrial sectors and nupve step on the economic development laddereld fi
that was identified by the government as a futndeistry which would allow Taiwan to take this dexghent
leap was semiconductors.

Public policies were implemented to speed up dewveémt in a hitherto non-existent semiconductor
industry. The focus on semiconductors turned oubadbeneficial for the Taiwanese economy. Since the
1980s the economic growth of Taiwan has been gl@ssociated with the development of the semicaioduc
industry located in Hsinchu, also known as thec8iliValley of Taiwan. Two decades after the emergent
the first few semiconductor businesses in the eE®B0s, the Taiwanese semiconductor industry walseth
the fourth largest in the worldand consisted of nearly 400 compahiest the end of 2005 the Taiwan

! Defined in terms of production value, surpassdg by the USA, Japan and Korea.
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Semiconductor Industry Association (TSIA) estimatieak 60 per cent of worldwide semiconductor foyndr
package and testing revenue, 25 per cent of wadlelgemiconductor design revenue and 25 per cent of
worldwide DRAM revenue were generated by Taiwar@sapanies. The total economic value generated by
the Taiwanese semiconductor industry totalled 1dilli®n New Taiwan Dollars (roughly 33 billion USC3t

the end of 2005 (TSIA, 2007).

Regardless from what vantage point the developroktite semiconductor industry and the Hsinchu
region is viewed, it appears impressive. Withines fdecades, a new industry resting on high-tech and
innovation has emerged in a country which had presly relied on traditional industries and smalll an
medium-sized companies with weak R&D capacity. Thest common interpretation of the Taiwanese
semiconductor development is that it was a resulpublic policy engagement in coordinating induestri
development (see, e.g., Liu, 1993; Mathews & Cl0@Q2. This view, also stressed by Taiwanese govenhm
policy, is exemplified by the quote below by thedaitor of the Biotechnology Program at theience and
Technology Advisory Grol($TAG), a Taiwanese policy organization:

The semiconductor industry was a creation of gavemt policies. It was our government that identifie
semiconductor technology as Taiwan’s chance tohcage with developed countries. There was no
semiconductor industry when ITRI started its ogera in the 1970s and basically everything was
developed from nothing. (Interview, Lee Chong Chou)

Subsequently, the policy interpretation of how sleeniconductor industry developed has come to sEswe
role-model for how to create new industries in TaawThe main policy measures undertaken were aahed
the establishment of public research institutgaylaic provision of R&D, and the subsequent diféusbf the
research results to the private sector (Liu, 1@€9¥8ng, Shih & Hsu, 1994).

The recipe’s application on for example biotechgglon Taiwan has however been considered a
failure. Although some policymakers claim thatstthe inherent differences between semiconductads a
biotechnology that lies behind the “unsuccessfpiplecation of the model, this study argues thas itather
the interpretation of the emergence of the semigotad industry which is over-simplified. Hence tipaper
will scrutinize the policy interpretation of the emgence of the semiconductor industry from a diffier
perspective namely the resource interaction petiseeaind the aim is to:

« To increase the understanding of the processes eblgenew material and immaterial
resources are developed, produced and taken into wishin an industrial development
process.

Methodology

For the investigation three different empiricaltisgfs will be considered, developing, producing asthg.
These are represented by resources structuresdétagéxisting material as well as immaterial resesi in the
business landscape. Each one of the resource wtactvhich are associated with activities related t
development, production and use (settings) haswts rationale. For instance, in the academic waitheére
most scientific discoveries are made, the guidimgciple for the activity is novelty and uniqueness
(Chalmers, 1999). The developments in these setting often not primarily concerned with the ecoizom
returns the developed solution can potentially dprim, but on the novelty of the research. A deviglgp
structure, involving developers of science-baseqdiegtions, where a large proportion of funding esnfrom
the business world, might be more bound by econ@réssures but still relate its activities to resea
Hence, when developed solutions are confronted pritlducing and using structures in the businegsget
there are often clashes in rationales. The goalindrthe producing and using structures are, imgarison
with a developing structure, more concerned witlw htew solutions can fit into and create value for
investments already made (Hakansson & Walusze®8Rir).

Consequently, if a company wants to use a cuttidgedechnology developed at a university, it cannot
look at novelty per se as the deciding factor.dadtwhat is more important is how the technology @aate
value for the company’'s already existing investreerfEven more important is how the company’s
environment can benefit from it and gain value. Example, how does the technology fit with the txis
structure of investments (such as machines, peetammbusiness relationships) made by the company’s
suppliers or customers? An investment in a newnelclgy always has consequences not only for the

2 The companies can be classified as: 268 IC desigses, 6 wafer suppliers, 4 mask makers, 13 fainit companies
(fabs), 33 packaging houses, 35 testing housesyligrate suppliers and 19 chemical suppliers (T3086).
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individual company but a whole structure of relatesiources used by also other companies, orgamzsabir
individuals. Thus the less the new technology caruked with these structures of existing investmantd
create value, i.e., the more new investments ané i required, the less embedded it will be. 1a #spect,
embedment of new resources is a consequence ofpokiive economic effects the new has on the iegist
structuregHakansson & Waluszewski, 2007; Ford et al., 2009).

The importance of considering anything new in fefato established (business) structures has been
underlined by a number of scholars engaged in érapistudies of technological development, inclgdin
Rosenberg (1976, 1982) and Hughes (1983, 1987) @rotrers. These authors introduce the concept of
producer-user interaction as the basis of techitdbglevelopment. A central proposition in the ootiof
producer-user interaction is that users as watliraducers are active in the development of vargmlstions.
That is to say that users are not only passivevexse but also that they interact closely withgwoers in
development activities. The concept of producer-irseraction has been applied within various tle&oal
fields. In the innovation-related literature, sarslsuch as von Hippel (1988) have specificall\yestigated
the importance of users as the leading contribuitorthe innovation process. The matter of inteoacti
between production of knowledge and economic demaralso in focus among scholars in Science and
Technology Studies (STS). An issue of increasingrast is how science and innovations are actuesgd
when embedded into the business setting (see HugB88, 1987; Gibbons et al., 1994; Bijker & Pinch,
1997; Nowotny et al, 2001, Grandin et al., 2004, 2004).

