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Abstract The goals of this research are two-tiered: The
first goal is to analyze the evaluation criteria used by inte-
grated circuit (IC) designers when selecting foundry service
providers. The second goal is to use an in-depth case study
on the global IC foundry leader, TSMC, to explore the strate-
gic compositions of IC foundry’s process development, since
the process technology has been found, through our survey
at the prior stage, to be the most significant evaluation cri-
terion in view of competitiveness in the customer market.
As a result, for the foundry industry, technology no longer
counts for everything, although it is a priority; coordinated
strategies, in contrast, should assure more business merits for
all concerned. This study has drawn the strategy matrix with
eight categories of IC foundry process strategies.

Keywords IC foundry · IC designers · Evaluation criteria ·
MCDM · AHP · IC process strategy model

Introduction

In 2004, worldwide revenue generated by pure-play inte-
grated circuit (IC) foundries reached $16.8 billion while that
from integrated device manufacturer (IDM) foundries
reached $3 billion. The surge in revenue of pure-play IC
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foundries stemmed from its aggressive expansion of capac-
ity, increased demand by fabled IC design houses, and out-
sourced opportunities from IDMs. The top seven pure-play
foundry companies and their estimated market shares in 2007
were as follows: Taiwan Superconductor Manufacturing
Company (TSMC) Taiwan (47%), UMC Taiwan (18%),
SMIC China (7%), Chartered Singapore (7%), TI USA (3%),
IBM USA (2.7%), Dongbu South Korea (2.4%). The rest
were shared by foundries with no more than 2% of market
share each (IC Insights 2008).

Our research objectives are two-tiered: The first goal is
to analyze the evaluation criteria used by IC designers when
selecting foundry service providers. We interviewed the man-
agers of foundry company customer service departments and
the purchasing departments of Taiwan’s IC designers and
used the analytic hierarchy process (AHP) method proposed
by Saaty (1980) to determine the areas of top concern with
respect to foundry evaluation criteria. Second, understanding
that IC process technology is the most critical consideration
of IC designers while choosing foundry service providers
and that existing studies in the IC foundry industry mostly
focus on the fields of production, marketing, human resource
management, and finance, but lack the embodied elabora-
tion on IC foundry process strategies, this research explored
the strategic compositions of IC foundry’s process devel-
opment by drawing upon literature review, industry inter-
views, secondary data analysis, and an in-depth case study
of TSMC, the world leader in IC foundry. The management
logic of IC foundry can be characterized by four competitive
strategies, namely the cost leadership strategy, the differen-
tiation strategy, the focused customer differentiation strat-
egy, and the focused customer low cost strategy. The concept
of product life cycle is also employed to help construct our
strategic model of IC foundry process development. This
part took the broad framework developed in theoretical and
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empirical studies with the goal of putting forward appropri-
ate process strategies in different process life cycles. Finally,
overall process strategies were suggested based on the pro-
posed IC foundry strategic model.

Multi-criteria decision-making

This section explores how Taiwan’s IC designers evaluate
foundry services using a multi-criteria decision-making
(MCDM) model.

Related theories and model construction

The MCDM method is mostly devoted to particular aspects
of multi-criteria optimization: multi-objective integer pro-
gramming, multi-objective combinatorial optimization, vec-
tor optimization, multi-objective evolutionary methods,
applications of MCDM, MCDM software, goal program-
ming, and so on (Perry and Moffat 1977; Tzeng 1977; Tzeng
et al. 1992; Tzeng and Tsaur 1993; Triantaphyllou 2000;
Kasanen et al. 2000; Corner et al. 2001; Chu et al. 2008). To
build a research model that accurately reflects the concerns
of most IC designers, Shyu et al. (2003) interviewed several
key managers of global IC design houses and foundry ser-
vice providers. A consensus of IC designers’ three top-level
concerns about foundry operators was as follows:

1. Foundry processing technologies,
2. Customer service and logistical support, and
3. Geographic location.

Under foundry processing technology concerns, they
defined five evaluation criteria: (1) whether an operator has
advanced semiconductor technologies, (2) whether the pro-
duction yield is high, (3) whether the production schedule
and capacity are flexible, (4) whether the cost is low, and (5)
whether the product quality and reliability are high. Under
customer services and logistical support concerns, they
defined five evaluation criteria: (1) whether an operator pro-
vides real time information on the status of customers’ orders,
(2) whether there exists a long-term strategic partnership,
(3) whether an operator has a short cycle time and on-time
delivery, (4) whether an operator provides technical support
responsively, and (5) whether an operator can protect clients’
trade secrets and intellectual property rights. Finally, under
geographic location concerns, they defined four evaluation
criteria: (1) whether the region has political and social stabil-
ity, (2) whether the region provides customs and tax breaks,
(3) whether location risks are diversified, and (4) whether the
region has formed a cluster of providers and buyers.

