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Abstract

This study aims to analyse the technology accumulation and international division of labour

among China, Taiwan and Japan in the case of liquid crystal display (LCD) production.

For the analysis, this paper focuses on researching the status quo of the LCD production

industry. LCDs were first developed in Germany and the US, but Japan led those countries in the

product development and manufacturing. However, since the end of the 1990s, Taiwan has been

catching up with its technology and increasing its production volume. Then, Taiwan started to

relocate its production to China.

The empirical study of the LCD industries in Taiwan, Taiwanese electronic manufacturing

system (EMS) in China, and Japan shows the transitional process of the division of labour among

China, Taiwan and Japan. For analytical purposes, the LCD parts are broken down into parts.

Based on each part, the technology accumulation process, production location and ownership were

evaluated.

First, this paper seeks a theoretical framework for technology accumulation and international

division of labour. The second part of this paper examines how the LCD technology accumulated

in Japan, Taiwan and China. Through the accumulation processes, this paper tries to analyse the

international division of labour among these countries.
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Ⅰ．INTRODUCTION

This study aims to analyse the technology accumulation and international division of labour

among China, Taiwan and Japan in the case of liquid crystal display (LCD) production. In 2008, Li

and Sadoi surveyed the technical division of labour among Taiwan, China and Japan in the case of

automobile parts suppliers. The findings showed that Taiwanese suppliers have been accumulat-

ing advanced technologies from Japan through technological collaborations and capital involve-

ment. Such technology accumulation has been upgraded through competition and cooperation

over years in the case of the automobile parts industry.
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However, in recent years, the sudden rise of Taiwanese electronic manufacturing system

( EMS ) firms in China has shown a different pattern of international technological division of

labour among China, Taiwan and Japan. Emerging Taiwanese EMS firms demonstrate the new

division of labour in the case of electronic manufacturing firms.

For the analysis, this paper focuses on researching the status quo of the LCD production

industry. LCDs were first developed in Germany and the US, but Japan led those countries in the

product development and manufacturing. However, since the end of the 1990s, Taiwan has been

catching up with its technology and increasing its production volume. Subsequently, Taiwan

started to relocate its production to China.

The empirical study of the LCD industries in Taiwan, Taiwanese EMS in China, and Japan

shows the transitional process of the division of labour among China, Taiwan and Japan. For

analytical purposes, the LCD parts are broken down into parts. Based on each part, the technology

accumulation process, production location and ownership are evaluated.

First, this paper seeks a theoretical framework of technology accumulation and international

division of labour. In recent years, there has been increased interest in these issues. Technology

accumulation plays a central role in economic development. Then, the international division of

labour in production involves the geographical separation of different production stages across

countries. Based on these two theoretical frameworks, the second part of this paper examines how

the LCD technology was accumulated in Japan, Taiwan and China. Through the accumulation

processes, this paper tries to analyse the international division of labour among these countries.

Ⅱ．THEORETICAL FRAMEWORK

An LCD is a projection panel that allows colour output on a large screen without using colour

transparencies. The LCD technology was first invented in Germany in the 1960s and then de-

veloped in the US. In Japan, the LCD technology was developed as products in the 1980s and

1990s. At that time, Japan led the product development and manufacturing. However, since the

end of the 1990s, Taiwan has been catching up with its technology and increasing its production

volume. Then, Taiwan started to relocate its production to China.

As shown in Figure 1, the production share of LCDs in the 1990s was dominated by Japan, but

Taiwan and Korea caught up from the late 1990s. Early in the 2000s, LCD production in Japan

declined while that in Taiwan and Korea rose. About the same time, the relocation of Taiwanese

LCD production to China was accelerated. In this paper, the Japanese, Taiwanese and Chinese

cases will be considered. Although Korea is a big player in LCDs, as this paper focuses on the

international division of labour, the Korean case will be analysed in a separate paper.