The creation and development of producer-userfattes has been a key issue within the Industrial
Marketing and Purchasing (IMP) network approach fimwmpgroup.org). It is within established producer-
user interfaces that many innovations have thaircg (Hakansson, 1989). In this context severablach
have investigated how technological developmenticgcin industrial networks, for example, Laage-hhelh
(1989), Lundgren (1991), Hakansson et al. (1998), ldakansson and Waluszewski (2002), to mentidngjus
few. Others, such as Andersson (1996), have stutiedomplex change process of turning sciencedbase
applications into business applicatidns
More recently, Hakansson, Waluszewski and collesgitikansson & Waluszewski, 2007; Harrison &
Waluszewski, 2008; and Waluszewski et al. 2009)ehawvestigated how knowledge and science-based
solutions are embedded into a business seffitat is suggested by these authors is that to tigats the
introduction of a science-based innovation we rtegdke into consideration what types of interfaitesnew
solution has to fit into, in its developing and gueing-using settings respectively. To survive im a
established producer-user interface, it is not wiatel qualities a new solution has per se whickhes
deciding factor, but rather what effects it hasdinect and indirect related interfaces on prodwaat user
sides. This “requirement” does not always fullyrespond to what is desirable of a new solution oside
academia, research institutes or other highly rebeatensive environments. Thus to understand how
solutions which are considered to have great palewithin a developing setting are successful al in
producing-using settings, we need to investigatsdheffects on direct and indirect related intesaa the
established business structures. With this undedstg the picture changes from, for example, tharoonly
used notions of push or plilfhis dissertation also takes the analysis a steher compared with previous
IMP studies which have mainly focused on develognwithin established business relationships. Is thi
study | investigate what happens when new solutitlsveloped outside established business structiuees,

% In his doctoral dissertation Andersson followed #mergence and development of the industrial m&tafoPharmacia
Biotech between the years 1959-1995. Pharmaciawagjor pharmaceutical company founded in Stockh8weden
in 1911 and moved to Uppsala in 1951. In 1986 trapgany was renamed Pharmacia Biotech. Through deuod
mergers and acquisitions Pharmacia the owner smeichanged several times in the 1990s and foriia2004 the
company was acquired by GE Healthcare.

“ For instance, as described by Lundvall (1988: p28jhovational activities are often treated ainear process starting
within basic research and ending in economic groivtie results from basic research are regardegpassi to applied
research. Inventions taking place within scieneesaipposed to give rise to innovations. As innavetibbecome diffused
they affect productivity and growth in the sphef@duction. This unidirectional flow of informati might be
hampered by lacking competence on behalf of patkasiers and considerable time lags might be irgbivbut it is still
regarded as unidirectional. Such a perspectivecwiltespond to a technology policy supporting smesand R&D-
activities. Another approach has emphasized theitapce of demand as a factor stimulating and tiivg@innovations.
When demand grows, it will pull R&D inventions aimhovations forward, and result in productivity gith. Such a
perspective might give rise to policy recommendstiof a laissez-faire character. Innovative adtisiare assumed to
adjust automatically to the market forces. A usedpcer perspective raises critical objectionsdthof those two
schools. The supply school under-estimates theeaatie of users in the innovation process. Theatehschool does
not distinguish demand, as a quantitative catedomym user needs as a qualitative category.”
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the existing producer-user interfaces are introduct the latter. The view is identified will albe related to
the policy interpretation of what happened.

Research design

The research methodology used in this paper idestape study, motivated by the ambition to ingegé in
depth the resource interfaces in different cont€xia, 1994). To collect and analyze data on thie f
resource interfaces in the use of new technologiohitions | have applied a “resource interactionddel
developed in Hakansson and Waluszewski (2002). Tudel emerged in turn from the INMPnhdustrial
Network tradition, which assumes that due to res®uheterogeneity, activity interdependency and
incompleteness of actors, producers and usersagtt@ver time and become embedded in a network of
connected exchange relationships (e.g. AxelssorEastbn, 1992; Ford et al, 2003; Hakansson anddéaeh
1995). The resource interaction model is basedhenunderstanding that for any new technology to be
utilized, interfaces has to be developed to othegible and intangible resources (for applicatioees Baraldi
and Waluszewski, 2005; Harrison & Waluszewski, 2008

In mapping the interactions whereby resources aeeldped and used, thiaterfaces between
resources are of central interest, that is, howuees affect each other technically, economicatlg socially
(Hakansson & Waluszewski, 2002; Baraldi, 2003). ing a resource as a point of departure a larger
structure of resources can be constructed. In e section a more detailed overview of the anedyti
framework is given.

® The Industrial Marketing and Purchasing Groupe kttp://www.impgroup.org - for more details.
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Analytical framework

This dissertation concentrates on the resource rdime and more specifically on the development of
resources in a business setting. The fundamergahagion employed by the IMP perspective concerning
resources is that they are heterogeneous. Thennatibeterogeneifywas first made by Penrose (1959) who
suggested that a resource is “a bundle of posséieaces”. In other word is not the resources per se but
the services they create that make them valuabtéhigh and Demetz (1972) expanded on the concept of
resource heterogeneity and argued that the reaseriain company performs better than its compstitoes

not relate to having a better set of resourcesrdiber through having a deeper understandingeofdfative
productive value of those resources. In the IMRirgptthese ideas were adopted by Hagg and Johanson
(1982), who proposed that the value of a resouepeiads on how it is combined with other resourdesice
resources alone are not productive and have ncewvaless they have a use a function to fulfil in
combination with other resources, i.e., formingeawork-like structure. In other words, the value caly be
assessed when a resource is used and combinedthihs, that is to say, when resource interfaces ar
created. The value of a resource is impossiblentmkin advance until it is combined with anotheavHdo

we then analyse the interaction between heterogsnesources?

First 1 will analyse the empirical material in tesrof three empirical settings; developing, prodgcin
and using. These settings can all be a part obksttad business relationships, but they can adstabaway
from each other. An example of the latter couldfbeexample, when a research group at a univecsityes
up with a new scientific discovery. In this casesinhot certain that the established producer er gguctures
exist. Nonetheless irrespective of whether it sselor far between development, production and eseh
structure related to these activities is charanteriby already-made investments in material andataral
resources. Second, to investigate resource intenaand the creation and development of interfandbe
settings and between them, | will also apply aaedetool that provides a typology of resources guidance
on how to search for different resource connectihe search tool, known as the 4R mddslbased on the
interaction between four types of resources of baditerial and immaterial character. Let us now tak&ser
look at these two different parts, starting witliscussion of the three different empirical setimglated to
the three kinds of activities; development, producand use.