According to Lo et al. (2005), the characteristics of pure
play foundry business involve the following: (1) pure play
foundries show integrity with customers and vendors and

possess employees who tell the truth and maintain an objec-
tive, consistent, and impartial attitude; (2) pure play foundries
maintain a consistent focus on core business, not distract-
ing themselves with other pursuits; (3) pure play foundries
recognize that the semiconductor business has no national
boundaries and that to be competitive anywhere, they must be
competitive everywhere; and (4) pure play foundries realize
that unceasing innovation is the wellspring of growth. Conse-
quently, cooperation and coordination are vital to all sectors
of foundry business, from strategic planning to marketing,
management, technology, and production. Lo et al.’s (2005)
study incorporated four-aspect representation measuring the
manufacturing competence and development strategies of
pure wafer foundries using an AHP evaluation hierarchy
structure. Researchers investigated operation production, mar-
keting, technology, and management activities, which are the
four phases to determine the participant cognition of relative
importance (weight). In addition, some other research stud-
ies, such as managerial analyses of the IC foundry industry
from Chen et al. (2004), contended that both the enlargement
of production capacity and technological research and devel-
opment (R&D) should be spotlights for developing compet-
itive and current IC foundry strategies.

Incorporating all of the above, this research constructed
an MCDM model considering the aspects of technology, pro-
duction, customer service and support, and manufacturing
location in order to determine the areas of top concern with
respect to foundry evaluation criteria from the perspective of
the IC designers. Our MCDM model comprises four first-tier
concerns and sixteen second-tier evaluation criteria, as shown
in Fig. 1.

AHP and determining the weights

The AHP method is a multi-criteria method of analysis based
on an additive weighting process, in which several relevant
attributes are represented through their relative importance
(Saaty 1980). AHP has been extensively applied by academ-
ics and professionals, mainly in engineering applications
involving financial decisions associated with nonfinancial
attributes (Dağdeviren 2008; Ahmed and Qiu 2009). Further-
more, AHP is an evaluation method of the hierarchy of attri-
butes with applications in several areas of the social sciences
mainly because it allows qualitative and subjective analysis
to become operational through numeric features.

In the specific analysis case of the selection of IC foundry
service providers, AHP allows the “hierarchization” of sub-
jective opinions in considering IC foundry service provid-
ers, making possible a quantitative treatment that leads to a
numerical estimate of the relative importance of the evalua-
tion criteria. Through AHP, the importance of several attri-
butes is measured with a process of paired comparison, in
which the relevance of the attributes or categories of
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Fig. 1 Evaluation hierarchy for
IC foundry

IC foundry  

Selection Criteria  

Technology 

Production

Customer service 

Manufacturing  
location 

Integrated IP portfolio 

Continuously advanced process technology development 

Process technology maturity 

Integrated backend process 

Sufficient and stable capacity 

High production yield 

Delivery quality 

Online information service 

Engineering support quality 

Design support quality 

Price 

Nondisclosure customer information 

Political environment 

Preferential duties 

Spreading production risk 

Close to end market 

Table 1 Verbal scale for pairs of compared attributes

Verbal judgment Numerical rating

Extremely preferred 9

Very strongly preferred 7

Strongly preferred 5

Moderately preferred 3

Equally preferred 1

Source: Saaty (1980)

evaluation criteria are matched two-on-two in a hierarchic
structure. Initially, the management (questionnaire respon-
dents) must compare the several evaluation criteria following
the verbal judgment scale presented in Table 1. Intermediate
values are possible, and they correspond to the intermediate
importance relationships among attributes.

For instance, in comparing the relative importance of eval-
uation criteria Ai and A j , if the judgment is 9.00, the man-
agement considers that the attribute Ai is extremely more
important than attribute A j when selecting a good IC foundry
service provider. With this procedure, the verbal judgment
mechanism composed of the experts’ perceptions is trans-
formed into numerical equivalents. Thus, the managers must
perform a qualitative comparison of every evaluation crite-
rion against each other, according to the previous table, thus
obtaining Table 2.

In the AHP model, if the relative importance of Ai as
related to A j is xi j , the opposite comparison of attribute A j

as related to attribute Ai is equal to 1/xi j . Obviously, the diag-

Table 2 Matrix of paired comparison among n evaluation criteria

Attribute A1 A2 … An

A1 X11 = 1 X12 X1n

A2 X21 = 1/X12 X22 X2n

…

An Xn1 = 1/X1n Xn2 = 1/X2n Xnn = 1

onal of the matrix of the comparison is equal to 1.00, since
each criterion is compared to itself. Considering the paired
comparison’s matrix and based on mathematical concepts of
eigenvalues and eigenvectors, Saaty (1980) asserted that the
relative weights of each attribute may be calculated through
the following equation:

W ( j)
i = Xi j

∑n
i=1 Xi j

, with wi =
∑n

j=1 w
( j)
i

n
(1)

The relative weights may be submitted to a cardinal com-
parison. In this way, the evaluation based on multiple criteria
is performed by weighting the indicators for attributes of
each alternative against the relative weights. AHP allows the
identification of a parameter on the consistence level of the
relative importance of the attributes, since subjective judg-
ment may present decision biases. This index reflects the
coherence level of comparisons among attributes, and it is
calculated through the equation below:
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IC = λ − n

(n − 1)β
, comλ =

∑n
i=1 αi

n
,

αi =
∑n

j=1 xi j ∗ wi

wi
(2)

where β = 0.0, 0.0, 0.58, 0.90, 1.12, 1.24, 1.32, 1.41, 1.45,
and 1.49 for n = 1, 2, . . . , 10 represents a consistency index
of a random paired comparison matrix. Thus, AHP incorpo-
rates several attributes into evaluating alternatives and allows
for the monitoring of the respondents’ coherence related to
the judgment of the relative importance of the attributes.
The values of wi correspond to the relative weights of each
attribute Ai , and the index IC represents a coherence mea-
surement of the comparative evaluation performed by the
respondents. The lower IC, the more consistent are the judg-
ments. Generally, it is considered that the results of the paired
comparisons are coherent whenever the consistency indexes
are lower than 0.10 (Saaty 1980).

