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Creating a New Economy
Through R&D

From Manufacturer to Innovator

"Innovators innovate the future!" said Intel CEO Craig R. Barrett during a recent visit
to Taiwan to inaugurate a new R&D center. Taiwan should grasp the opportunity, he
said, to elevate itself from a supplier of "Manufactured in Taiwan" products to those
that are "Innovated in Taiwan." In response to the challenges of globalization, R&D
and innovation have become a symbol of power in the competition among nations.
According to the 2003 Global Competitiveness Report published by the World
Economic Forum (WEF), Taiwan advanced from sixth ranking in world competitive-
ness in 2002 to fifth place last year. This achievement was largely due to the island's
performance in the field of technology; it took third place in the technology index last
year, and second in the innovation index. The WEF report also pointed out that
Taiwan's overall effectiveness in the upgrading of industrial technology innovation has
begun to show results.

TextMBy Tung Pei-chen

From Manufactun’ng Taiwan to
Innevating Taiwan

The strongest area for Taiwanese enterprises in
the global industrial value chain is manufacturing, and
the island's semiconductor, information and electron-
ics, textiles, and other industries have long been
known around the world for their high-quality manu-
facturing technology. With the advent of the age of
the knowledge economy, however, the island's indus-
try is facing the need for structural adjustment arising
from changes in value chains; at a time when enter-
prises are rushing offshore in search of a low-cost
production environment, technology industries are

finding it necessary to promote research and develop-

ment activities with a high degree of knowledge inten-
siveness as they move in the direction of innovation
R&D, product design, and other fields with high lev-
els of technology. This means that enterprises must
begin entering the level of technological innovation,
setting up their own R&D centers and accumulating
the R&D power they need to transform themselves
into high-value-added operations.

With the rapid development of Taiwan's econo-
my multinational enterprises came in one after another
to establish R&D bases on the island, taking advan-
tage of its exceptional manpower base and R&D
power. According to statistics compiled by the

Investment Commission of the Ministry of Economic
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Affairs, during the three periods of 1987-1991, 1992-
1996, and 1997-2000 Taiwan's industries experienced
a heightened intensity of R&D by foreign enterprises

and an intensive inflow of capital. Among foreign-
invested companies, the highest R&D intensity is in
the electronics and electrical apparatus industry, fol-
lowed by the basic metals and machinery industries.

Multinational enterprises establish R&D centers
on Taiwan mainly to make use of the island's out-
standing technical manpower and existing high-tech
industrial advantage, and for this reason they place
relatively heavy emphasis on product development or
on cooperation with local suppliers. The competitive
advantage of Taiwan's industries lies in their ability to
manifest their "development and testing platform"
power in the Asian and mainland Chinese markets
through their linkage with international markets. This
reinforces the motivation for foreign investors to carry
out production and R&D in Taiwan in order to facili-
tate their future entry into emerging markets through-
out the world. In addition, foreign investors can com-
bine with and make use of Taiwan's capabilities as a
world-class parts supplier, and establish regional tech-
nology centers or market development and R&D cen-
ters of global technology centers on
the island.

Year

Policies to Encourage oo,
Innovation R&D Centers 1992
The attraction of enterprises to 1993
establish R&D centers in Taiwan is a 13;2
key part of the island's strategy for 1996
industrial upgrading. The 132;
International R&D and Innovation 1999
Base Plan, which is part of the gov- 2000
ernment's Challenge 2008 - National 588;

Establish Regional R&D Centers, and Encouragement
of Private Enterprises to Establish Innovation R&D
Centers. Information from the Department of
Industrial Technology, Ministry of Economic Affairs
reveals that a large number of multinational enterpris-
es have applied, or made commitments, to set up
R&D centers on the island. These include Hewlett-
Packard's HP Product Development Center, Dell's
Taiwan Design Center, IBM's Mobile e-business
R&D Center, Intel's TIC and IIC, the Microsoft
Technology Center, Sony's Design and Engineering
Center Taiwan and LSI & Module design center,
Matsushita's appliance R&D center, Aixtron's
Manufacturing Oriented Research Lab, Pericom's
Advanced Mixed-Signal IC R&D Center, and Becker
Avionics' Vaionics Certification Skill and Key
Technology Development Center.

