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173CHAPTER  V

Chip design is a good example to illustrate
the complex interaction of factors currently
favouring the expansion of innovative R&D in
developing countries (Ernst 2003, 2005a). Chip
design not only creates the greatest value in the
ICT industry while requiring highly complex
knowledge, it also involves a generic technology
that affects a large number of user industries,
including high-value services. The chip industry
was one of the earliest to globalize production
and it has been one of the most dynamic in world
trade. Now it  appears that design and
development work in this industry is following
on the heels of manufacturing by moving towards
Asia.

Chip design has recently moved from
centres of excellence in the United States, Europe
and Japan to sites in some developing countries,
notably in South-East and East Asia.  From
practically nothing during the mid-1990s, this
region’s share of semiconductor design reached
around 30% in 2002 (iSuppli 2003, p. 21). South-
East and East Asia are now the fastest growing
markets for electronic design automation tools,
expanding by 36% in the first quarter of 2004
compared to 5% for North America (which has
60% of the world market), 4% for Europe, and
-2 % for Japan (EDA Consortium 2004).
Developing Asia is not only undertaking more
chip-related R&D, but also the levels of
complexity are rising in terms of the line-width
of process technology (measured in nanometres),
the use of analogue and mixed-signal design
(substantially more complex than digital design),
the share and type of system-level design (e.g.
system-on-chip) and the number of gates used
in these designs.

This section explores the main drivers
behind the offshoring of chip design, drawing
on interviews with 60 companies and 15 research
institutions in the United States and Asia involved
in designing integrated circuits,  as well  as
systems (Ernst 2005). The sample includes global
and regional carriers of chip design in Asia,
including specialized research institutes and nine
strategic groups of firms that participate in global
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design networks.20 With the exception of some
Chinese companies, all the sample firms are
TNCs.21 Their design activities are concentrated
in a handful of clusters in Taiwan Province of
China (Hsinchu and Taipei), the Republic of
Korea (Seoul),  China (Beijing, Shanghai,
Hangzhou, Suzhou, Shenzhen), India (Bangalore,
Hyderabad, Noida/New Delhi), Singapore and
Malaysia. The TNCs interviewed emphasized the
diversity of functions performed by their Asian
design centres, from routine (engineering support,
adaptation, l istening posts for “technology
marketing”) to highly strategic tasks (global
development mandates for specific IT products,
components and services). The tasks assigned to
a design centre depend on its locational
characteristics, especially on the quality of the
regional and national innovation systems.

The expansion of chip design in Asia has
been the result of the synergistic effects of pull
factors, policy factors, push factors and enabling
factors.

1. Pull factors

The cost of employing a chip design
engineer in Asia is much lower than in the United
States – typically only 10-20% of the cost in
Silicon Valley (table V.1). But this is not the only
pull factor; demand factors are equally important.
TNCs need to locate design near the rapidly
growing Asian markets for communications,
computing and digital consumer equipment in
order to interact with the lead users of new
products. China is already the world’s largest
market for telecom equipment (wired and
wireless) as well as a critical test bed for the
third- (3G) and next-generation wireless
communication systems. It is also among the most
demanding markets for computing and digital
consumer equipment. As most of the equipment
is produced in China, the country has become
the world’s third largest market for
semiconductors, generating substantial demand
for chip design. To the extent that China succeeds
in setting alternative standards for 3G mobile
communications, the need for undertaking chip
design locally may increase to address the
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specific requirements of such standards. In this
context all major global system companies in
mobile communication systems are expanding
their Asian chip design centres to establish their
own designs as de facto standards in the region.

Table V.1. Annual cost of employing a
 chip design engineer, 2002

(Dollars)

Location Annual costa

United States (Silicon Valley) 300 000
Canada 150 000
Ireland 75 000
Republic of Korea <65 000
Taiwan Province of China <60 000
India 30 000
China (Shanghai) 28 000
China (Suzhou) 24 000

Sources: UNCTAD, based on PMC-Sierra Inc., Burnaby,
Canada (for Silicon Valley, Canada, Ireland,
India) cited in Ernst 2005.

a Including salary, benefits, equipment, office space and
other infrastructure.

2. Policy factors

Policies cover a wide range of factors, such
as incentives, regulations, infrastructure and
education – all designed to attract R&D and other
TNC innovative activities, including chip design,
to particular locations (Ernst 2005, Armbrecht
2003, von Zedtwitz 2004, Walsh 2003).22 TNCs
interviewed expressed concern about obscure and
unpredictably changing regulations in some Asian
countries as well as weak IPR regimes.23

In terms of their home-country design
activities, Asian firms interviewed acknowledged
that policies had played a powerful catalytic role
in building the critical infrastructure, supporting
industries and design capabilities that allowed
them to invest in and upgrade chip design (see
also chapter VII).24 The progress in chip design
has owed much to concerted efforts by both
governments and leading companies to establish
new sources of innovation and global standards.
In telecommunications, the four leading players
in the Republic of Korea (Samsung, SK Telecom,
KT, LG) are all trying to become major platform
and content developers for complex technology
systems, especially in mobile communications.
These efforts build on considerable capabilities
accumulated in public research labs (like the

Electronics and Telecommunications Research
Institute, ETRI), as well as in R&D labs of the
chaebol, to develop complex systems. China’s
attempt to develop an alternative 3G digital
wireless standard has created a powerful
incentive to expand Asian electronic design
activities.25 Thus government procurement has
been a powerful tool in driving innovation.