Sampling

We wished to analyze the evaluation criteria used by IC
designers when selecting foundry service providers. This
research targeted Taiwan’s IC design industry as our major
survey sample. Taiwan started IC packaging back in 1966.
After a quarter century of learning and growth, the IC foundry
and IC design industries in Taiwan have matured. In 1999,
there were 98 IC design houses in Taiwan, comprising 22%
of the world’s total (Dataquest 1999). According to Taiwan’s
Industry & Technology Intelligence Service (ITIS), the pro-
duction value of Taiwan’s IC design industry reached $9.95
billion in 2006, while the global production was $42 bil-
lion, which indicated that Taiwan was the second market-
place of the global IC designs, next to the United States (ITIS
2007).

We then distributed questionnaires to 16 IC design com-
panies in Taiwan, whose yearly operation revenue exceeds
$30 million on average, including domestic and international
computer and related IC product designers, non-durable IC
product designers, communication and Internet IC product
designers, memory chip IC product designers, and other IC
product designers. Eighty seven questionnaires were sent out
in total, and the experts/respondents chiefly included top
managers (especially at customer service departments and
the purchasing departments) of these IC design companies,
mostly with over 15 years of work experience. We retrieved
62 questionnaires out of those issued, so the return rate was
71.26%. Then, we selected 49 questionnaires whose consis-
tency ratio (CR) values were smaller than 0.1 among those
retrieved as the valid sample for further analysis.

Table 3 Ranks and weights of evaluation concerns for IC foundries

Rank Concern Weight

1 Technology 0.42

2 Customer service and support 0.27

3 Production 0.21

4 Manufacturing location 0.10

Table 4 Top 5 evaluation criteria for IC foundries

Rank Criteria Weight

1 Process technology maturity 0.197

2 Price 0.140

3 Continuously advanced process
technology development

0.122

4 High production yield 0.099

5 Integrated backend process 0.087

Evaluation results

Our results in this section can be deemed trustworthy. Regard-
ing the reliability, this research used internal consistency reli-
ability as the testing method. The CI and the CR of AHP
were also applied to estimate the internal consistency reli-
ability: inequations, C.I. � 0.1 and C.R. � 0.1, were used to
test the reliability of the questionnaire. In addition, the ques-
tionnaire met the theoretical requirements with acceptable
internal consistency reliability.

The validity is concerned with both nomological validity
and content validity. Since this research integrated theories
from other researchers while developing the questionnaire
on different levels, the contents of the questionnaire should
be reasonable in terms of the nomological validity. Further-
more, under the review of several experts and scholars, the
constructs and criteria were affirmed to have clear expression
and to effectively measure the objectives. Thus, the question-
naire should have a certain degree of content validity.

The following analyses indicate the relative importance of
the top-level concerns and the second-level evaluation crite-
ria of IC designers regarding the selection of IC foundry ser-
vice providers. The top-level concerns of IC designers were
technology (0.42), customer service and support (0.27), pro-
duction (0.21), and manufacturing location (0.10). Of the 16
evaluation criteria, process technology maturity was ranked
most important at 0.197. Next was price at 0.140. Third was
continuously advanced process technology development at
0.122. The relative ranks and weights given by IC designers
are shown in Tables 3 and 4.

Through the AHP survey, we found that IC designers view
process technology as the most important factor when they
select appropriate IC foundry service providers with which
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to venture. This result has been at some level accordant with
prior research claims as noted before (e.g., Shyu et al. 2003).
However, adding in other literature’s concepts, we hope our
model as well as results can hold more truth to nature. There
are also some other worthy issues that we should emphasize:
(1) customers’ needs, (2) all aspects of quality, and (3) long-
term vision and strategies. In this hyper-competitive era, apart
from technology, foundry enterprises need careful and wise
strategic planning with a long-term vision in order to sustain
their competitive advantages in the marketplace.

Exploring strategies for foundry process technologies

According to the previous section, foundry process tech-
nologies are the most influential factors when IC designers
select IC foundry providers. Therefore, in strategic terms, IC
foundry providers should develop superior practices in this
regard in order to raise their profitability efficiency.

Research process and framework

Management theories determine the possible strategies firms
should employ to maximize profits; the concept of the product
life cycle, on the other hand, describes the characteristics and
development direction of the semiconductor industry. This
section integrated these two perspectives, being the driving
force for process development, and further explored the IC
foundry process development pattern and the propositions
about process strategies employed in different product tech-
nology life cycle stages, which are inferred through the case
study on TSMC. Briefly, the analysis is based on the frame-
work constructed by business-level general competitive strat-
egies (including cost leadership, differentiation, focus low
cost, and focus differentiation) and the product life cycle.
Finally, based on the process strategy model and the conclu-
sion, general strategic suggestions on Taiwan’s IC foundry
process development are proposed.

TSMC is the leading firm of the Taiwanese and global IC
industry. Table 5 provides some further data following the
same statement as noted before. Since its foundation, TSMC
disintegrated the process of IC industry through its dedicated
foundry manufacturing; it then created the horizontal divi-
sion value chain through its “Virtual Factory” system. TSMC
President Morris Chang founded this company in 1987 with
support from the Taiwanese government and capital from the
National Development Fund of Executive Yuan, Philips and
some local enterprises. TSMC became the first company ded-
icated to providing manufacturing services of ICs for clients
(IC foundry). A further case study on global IC foundry king
TSMC should furnish highly valuable research outcomes and
strategic implications.