Three empirical settings: development, production a nd use

For industries to emerge there needs to be thrieratit factors, development, production and use of
resources (Hakansson & Waluszewski, 2007). Thebatas make up three different settings in whichue

is created. Each activity and setting has its oharacteristic and function. Nonetheless they needdrk
together and be able to benefit from each otherder for value creation in an industrial contéxbwever,
since the settings have varied driving forces tbaynot be fully harmonized (Hakansson & Waluszewski
2007; Ford et al., 2009) In this dissertation thestings are discussed in terms of resource stegtelated

to developing, producing and using. These resositteetures are not fixed and are constantly inage sbf
change, and since they follow different goals thay both hinder and benefit from each other. Belosve
follows a discussion of these structures.

A developing structure Before a product or innovation can be producedsad it needs to be developed.
Traditionally within IMP, development, productiondause have all been studied within establishethbss
structures, but even so it is difficult to creatgerfaces. However, an even greater challenge isnwh
development occurs in a different structure thandbtablished business setting. In this particstiady, the
developing structures, consisting of material anchaterial resources, are often represented, fanpbea by
academia or research institutes. Given the natiutleedr activity, that is to say conducting scidiotresearch
and development, the ideas of use and productierofien very vague, especially in the case of taldi
innovations (Hakansson & Waluszewski, 2002; Hakamss Waluszewski, 2009).

® Resource heterogeneity is perhaps best understooelation to its antonym, resource homogeneithere it is
believed that resources only have one value thes dot change irrespective of how it us used orbéoed. (for a more
detailed discussion, see Holmen et al., 2003).

" The 4R model is also known as the “resource intina’ model or “4 resource entities” model.

8 Although this suggests a linear path, it is netititention to advocate such a development pro&egher all three
structures often co-exist in parallel with eacheothnd can be closely related or far away from esicér.
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A (business) producing structure The producing structure refers to the material Bnmaterial resources
available to produce a certain product etc. Theécapproducing company is highly reliant on suppsfie
implying that the amount of existing investmentsassiderable. Thus the producing resource strestueed
to take into account the economic consequencesildiitg in something new. The technical charactiessof
the new have to balance with the economics of mialu The input which is brought into the estdinid
structure needs to have some connectivity to tHg®hdde & Hakansson, 2001). Thus an importaneigsu
whether the production of a new resource fits th existing production structure. With the introtdon of
something new, resource interfaces are centrahfoy new knowledge is being built in to a producing
structure (Wedin, 2001). The interaction with ugeralso critical, as they are the ones decidingtwiill be
purchased, i.e., the revenue comes from the uShrs.will have a large impact on the decisions mae
production in the business setting (Hakansson &uzawski, 2007).

A (business) using structure In the using structure, the innovation is confeshwith the users’ already
established resources, material as well as imnaatdifius use is not something which occurs “naltyitaik
depends to a large extent on what kind of sacsgfibe users want to make to bring in new resouveesther

a new machine or a drug. This decision is basedvbat effects, i.e., positive economic benefits, the
innovation can create on the existing investme®dsne issues that need to be considered are, fanpdsa
What costs are incurred with the innovation? Whiegal obstacles are there, social or political 7etc.
(Hakansson & Waluszewski, 2009; Harrison & Walusléyn2008)

By investigating the particular characteristicdté different empirical settings, there might beiaias
ways the creation of producer-user interfaces atamew solutions can be investigated. In this diaten it
will be done by studying how resources becomeadlab each other in a systematic way. A centraleiss
how resources are developed and value is createdwsa specific resource is used in relation targdr
resource constellation. As have been mentioneiteathere needs to be some level of fit in ordecreate
benefits. In order to identify resources and inigedé the interactions that occur we need a sdaathin this
dissertation, resource interaction will be analysedhrough the4R modeldeveloped by Hakansson and
Waluszewski (2002).

The 4R Model and resource interaction

The 4R model was developed to investigate diredtiagirect interaction between resources, on tisstihat
it is possible to catch interdependencies even whey are not represented through direct relatiqssihe
model has been applied to areas such as prodobfydiegical, logistics, and industrial developmésee,
e.g., Wedin, 2001; Hakansson & Waluszewski, 2002aili, 2003; Gressetvold, 2004; Jahre et al., 2006
Hakansson & Waluszewski, 2007, Waluszewski et 2009). The model provides a scheme to classify
resources, but is also an analytical tool to ingest how resources are being developed and usedbition
to a larger network-structure over time (Hakans&aaluszewski, 2007).
In the 4R model, resources are separated intockategories where two are mainly tangible or physica
(a) products and (b) facilities or equipment. Thheo two types of resources are mainly intangible o
organizational: (c) organizational units and (djasrizationakelationships. Below is an overview of the four
types of resources (Hakansson & Waluszewski, 2002).
(a) Products: The first category of resources is physical artstathe features and uses of
products are created in the interaction betweersupeducers and developers, thus they are part
of both organizational units and relationships. laghkes of products are cars, pharmaceutical
drugs, and micro-chips.
(b) Production facilities: Facilities are also physical and these are usethenproduction,
modification or manufacturing of products. Examptédacilities are warehouses, laboratories,
production plants, factories or equipment.
(c) Organizational units: The organizational units are social in characted arclude the
knowledge of the individuals that make up the oizgtional units. Examples of organizational
units can be companies, authorities, non goverrimganizations or parts of organizations.

° For example, of Volvo's total costs 70-80 per dertterived from purchasing goods from supplierad@e &
H&kansson, 2001: p5).
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(d) Organizational relationships: Organizational relationships are also social resssirand
guasi-organizations developed through interactiomerotime. They connect various
organizational units and are developed over a lopgeiod of time as a result of extended
interaction.

Figure 1: An illustration of the 4R model and inteffaces

\{ ’ |:| Products
> Facilities
Source: Modified from Waluszewski et al. (2009) > Org. units
{——> Relationships

As can be seen from Figure 1, both material (playsend immaterial (social) resources are combintena
larger resource structure. Attention is directethtinteraction between resources and how thegarbined
and developed over and beyond time, organizatiandl spatial boundaries. How the resources affatt ea
other are investigated through the interfacesdhatreated between resources.

Taiwanese policymakers’ interpretation of the devel opment of the Taiwanese semiconductor
industry

The development of the Taiwanese semiconductorsinglus without a doubt impressive. It is easy to
understand that the emergence of such a dynangncgerelated high-tech industry attracts speciahton.

In the previous section | provided an empirical cast of how three types of structures, developing,
producing and using, emerged in the semicondueitiosin Taiwan. | also viewed the developmenthelse
settings from an interactive perspective. In thestp will describe how the development of a Taiesa
semiconductor industry has been interpreted bycp@ind become an influence to Taiwanese policyam h
to create new science-based industries.