Native enterprises have also set up R&D centers
the Taiwan
United
Microelectronics Corp., Via, Acer, BenQ, Quanta, Chi

in Taiwan, including Foxconn,

Semiconductor Manufacturing Co.,
Mei Opto-electronics, Tatung, and Compal. Most of
these R&D centers can be categorized in the fields of
information, semiconductors, and communications,

and they too make use of Taiwan's

Ratio of R&D Spending to GDP

Chart compiled by: Tung Pei-chen
R&D Spending

current industrial development advan-
tage. The goal of establishing an R&D

© DP ) center in Taiwan is not to take advan-
1.78 tage of a supply of cheap high-tech
1.75 manpower, as it is in India and main-
:;; land China, but to increase innovative
1.80 technology and experience in Taiwan
123 through exchange and interaction
205 among R&D personnel. At a time
2.05 when native manufacturing is gradual-
;;8 ly weakening in global production net-

Development Plan, includes these

Source: "Taiwan Area

works because of the multinational

Socioeconomic Indicators,"

two relevant sub-plans: the Attraction

Directorate General of

diversification of manufacturing capa-

Budget, Accounting and

of Multinational Enterprises to Statistics

bilities, R&D centers can further

8 BIRRREST £+ - 2004
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1.Taiwan's R&D Manpower and Spending, 2001-2002

Chart compiled by: Tung Pei-chen

R&D Personnel 138,409 150,200
Research Personnel 89,118 95,421
Research Personnel per 10,000 Population 39.9 42.5
Ratio of R&D Spending to GDP 2.16% 2.30%
National R&D Spending (NT$ billion) 205.0 224.4

strengthen the competitiveness of

Taiwan's industries by boosting

Increase
3?22 the added value of their products.
6.5% Taiwanese enterprises also
O'];‘g’;”ts recorded a rapid growth in R&D

Source: "Socioeconomic Indicators of the Taiwan Area," Directorate General of Budget,Accounting

and Statistics, May 28, 2004

2. Rankings by Major International Economic Research InSttutions crar compiled by: Tung Pei-chen

Taiwan South Korea
Growth Competitiveness 3 21
Labor Performance 3 20
2 20
Innovation Ability 8 12
4 8
Technical Ability 2 18

11
14
19
17

spending in the 1990s, largely as
a result of the government's

planned provision of subsidies to

Mui"I"Chi"“ key industries. R&D spending
39 was equal to 2.16% of gross

al domestic product (GDP) in 2001.

24 The ratio of high-tech R&D per-

63

sonnel in the population as a

Source: World Economic Forum, World Competitiveness Report 2002-2003, Labor Force

Evaluation Measure 2003, Technology Assessment and Forecast Report 2001-2002

heighten Taiwan's position in international industrial
value chains and can link with the integrated logistics
and integrated R&D functions of the global logistics
model, thereby allowing Taiwanese enterprises to

become true "integrated service providers."

World's Fourth Most U.S. Patents Granted

According to the Patent Office of the U.S.
Department of Commerce, Taiwan was granted 6,676
patents in 2003, the fourth-largest number of any
country in the world. The greatest number of these
patents was in the high-tech field, followed by
machinery, electronics, and communications equip-
ment. The number of high-tech patents granted to
Taiwanese applicants was also fourth highest in the
world, behind only the U.S., Japan, and Germany. In
terms of growth of value-added in Taiwan's high-tech
industries, the highest ratios were achieved by the
computer, office automation, machinery, electronics,
and communications industries. This implies that in its
industrial development, Taiwan is moving from origi-
nal equipment manufacturing (OEM) toward original
design manufacturing (ODM) and even own brand

manufacturing (OBM). This trend will, hopefully,

whole that year was 6.4 per
1,000, ranking Taiwan fifth in the
world. While the island's ratio was lower than those
of the advanced American and European countries, it
was much higher than the ratios of other countries
included in the ranking. The ratio of Taiwan's R&D
personnel who are concentrated in high-tech industries
is also striking, at about 70%, making it obvious that
the island's R&D resources are developing in the
high-tech direction.