Table 5 Top ten foundry companies and their estimated market shares
in 2007

2007
Ranking

Company Country Revenue
(US dollars/
million)

Growth
(%)

Market
share
(%)

1 TSMC Taiwan 9,813 1 47.0

2 UMC Taiwan 3,755 2 18.0

3 SMIC China 1,550 6 7.4

4 Chartered Singapore 1,458 −5 7.0

5 TI U.S. 610 4 2.9

6 IBM U.S. 570 −5 2.7

7 Dongbu S. Korea 510 12 2.4

8 Vanguard Taiwan 486 22 2.3

9 X-Fab Europe 410 41 2.0

10 Samsung S. Korea 385 413 1.8

Source: IC Insights (2008)

Data collection and case study analysis

Next, a case study on TSMC was conducted. Sources of data
included secondary data and interviews with TSMC employ-
ees. Reports from journals and magazines in related fields,
statistics from research agencies, and company profile and
data provided by TSMC were the sources of secondary data;
the preciseness of data was validated by experts and scholars.
The researchers conducted interviews with related personnel
of the case company and further discussed the interview
results with experts and scholars. For higher reliability, we
targeted TSMC middle to high level managers and engineers
as interviewees. These interviewees included directors at the
executive level, R&D managers, senior process engineers,
system engineers, sales managers, service managers, and
information technology engineers. In addition, every inter-
viewee had more than ten years of professional experience.
We targeted these interviewees because we believed that the
strategic directions were highly influenced by middle to high
level managers. Therefore, their opinions on process strat-
egy issues were based on the empirical rule (Nonaka and
Takeuchi 1995).

Business competitive strategy and product life cycle

In order to proceed with our strategy model building, we
injected the following two significant strategy concepts.

Business competitive strategy

Porter (1985, 1998) and Hill and Jones (2003) contended
that there are four principle corporate competitive strate-
gies at the business level: cost leadership, differentiation,
focus low cost, and focus differentiation (see Fig. 2). Porter
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Fig. 2 Business-level competitive strategy

(1985, 1998) also argued that a corporation should choose
one from each of the following categories, low cost strat-
egies, differentiation strategies, and focus strategies, as the
key competitive strategies to develop prominent competitive
advantage over the competitors for higher profitability. The
low cost advantage and leadership come from the experience
curve, economy of scale, and specialization. Differentiation
means that the products or service of a firm are distinct from
those of competitors, and these properties are valuable to
most or some customers. Therefore, creation of customer
values is the first priority when employing differentiation
strategies. The focus strategies suggest a firm focus on a spe-
cific customer group, product line, or regional market; a firm
can then achieve a higher than industrial average level of
profitability through the low cost or differentiation advan-
tages. Focus strategies concentrate on some specific market
segments to establish the market position for a firm. How-
ever, these segmented markets are neither the largest nor the
most important ones. It takes different skills and resources
to support these four general competitive strategies. These
strategies also imply different organizational arrangements,
control procedures, and invention systems. After considering
the strategies of competitors, a firm should pursue the niche
markets that competitors have not entered, thus according its
advantages.

Management tends to work with a firm’s current advan-
tages to form its general strategies, and therefore, Porter
(1998) provided three practical suggestions on strategy
formation:

1. Positioning: position a firm in a competitive strategy
group to maximize the capability of its functions with
best defense and maximum competitive advantage
against competitions.

2. Influencing the balance status: use strategic actions to
influence the balance of competitive positions in order
to improve a firms’ comparative competitive advantage.

3. Seizing the chance for environmental change: use a
proper strategy to utilize the chance for environmental
change in order to gain a leading advantage.
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Fig. 3 Technology process and the product life cycle

Product life cycle

Product life cycle is an important concept in industrial evo-
lution analysis, product planning, and strategy implementa-
tion (Smallwood 1991; Ansoff 1984). Products come with
different characteristics as they are in different stages of the
product life cycle, and thus, they require different marketing,
finance, manufacturing, purchasing, and personnel strategies
to strengthen products’ competitiveness in the dynamic com-
petition environment (Rink and Swan 1979; Kotler 1994).
The firm would redefine its competitive strategies during a
product’s life cycle due to the change of economic situation,
attack from competitors, and the shift of customers’ interests
and needs. Therefore, a firm must determine which stages of
the product life cycle its products fall within, and it can then
adopt effective measures to extend product life and expand
profitability.

According to McCarthy (1979), the life cycle of an indus-
try portrays the product life cycle of all the firms’ products
in that category. If a firm’s product life cycle is different
from the industrial life cycle, this firm obviously needs to
adjust its product modeling or branding strategies or even-
tually change to another strategy. Kuo (1984) suggested that
one should employ the product modeling strategy and the
product branding strategy alternately or jointly to strengthen
the vigorousness of one’s product category. In fact, a prod-
uct’s life cycle is closely related to its market size. Besides
product innovation and market planning, control, such as old
product/new market, new product/new market, or old prod-
uct/new usage/new market, can also increase a product’s sur-
viving energy in the market (Wells 1968).