Just as Silicon Valléy has become a world-renowned role-model for hoviored development should be
organized, the tale of Taiwanese semiconductoresschas become a reference for Taiwanese policymake
concerning how industrial development can be cdeaide quote below is an example of a widespread
interpretation expressed by Taiwanese policymakers:

The semiconductor industry was a creation of gawemt policies. To take a few examples, it was our
government that identified semiconductor technolagy Taiwan’s chance to catch up with developed

9«The rise of Silicon Valley has garnered worldwialtention because it seemed to offer the podsibiilat a region
with no prior industrial history could make a dirézap to a leading-edge industrial economy, gitbhenright set of
circumstances, without the time and effort requiegass through any intermediate stages of denaap Here was
“cowboy capitalism” in its most raw and dynamicrforThe idea that so much growth could occur intewtsa time
within such a small geographic area sent plannadjeés and government agencies from Albuquerquéntdabwe
scrambling to “grow the next Silicon Valley” in ih@wn backyard” (Sturgeon, 2000:p15).
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countries. There was no semiconductor industry wiih started its operations in the 1970s and ladlgic
everything was developed from nothing. It was tb@egnment that created ITRI which since then has
been a very important part of the infrastructurbudd up a semiconductor industry. The governnadso
decided to set up a science park where the indostrig be located. (Interview, Lee Chong Chou)

This view is not only shared among policymakers dab by academic scholars and practitioners wive ha
offered analyses of the factors behind the impvessyrowth. The development of the Taiwanese
semiconductor industry is often referred to asxébtiok example of how a government successfullyagad

in the development, production and commercializatib semiconductor technology (see Chang, Shih & Hs
1994; Mathews, 1997). As Liu (1993: p299) advocates case of the Taiwanese semiconductor model als
sets a formidable example of how a smaller counttly little prior technology background can catghwith
more advanced countries through policy guidance:

The success of Taiwan’s economic development dwepast 40 years is generally regarded as a premier
model for developing countries [...] the developmehtTaiwan’s semiconductor industry can provide
some lessons for those countries that want to speethe pace of modernization and shorten the lag
behind industry leaders.

The semiconductor recipe

What then, were the major features that led tettieordinary development of the semiconductor stiguin
Taiwan? Taiwanese commentators such as Liu (190®)g (2001); Chang & Tsai (2000) among many
others suggest that the Taiwanese model for higih-tievelopment was based on the direct guidance and
coordination from the government. In the words atMews (1997: p27), it is described as follows:

Development at Hsinchu in Taiwan has been achiesed deliberate matter of public policy. It was aot
development so much as a creation. An institutidreahework has been established with the conscious
intention of facilitating the leveraging of advadcechnologies from around the world and accelagatie
uptake and mastering of these technologies by Tas&firms.

The role which the Taiwanese government undertoolguiding the development has been extensively
analyzed. For example Chang, Shi& Hsu (1994: pp161-162) argue that:

The most critical factor is the competitive powétexhnology. Therefore, if a country wishes to reegne

the limitations of its natural resources, or if t@untry’s decision makers wish to change or upgthe
structure or level of existing industries, how &egt suitable industries as the targets for dgprakmt and
how to effectively acquire competitive technologydevelop these industries are important topics] [...
Taiwan’s IC industry was formed through the follogriprocess: IC technology strategically selected by
the government, was introduced from RCA of the U8Athe Industrial Technology Research Institute
(ITRI) and then transferred to the industrial seetfber being assimilated and improved.

The role of the government has also been disculsgedu (1993: p299), arguing that: “in a developing
country without large enterprises, the governmeunstnplay an active role in developing an emergegit-h
tech industry”. In the table below, the role of thevernment is outlined in four different stagestioé
development of the semiconductor industry:

Table 1: Government's role in the development of aemiconductor industry

Stages of Embryonic Technology acquisition | Technology build- Self-supportive

development | (1966-1976) (1976 -1979) up and diffusion (1988-)
(1979-1988)

Government Export promotion Technology acquisition | In-house Cooperative

Policy from abroad development, research,
technology diffusion | research

consortia

Technological | No R&D or 7 micron 1 micron Sub-micron

Milestone production

Industry Foreign companies ITRI and a pilot plant Emergeofce Many firms,

1 shih Chin Tay was the director of ERSO during1B&0s and later became president of ITRI.
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structure (only involved in domestic companies| more complete
assembly and did in manufacturing and infrastructure,
not contribute to design international
development) competitiveness

Source: Liu (1993)

In this development scenario, Liu (1993) identifttsee major policies which the Taiwanese governmen
drafted as the factors to success: 1) technologuisition; 2) in-house pioneer research, technolkoggsfer
and; 3) infrastructure build-up. Below is a mordailed description of the content of these polic@es the
role of the government, as it is understood fropokcy perspective with regard to the developmenthe
semiconductor industry.

Technology acquisition: As this is discussed by Chang, Shih & Hsu (199¥)was the Taiwanese
government that took the initiative, and planned guided the acquisition and implementation of the
technology. The reasons according to Hsu (200518l 3vere that: “Taiwan’'s economy was generally
comprised of small family enterprises. As a resdlipment and capacity in universities for basgearch
were weak, and most enterprises did not have amgepd of R&D or R&D investment”. The foreign
companies that were present were also understawat trontribute to the development of a high-tewustry
(Liu, 1993), Thus the knowledge and technologiescteate a high-tech industry were not available
domestically and had to be acquired from abroad gévernment chose semiconductor technology as the
target in order to develop a high-tech industryhg@y, Shih & Hsu, 1994) Since Taiwanese compances d
not have the capacity or the interest in develogamiconductor technologies, a public researchtuest
(ITRI) was formed by the initiative of the governmel TRI obtained the directive to acquire techiggiérom

a foreign company. The funding for this project eaemtirely from the government. Since the privaets
was unwilling to undertake any risk in a new figldh no apparent economic value at first, it wasassary
that the public sector took activities that no camips wanted to perform (Mathews & Cho, 2000; kitav,
Kuo Chang Tang).