A product invented in one area will move away from its point of origin after the product has

been adopted and used in the world market (Vernon, 1966). Then, the product will move away to

another location. The Vernon theory suggests that early in a product’s life cycle all the parts and
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labour associated with that product will come from the area in which it was invented. After the

product has become adopted and used in the world markets, the production gradually moves away

from the point of origin. In some situations, the product becomes an item that is imported by its

original country of invention. A commonly used example of this is invention, growth and produc-

tion (Vernon, 1966).

Technology transfer and international division of labour in automobile parts production were

reviewed by Li and Sadoi ( 2008 ) . Their paper examined the technological division of labour

between Japan, Taiwan and China through an empirical survey of body, electronic and engine

parts. Figure 2 shows the processes and years of the technology transfer of automobile parts from

Japan to Taiwan and from Taiwan to China.

As shown in Figure 2, automobile parts production was transferred from Japan to Taiwan in

the early phase, body parts in the 1960s, electric parts in the 1970s and engine parts in the 1960s.

Then, the Taiwanese auto parts production invested in China in the 1990s. It took 20 to 30 years

to move forward from Taiwan to China.

The major reasons for the timing of the transfer from Taiwan to China were more political than

economic or business on the part of both the Taiwanese and the Chinese Government. On the

Taiwanese side, in 1990, the Taiwanese Government passed legislation permitting indirect invest-

ment and technological assistance to China via a third country. At about the same time, in 1994,

the Chinese Government officially proclaimed its automobile industry development policy for the

first time. Therefore, the transfer from Taiwan to China accelerated in the middle of the 1990s.

There was direct and indirect involvement of Japan in the transfer from Taiwan to China.

Japanese enterprises play several important roles in Taiwanese investments in China. Zhu (2005)

showed that the first role is that of capital involvement, as joint venture partners and to provide

management and technological assistance. The second is that Japanese joint venture firms in

Taiwan transplant and set up production sites in China. In that case, the Japanese technologies

that were transferred to Taiwan were retransferred to China. Consequently, Taiwanese firms
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Figure 1．Production Share of LCDs by Country (Unit %)
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play the role of transferring Japanese technology to China.

As Vernon (1966) pointed out, in the new product stage, the product is produced and con-

sumed in the US ; no export trade occurs. In the maturing product stage, mass-production techni-

ques are developed and the foreign demand ( in developed countries ) expands ; the US now

exports the product to other developed countries. In the standardized product stage, production

moves to developing countries, which then export the product to developed countries. The

product cycle model demonstrates a dynamic comparative advantage. The country that has the

comparative advantage in the production of the product changes from the innovating (developed)

country to the developing countries ( Vernon, 1966 ) . The model applies to labour-saving and

capital-using products shifting from high-income groups.

However, the emergence of EMSs transformed the product cycle speed and the processes

drastically. Kobayashi (2003) pointed out that the speed of the product cycle differs before and

after the year 2000. After the year 2000, globalization progressed in many ways and the globaliza-
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Figure 2．Technology Transfer of Automobile Parts among Japan, Taiwan and China
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tion caused the turning point for a faster pace of the product cycle among countries. The develop-

ment of the electrical industry shows that the ladder type of industrial development among

countries modelled by Vernon (1966) really occurred before the mid-1990s, but since then has

been gradually flattened out by globalization (Friedman, 2006).

In the case of the electronic appliance industry, Japan introduced the technology from the

United States in the 1950s, and has been leading the catching-up countries, such as Taiwan, Korea

and the ASEAN states, in developing the electronic appliance industry for re-exporting to the

United States and the rest of world since the 1960s. This ladder type of industrial development is

in accordance with the predictions of Vernon’s models.

In the case of the DRAM industry, the USA led its development in the 1970s and 1980s. Then

the DRAM industry evolved to Japan in the 1990s and to Korea and Taiwan in the 2000s. These

changes have corresponded to the order of entry into the industry (Lee & Yoon, 2010).