General studies about the product life cycle describe a
product’s selling situation with an S-shape curve and typi-
cally divide it into four stages: introduction, growth, maturity,
and decline (Rink and Swan 1979). Due to the overlapping
of strategies in product life cycle stages and the charac-
teristics of IC foundry process development, this research
integrates those product life cycle stages into two stages:
advanced-technology process and matured-technology pro-
cess (see Fig. 3).
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1. Advanced-technology process:

a. Introduction: a new product enters the market with
slow sales growth and low margin.

b. Growth: the product is accepted by the market rap-
idly with fast sales growth and increasing margin.

2. Matured-technology process:

a. Maturity: the product is accepted by most potential
customers with a slowing sales growth and steady
margin.

b. Decline: sales drop rapidly, and the margin declines.

IC Foundry process strategy model and propositions
development

This section constructed an IC foundry process strategic
structure based on the general corporate competitive strat-
egies of cost leadership, differentiation, focus low cost, and
focus differentiation together with the concept of the prod-
uct technology life cycle. Then, we developed propositions
regarding the process strategies for different product tech-
nology life cycle stages through the case study on TSMC.

The structure of IC foundry process strategy model

The costs of IC foundry for IC design houses can be divided
into pilot run costs and production costs: the cost of masks
is the major part of pilot run costs and the production cost is
closely related to the price of each wafer, the number of dies
that can be cut from each wafer, and the yield rate. Advanced
processes require more expensive masks and wafers. The
major difference between advanced processes and matured
processes is that the yield rate of advanced processes can be
improved through engineers’ efforts and that of matured pro-
cesses can hardly be improved due to the limits of physical
laws.

Differentiation means that a firm has the capability of
satisfying customer needs at a level the competitors can-
not reach; therefore, this unique ability to compete leads
to increased profits as firms can charge customers premi-
ums. For IC foundry firms, understanding customer needs
and developing unique competitiveness is the key to create
differentiation. Firms employing focus law cost strategies
will compete with the cost leader in the market segments
where they do not have cost disadvantage. These firms can
obtain cost advantage in the production process of custom-
ized products or the complicated products whose experi-
ence curve cannot be achieved by the cost leader’s economy
of scale. Mass-production standardized product markets are
then left for the cost leader. Firms employing focus differenti-
ation strategies will concentrate on a small range of products

instead of trying to serve all market segments; otherwise,
they will have to compete directly against firms using dif-
ferentiation strategies. Therefore, this research proposed the
following IC foundry process strategy model: (1) advanced
process cost leadership, (2) matured process cost leadership,
(3) advanced process differentiation, (4) matured process dif-
ferentiation, (5) advanced process focus low cost, (6) matured
process focus low cost, (7) advanced process focus differen-
tiation, and (8) matured process focus differentiation.

The development of IC foundry process strategy
propositions

Below are the propositions deduced by this research through
the case study on the key global IC foundry firm, TSMC.

Proposition 1 IC foundry advanced process low cost strat-
egies include reducing the pilot run cost, increasing yield
rates, and shrinking chip size.

1. Reducing the pilot run cost: The price of masks keeps
rising as the semiconductor process technology reaches
the nanometer age; the cost of a 90 nm process mask
set can reach millions of US dollars. Small IC design
companies cannot afford the failure of one new type out
(NTO), and even those medium-size IC design houses
with $100 million in capital will be bankrupt if they fail
in several NTOs. Only the large IC design companies are
capable of developing advanced process (90 nm process)
ICs. Therefore, TSMC launches so called CyberShut-
tle service: clients can reduce their NTO costs through
sharing a multiple-NTO wafer. This service can develop
potential clients for TSMC, and it makes advanced pro-
cesses available to smaller IC design firms.

2. Increasing yield rates: At different process development
stages, TSMC employs different low cost process
strategies, such as the yield improvement of advanced
processes and the process simplification of matured pro-
cesses. The purpose of increasing the yield rate is to
increase the number of dies being cut from one wafer,
and the purpose of process simplification is to reduce
production costs effectively; both are low cost process
strategies. However, the implementation of increasing
yield rate strategies is focused on the earlier stage of pro-
cess development, as the yield rate improvement slows
in the later stage, and the costs usually increase while
trying to further improve yield rates. However, there are
theoretical limits on increasing yield rates.

3. Shrinking chip size: Take the example of TSMC’s process
development from the 0.13-µm generation to the 90-nano
generation. A 90-nano transistor is only half the size of
a 0.13-µm transistor. The chips with the same functions
produced by the 90-nano process are only half the size of
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Fig. 4 The concept of chip size shrinking

those produced by the 0.13-µm process, and therefore,
the cost of each IC chip drops remarkably. Since there
are two to three years lag between 90-nano process tech-
nology and 0.13-µm process technology, a process tech-
nology between the 0.13-µm and 90-nano ones would
be helpful on the accumulation of IC foundry process
experience or the reduction of costs to IC design houses.
The 0.11-µm process technology was motivated by such
ideas; as Fig. 4 indicates, the launch time of the 0.11-µm
process was around 1 year later than that of 0.13-µm
process while the degree of 0.13-µm yield rates improve-
ment was limited, and 90-nano technology was not ready
for mass production. The 0.11-µm process emerged in
time for the production of smaller chips with low cost and
high performance advantages over the 0.13-µm process.
Therefore, next-generation process technologies, such
as 0.22-µm (the next-generation of 0.25-µm), 0.15-µm
(the next-generation of 0.18-µm), and 0.11-µm (the next-
generation of 0.13-µm) have become important parts of
TSMC’s technology development roadmap.