In-house pioneer research, technology transferf-ollowing the acquisition of the technology, theabwas
to learn the production processes, followed bydnge development of the technology. This assignnvast
solely given to ITRI by the government, as Charfgh& Hsu (1994: p165) describe: “In order to efitdb
technologies introduced from advanced countries Trgiwan and to develop high-technology industribe,
strategy adopted by Taiwan was that ITRI was resiptafor the work of introducing these technolegénd
then transferring them to industry after assinlaiti Thus technology acquisition and in-house R&Erevall
committed by the public sector, and the governngant a public research institute the responsiliitiead
the way in industrial high-tech development. (HA05)

After the (foreign) technology was acquired andedeped to an acceptable level to be commercialized,
a way todiffuse the results was needddchnology transfefrom ITRI through either spin-off companies
from the research institute or directly by localmmanies became the mechanism to create a domestic
industry. Since there were no domestic companiiiglin that were able to absorb and commerciatize
technology, spin-offs became the common avenugefdinology transfers to form an industry. Thesa-spi
offs would, following the transfer, continue to eée government support and funding (Liu, 1993).

Infrastructure build-up: For nurturing a nascent semiconductor industrgpecialized infrastructurevas
needed in Taiwan and, as a part of the governmeiet¥®lopment programmdsinchu Science Parwas
established in 1978. Companies that would locate in the science panewgeanted preferential loans, tax
reduction, administration services and other ingest (Chang, Shih & Hsu, 1994). The science park wa
intended to provide newly founded companies withhance to collaborate with research institutes. The
Hsinchu Science Park, also known as Taiwan'’s Sili¢alley, is described as follows by Liu (1993: pRO

With its proximity to ITRI and two well-known tecblogy-oriented universities (National Ching
Hwa University and National Chiao Tung UniversitiASIP created an appropriate intellectual
climate for R&D, and provided a ready supply ofeashers and a focus for cooperative
research. It also has very good infrastructure lzatk-up services. The Hsinchu Science-Based
Industrial Park administration insists that companwithin HSIP spend a certain proportion of

2 The Hsinchu Science Park is often referred to“psiblic sector version” of Silicon Valley and istil today host to
the majority of the Taiwanese semiconductor congm(iathews 1997).
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their revenues on R&D, and that a minimum percentafy workers must be scientists and
engineers.

To sum up, the view which has been outlined is ¢goaernment played a central role in the develogroén
the semiconductor industry, all the way from prawidand developing technology to transferring itthe
industry (Hsu, 1993; Chang, Shih & Hsu, 1994). Befthe government actively started to promote idld,f
there was no industry. In order to overcome “mafégtires” at the various stages in the formatioocpss of
the industry, the government established reseastfiutes to perform activities that no companiesited to

do (Tung, 2001; Hsu, 2005). Furthermore, an infeastire consisting of a science park, investment
incentives, etc were provided by the governmeminmourage private participation in the industryu(11993)

In short the policy understanding can be summarizéalo main points: 1) the semiconductor industry
was instantly created at a specific place; 2) itrthisdevelopment is an issue of linearly transfeyrof
research results to the industry. These charatitsrigill be discussed more thoroughly later, befiobe doing
so we will first take a closer look at the empitiosaterial from a resource interaction perspectivas will
give an empirically based understanding of howitttkistry emerged and bring forward a complementary
picture of the policy understanding. Furthermore #nalysis will look at the indirect effects of teém
government measures and which consequently cam aitbntifying areas that require more attentioonir

policy.
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The interaction between resources in the development of the Taiwanese semiconductor
industry

In this section it is the interaction between reses involved in the emergence of the semicondusthrstry,

in different settings and between them that isntérest. This process will be viewed from thrededént

empirical structures in developing, producing asdag settings. Although there have been many iated
worth studying, only a few with relevance for tlesearch scope are discussed. Irfithee below a network
map of some of the important resources in the dgweént are mapped out

Figure 2: Network map of key resources involved ithe semiconductor case

Taiwanese

Foreign
electronics

manufacturers

Products L] Facilities L >
org. Units (D Org. Relationship—>

The developing setting

Let us first consider the developing setting. IIT39TRI was commissioned by the Taiwanese governmaen
develop semiconductor technology and create ansingduAccording to many accounts, including the
government interpretation this was also the forstalt of the Taiwanese semiconductor industry.his t
section what will mainly be considered is the dinue of resources around the research institutatswibre
assigned by the Taiwanese government to handldagewent of semiconductor technology and some of its
interfaces with producing and using settings.

Organizational interfaces A developing structure emerged in Taiwan with aclaim of quickly speeding
up Taiwan’s entry into global semiconductor bustnds was done through setting up the public redear
institute ITRI in 1973 and a year later with théabtishment of ERSO. The universities were not ared
by policy to be an important part, although Chiaond University had established Taiwan's first
semiconductor laboratory in the 1960. However umsities played a significant role in training ardhieating

13n the figure the interfaces are not mapped ostead the main interfaces between the resoureagisnussed in the
subsequent text.

12



Abstract preview

the personnel at ITRI. The capabilities and knogéedithin ITRI was developed over an extended pkoib
time. An important factor to the early developmehthe developing structure was established serdioctior
knowledge sources. The empirical material illuswathow much of the knowledge of semiconductors
stemmed from Taiwanese professionals working witstablished companies and research environments.
Through these connections the door was openeddthar special source of knowledge. Almost all etgpe
engaged in the expert committees that the Taiwagesernment created, were “overseas”, or US-based
Chinese and Taiwanese engineers involved in sehimbor development in academia or business. It was
also these experienced semiconductor experts glpedh set up ITRI, and ERSO. Hence, already froen th
start of attempting to develop a domestic baseeaficonductor technology, Taiwanese policymakers and
engineers were interacting with individuals workingcompanies and research units that were woddedes

in the field of semiconductors his created a large number of organisatiantdrfaces to not only other
developing structures but also to both establighveducing and using structures mainly in the USwvds
through these interfaces which ITRI were able tthlget access to technologies (in the beginningatura
one, but later also more advanced ones), and kdgele

Physical interfaces The developing structure was not only built up tlyio the help of experienced people
and organisational units outside of ITRI. In aduitito the creation of such organisational intergattesre
were also important physical interfaces that shdped and the developing structure to what it idayp. One
important physical interface was for example théumatechnology that ITRI licensed from RCA in 1976
The directive from the government to develop senmtemtor technologies to help start a local industas

not going to just come from nowhere. ITRI needddchnology, to experiment on and learn from. When i
became clear that no advanced producer was irgdrastlicensing any cutting edge technology to Taiw
the only viable solution was to try and license umatand outdated technologies. This was also a more
practical solution considering the economic comstsefor the project and the lack of semiconducesearch
and business experience among the personnel at MiRis RCA’s offer to license out an “obsolete”
technology served an important purpose as it eddcdlRI and its staff on how to manufacture
semiconductors. The fact that it was mature haérs¢\advantages. One clear advantage was thatsit wa
already tested out in producing and using strusture. the technology had already established asdr
producer interfaces.