Rasiah et al. (2010) examined the drivers of technological catch-up in the integrated circuits

industry in Taiwan and China by using the evolutionary framework of inductive screening. It

showed that IC manufacturing began with multinational relocating of export-oriented assembly

operations in the 1960s in Taiwan and in the 1980s in China, but serious technological catching-up

took place when local firms began to participate in wafer fabrication and designing activities. It

argued that the role of the government, through funding, research and development and the

development of human capital, was critical in local firms’ technological catch-up process in both

Taiwan and China (Rasiah et al., 2010).

As shown in the above cases, is it possible to say that the time period for flattening the ladder

type of development would be in accordance with that of globalization in the 1990s, with the

argument “the world is flat” by Friedman (2006), and that the adaptability of the product cycle

model (Vernon, 1966) had been compressed ?

In the case of automobile parts production, not only are both technological change and institu-

tional change basic keys for evolution, but they also have much in common. Increasing returns are

an essential ingredient to both. The perceptions of the actors play a more central role in institu-

tional than in technological change because ideological beliefs influence the subjective contraction

of the models that determine choices (North, 1990, p. 103).

Thus, the research questions of the paper are : Is the flattening of world by globalization

shortening the relocation speed ? What explains the differences in the relocation speed in indus-

tries, such as the automobile and LCD industries ? How does the LCD industry differ in the

international division of labour and in the product architecture ?

Ⅲ．EMPIRICAL STUDY OF LCD PRODUCTION

LCD production was transferred to Taiwan at the end of the 1990s. Taiwanese manufacturers

obtained the LCD production technology as a result of M&A and technology agreements with
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Japanese LCD makers. Table 1 shows the joint ventures for LCD production between Japan and

Taiwan. As shown in Table 1, Mitsubishi Electric established an agreement with Chunghwa

Picture Tubes Ltd. in 1997 and started to produce LCDs in Taiwan in 1999. As shown in Table 1,

six LCD producers in Taiwan worked with Japanese partners during 1997 to 1999 to prepare LCD

production. After one or two years of production preparation, from 1999 to 2001, six Taiwanese

producers started mass production in Taiwan.

Soon afterwards, Taiwanese LCD makers began production in China. As shown in Table 2,

AUO started its production plant in 2002 to produce LCDs for notebook monitors. Following AUO,

four Taiwanese LCD manufacturers started production plants in China year by year as shown in

Table 2.

In order to examine the technology transfer processes in more detail, the major components of

LCDs were examined to analyse the catch-up process of LCD production from Japan to Taiwan,

then later from Taiwan to China. From the cost analysis of LCDs, shown in Table 3, major parts

were selected for the analysis. These are colour filters, polarizers, mother glass, backlights and

driver ICs. This paper focuses on those five major parts for analysis.
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Table 1．Technology Collaboration on LCDs between Japan and Taiwan

Japan Taiwan Generation Agreement
Started

mass
production

Shareholder Products

Mitsubishi/ADI
Chunghwa
Picture
Tubes Ltd.

3 1997 1999.5 Tatung Co.
Home
appliances,
monitors

Toshiba
HannStar Display
Corporation

3 1998.3 2000.3
Walsin
Lihwa

Electric
wire, ase-
miconduc-
tors

IBM Japan
Acer Display
Technology, Inc

3.5 1998.3 1999.7 Acer
PC, IT
production

Matsushita/
Panasonic

Unipac
Optoelectronics
Corporation

3.5 1998 1999.10 UMA
semicon-

ductors

N/A
Chimei Opto
Electionics Corp

3.5 N/A 1999.10 CMO
ABS resin,
chemical

production

Sharp
Quanta Display
Corp

3.5 1999.5 2001.3 QUANTA
Notebook
PCs

Source : By the authors ; data compiled from the Taiwan Industrial Development Plan 1992-2004 and newspapers
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Table 3．Major LCD Parts and Cost Analysis