Proposition 2 IC foundry matured process low cost strate-
gies include reducing pilot run costs and process simplifica-
tion.

1. Reducing the pilot run cost: The methods and ideas of
CyberShuttle services (see Fig. 5) for matured and advance
processes are the same. The only difference is that the
mask for matured processes is much cheaper. The
CyberShuttle makes the mask even cheaper, working very
well for the IC design firms with many product lines but
small in quantity or those small-to-medium IC design
firms with limited capital (like most IC design houses
in Taiwan). TSMC provides CyberShuttle service cover-
ing from the most matured 0.35-µm process to the most
advanced 90-nano process.

2. Process simplification: The process simplification strat-
egy is implemented at the later stage of process devel-
opment because, by then, designers have accumulated
certain amount of knowledge and experience about that

Fig. 5 CyberShuttle service

process to improve it with no effect on the yield rates.
The process simplification strategies of TSMC can be
classified into two categories: software improvements for
reducing process steps and hardware improvements for
increasing machine utilization. The process steps reduc-
tion includes the major rearrangement of mask number
reduction and process steps omission or integration and
minor rearrangement of minor adjustments in the process
recipe. The machine utilization improvement focuses on
expanding the life cycle of machines’ consumables and
expanding machine functions for better production
arrangements and schedules. The IC manufacturing pro-
cesses require specific machines, and therefore, increas-
ing the number of recipes on each machine can improve
productivity effectively.

Proposition 3 IC foundry advanced process differentiation
strategies include system-on-chip (SoC) process develop-
ment, market-oriented process development, next-generation
process development, and customer-oriented services.

1. SoC process development: The two types of TSMC’s
advanced SoC process development include high den-
sity memory (HDM) and mixed signal/radio frequency
(MS/RF). High density memory is a type of static random
access memories (SRAMs). Generally speaking, SRAM
occupies the largest area on SoC products. Therefore,
the IC foundry firm using a HDM process would be able
to provide differentiation service. TSMC’s HDM prod-
uct lines from 1T-P of 0.25-µm to 0.15-µm, 1T-Q of
0.13-µm, to the latest 1T-MiM of 90-nano have fit the
term “high density” better and better. Compared with
traditional SRAM-structure chips, 1T-P and 1T-Q have
been reduced to one-third in size, and 1T-MiM can be
further reduced to one-fifth of the original size. Since
analog signals are widely used in communications, infor-
mation technology, and consumer products, they require
analog/high frequency signals to complete their specific
functions; in contrast, traditional logic circuits and mem-
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ories are digital signals. The MS/RF process allows both
types of signals on one IC chip.

2. Market-oriented process development: There are three
groups in TSMC’s 90-nano family, including generic (G)
processes, generic turbo (GT) processes, and low power
(LP) processes. Clients can select their process services
according to different market applications. For exam-
ple, LP processes can be used on mobile phone or note-
book computer ICs, GT processes can be used on graphic
chips or microprocessors, and G processes can be used on
consumer product ICs. For each type of process, TSMC
further provides differentiation options, such as voltage
(Vt), input/output circuits (IO), and SRAM. The Vt option
provided by TSMC optimizes the speed and performance
for IC design houses. TSMC offers different IO circuit
and operating voltage choices to satisfy all kinds of appli-
cations. Differentiation SRAMs are also provided, from
the size optimized high density memory to speedy high
current memory.

3. Next-generation process development: Next-generation
processes are not only the result of low cost strategies
but also the result of transistor shrinkage and performance
upgrade. TSMC’s next-generation process has been the
most advanced in the market. For example, the 0.11-µm
process being launched one to two years after the 0.13-µm
and before the 90-nano process was the most advanced
process technology.

4. Customer-oriented services: TSMC’s customer-oriented
services of process development have been widely
researched by academics. TSMC defines itself as clients’
virtual fab (VF), which means that through the business
interaction with TSMC, clients can obtain the benefits of
in-house fabrication but without the risk of capital invest-
ment.TSMChasimplemented“TSMC-Online,”“TSMC-
Direct,” and “TSMC-YES” to realize VF services.

Proposition 4 Niche process development is the IC foundry
matured process differentiation strategy.

1. HV and LCOS niche process development: TSMC’s high-
voltage (HV) process development can be classified into
DDD-MOS and LDMOS groups according the structure
of transistor: LDMOS focus on 40 V plus application
market while DDD-MOS are applicable in the 5 to 40 V
market. Niche process development, such as HV process
technology, has been one of the differentiation strate-
gic options since the mature process production facilities
become available after logic IC switched to high-end pro-
cess. According to the difference of display, projection
TV technology can be classified into LCD, DLP, LCOS,
and CRT rear projections. The 0.35-, 0.30-, and 0.25-µm

LCOS process services of TSMC are also mature process
differentiation strategies.

2. SiGe niche process development: SiGe is created by add-
ing germanium (Ge) to a silicon (Si) semiconductor. SiGe
process development has both the advantage of cost and
integration similar to CMOS, and high frequency and
high speed properties similar to GaAs. Therefore, the
SiGe process has taken over the position of GaAs pro-
cess in wireless communication applications because of
its high CMOS process integration. TSMC currently pro-
vides SiGe IC foundry services on 0.35- and 0.18-µm
technology nodes. Like HV process technology, the SiGe
process belongs to the matured niche process develop-
ment strategies not only due to capacity utilization but
also because of the several-generation technology lag
between non-logic and logic processes.