3. Push factors

A number of factors in developed countries
are also greatly contributing to pushing firms to
expand chip design in Asia. Three such push
factors can be distinguished:

• Changes in the methodology and
organization of chip design;

• More outsourcing and multiple design
interfaces; and

• Changing skills requirements.

a. Changes in design methodology
and organization

Since the mid-1990s growing pressures to
improve design productivity, combined with
increasingly demanding performance features of
electronic systems, have produced turmoil in chip
design methodology.26 So-called “system-on-chip
design” combines  “modular design” 27 and
design automation to move design from the
individual component on a printed circuit board
closer to “system-level integration” on a chip
(Martin and Chang 2003). A key driver behind
these changes has been a widening productivity
gap between design and fabrication. While the
productivity of chip fabrication grew at an annual
compound rate of 58% from the 1980s until 1998,
that of chip design reached only 21% (SIA 1999).

Chip design is also becoming increasingly
complex. First ,  progress in manufacturing
technology (“miniaturization”) has made it
possible to fabricate millions of transistors on
a single chip. This increased complexity needs
to be matched by a dramatic improvement in
design productivity (ITRS 2004, pp. 13-14).
Second, the convergence of digital computing,
communication and consumer devices has raised
the requirements for essential features of
electronic systems – they need to become lighter,
thinner, shorter, smaller, faster and cheaper, as
well as more multifunctional and less power-
consuming. These features are expected to
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continue to improve. At the same time companies
are forced to speed up time-to-market as product
life cycles have been reduced to only a few
months for some products. Time compression is
therefore key in designing chips for such systems.

These changes in methodology have
increased complexity at two levels of chip design:
on the chip (“silicon”) and on the “system”.28

With growing design complexity, verifying at an
early stage whether the design can be used to
produce chips at acceptable yield and
performance has become critical. Some 60-70%
of all system-on-chip hardware design time now
goes into verification, leaving only 30-40% for
actual device development. This has inflated the
cost of design. For instance, the overall
development cost for complex system-on-chip
design can be as high as $100 million, a cost level
few design companies and chip users can afford.

b. More outsourcing and multiple
design interfaces

Until the mid-1980s, system companies and
integrated device makers did almost all their chip
design in-house. Since then system-on-chip
design has fostered vertical specialization in
project execution, enabling firms to disintegrate
the design value chain and disperse it
geographically. This has given rise to complex,
multilayered global design networks with variable
configurations, depending on the needs of a
specific project (box V.8).29 Until the early 1990s,
design networks retained a relatively simple
structure.  Over t ime, however,  vertical
specialization increased the number and variety
of network participants, business models and
design interfaces, bringing together design teams
from companies that drastically differed in size,
market power, location and nationality.

A possible network might be comprised of
the following players: a Chinese system company
for the definition of the system architecture; an
electronic manufacturing supplier from Taiwan
Province of China; a United States integrated
device manufacturer;  a European “silicon
intellectual property” firm; design houses from
the United States and Taiwan Province of China;
foundries from Taiwan Province of China,
Singapore and China; chip packaging companies
from China; tool vendors for design automation
and testing from the United States and India; and
design support service providers from various
Asian locations.

Box V.8. Global design networks: the key
players

Three layers can be distinguished in global design
networks:

• The network core encompasses five strategic
groups of firms: the system company, which
defines the concept, but may well outsource
everything else. The system-on-chip design may
take place within the “system company”, an
integrated device manufacturer, or a fabless
design house (or a combination of these).a

Finally, chip fabrication and assembly, may be
outsourced to specialized suppliers.

• A secondary layer of the design network consists
of suppliers of tools (for electronic design
automation, electronic design automation;
verification; and chip testing), silicon intellectual
property licensors and design implementation
services.

• The third layer may involve system contract
manufacturers (both electronic manufacturers
services and original design manufacturers).

Source: Ernst 2005.

a Fabless companies do not manufacture their own
silicon wafers. Rather, they concentrate on the design
and development of semiconductor chips.