Item Prime cost Percentage

Colour filter 13%

Parts and material 51%

Polarizer 6%

Mother glass 10%

Backlight 8%

Driver IC 9%

Cell process material 2%

Glass 1%

Other material 2%

Depreciation 13%

Other costs 49%

Machinery 6%

Other 16%

Sales cost 8%

Royalty 6%

Source : WANG (2003) p. 242

Table 2．Taiwanese LCD Manufacturing in China

Maker Location
Mass production

year
Production capacity

(month)
Products

AUO

Suzhou 2002Q2 4,000 k Notebook monitors

Amoy 2006 5,000 k TV display

Shanghai 2004Q3 2,000 k Notebooks

CMO
Ningbo 2005Q4 2,150 k Notebook monitors

Foshan 2007Q2 667 k TV display

CPT

Wu Jiang 2002Q3 1,200 k TV display

Fuzhou 2004Q4 640 k Notebook monitors

Fuqing 2004Q4 500 k Monitors

Shenzhen 2006Q3 100 k TV display

Shenzhen 2007Q1 200 k TV display

Hannstar
Nanjing 2002Q2 700 k Monitors

Wuhan 2005Q4 300 k Monitors

Innolux Shenzhen 2005Q3 850 k Monitors

Source : By the authors ; data compiled from the Taiwan Industrial Development Plan 1992-2004 and newspapers



Colour filters

Colour filters share about 13% of the total and 20% of the material and parts cost. As they

contain the largest part of the material cost, eight colour filter makers have been located in Taiwan

from the beginning of LCD production. Table 4 shows the Taiwanese colour filter manufacturers.

As shown here, all the colour filter makers were established after 1990, concentrated at the end of

the 1990s. Six out of the eight were established at the same time that LCD production manufactur-

ers became established in Taiwan.

For instance, in May 2000, Dai Nippon Printing Co. Ltd. signed a technology agreement con-

tract for colour filters for LCDs with SinTec Taiwan. Dai Nippon Printing Co. Ltd with SinTec was

the first Japanese colour filter manufacturer in Taiwan. Colour filter technology was transferred

by Dai Nippon Printing Co. Ltd. in three ways : sending technical advisors to SinTec, receiving

engineers and operators for training at DNP Japan and providing technologies and know-how

regarding the manufacturing process, production and management technology, and a quality

assurance system.

In the beginning, eight colour filter manufacturers set up production in the early 2000s ;
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Table 4．Establishment of Colour Filter Makers in Taiwan

Company Year Generation Size
Production

(K)
Start

production
Partner In-house

Wintek
Corporation

1990 1 370x×480 30 2000Q2
Tottori
Sanyo

STN-LCD

Cando
Corporation

1994
3.5 620×750 40 2001Q1

STI TFT-LCD
4 730×950 50 2001Q4

HannsTouch
Solution
Incorporated

1997 3 550×650 25 2000Q3 IBM Japan

TFT-LCD
3.5 620×750 60 2001Q2

Dai
Nippon
Print

4 680×880 70 2002Q2
In-house
R&D

CMO 1997
2 370×470 20 1999Q2 In-house

R&D
In-house

3.5 620×750 30 1999Q4

宏東洋 1999 2 370×480 20 2001Q2 IBM Japan

Chang Yih
Technology
Co., Ltd

2000
1 300×370 15 2000Q3

Tottori
Sanyo

STN-LCD
2 370×480 30 2000Q3

Material
Technology
Corporation

2000 3.5 650×750 80 2001Q1 Toppan TFT-LCD

Taiwan
Toppan

2000 4 680×880 20 2001Q2 Toppan TFT-LCD

Source : Wang (2003)



however, in the second half of the 2000s, colour filter production was brought back to LCD

manufacturers as in-house production. The shift to in-house production was mainly for cost

reduction purposes of LCD makers. LCD manufacturers in Taiwan and South Korea shifted to in-

house production when new production lines were constructed.