Proposition 5 Increasing customization yield rates is the IC
foundry advanced process focus low cost strategy.

1. Increasing customization yield rates: Because of the
complexity of IC, TSMC will tune the process to opti-
mize individual clients’ IC performance according the
results of pilot runs and its mass production experience
even though these clients use the same process. This way
of increasing customization yield rates can be viewed as
TSMC’s advanced process focus low cost strategy.

Proposition 6 Customized next-next-generation process
development is IC foundry matured process focus low cost
strategy.

1. Customized next-next-generation process development:
The example of TSMC’s next-next-generation process
technology is the miniature of 0.15-µm process tech-
nology (called 0.14-µm), and it was launched at the end
of 2002 when 0.13-µm was the most advanced process
technology while the 0.14-µm was the realization of
matured 0.15-µm process technology low cost strategy.
TSMC’s matured processes (such as 0.18- and 0.15-µm)
were insufficient then, and the yield rates of matured pro-
cesses among competitors are similar. Therefore, TSMC
shrank clients’ 0.15-µm layouts directly for production,
and it could yield 10–20% more ICs on one wafer. Since
clients could cut more ICs from one wafer, they then
enjoyed the lower averaged price of each IC while TSMC
kept their price of each wafer and squeezed some capac-
ity for other orders.

Proposition 7 Customized process development is the IC
foundry advanced process focus differentiation strategy.
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1. Customized process development: The R&D of advanced
processes is a very risky investment for most integrated
device manufacturers; the standardized process service
cannot in effect meet their customers’ needs fully, and
therefore, there comes the “phase in,” simply speaking.
In other words, IC foundry firms tailor a brand new pro-
cess development for a specific customer. IC foundry
firms including TSMC usually provide this focus differ-
entiation process development service only to the heavy-
weight customer with potentially large orders because it
takes huge amounts of capital, time, and human resour-
ces to develop a new process.

Proposition 8 Niche customized process development is the
IC foundry matured process focus differentiation strategy.

1. Niche customized process development (CIS): Niche
customized process development can be regarded as one
kind of “phase in.” In contrast to the advanced logic pro-
cess of ordinary phase in, the process mentioned here
mostly uses old fabs and facilities for production with
tailor-made processes for clients. This strategy is then
regarded as the matured process focus differentiation
strategy. The demand for CMOS image sensors (CIS)
increase rapidly with the booming of the digital camera,
camera phone, and surveillance system markets. TSMC
provides CIS process services ranging from 0.5-µm pro-
cess to 0.18-µm process, constituting the widest range
of CIS process services among IC foundry firms.

2. Niche customized process development (MEMS): Since
the precise level required for micro-electro-mechanical-
systems (MEMS) production is lower than the require-
ment for CMOS processes, MEMS attracts IC foundry
firms with old processes and facilities already amor-
tized to make more profits. The phasing out silicon chip
process technology in the micro-electronics field has
become the leading technology in the MEMS manufac-
turing. An American company even uses its own six-
inch fab to produce back-end MEMS structures while
becoming TSMC’s IC foundry client for its 0.6-µm logic
circuits.

Summary

Following the above, we inferred an IC foundry process
strategic pattern and propositions through the case study on
TSMC. Table 6 summarizes the inferences below:

1. Advanced process low cost strategies: At this stage, the
most important task for IC foundry firms is to reduce
clients’ costs on masks. As the price of IC drops expo-

nentially following Moore’s Law, shrinking chip size
to increase the number of dies being cut from a wafer
and increasing yield rates together becomes IC foundry
firms’ advanced process low cost strategy, aiming to
maintain their profits and bring the benefits of lower
costs to their clients.

2. Matured process low cost strategies: At this stage,
besides IC foundry firms’ matured process low cost
strategy of reducing the pilot run costs, cutting the costs
of IC foundry through process simplification become
these firms’ major objective.

3. Advanced process differentiation strategies: The road-
map of semiconductor process technology development
has been defined, that is, every 24 months, the technol-
ogy advanced to the next generation. The discontinuous
progress of technology happens every 24 months—the
old generation process becomes mature, and the new
generation process is unstable. If an IC foundry firm can
provide its customers with a next-generation process to
smooth out the discontinuous situation, it is then capa-
ble of offering the most suitable process solution at any
stage. Since IC technology has become more complex,
the traditional single process technology cannot satisfy
all the market application needs. For example, desktop
computers require strong functions while portable elec-
tronic devices require low energy consumption design.
The coming age of SoC means that ICs with different
functions will be integrated into one IC chip. In order to
reach this objective, IC foundry firms have to consider
the compatible problems at an early stage of process
development. Therefore, market-oriented process devel-
opment and SoC process development are advanced pro-
cess differentiation issues.

4. Matured process differentiation strategies: The key dif-
ference between advanced process and matured process
differentiations is the development of the SoC process.
According to the semiconductor technology develop-
ment roadmap, logic and DRAM processes are always
at the forefront of technological development, and they
also have the largest market share. Analog circuit pro-
cesses, non-volatile memory processes, and high-voltage
processes are one or two generations behind. Therefore,
matured process differentiation strategies should target
the development of these niche processes.