Innovation is of foremost importance in the
knowledge economy, and in the age of the knowledge
economy it is brainpower that earns money. The tran-
sition from a manufacturing orientation toward inno-
vation, therefore, is an inevitable trend. Taiwan has
been placing more and more emphasis on the devel-
opment of R&D in recent years, and this is no doubt
the way to go. To speed up the transition from OEM
production to innovation, it is necessary not only to
strengthen investment but also to give more attention
to the enhancement of production processes, new
product development capabilities, and the improve-
ment of existing products. This is the course that
enterprises must take to strengthen their competitive-
ness, and only in this way will they be able to

respond properly to the new economic age. 1DIC
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Applied Materials
Upgrades Taiwan's
Semiconductor Industry

Invest in Taiwan - Access the World

Taiwan's semiconductor industry has developed at a rapid pace in recent years, and

Applied Materials has played no small role in that soaring progress. The company set

up its first business base on the island back in 1989, and shortly record good revenues.

TextMBy Tung Pei-chen

ack Liu, vice president and operations head of

Applied Materials Taiwan, foresaw that the local
firm's revenue would experience a high rate of growth
in the period of 1991 through 1993. In view of
Taiwan's market potential, he predicted, Applied
Materials Taiwan would record operating revenues of
US$200 million in 2000.

Cu[tivating Taiwan to Reap the Asia-
CPaafic s ‘Market Potential

“I never expected my prediction to be accurate,
or to come true so soon!” Liu exclaims. In no more
than two years Applied Materials chalked up US$200
million in business in Taiwan, far exceeding its plans
at the time. “"We were just about working our heads
off at then,” Liu recalls, “with everybody in the
company struggling to keep up.” The work force
had to be expanded constantly to accommodate the
rapid growth, and the company had to move its
offices six times; and that, Liu laughs, made him an
expert in real estate. This rapid growth came along

with the take-off of Taiwan's semiconductor industry.

Liu comments that in the early 1990s the global semi-
conductor industry was led by Japan; then Korea
stepped in, followed by Taiwan, and the industry s
operations as a whole moved steadily toward Asia.
“Despite the general slump in the semiconductor
industry over the past three years,” Liu notes, in
Asia the industry grew by 30%. And for Applied
Materials alone, at the end of the second quarter of
2004 80% of our global revenues were being generat-

ed in Asia.”

Maximized Horizontal ﬂ)ivision-of-Lanr
Looking at the overall development of Taiwan s
high-tech industries in the past several years, it is
obvious that there has been a gradual shift from the
vertical integration of earlier years to a professional
horizontal division of labor today. Vice president Liu
feels that technology needs constant advancement and
deepening, and that market demand has led to a dis-
mantling of traditional value chains. Because of the
speed, specialization, and sophistication that high tech-

nology requires, the move toward a professional hori-
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zontal division of labor is inevitable. The semiconduc-
tor industry, for example, is divided into such sectors
as IC design, masking, packaging and testing, and
marketing.

“The characteristics of the semiconductor indus-
try are capital intensiveness, technology intensiveness,
and large fluctuations,” Liu notes, explaining that
this is why the horizontal division of labor is needed.
“We can say that Taiwan is a model of the horizontal
division of labor developed to the utmost.” With
their expertise and persistence, Taiwanese manufactur-
ers are able not only to enhance their production
capacity but also to economize on costs; further,
“The cluster effect that they produce strengthens the
overall competitiveness of our industry.”