The shift to in-house had a strong impact on the colour filter manufacturer. Moreover, affected

by the financial crisis in 2008, the production volume of colour filter panels decreased. The

production of colour filters in-house will continue for cost management purposes in Taiwan in the

future. On the other hand, in-house colour filter panel manufacturers in China are still small ;

Taiwanese manufacturers are hoping to enter the Chinese market in order to ensure their produc-

tion. Since the sixth generation, the ratio of in-house production reached 73% and that of outsourc-

ing 27% in 2007.

As shown in Figure 3, Japanese colour filter makers actively transferred technology to Taiwan

in the early 2000s by technology agreements and subsidiary companies. There was no transfer to

China from Taiwan, but one case from Japan to China.

a．Polarizers

Polarizers are optical films, two of which are used for every LCD. They change an element of

natural light to linearly polarized light. The production of polarizers requires an upper process

and a lower process. The upper process requires TAC film and PVA film coating processes, which

are specified as high-level technology. The lower process can be applied to other liquid crystal

industries.

The difficulties in manufacturing polarizers stem from the TAC film and PCA film technologies.

Japanese makers, Nitto Denko and Kurare, dominate this technology. In addition, Japanese mak-
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Figure 3．Technology Transfer Process of Colour Filters
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ers have a technological advantage in the material for TAC film technology.

Table 5 shows the entry process of polarizer manufacturers in Taiwan. Seven polarizer

makers started production following M&A or technology agreements with Japanese, US and

Korean makers.

Table 6 and Figure 4 show how Taiwanese polarizer makers started production in Taiwan and

relocated their production to China. The case of Otimax Technology Corporation shows the use of

Japanese technology transferred in 1998 and 2000, expanding its Taiwanese production. In 2007, it

opened a plant in China to expand its production volume. On the other hand, Acer Media Technol-

ogy did not receive technology from Japan, but span off from Acer and later started production in

China.
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Table 5．Entry of Taiwan’s Polarizer Makers

Makers
Produced energy

(M)
Year of mass

production
Models

Technological
cooperation

Jantex Technology 1000 K 2000Q3
TN-LCD
STN-LCD

Arlite

Xxcitek-inc 125 K 2001Q3 TFT-LCD Kokam

Taiwan Fertilizer
Company

720 K 2001Q2 TFT-LCD MDS

Optimax Technology 3600 K 1999Q3
TN-LCD
STN-LCD
TFT-LCD

SANRIZ (CML)

Nitto Denko
(Taiwan)
Corporation

10 KPCS 2000Q2 TFT-LCD SANRIZ (CML)

Nantze Printing
Industrial Co., Ltd.

180 PCS
（as of 2000Q1）

2000Q1
TN-LCD
STN-LCD
TFT-LCD

Sumitomo
Chemical (CML)

Taiwan Panac
Co., Ltd.

STN-LCD SANRIZ (CML)

Taiwan Corning
Incorporated

333 2001Q2 TFT-LCD Corning

China Optoelectronics
Technology Corp.

550 2003 TFT-LCD N/A

Maxchip Electrics
Corp

180 2002
STN-LCD
TFT-LCD

EPT

Enttek Co., Ltd 420 2002Q1 TFT-LCD
Asahi Glass
Company

Picvue Electronics,
Ltd

150 2003Q1 TFT-LCD
independently
developed

Source : Taiwan industrial technology research institute OCIID/MOEA Plan 2003
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Table 6．Polarizer Production Processes among Japan, Taiwan and China

Makers Year Production base in China

Optimax Technology Corporation
(established in 1998/3/3)

1998/4 Technology transferred from Sanritz Japan

2000/10
TFT-LCD polarizer technology transferred from
Sanritz Japan

2004/8 Project 1 at Taiwan Science Park started operation

2005/11 Project 2 at Taiwan Science Park started operation

2007/12 Suzhou China plant started operation

Acer Media Technology Inc
(established in 1998)

