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Summary: The semiconductor dedicated foundry industry was first operated in 1987. The pure-play
foundry in real production, in turn, fostered the booming fabless IC segment, as well as the burgeoning
design services industry. This study adopted the empirical cases to analyze the important attributes for
operating an efficient wafer foundry fabrication (Fab). The proposed approach uses an Analytic
Hierarchy Process (AHP) to assign weights, enabling internal employees, varied groups and the leaders
to identify generic process elements that are relevant to the current business flow.

1. Introduction

The wafer foundry is a fragmented business, subjected to continuous technology innovation. Their
services enable semiconductor fabs to produce at lower prices with high quality. As the semiconductor
industry's process technology leaders, wafer foundry companies have frequently spearheaded
advancements by skillfully leveraging its own R&D resources and the world-class expertise of its
material suppliers, IC designers or service alliance partners. They continue their market leadership by
steadily increasing its capital spending and by outperforming all other market competitors.

The characteristics of foundry business has been described and the factors of driving pure play wafer
foundry business which include manufacturing competence and development strategies, partnership with
clients, production/customer oriented business strategies, technology and global marketing are discussed.
Then, we focus on collaborative relationships with customers, suppliers and technology partners and
unerring focus on providing services, that has drawn the market to the company and enable a customer to
achieve success to earn customers' trust in all facets of company’s relationships. These efforts have laid a
foundation for win-win partnerships that endure both over time and through the most challenging of
environments.

2. Foundry Business Strategy

The evolution of advanced IC technology over the past decade has been so rapid that it has changed the
way that all companies do business. Demands for faster design cycles and faster time-to-market have
increased. Demands for higher speeds and product quality have increased as well. These are main reasons

among the many others that the companies turn to foundry as their manufacturing partner.

2.1 The Evolution of Semiconductor Manufacturing
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The semiconductor foundry business has lead Taiwan electronic industry prosperity. The effect can even
affect to its supply chain and traditional industry in some certain degree. As we know the foundry
business is focus on production phase (Chang et al., 2003), therefore, continuously pursuit process
technology in leading edge could be the only way as we use to think about the business strategies to be
suggested. For past decade, foundry business has prominent profit on market performance. Although
business cycle impacts the utilization of wafer fab, still, the trend of foundry business has already proved
from its historical record. The industrial vertical integration can move to be vertical dis-integration and it
makes the relationship among the industry to be closer. A linear development trend shows the market
demand have continued to drive higher technology and low cost. This study assesses the manufacturing
competence and development strategies for pure wafer foundry business if the plans for continuous
expansion can be made. Therefore, the basic business model, which is somewhat different from the
industry norm, and the companies were confident with a winning strategy of invention, innovation and
implementation for going forward.
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Figure 1 Integration to dis-integration model

Accelerated electronics consumption and an increasing proportion of IC content in all products have
created a demand-side market pull. Working under this dynamic tension, the industry evolved from an
integrated business model to a dis-aggregated business model. The IC industry’s history could be
described as an innovation business process of arousing technological advances and IC roadmaps.

The semiconductor dedicated foundry industry was first operated and introduce this evolution of the
pure-play foundry in real production in 1987. This model, in turn, fostered the booming fabless IC
segment, as well as the burgeoning design services industry. Figure 1 and 2 illustrate this evolution.
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Figure 2 Dis-integration of the IC Industry
2.2 Major Wafer Foundry Players

Taiwan's foundries have made significant investments. Taiwan semiconductor manufacturing company
(TSMC) and United microelectronic company (UMC) are the most famous major players in this field.
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Figure 1. Market share of Taiwan v.s. Worldwide
Data source: IC Insights; IEK-ITRI, Taiwan. April 2004