And, he goes on, “In its investment in 12-inch
silicon wafer fabs, Taiwan’s is moving particularly
fast!” The only way to beat the high risk of the
semiconductor industry, he stresses, is to keep con-
stantly ahead of your rivals. But every wafer fab costs
a huge amount of money, and it is not a game that
everybody can afford to play. Taiwan s advantages in
this game are industrial clusters and a horizontal divi-
sion of labor, and the use of cutting-edge 0.15-micron
technology that raises the industry s threshold; this is
how the island leaves its competitive rivals behind.
The island s semiconductor production value currently
makes up 18% of the global total; for 0.15-micron
products, Taiwan accounts for 30%. These figures
make it apparent that Taiwan has overtaken the rest
of the world in this field. Over the next six years, the
island s semiconductor subcontracting industry will

grow at a compound annual rate estimated at 17%.

%cfvancing in Step with Customers

As Applied Materials has advanced along the
road of progress together with Taiwan's semiconduc-
tor industry, its relationship with Taiwanese manufac-
turers has evolved from that of a pure customer and

supplier in early days to that of a complementary

24 BB EST] -+ - 2004

partner today. In the late 1990s the company began
participating in the planning of its customers  pro-
duction processes and turning out equipment that
filled its customers needs, and using pre-production
planning, post-production services, and other opera-
tions to help customers acquire complete solutions.
The company 's own organization and operating meth-
ods have been adjusted in line with the global deploy-
ment of its Taiwanese companies; whereas its operat-
ing scope used to be divided by region, it is now
defined by customer enterprise group with the aim of
achieving global integration and allocation of
resources. In other words, ~“Wherever the manufac-
turers go, Applied Materials will follow.”

The company set up its Technical Training
Center in 1996; Liu reports that by 2003 the center
trained a total of 26,000 engineers, helping other com-
panies save large amounts of spending. In addition, he
continues, ~Having engineers study right here in
Taiwan is more convenient in terms of both time and
practical operation. It’s just like an extension of the
companies own equipment departments.” The
Allied Materials Technical Training Center has an
advanced set of 12-inch equipment, the only one of
its kind in Asia, on which engineers can train on the

spot.

Distribution Center for Semiconductor Parts
After intense competition among contending
sites, Allied Materials established its Asia Continental
Distribution Center for Semiconductor Parts in
Taiwan in December 2001. When the headquarters
company began evaluating possible sites in 1998,
Taiwan, Japan, Korea, and Singapore fought for the
project so fiercely that, at one point, the contending
pressures caused it to abandon the effort. In 2000 the
company carried out the evaluation again, and Taiwan
emerged victorious thanks to its geographic position,
the quality of its manpower, and the incentives

offered by the government for the establishment of



logistics centers. This also brought significant benefits
to related manufacturers on the island. Jack Liu cites
electrical outages as an example of Taiwan s advan-
tage: ~Every time an outage happens at the Jhunan
district of the Hsinchu Science Park, it causes losses
calculated in hundreds of millions of New Taiwan
dollars. For manufacturers who count every second as
important, a nearby supply of parts and components
can shorten processing time--and the effect of this is
frightening.”  Since Taiwan holds such a vital posi-
tion in the global supply chain, the shortening of the
production process and the resulting reduction of costs
can strengthen the manufacturers international com-

petitiveness.”

Science Park Sing(e Window Facilitates
Multinational Operations

After developing its operations in Taiwan for so
many years, Applied Materials is deeply grateful for
the establishment of science parks on the island
because these parks have single windows that allow
for more effective operations and resource integration.
Vice President Liu feels that for multinational enter-
prises, Taiwan ‘s human talent is its greatest attraction;
but although the island’s colleges and universities
product a large number of graduates every year, it is
never enough to satisfy Taiwan s industries. He hopes
that the relevant agencies will carry out more thor-
ough and more forward-looking planning of high-tech
human resources; and that, when necessary, engineers
and technicians can be brought in from overseas to
help out. This will provide for the better integration
and flow of international resources.