2000
Spin off from Acer in 2000
and changed the name to Da-Xin

2002 Considered starting to develop the polarizer business

2003/10 Production line Project 1 started operation

2004/5 Suzhou China factory was established

2005 Production line Project 2 started operation

2005/10
Suzhou China factory started mass production of
polarizers

Nippon Denko 2005 Established Suzhou China plant

Source : By the authors ; data compiled from the Taiwan industrial technology research institute OCIID/MOEA

Plan 2003 and newspapers

Figure 4．Technology Transfer Process of Polarizers

Source : By authors



b．Mother glass

At the beginning of LCD production, US and Japanese makers’ mother glass production was

dominant. Mother glass shares about 20% of the total cost of LCDs, which is the second largest

cost followed by colour filters. The transportation risk of mother glass is high, as well as that of

production machinery. As the mother glass is bulky and fragile to transport, it is important to

produce close to LCD plants. Mother glass production is a capital-intensive form of production.

In 2000, Asahi Glass of Japan and a maker of glass substrate in the city of Douliou Yunlin in

central Taiwan decided to establish a new company to manufacture non-alkali glass substrate for

TFT-LCDs. It was a 100% owned subsidiary of Asahi Glass, Co., Ltd. with capital of 3 billion yen.

From the end of 2001, it started to manufacture non-alkali glass substrate for TFT-LCDs.

According to the increasing demand of the domestic market in Taiwan, Asahi Glass conducted

the construction of four kilns and glass production lines for the expansion of glass processing.

Asahi Glass constructed an integrated production system from raw material to finished products

of glass substrate in Taiwan by 2008. To meet the further demand, the production capacity was

doubled in Taiwan LED lighting in 2012.

Table 8 and Figure 6 show the technology transfer process of mother glass in Taiwan. As
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Table 7．Development of Mother Glass Makers in Taiwan

Makers Capacity Mass production Model
Technological

cooperation

Taiwan Corning Incorporated 333 2001Q2 TFT-LCD Corning

China Optoelectronics
Technology Corp.

550 TFT-LCD N/A

Maxchip Electrics Corp 180
STN-LCD
TFT-LCD

EPT（Germany）
EPT
（Germany）

Enttek Co., Ltd 420 TFT-LCD
Asahi Glass
Company

Asahi Glass
Company

Picvue Electronics, Ltd 150 TFT-LCD
independently
developed

Source : Ministry of Economic Affairs R. O. C. (Taiwan Display Yearbook 2009)

Figure 5．World Production Share of Mother Glass (2008)

Source : Ministry of Economic Affairs R. O. C. (Taiwan Display Yearbook 2009)



mother glass production is dominated by Japanese makers, as shown in Figure 5, mother glass has

not yet transferred its production to China.

c．Backlights

The backlight is the part of LCDs that is highest in cost, as shown in Table 1. As it has the

largest share in the production cost and is a promising industry, the technological development

speed is the fastest among the five LCD major parts. The technological level of backlights is not so

high, so most of the production in Taiwan started following technology assistance agreements with

Japanese firms.

Early in the development of the LCD industry, the manufacturing technology of the backlight
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Table 8．Mother Glass Makers and Production Facilities

Makers Mother Glass Facility in Taiwan

Corning Japan
7.5 class
8 class

22 production plants
Producing mother glass from manufacturing project
to CML project in Taichung park

Asahi Glass Company 7.5 class 4 production plants

Nippon Electric Glass Imported from Japan 4 CML production lines

Avanstrate
4 class
5 class

Late comer. Produces more colour filters than mother
glass

Source : Taiwan TFT-LCD Yearbook 2009.