TSMC posted annual sales of $5.9 billion ($US) in 2003 and currently employs over 15,000 people
worldwide and maintains account service offices in Taiwan, North America, Europe and Japan. UMC
posted annual sales of $2.5 billion ($US) in 2003 and employs over 9,500 people worldwide and has
offices in Taiwan, Japan, Singapore, Europe, and the United States. Both serve and support their
customer's manufacturing needs, not only as the foundry technology leader and industry leader; but also
are a world-leading semiconductor foundry, specializing in the contract manufacturing of customer
designed ICs for high performance semiconductor applications. Besides, UMC since entering the pure-
play foundry industry in 1995, has been the sector's fastest growing company. Its position as the foundry
industry technology leader has been a major contributing factor to its rapid growth. Both foundry
companies deliver the cutting-edge foundry technologies that enable sophisticated system-on-chip (SOC)
designs, including 0.13um copper/low k, embedded DRAM, and mixed signal/RFCMOS.

2.3 The Characteristics of Pure Play Foundry Business

The characteristics of pure play foundry business: (1) integrity with customers, vendors and employees
with telling the truth and maintaining an objective, consistent, and impartial attitude; (2) maintaining a
consistent focus on core business, IC Foundry must focus on their business, which is dedicated IC
foundry, and not distract themselves with other pursuits; (3) Globalization business, not limit themselves
to domestic market or any specific geographical region. It is important to recognize that the
semiconductor business has no national boundaries, and that to be competitive anywhere foundry
business must be competitive in the whole world; (4) Unceasing innovation is the wellspring of the
growth. It is vital to all sectors of foundry business, from strategic planning to marketing, management,
technology and production.

Foundry service have contained: (1) a complete listing of available industry-standard technologies; (2)
several unique wafer fab technologies are available with minimal or no design support. In general, access
to these technologies is determined by a custom of customer. Typical decision factors are wafer volume
requirement, the technology required, and overall business opportunity; (3) can provide a range of
products, support, and services from untested wafers to packaged and tested modules; (4) have committed
capacity available for the foundry technologies and reserved capacity for foundry customers; (5)
customer purchase capacity, there are two ways for a customer to gain access to the capacity: a). place a
purchase order specifying a specific volume over a specific time period for a given product. The
company will acknowledge and commit to the customer requirements based on their ability to meet the
customers demand; b). customer can sign a reserved capacity contract that guarantees a level of capacity;
(6) yields and reliability targets are competitive with other foundry providers in the industry. Targets for
customer-specific designs are defined during the early production runs, and are based on the actual
manufacturing yield results of the customer's wafers. Typically, the yields are determined by the
technology chosen, the complexity of the customer design, the test coverage, and the size of the chip; (7)
packaging services: have a vast array of packaging options (have both the company’s own packaging and
third-party source capability); (8) provide engineering, quality, and supply chain data to help run a
business (refer to the websites of www.tsmc.com and www.umc.com).




2.4 The Factors of Driving Pure Play Wafer Foundry Business

The factors of driving pure play wafer foundry business are viewed according to four aspects which are
production, marketing, technology and activities (Figure 1). Then the brief discussion of the issues have
been highlighted as below:

Manufacturing competence and development strategies based on top quality manufacturing services
(Su et al., 2005) which with constant monitoring and improving manufacturing practices, and it is able to
deliver quality assured shipments in a timely manner to its customer. For enhancing company’s ability to
serve customers by operating, expanding and developing facilities; Culture to urge the employees to
demonstrate the way to perform their effort through the work attitude is essential. Besides, the advanced
automation, mature defect density, and competitive cycle times along with an aggressive capacity
expansion plan enable foundry companies to be the foundry of choice for customers' manufacturing
needs. Professional foundry service, the customers will earn the competitive advantages with the effective
reduction of the total system cost and time-to-market.

Partnership with Clients: Business strategies are characterized by dynamic complexity, tacit knowledge
factors, feedback effects over time, and un-structure (Sterman, 2001). Collaboration, confidence and
closeness to customers are the keys to successful partnership. In looking out upon a fast changing
industrial environment and new opportunities, corporate vision can be articulated more than once
depending on the position or affect force in the industry. In the situation of foundry that vision, customer
collaboration is key. But collaboration and mutual success occur only when there are foundry-related
services available to bring vision to reality. To foundries, partnership means openly sharing roadmaps
and R&D resources, proactive mutual support that results in mutual success, and long-term relationships
that are built on trust and respect. Foundries have secured the trust of customers by delivering on their
service commitment during business cycling. Implementing well-rounded program management services,
customer-oriented global support, and proactive service integration.