In Applied Materials' development model in dif-
ferent parts of the world, priority is always given to
the utilization of local personnel. Applied Materials
Taiwan is happy to use its own resources to help nur-
ture the island’s high-tech personnel; its technical
training and equipment, for example, can be used by

related agencies as an accreditation platform”  for

completing the practical training of engineers. The
company s experience indicates that to upgrade
Taiwan ‘s competitiveness in the future, it will be nec-
essary to make the flow of materials for manufactur-
ers more efficient. To this end, the shortening of the
current time needed for the distribution of materials to
mainland China-without involving political considera-
tions, of course-would attract more multinational
enterprises to establish operations centers on the

island.

A Short Profile of Applied Materials
T aiwan

Applied Materials is the world s biggest supplier
of semiconductor production equipment and services;
and according to a survey by VLSI Research, it has
been so for 13 years in a row. It is also listed among
the top 500 companies in the world. With its head-
quarters in Santa Clara, in America’s Silicon Valley,
the company operates more than 60 service bases in
14 different countries including Israel, Japan, Korea,
Taiwan, mainland China, and others in Europe and
America. The locations of all these bases are near to
major clients or semiconductor manufacturing centers,
enabling it to better serve semiconductor companies.
Applied Materials has approximately 12,000 employ-
ees worldwide. Applied Materials Taiwan is head-
quartered in the Hsinchu Science Park, with opera-
tions and services bases at Linkou and Tainan as well.
The company currently employs 600 people. The
products that it provides includes equipment for
chemical vapor deposition, physical vapor deposition,
epitaxial and polysilicon deposition, rapid thermal
processing, ion implantation, plasma etching, electro-
chemical plating, chemical mechanical planarization,
wet cleaning, metrology, inspection, and mask pattern
generation, as well as flat-panel display production
equipment and manufacturing execution systems soft-

ware. |1DIC
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| 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Change from previous year in % Forecast
GDP (real) 5.2 3.8 3.5 2.9 3.2 3.8
Industrial output (real) 18.1 3.6 2.8 6.4 10.0 7.0
Gross fixed Capital formation (real) 7.7 5.0 8.0 3.0 5.4 6.0
Consumer prices (yearly average) 9.8 9.2 5:8 4.7 6.7 4.4
Unemployment (yearly average) 6.4 5.7 5.8 582 5.8 5.7
Budget balance (in % of GDP -3.0 -4.7 -9.2 -5.9 -4.9 -4.2

27,988

Merchandise exports

31,346

36,821

38,060

42,230

46,000

Merchandise imports 29,904 33,611 39,024 41,020 44,540 48,000
Current account -1,434 -1,248 -2,771 -6,470 -5,920 -5,600
Current account (in % GDP) -8.6 -6.2 -7.0 -8.9 -7.5 -7.0
FDI (inflow. net) 214 810 891 2,320 2,510 2,800
Gross foreign debt (end of period) 33,038 37,568 38,578 45,560 47,650 51,500
Gross foreign debt (in % GDP) 64.2 64.9 55.8 62.3 60.3 63.9
Import cover (in months) 3.5 3.3 2.8 2.8 2.3 2.1
Average exchange rate:CZK/EUR 260.1 256.7 243.0 2585 259.0 280.0
Average exchange rate:CZK/USD 282.4 286.5 258.0 224.4 197.7 2121
Sources: Bank Austria Creditanstalt Economics Department, NBH
Czech Republic—Selected Indicators

2000 2001 2002 2003 2004 2005
Change from previous year in % Forecast
GDP (real) . 3.1 2.0 2.9 3.0 32
Industrial output (real) 5.1 6.8 4.8 5.8 5.5 5.0
Gross fixed Capital formation (real) 5.3 5.5 0.6 3.7 4.8 5.0
Consumer prices (yearly average) BE 4.7 1.8 0.1 3.0 2.8
Unemployment (yearly average) 9.0 8.5 9.2 9.9 10.5 10.7
Budget balance (in % of GDP) -4.5 -6.4 -6.4 -12.9 -5.9 -5.1
Merchandise exports 31,430 37,267 40,701 43,140 46,690 52,300
Merchandise imports 34,816 40,690 43,014 45,320 48,540 53,800
Current account -2,941 -3,654 -4,689 -4,940 -4,920 -5,200
Current account (in % GDP) -5.3 -5.8 -6.3 -6.5 -6.2 -6.1
FDI (inflow. net) 5,349 6,114 2,591 2,290 4,980 5,200
Gross foreign debt (end of period) 23,122 25,367 25,067 27,600 25,190 25,800
Gross foreign debt (in % GDP) 41.6 40.1 33.9 36.4 31.8 29.8
Import cover (in months) 4.2 4.1 6.0 5.5 4.4 4.4
Average exchange rate: CZK/EUR 35.7 34.1 30.8 31.8 32.3 313
Average exchange rate:CZK/USD 38.6 38.0 32.6 28.1 24.7 23.7