Connection between organizational and physical intéaces Another aspect of ITRI choosing RCA was
the support program which the licensing deal predidRCA offered a complete production technology,
including process design, product specification sating technology and also training of 37 Taivene
engineers at RCA in the US for a year. Due to tet that the technology transfer also entailed resite
personnel training, ITRI had a large number ofniedi engineers by the mid 1970s. In addition RC/Avdut|
ITRI set up a fully operational production facilitgr CMOS technologies. Since the technology trangfas
accompanied by interaction related to other compleary resources, the semiconductor developmend cou
progress quite quickly. However as mentioned eattties did not lead to any major developments lessn
wise. The explicit goal of the developing structwas not to primarily make any economic returnsaon of
the investments made up to that point, at leasanttis stage. The main aim was to learn how telde and
produce semiconductors. As it was demonstratethapter 4 both policymakers and the individuals wagk

in the developing structure seemed to be awaretthauld take some time to build up knowledge @mning

a new field and technology. In the following twocddes after the birth of ITRI the developing stuuet
became incrementally more advanced. New produéticitities and technologies were developed throtingh
connections made to established producer-usertstesc Production-wise, the technologies developere

in the mid-1990s on par with world standards, gdarason due to the producing structure that exdery
Taiwan.

The producing setting

Through the activities undertaken, ITRI and ERSQeagradually able to learn more of development and
production of semiconductor technology. For exanagl¢he empirical material discussed ERSO improlved
CMOS technology in the production facilities crehteith the help of RCA. Eventually a part of ERSO’s
production facility was spun off into a new compalWC. Later ERSO’s VLSI production facility wasiap

off partly forming TSMC. Not only were these twarsjpff companies the first two Taiwanese produadrs
semiconductor technologies, but they have alsorbectwo of the largest in the world in semiconductor
foundry.
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Organizational interfaces There was not much business interaction betweengthernment-created
semiconductor producers, and established usingtstas up to the mid-1980s. There were no largackd
customers of the technologies being developedRiLt. ITf was not until almost two decades after theaton

of ITRI which a larger producer-user network colid distinctively noticed in the economic statistics
However over these decades an intricate netwonkteffaces to producers-user settings had emehgetis
period the developing structure had already hadnskie interaction with established business sirast
something which also were inherited by the prodycstructure as these were direct off-springs of the
developing structure. Although what can be undestoom the empirical material is that the orgatiiseal
interfaces that were created were many times noisaously a part of an ambition to build up a
semiconductor industry. For instance the relatigpsslkdeveloped between foreign electronic compaares

the Taiwanese government was built up over decadagjng with the establishment of a foreign-owned
electronics industry in Taiwan in the 1960s. Thaviies to develop semiconductor technology asl\asl
business in the 1970-1980s were thus undertakeanirenvironment where major global suppliers of
semiconductors were already active in the Taiwaresmomy, as producers of electronic appliances. As
relationships with Taiwanese companies, policy #mel foreign companies were established, there was
continuity in their interaction. But it was aftelany years of infrastructure build-up and commitnfenin the
Taiwanese government which some of the foreign eongs present in Taiwan eventually became to some
extent interested in the Taiwanese semiconductiursimy.

Physical interfaces Until the 1980s the capabilities and technologiethe producing structure had already
been built up through a large number of resourambioations with both developing and producer-user
structures. As mentioned the mature CMOS techndliaiyy RCA was an advantage for the development of a
producing structure. Even though the technology wes further developed by ITRI, was trailing fahind
leading standards in terms of technological soasbn it had its advantages. From a developinmgetive
the “lack of novelty” could be regarded as somaghiegative. This characteristic of the technologwéver
made it possible for ITRI to directly connect totbe@xisting producing and using structures. Fomga
since the technology was considered obsolete, R@4a willing to help ITRI set up a production fagilit
without fearing competition. The production fagilithat was established was fully functional andiyetor

the development and production of CMOS semiconds@heady a year after the signing of the contnaitt
RCA.

The most remarkable development in the creatiotedfinological interfaces occurred in the case of
TSMC. The company was created through spinning ™8I production facility at ITRI. But advanced
semiconductor technologies and production methael® wlso given and licensed over to TSMC by Philips
This resource combination brought forward a newdpotion process, semiconductor foundry, which in
retrospect turned out to become a money-earningnégs model for both TSMC and Philipghe
development also brought advanced production tdobpdo related interfaces. For example ITRI webéea
to upgrade its capabilities, facilities and teclogatal levels. Furthermore a large number of s@pind sub-
suppliers to the producing structure were ablectrefit from this development.

Connections between physical and organizational iatfaces The known applications of the CMOS
technology (with finished products) made it easyidentify existing users. Just shortly after ITRddh
developed its own CMOS technologies, the reseastitute had also found a customer, a watchmakéenV
UMC was spun off from ITRI it inherited both a praion facility as well as its first customer. Thihe first
Taiwanese semiconductor company became a prodtiogliaile but non-advanced semiconductors, cajerin
mainly small Southeast Asian electronic companibss changed however when Philips became interaésted
a joint venture with ITRI. The creation of TSMC hadprofound effect on the Taiwanese semiconductor
industry, and also global semiconductor businebs. Birth of semiconductor foundry and Taiwan’s $laigp
company TSMC was the result of the interaction ketwITRI, Philips and the Taiwanese governmentséhe
organisational units had at the time goals whichevammmensurable. The Taiwanese government wanted t
create an industry and ITRI had reached a stageswheould spin-off a part of its facilities. FBhilips there
were clear business opportunities, to outsourcersluction. Philips transferred technology, knoewh a
cross licensing portfolio, as well as legitimacyth® new start-up (each resource being instrumeottie
development of the TSMC). More important was thet fdlnat TSMC got one of the largest electronics
companies in the world as their customer from taet.sThis allowed TSMC to upgrade their manufaowir
technology and skills in record time. By becomingugpplier to a large and advanced user not onleser
beneficial in upgrading the technology of TSMC ltualso drew the attention of other large electteni
companies such as Intel, Texas instruments to oreatiew that later also became customers to TSMC.
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The using setting

Let us now continue with taking a closer look ag thsing setting and more specifically on some ef th
established companies and resource structuresiassbavith the users. How does the emergence and
development of the Taiwanese semiconductor indagipgar from this perspective?