5. Advanced process focus low cost strategies: Because of
the differences with design styles and the complexities
of IC process between IC design houses or even between
teams from the same company, the variance of defect
densities between different products using the same pro-
cess is then remarkable. Consequently, IC foundry firms
must improve the customized yield rates on individual
IC chips in addition to the general improvement of yield
rates in order to save the concerned costs.
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Table 6 Foundry process strategies

IC foundry process
development
strategies

Process technology life cycle

Advanced process Matured process

Business level strategy

Cost leadership • Yield improvement • Process simplification

• Pilot run cost reduction • Pilot run cost reduction

• Chip size reduction

Differentiation • SoC process development • Niche process development (HV and LCOS)

• Market oriented process development • Niche process development (SiGe)

• Sub-generation process development

• Customer oriented service

Focus low cost • Customized yield improvement • Customized sub-sub-generation process development

Focus differentiation • Customized process development • Niche customized process development (CIS and MEMS)

6. Matured process focus low cost strategies: High yield
is the consequence of mature process so that “matured
process focus low cost strategies” should not focus on
the yield improvement which is the main content of
“advanced process focus low cost strategies”. Instead,
next-next-generation process can be developed to lower
costs with help from advanced process experience dur-
ing shrinking the matured process IC layout size.

7. Advanced process focus differentiation strategies: Every
IC foundry firm and IDM has its own design regula-
tions as the rules for IC design to meet the character-
istics of their processes. Basically, IC design houses
will follow the design rules of their IC foundry firms,
but this does not apply to IDMs. IDMs will usually
release some orders to IC foundry firms due to capacity
adjustments; IC foundry firms have to tune their pro-
cess recipes to accommodate the differences from both
parties because IDMs must design their ICs to meet
their own process regulations. These kinds of tuning
projects are sometimes as complicated as developing
a new process. Therefore, the order volumes are nor-
mally large enough for IC foundry firms to earn enough
profits through advanced process focus differentiation
strategies.

8. Matured process focus differentiation strategies: The
strategy of matured process focus differentiation is to
develop a niche customized process. Niche customized
process development has become the key for matured
process focus differentiation strategies to solve the prob-
lem of decreasing capacity utilization. Some semicon-
ductor processes, such as MEMS and photoelectric
application processes, are high individualized. Thus, IC
foundry firms should not develop the process before cus-
tomers request it; IC foundry firms have to work closely
with their customers to succeed.

Concluding remarks

IC foundries are moving full-speed ahead. This is one of
the most important times in foundries’ history with the elec-
tronics industry. Foundries have emerged from a challenging
period in the previous decade and have become much stron-
ger today because they are globally focused, restructured, and
more committed than ever to true innovation. There are some
worthy issues that deserve to be emphasized: (1) customers:
treating customers as partners and establishing a win-win
situation is the key to current success and thus crucial to con-
tinued growth; (2) quality: to build quality into all aspects
of foundry business, foundry service providers should find
every way to continuously evaluate and improve the quality
of every service work for meeting customer satisfaction; and
(3) long-term vision and strategies: enduring environmen-
tal pressure and reducing any possible business or operation
risks are essential in the long run. In this hyper-competitive
era, foundry enterprises need careful and wise strategic plan-
ning with a long-term vision in order to sustain their com-
petitive advantages.

The goals of this research were two-tiered: The first was
to analyze the evaluation criteria used by IC designers when
selecting foundry service providers. With an MCDM model
considering the aspects of technology, production, customer
service and support, and manufacturing location, we inter-
viewed managers and experts of Taiwan’s IC design firms,
using the AHP survey with 16 attributes, to determine the
areas of top concern with respect to foundry evaluation cri-
teria. The second was to use an in-depth TSMC case study
to explore the strategic compositions of IC foundries’ pro-
cess development, since process technology has been found,
through our survey at the prior stage, to be the most signif-
icant evaluation criterion in view of competitiveness in the
customer market. Among these, the management logic of
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IC foundry can be characterized by four competitive strate-
gies, namely the cost leadership strategy, the differentiation
strategy, the focused customer differentiation strategy, and
the focused customer low cost strategy. The concept of the
product life cycle was also employed to help to construct
our strategic model of IC foundry process development. In
total, we concluded eight categories of IC foundry process
strategies.

The final thoughts derived from our research are that, for
the foundry industry, technology no longer counts for every-
thing, although it is a priority; coordinated strategies, in con-
trast, should assure more business merits for all concerned.
In other words, a consummate management system and per-
sistent business management concept are important factors to
ensure success in the foundry industry. This study has drawn
the matrix of foundry process strategies. We hope that the
results can facilitate the movement toward amelioration of
foundry manufacturing operation.

Being the largest and most successful dedicated IC
foundry operator, it is important for Taiwan to put more
resources into manufacturing facilities and capacity than
nearly anyone else and continue to be the trusted source to
a global collection of innovative and savvy businesses, large
and small, who appreciate the steadily increasing manufac-
turing capacity and consistent volume production levels. In
addition, the transformation of the business model from IDM
to foundry has produced an impressive outcome of histori-
cal performance. Based on the proposed model, this research
suggests Taiwan-based TSMC and UMC (the top two IC
foundry operators in the world) apply the focused differen-
tiation development strategy on the matured manufacturing
processes of its 6- and 8-inch fabs and look at investing in 12-
inch IC manufacturing technology in order to maintain their
lead position and continue to accommodate most IC design-
ers’ needs. In addition, for the new tiger SMIC (in China),
the differentiation/cost leadership strategy of advanced man-
ufacturing processes is suggested to improve its management
and market performance.
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