Sources: Bank Austria Creditanstalt Economics Department, CNB, Czech Statistical Office
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Change from previous year in % Forecast

GDP (real) 4.0 1.0 1.4 3.7 4.9 4.0
Industrial output (real) 7.1 -0.1 8.7 8.7 8.9 7.8
Gross fixed Capital formation (real) 2.7 8.8 -6.8 -0.9 7.3 8.7
Consumer prices (yearly average) 10.1 55 1.9 0.8 2.6 4.4
Unemployment (yearly average) 13.9 16.1 19.9 19.5 19.2 19.0
Budget balance (in % of GDP -2.6 -5.1 -5.7 -6.0 -7.0 -5.8

Merchandise exports 38,9267 46,542 49,338 53,840 61,370 68,200
Merchandise imports 52,275 55,100 57,039 58,9210 66,330 74,400
Current account -10,781 -5,995 -5,404 -3,660 -3,970 -4,800
Current account (in % GDP) -6.1 -2.9 -2.7 -2.0 -2.2 -2.4
FDI (inflow. net) 10,319 6,373 4,371 3,760 4,470 4,900
Gross foreign debt (end of period) 74,567 81,388 80,920 82,320 85,620 91,300
Gross foreign debt (in % GDP) 42.1 64.9 55.8 62.3 60.3 63.9
Import cover (in months) 57 SES) 57 5.8 4.7 4.3
Average exchange rate:CZK/EUR 4.01 3.67 3.85 4.40 4.81 4.65
Average exchange rate: CZK/USD 4.35 4.09 4.08 3.89 3.68 852
Sources: Bank Austria Creditanstalt Economics Department, National Bank of Poland
Slovakia—Selected Indicators

2000 2001 2002 2003 2004 2005
Change from previous year in % Forecast
GDP (real) 2.2 3.3 4.4 4.2 4.3 4.0
Industrial output (real) 8.4 7.6 6.7 5.8 9.3 6.9
Gross fixed Capital formation (real) -7.2 13.9 0.9 -1.2 3.6 8.6
Consumer prices (yearly average) 12.2 7.1 3.8 8.5 8.2 3.8
Unemployment (yearly average) 18.2 18.3 17.8 15.2 15.1 14.4
Budget balance (in % of GDP) -3.9 -4.8 -7.2 -4.9 -3.8 -4.0
In EUR mn
Merchandise exports 12782 14102 15184 19281 21510 24600
Merchandise imports 13740 16486 17437 19847 22700 26400
Current account -692 -1960 2049 -240 -570 1300
Current account (in % GDP) -3.3 -8.6 -8.2 -0.8 -1.7 3.6
FDI (inflow. net) 2077 1674 4069 520 19210 1600
Gross foreign debt (end of period) 11360 12612 13939 16180 17220 18800
Gross foreign debt (in % GDP) 53.4 55.2 55.7 53.6 51.4 51.3
Import cover (in months) 3.2 2.9 5.6 5.5 4.7 4.3
Average exchange rate: CZK/EUR 42.6 43.2 42.7 41.5 40.2 39.4
Average exchange rate:CZK/USD 46.2 48.3 45.3 36.8 30.8 29.8

Sources: Bank Austria Creditanstalt Economics Department, National Bank of Slovakia, Statistical Office
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