Production Oriented and Customer Oriented company provides a full range of integrated IC foundry
services that fulfill the increasing variety of customer needs on a worldwide basis: (1) access to advanced
technologies and processes; (2) supply chain information management services; (3) product planning
support; (4) production and delivery consistency; (5) production volume control; (6) quality control, (7)
responsiveness; and (8) stability in customer/manufacturer relations.

This is all made possible through a unique customer-first business model called "virtual fab" (Hsieh, et
al., 2002) that combines customer oriented business strategy with its pioneering dedicated IC foundry
experience, management's commitment to customer satisfaction, and a systematic approach to responding
immediately to customers' needs.

Technology: Foundries have always been aggressive in pursuing new inventions and overall technology
advancement. Aggressive Research and development (R&D) spending year after year is a testament to
the commitment to technology leadership. R&D group is committed to pushing the forefront of
technology and providing the latest market-driven, customer-focused and cost effective integrated
circuitry manufacturing solutions. With R&D team's efforts, it provides multiple options to
accommodate a wide variety of designs and applications including computer, communication, and
consumer products.

In addition, cooperating with several Integrated Device Manufacturers (IDMs) in the process
development stage to jointly develop tailored technologies. This will help shorten product development
and manufacturing cycle times.

The way of reducing the time to market is one of the most frequently mentioned in the semiconductor
industry today. Not only simply a solution on a matter of proving the best process technologies for
customers. Rather, provide the best process technologies and related foundry services, integrated to meet
the unique product and business requirement of each customer on an individual basis.



Global Marketing: Foundries often extends its services beyond corporate boundaries to coordinate with
vendors to provide technology leadership and to resolve issues that occur along a customer's supply
chain. Building a customer-oriented global Support is an important strategy to Taiwan's pure-play
foundries; it has turned to strategic market and technology leaders to drive leading-edge processes.
Customer products have been the essential drivers pushing advanced technology. The company's
technology leadership is recognized by the fact that received more semiconductor patents than any other
company.

The customer enjoys a huge business advantage, while the global support from foundries contributes to
infrastructure necessary for sustaining aggressive growth. Effective global support for a multi-national
customer depends on an innovative cross-regional support plan. Also, the cross-regional support provides
24-hour communications that results in improved technical and logistical support in terms of timeliness
and thoroughness.

3. Methodology

In the literature, most scholars have employed an all-phase efficiency index to assess the business
performance of fab operation and business strategies, they set up the weight for each criteria of hierarchy
structure. Therefore, to assist the study enable to illustrate the performance efficiency, the proposed
approach uses an AHP to assign weights, enabling internal employees, varied groups and the leaders to
identify generic process elements that are relevant to the current business flow.

3.1AHP

The AHP was first proposed by Thomas L. Saaty in 1980 (Saaty, 1980). For years it has been used in
several areas of social management sciences, integrates opinion and evaluation of experts and devises the
complex decision making system into a simple element hierarchy system. Application of AHP for group
decision-making environments involves defining a common hierarchy of criteria, specifying pair-wise
comparisons by criteria of the group and aggregating those pair-wise comparisons for the entire group.
Saaty used the principal eigenvector of the comparison matrix to find the comparative weights among the
criteria of the hierarchy systems. If we wish to compare a set of n criteria pair-wise according to their
relative importance (weights), then denote the criteria byc,c ,...c and their weights by w,w,,...w, . If

W= (w,w,,..,w,)" is given, the pair-wise comparisons may be represented by matrix A of the following
formulation:
(A-2, Hw=0 (1)

Eq.(1) denotes that A is the positive reciprocal matrix of pair-wise comparison values derived by intuitive
judgment for ranking order. In order to derive the priority eigenvector, we must find the eigenvector w
Ay =N

with respective A__ which satisfies Aw=4_ w. Saaty suggested the consistency index (C.I. = ) to

test the consistency of the intuitive judgment. In general, a value of C.I. which less than 0.1 are
satisfactory.