Organizational interfaces The connections the Taiwanese industry had withimgustructure can be traced
back to the multinational electronics companies #igeady established business activities in Taiwatihe
1960s. When ITRI was created and later became ddnwalevelopment activities it already had conrawito
established producer-user settings. However aswegioned in chapter 4 Taiwanese policy did noiebel
that the foreign electronics companies played apomant role in the emergence of the semiconductor
industry at that time. What was believed was thathusiness units of the foreign companies corntthto
Taiwan’s economic growth but little to high valuddad industrial development. It was not until thigl-m
1980s which they were considered an importantipathe Taiwanese government. But as the empir&se c
shows it is difficult to separate and neglect thie which the foreign companies played before thsvlinese
industry started to grow fast in the late 1980s8héligh the presence of the foreign companies iwamiin

the 1960s had no immediate impact on the developofesdvanced semiconductor technology in Taiwan it
served as an important platform where importargti@iships and commitments came to be establided.
the time the Taiwanese government decided to pmmnsemiconductors and ITRI was created, foreign
electronics companies had been present in Taiwaovier a decade contributing in educating the Taiga
workforce. Several new electronics suppliers wediréectly created through Taiwanese workers sigtteir
own businesses. Furthermore established Taiwarmspanies also received a share of technologies and
business as they were seen as important busingasnsao the foreign companies.

Physical interfaces A major reason why the advanced semiconductor comepavere not customers of
Taiwanese semiconductor products is quite simgleaHong time the Taiwanese companies did not aifiy
complementary resources which they sought afterstMb these advanced companies were fully venticall
integrated concerning design, production and hathteosest in what was being developed at ITRI. ©hé
part of the production which was outsourced wadéiéng which did not require any advanced capss!
Thus in the beginning ITRI's technologies cateredtlargely “low-tech” segment of the user markeRrl
and later UMC was thus not regarded as a thredhdyop semiconductors manufacturers neither dag th
produce anything of economic value for them.

It would have been unlikely that the foreign comparwould have gone to Taiwan to start setting up
advanced R&D laboratories prior to having benefiteerms of added value to their investments. Kangple
UMC the first Taiwanese producer of semiconductmhhology were not supported by any business users,
there was simply no interest from the advanceddareompanies. Taiwan and UMC had little to offeege
companies for that purpose even up to the 1980MCT8n the other hand received the support from an
advanced user, Philips, which were offered an dppdy to create an external supplier. On anothae n
about two decades after that ITRI started to engaghe CMOS technology it had emerged to become a
dominant standard in integrated circuits. From aruyserspective the featur€kor example low power
consumption) was much more important than novettgt antried solutions. The CMOS technology later
became a niche product which ITRI's spin-off UMCcame one of the few to supply. Of course this could
not have been known by Taiwanese policymakers attine of the technology transfer. However an
important aspect to point out is that it was englolee to the fact that it could increase the valuine users’
existing resource structures, and thus providingodpnities for Taiwanese companies as suppliers of
semiconductors.

Connections between physical and organizational ietfaces For the other end of the user spectrum i.e. the
advanced semiconductor companies what they wardsdwat another company that could develop advanced
technologies. Instead a solution that was creatasl avTaiwanese company, TSMC becoming a supplier of
advanced semiconductors based on users’ speaificatit was not a result of ITRI creating a higbhte
production plant and then finding customers. Thesndnd was created through interaction between the
developer and an established business structureexample the business relationship between TSML an
Philips was based on a long of history. Philips wasoneer, the company had already been in Tasivare
1961 and over the years the commitment also cangrdew stronger. When the Taiwanese government
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searched for a partner to form TSMC Philips was atemqtial candidate. Other companies that were
approached were Intel and Texas Instruments, athraxbd semiconductor companies. However in the end
Philips turned out to be the only serious candidatet only because it had the resources but equally
importantly was the long term dedication to Taiwdkmmust be taken into consideration that TSMC aas
unproven business idea. The burden of proof wadTétl. Texas Instruments and Intel were just not
convinced of TSMC's potential. However for Philighge incentive to invest was to increase the vafuigso
already made investments. The company also wanggplier for a set of VLSI technologies, the |eadi
standards at the time. The idea was something wijuatkly became embedded into the existing strectdr
related producer-user interfaces. Later on TSM® &lscame a major supplier to other semiconductor
companies such as Intel and Texas instruments aotbeg

Comments

What this case has shown is how use, production deglopment were happening simultaneously.
Furthermore development happened in close rel&ti@m already existing using and producing strectihe
close relations of the various settings were berafifor the emergence of the industry. However the
development of the semiconductor industry was natgernight success, the semiconductor industryndid
just surface in a semiconductor virgin land. Thetyie that arises shows how development, produetiah
use of semiconductors came about through interadiEtween both established and new resources over
several decades. For example the foreign electemiganies that already established presence wahan

the 1960s were important the Taiwanese semiconduattustry development. Although the foreign
companies were not active, in the 1970s when IT&texd its mission by directly supporting the Tanese
industry with knowledge, technology and fundingedfic interfaces can be traced to these actorstlagid
early activities. The relationships which were bished between Taiwanese and foreign companiesde
knowledge to Taiwanese employees, gave rise toammpanies, and set the foundation for the eleaisoni
industry (which later became users of Taiwaneseicsgmductors). Thus the foreign companies had an
important role in establishing a developing anddpaing structures.

Another important of aspect of connecting to alyeastablished structures was when ITRI choose to
license a mature technology. Although the technplagked novelty which was considered as a weakiogss
the using setting it became an advantage for eenagtdustry as it allowed the main developer ITd&RWwork
on solutions suitable for both production and U$ris Taiwan’s development in semiconductors wasiptes
in the beginning because it relied on the estadtisttructure of an already tested technology. Gpresgly
an important reflection is that it was not only tiew institutions that policy created that hadraprint on the
development. More important was the ability to taklwantage of the already embedded resourcesdinglu
sources of technologies, production plants builifferent moments and even international custoloeated
in Taiwan with consumer electronics assembly planoth as Philips). In large the semiconductor casevs
how development was achieved by relying on the tiegisnetwork of resources, both locally and
internationally; within and beyond organisationafdiers.

An understanding of how industries emerge from a re source interaction perspective

In the previous section the interaction of resosiicean industrial development process was disdusdee

processes of how the industry was illustrated thhothree different settings and interfaces betwbem.

From the discussion of the interaction betweenuess there are three main characteristics whichbea
derived. These are summarized below through thewolg lessons.