Vertical specialization within design
networks has transformed the structure and the
competitive dynamics of the global
semiconductor industry. It has also increased the
organizational complexity of the networks. A
typical system-on-chip design team now needs
to manage at least six types of design interfaces
with: system designers,  sil icon intellectual
property providers,  software developers,
verification teams, electronic design automation
tool vendors and foundry services (fabrication).
These design communities are rarely located in
the same place, which makes coordination
difficult. As design teams become larger and
geographically dispersed, more formal interfaces
are necessary for effective communication
between them.

With product life cycles often as short as
a few months, system design requirements keep
changing rapidly. Communication problems
between hardware and software designers are
particularly serious. Hence proximity and face-
to-face contact become critical: global design
networks increasingly need to locate in Asia those
chip design stages that closely interface with
local companies in mobile communications and
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digital consumer electronics. As most of the
world’s leading chip contract manufacturers
(“foundries”) are in Asia, this creates powerful
pressures to locate important stages of chip
design in this region. New processes and changes
in design methodology require closer interaction
between designers and process engineers.

c. Changing skills requirements

Geographic proximity (in the established
centres of excellence in the United States or
Europe) has sometimes been a disadvantage for
design projects that require a large number of
contributors with diverse knowledge sets and
capabilities. For TNCs involved in chip design,
it has become costly to bring together a large
group of diverse design communities in one
location and keep them there. This is another
reason for TNCs to offshore chip design to Asia.

Meanwhile, skill requirements and work
organization are growing in importance as push
factors.  Some TNCs interviewed expressed
concern that the supply of scientists and
engineers in the United States and Europe is
inadequate.  As noted above, some Asian
governments have pursued policies that increase
the availabili ty of well-educated engineers,
scientists and managers. Engineers in some Asian
countries are trained to use the latest tools and
methodologies,  and the main electronics
exporting countries in Asia have also set up
training institutions dedicated to chip design.
These efforts are especially advanced in India
and East Asia.

The expansion of chip design in Asia
appears also to have been influenced by a
perceived inflexibility on the part of design
engineers in the United States and Europe to
adapt to a more structured (“automated”) work
organization (termed “innovation factory”). TNCs
have likewise sought to lower design costs by
increasing the workloads and capping the design
engineers’ salaries, which rose rapidly during the
boom of the 1990s. Cost considerations clearly
favour design work in Asia.

4. Enabling factors

Finally, new ICTs facili tate the
internationalization of chip design. Coordinating
specialized design networks in Asia vertically
can involve high communication costs because
of geographical distance combined with

differences in levels of development and
economic institutions (labour markets, education
systems, corporate governance, legal and
regulatory systems as well as IPR protection).
New ICT-enhanced information management has
helped reduce such costs, codify knowledge,
enable remote control and allow more knowledge
to be shared via audio-visual media.

A second enabling factor is the spread of
“transnational knowledge communities”, such as
professional peer group networks, along with
Asia’s large diaspora of skilled migrants and “IT
mercenaries”. These networks help share complex
design knowledge and provide experience and
links with markets and financial institutions.

* * *

In sum, in the case of chip design a
combination of pull, push, policy and enabling
factors is creating a compelling case for TNCs
to shift more of their design work to Asia. The
trend is still at an early stage but is set to deepen.
Over the past few years all interviewed TNCs
made substantial investments in chip design in
Asia and are planning further expansion.

Notes
1 “The establishment of international R&D networks and

the management of transnational R&D projects are non-
trivial and risky endeavours. The principal challenges
are imposed by physical distance among R&D units,
as well as between R&D units and corporate
headquarters. Distance impacts communication in terms
of frequency and quality, raises transaction costs, and
introduces principal-agent related difficulties” (von
Zedtwitz and Gassmann 2002, p. 570).

2 For example, the Chinese automobile manufacturer,
Dongfeng Motors, has established listening posts in
the United States, Germany, United Kingdom and
France for the purpose of being close to major
competitors and their technological bases (von Zedtwitz
2005).

3 Similar conclusions were drawn in another study of
the largest R&D spenders. Adapting products to local
requirements, learning from foreign lead markets and
customers, keeping abreast of foreign technologies,
and gaining access to skilled researchers and new talent
were the major reasons for internationalizing R&D
(Roberts 2001).

4  “Innovative Asia: how spending on research and
development is opening the way to a new sphere of
influence”, Financial Times, 9 June 2005.

5 Conventional technologies included chemicals,
pesticides, fertilizers, pharmaceuticals, engineering,
hygiene and health-care products, and branded
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consumer goods. New technologies included
electronics, ICT, software, biotechnology and solar
energy (Reddy 2000).

6 “Wipro: R&D budgets falling, interest in global
outsourcing rising”, Information Week, 1 April 2005
( w w w . i n f o r m a t i o n w e e k . c o m / s t o r y /
showArticle.jhtml?articleID=160401375).