3.2 Building hierarchy system

A decision-maker bases judgment on knowledge and experience, and then makes decisions accordingly.
The fab operation stresses the critical role in effective implementation, therefore, fab directors are faced
with decision environments and problems in wafer moves that are complex, where there are many
interrelated problems. Therefore, brainstorming to share ideas and insights often leads to a more complete
representation and understanding of the issues. The brainstorming approach is a common way to
aggregate ideas for decision-making. Then, the AHP allows group decision-making, where group
members can use their experience, values and knowledge to break down a problem into a hierarchy and
solve it by the AHP procedure. The model consists of three steps: (1) situation description from the
objects’ study; (2) construction the correlation tree structure of multiple evaluation phases and evaluation



criterions; (3) carrying out questionnaire design, the investigation and analysis through experts’
brainstorming and discussion. AHP is essentially a data-weighting technique and its framework is utilized
to formalize principles by which database semantics can be identified and compared with the real world.

This study incorporates the four-aspect representation of measuring manufacturing competence and
development strategies of pure wafer foundries. Figure 1 shows an evaluation hierarchy structure and its
various levels as it was presented in a questionnaire. This aims at the operation production, marketing,
technology and Management Activities, which are the four phases to determine the participant cognition
of relative importance (weight).

Objective  Aspects Attributes
— [ Efficiency of Manufacturing 0.097 ]
8 [ Production ||~ [ Flexibility of Production 0.089 |
g !'é (Operation) | [— [(Quality and Assurance 0.109 |
§ é 0.389 — [ Delivery 0.094 |
g5 r— [ Service and Support 0.050]
g—“g [ [ Price Sensitivity 0.035]
8 o |—»| Marketing | ——| Market share 0.025 |
>3 0177 — [ Distribution Channels 0.015]
S5 | “— [ Customer Satisfactory 0.047]]
gg — [ Patent 0.067]
% % || Technology :l R&D capability 0.071]
S & 0575 7‘ New.Product ('Capa.ihility of l\.lew technology development) (0,084 l
E’ g [ Flexible Application Design 0.054 |
é g r— | Talent (training/recruiting/transferring) 0.036 ]
g 2 Activitios I— [Incentive Program 0.023]
g ¥ (Management) | T Promotion (seminar/technical 0.020]
— [ Cost Control 0.048]
0.160 — [Risk Management 0.035]

Figure 1. Hierarchy structure with weights

In order to aggregate the synthetic performance value of all possible alternatives/strategies in multiple
attribute decision-making (MADM) problems, we ought firstly to determine the required information
about the relative importance/weight of each criterion/attribute.

3.3 Result analysis

Wafer foundry is concentrating on wafer manufacturing business. The production orientation strategies
can be taken mostly to achieve its high yield rate and tool utilization on each fabrication. Consequently,
the result reveals there are a perfect consistency (Table 1) on giving the importance of manufacturing
competence and development strategies.

Table 1. The Weight by Aspects

Production [wy] Marketing [w,] Technology [ws] Activities [w,]

Fab Operation 0.38 (1) 0.19 (3) 0.28 (2) 0.15(4)
Operation Support 0.37 (1) 0.18 (3) 0.28 (2) 0.17 (4)
Marketing 0.42 (1) 0.16 (3) 0.26 (2) 0.16 (3)
Top Manager 0.38 (1) 0.19 (3) 0.27 (2) 0.17 (4)
Overall Weights 0.39 (1) 0.18 (3) 0.27 (2) 0.16 (4)

The sequences of importance are production, technology, marketing and activities (management). Due to
the characteristics of wafer foundry business, its major content on manufacturing work have led all the
activities and resources to be projected. It also implies the necessity of the goal setting for enterprise is



important and to be made clear enough to operate a wafer fab while doing a successful wafer foundry
business. From the viewpoint of performance measure (Table 2), it illustrates marketing and technology
have slightly change on its satisfaction as current view of business situation. It also can happen that the
good/bad timing of business cycling impact directly on the focus actions on business strategies. When the
cycling goes up, companies more focused on market exploring for reaching higher sales target. Then, the
down time could change the way of seeking opportunities to new technology innovation and
development.