Resource interaction/combination is non-linear andoccurs in different times and spacesThat a new
solution is all of a sudden developed and thereafstantly produced and used does not seem toinenon

as demonstrated by the empirical material. An irgurlesson which has been accentuated in the sasady
that it is not single events at a certain time plade which creates the emergence of industrisgedi these
processes are the result of the planned or unplecom@bination of various resources in differentisgs that
might be directly or indirectly interfaced with daother. Given this understanding the emergence of
industries can be seen as a myriad of differemure® combinations over an extended period of time in
different places where the number of permutatidngossible resource combinations is endless. Ass#d

by Waluszewski (2004) to allow faariety is also a prerequisite for new technological acohemic effects
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to be created. But in this view there is inherentlyre uncertainty to innovation as a clear stadtemd is not
entirely obvious. This was illustrated in empiricgakterial where development, production and usenoft
occur simultaneously. For example development oficenductors happened without following a linear
approach according to which the innovation procegsires first R&D, then production and finally usach
one happening as separate stages. It is instead btav use-production-development were happening
simultaneously or development happened in closdioal to already existing using and producing $tmes.
The emergence of a semiconductor industry wasdt r@scombinatory efforts stretching at least ottaee
decades. Only the developing structure, with thestence of established knowledge sources took aver
decade to establish research and production cébgources. The producing structures were lipilover
an even longer period with close contact to useEnese users had established presence in Taiwaadglie
the 1960s and although they were not active atithe resource synergies were created. With thisnple it

is illustrated that emergence of an industry isia ind error process where variety and time ameortant
components. The processes are planned by the @otohged but not fully controlled by any actor.

The new is always introduced in a context, i.e. blding on something existing:The emergence of the
semiconductor industry is the result of the intdoacbetween various resource structures exteno@ypnd
spatial, organisational and technological bordassbeen touched upon above there are no singleanerhs
triggering the emergence of an industry overniglowever an important factor to value creation &s dbility
of different actors to take advantage of what hiasady been created in other structures. Thus ighatplied
Is that any resource combination means buildingvbat already exists. Hence the notion that theedvisys
something to build on is imperative to elaborate.

In the empirical material the importance to build existing resource structures has been clearly
illustrated. New resources are always combined atitler resources and established structures. Congé¢o
existing structures can both be advantageous bathalve disadvantages. For instance in the semictord
case the interfaces to existing structures proegetficial. Development of semiconductors in Taiwas not
based on what was traditionally considered as alg@sitin research, that is to say cutting edge oy, but
was driven by R&D on a mature solution that hackady been tested in existing producing and using
structures. The Taiwanese government were ablerdates interfaces and connect different established
structures, in developing, producing and usingliewas important. That will say the ability to thgh the
help of others, and in relation to others, cregtace for Taiwanese organisations and companiesiin a
international network related to development, padidum and use. The heaviness of interacting regsurc
(Hakansson & Waluszewski, 2002) referring to thgpomance of a resource, is something which does not
automatically emerge. This was clearly evidenhimaccine case, where interfaces between vargsasirce
structures were created but with very little actosdraction occurring between the interfaced resesi

The importance of a using structure:As has been discussed there are three necesaggs 4b take into
consideration for innovation to come into being, development, production and use. Each one siasvit
function to fulfil, but they also need to benefibrih each other. What is at focus and which has lboksam in
this study is the need to understand how the ustigture creates demand and shapes the featundsabfs
developed or produced. As the empirical studyftithted users are not passive and there are indifiects of
the interaction. For example in the semiconductsecthe foreign companies, after they set up Tasan
subsidiaries provided local employees and suppligts education, knowledge and technology, whichuldo
later be of importance. Already from the 1960s hesal companies were started in the wake of theidor
investments. What was in the creation was the dpwetnt of a producer-supplier network which corgsu
until today where semiconductors became an extebdsthess activity due to already established legsin
relationships. Thus these interfaces brought fahkaowledge and also various solutions which ctadefit
the Taiwanese industry.

Hence, how new solutions come into being is areisdunteraction between development, production
and use. Users are active and demanding and thalaige reason why new solutions do not autombtica
find a use. Furthermore users are sources of kmmpwldor developers and producers, but even though
relationships exist they are not necessarily custenunless there are clear benefits for the uJérs.
suggests that the study of embeddedness new resommto using structures is of relevance. As haenb
exemplified when producers and users of produaschosely related to each other it seems like inige
beneficial. How the new solution can be embedded using structure is critical for an innovationréng
into being. In this respect how something new carembedded into established business structune=ys
much a fit with the already existing.
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Conclusions

This paper has investigated the emergence of Tasearsemiconductor industry and its associated
development template. As discussed the semiconduadastry has often been referred to as a creatfon
public policy. In the 1970s when the governmentidkst to promote the development of semiconductor
research and business there was basically no ychesated to this area in Taiwan, but three desdater the
Taiwanese semiconductor industry was ranked thdargest in the world. This impressive growth has
garnered an interpretation of its development tiaat become a role-model on how to build new indessin
Taiwan. The main components of the model have libencreation of public research institutes, public
provision of R&D, technology transfer, the estafnients of science parks and active government go&la
Since 1995, this template has been applied to lesttad biotechnology industry in Taiwan. The attérnas
however been considered a failure by many commamstatjuoting for example the modest revenues of
Taiwanese biotechnology companies, lack of inngeatiapacity and use of new technologies in thesimgu

as reasons behind the disappointment. Another wp@imon is also that biotechnology is too differémm
semiconductors and to expect a similar developiisemit realistic.

This study do not get any deeper into these issuge than to acknowledge that the two technological
fields are different and that income in the Taiwsanbiotechnology industry has been modest compargz
revenue generated in the semiconductor industrartAjpom this, my stance is that there are otheremo
relevant concerns which need to be addressed,idsné\from the complementary picture provided bg th
resource interaction perspective. The main pointlvhwant to bring forward is that the Taiwanesaustrial
development model, modelled after the semiconduntlustry is clearly oversimplified. | do not cdize the
simplicity of it per se but it is rather the ungémg assumptions which are at question. Especittily,ones
reflected in the government interpretation of hbe $emiconductor industry emerged.

The main findings of this study are that the emecgeof the semiconductor industry was not the
makings of one single actor, nor was the industeated overnight. Instead what has been argueldeis t
necessity to consider that: resource combinatiake place over different places and times; newtisoisi are
always built on something existing; using strucsuses important in creating demand.
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