7 For a review of changes in the export competitiveness
of countries, see WIR02.

8 See annex table A.V.1 for data by country.
9 China’s tertiary enrolment rate rose from 5% of the

age group in 1995 to over 20% in 2004.
10 According to China, Ministry of Education 2004.
11 The professional groups included engineers, finance

and accounting specialists, analysts, life science
researchers and professional generalists.

12 Proximity to regional markets has been the most
important factor attracting foreign R&D activities to
Singapore. The second most important factor, however,
has been the availability of personnel that can be
sourced freely within the country and from abroad (Toh
2005, p. 16).

13 Public research institutes are traditionally averse to
such contract work and have to be restructured,
upgraded, and given “hard budget” constraints to
change their orientation in order to respond to the
shorter-term, practical needs of industry. This has been
accomplished in India (chapter VII).

14 The connection between IPR regimes and the broader
category of FDI is ambiguous.

15 See also chapter VII for a discussion of how developing
countries may use IPR systems to benefit more from
TNCs’ internationalization of R&D.

16 In 2001, the United States contract R&D industry spent
$14.2 billion on R&D (about 7% of total industrial
R&D and 20% of services R&D). Its R&D spending
has been growing very rapidly, doubling over the period
1998-2001 (United States, NSF 2004). In the United
Kingdom, the contract R&D industry accounted for
£428 million of R&D in 2000, up from £142 million
in 1992 (Morgan 2002). In 2000, contract R&D
accounted for 22% of services R&D in the United
Kingdom, about one-third in Canada, Germany and
Sweden, 65% in Italy and 77% in the Russian
Federation (United States, NSF 2004).

17 As noted in a study of DuPont’s outsourcing of
chlorofluorocarbons (CFC) research: “DuPont may
have outsourced $5 million of the $400 million it spent
on CFC research, but the company saved that amount
many times over by not doing the research in-house”
(Paul 1998, pp. 1-2).

18 See report by Ernst and Young at http://www.ey.com/
g l o b a l / c o n t e n t . n s f / I n t e r n a t i o n a l /
Progressions:GlobalPharmaceuticalReport2004.

19 See Engardio and Einhorn 2005, pp. 53-54.
20 These are system companies; integrated device

manufacturers (IDMs); providers of electronic
manufacturing services and design services (the so-
called ODMs, or “original-design manufacturers”);
“fabless” chip design houses; “chipless” licensors of

“silicon intellectual properties” (SIPs); chip contract
manufacturers (“foundries”); vendors of electronic
design automation tools; chip packaging and testing
companies; and design implementation service
providers.

21 Interviews were conducted with both parent companies
and foreign affiliates of firms from the United States,
Taiwan Province of China and the Republic of Korea,
while for Chinese and Malaysian firms, interviews were
conducted only with parent companies. In China the
sample included State-owned enterprises, collective
enterprises and private technology firms.

22 Most firms refer to aggressive incentives implemented
in China. For example, in 2002-2003 chips designed
by foreign and domestic companies in China were
eligible for a 14% value-added tax (VAT) tax rebate,
which lowered the effective tax rate to 3% from the
nominal VAT of 17% on sales of imported and
domestically produced chips. This policy created an
artificial cost advantage for domestically designed
chips, and was later abandoned.

23 More research is needed, however, on whether and how
weak IPR regimes prevent TNCs from upgrading their
design labs in Asia, or if other motivations override
these concerns.

24 This supports earlier findings in the literature. See,
for example, Shen 1999, Lu 2000, Naughton and Segal
2002, Mathews and Cho 2000, Hobday 1995, Ernst,
Ganiatsos and Mytelka 1998, Ernst and O’Connor 1992,
Ernst 1994 and 2000.

25 The TD-SCDMA standard was developed by Datang
Telecom, a Chinese State-owned enterprise, and the
Research Institute of the Ministry of Information
Industry, with technical assistance from Siemens. To
accelerate implementation, Datang has formed a series
of collaborative agreements: a joint venture with Nokia,
Texas Instruments, the Korean LG group and Taiwanese
original design manufacturing suppliers; a joint venture
with Philips and Samsung; and a licensing agreement
with STMicroelectronics that will provide the Chinese
company with access to critical design building blocks
(Ernst and Naughton 2004).

26 “Design methodology” is the sequence of steps by
which a design process will reliably produce a design
as close as possible to the design target while
maintaining feasibility with respect to constraints.

27 In “modular design”, “parameters and tasks are
interdependent within units (modules) and independent
across them” (Baldwin and Clark 2000, p. 88).

28 “Silicon complexity” refers to malfunctions that result
from the growing scale and density of the circuit and
the introduction of new materials or design
architectures. “System complexity” on the other hand
increases with the transition to system-level design
with “exploding” multiple functions, an in smart phones
(ITRS 2002, pp. 82-83).

29 For instance, designing an embedded micro-controller
for a mobile handset requires a different global design
network configuration than the design of a graphic chip.