Table 2. The Performance Measure by Aspects

Production [wy] Marketing [w,] Technology [ws] Activities [w,]

Fab Operation 8.09 (1) 7.83(2) 6.21 (3) 2.95 (4)
Operation Support 8.09 (1) 7.47 (3) 7.72(2) 5.92 (4)
Marketing 3.77 (1) 1.43 (3) 2.50 (2) 1.14 (4)

Top Manager 2.03 (1) 1.92 (2) 1.00 (4) 1.07 (3)
Overall Weights 21.98 (1) 18.65 (2) 17.42 (3) 11.08 (4)

Table 1 and Table 2 demonstrate the consistency on production when viewing from four different fields.
Also, the ranking supports a concept of the four major functions in a company regard different drive
force of pushing the growth of company.

4. Discussion and Suggestions

4.1 Discussion

The different functions fab operation, operation support, marketing and top management have its own
priority while seeking the way of improvement on manufacturing competence and development strategies

of pure wafer foundries.

Table 3 Top Five of Criteria on Improving Strategies

Top5| Fab Operation Operation Support Marketing Top Manager Overall Focus
1 Efficiency qf Service and support FIeX|b|I_|ty of Quality and Efficiency (_)f
Manufacturing production assurance manufacturing
2 |Service and Support R&D capability New product Price sensitivity Service and support
. . Efficiency of . -
3  |Delivery Delivery manufacturing Delivery Delivery
4 |R&D capability Quality and Quality and New product Quality and
assurance assurance assurance
Flexible application Service and support
5 |Market share New product desi PP & customer New Product
esign ;
satisfactory

The overall focus indicates that the top five improving strategies among the evaluated criteria are
efficiency of manufacturing, service and support, delivery, quality and assurance and new product. This
result has concluded the way of improvement and demonstrates the sequences of amelioration on
excellence manufacturing operation.

4.2 Suggestions

The foundries are moving full-speed ahead. This is one of the most important times in Foundry's history
of electronic industry. Foundries have emerged from a challenging period in the previous decade and
become much stronger today because are more globally focused, restructured and streamlined, and more
committed than ever to true innovation.



Also, there are some issues have been mentioned: (1) customers: treating customers as partners and have
never competed against them. It is the key to current success and be crucial to the continued growth; (2)
quality: building quality into all aspects of foundry business, every employee is responsible for providing
the highest quality service. To achieve this, each person continuously evaluates and improves the quality
of his/her own work for achieving and maintaining complete customer satisfaction; (3) long-term vision
and strategies, an enterprise whose success endures is tough; that a person or company does plan
carefully for the future and do a good job of long term planning and execution for greatly reducing the
need of crisis management.

5. Summary

Taiwan is well-positioned to take wafer foundry business on the important global leadership role. We
now have the global resources in place and certainly have the technological capability; foundry has
clearly established itself as a global market leader in many interrelated high-tech categories.

The transformation of business model from IDM to foundry has produced an impressive outcome of
historical performance. Being the largest and most successful dedicated 1C foundry in the world it is not
easy to maintain this position. Therefore, it is necessary 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
manufacturing capacity and consistent volume production levels.

This study found that the top five improving strategies among the evaluated criteria are efficiency of
manufacturing, service and support, delivery, quality and assurance and new product. This result has
concluded the way of improvement and demonstrates the sequences of amelioration on excellence
manufacturing operation.
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