Figure 6．Technology Transfer Process of Mother Glass

Source : By the authors



was held by the Japanese makers. However, as South Korea and Taiwan became leading produc-

ers of large-sized LCD panels, Japanese manufacturers of backlights invested in Taiwan and South

Korea. Then, manufacturers in Taiwan and South Korea established production lines by technical

cooperation with and technology transfer from Japanese manufacturers, but over the years they

finally exceeded the production volume of Japan. The backlight parts production in Taiwan and

South Korea has the highest self-sufficiency rate among the LCD parts.

TV backlight manufacturers in Korea, with a focus on new technology and materials, achieved

the world’s top manufacturing technology. Taiwan, on the other hand, is strong in the production

of small and medium-sized backlights, having benefits in cost.

Table 9 shows the backlight makers in Taiwan and Table 10 shows their production plants in

China.
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Table 9．Back Light Makers in Taiwan (2008)

Makers Facility in Taiwan

Coretronic Corporation Taiwan maker, Sony, Samsung, LG

Radiant Opto-Electronics Taiwan maker, Samsung, LG

Forhouse Corporation AUO

Taiwan Nano Electro-Optical Technology AUO

Kenmos Technology CMO

Source : by the authors ; data compiled from theTaiwan TFT-LCD Yearbook 2009

Table 10．Back Light Production Plants in China

Makers Year Production plants in China

Coretronic

2002/9 Established backlight company ‘Can-Yu’ in Suzhou

2004/3 Established backlight company ‘Yang-Xin’ in Suzhou

2005/5
Established backlight company ‘Yang-Li’ in Suzhou
Established backlight company ‘Can-Yu’ in Shanghai, Nanjing, Ningbo

2006/5 Established backlight company ‘Can-Fe’ Coptics in Suzhou

2007/7 Established backlight company ‘Yang-Xu’ Coptics in Suzhou

2007/11 Established ‘Can-Yu’ Copticsin Canton

2008/3 Established ‘Yang-Xu’ Coptics in Canton

Radiant
Opto-Electronics

2001 Established a branch office in Suzhou-Wu Jiang

2003 Established a branch office in Nanjing

2007 Established ‘Radiant Coptics’ in Suzhou

Forhouse 2003
Established a branch office in Suzhou-Wu Jiang

Established ‘Kun Sin’ in Suzhou

Source : by the authors ; data compiled from the Taiwan TFT-LCD Yearbook 2009



d．Driver ICs

Driver ICs are the most matured parts of LCDs in Taiwan. As Taiwan has a high IC produc-

tion base, it was capable of developing and manufacturing driver ICs at the beginning of the stage

without any M&As and technological cooperation from Japan, as shown in Figure 8.

TECHNOLOGY ACCUMULATION AND THE DIVISION OF LABOUR 23

Figure 7．Technology Transfer Process of Backlights

Source : By the authors

Figure 8．Technology Transfer Process of Driver ICs

Source : By the authors



Ⅳ．SURVEY RESULT AND DISCUSSION

Five major parts of LCDs were examined and showed the patterns of technology transfer

processes among Japan, Taiwan and China. In summary, the speed of technology transfer from

one to another is much faster in the case of LCDs than in the case of automobile parts. Figure 9

shows the sum of the catch-up speed of the automobile and LCD parts. It crudely shows that the

role of Taiwan affected the large differences in the process and speed of technology relocation. It

shows that Taiwan played an important role in achieving a faster catch-up speed than that of

automobile parts.

How can we explain the change in the Taiwanese role ? What is the reason for the fast catch-

up speed realized in LCD production relocation ?

It can be explained by product architecture theory, regarding modular or integral technology.

Fujimoto (2003) classified product architectures into two broad categories : modular/integral and

open/closed. An open modular architecture is faster than a closed integral architecture in catch-

up speed (Shintaku & Park, 2012). For modular technology, any firm may participate in the

market, because the barriers to entry are low and the speed of technological adaptation is very

fast. On the other hand, the speed of integral technology implementation is quite slow (Fujimoto,

2003). From the product architecture’s standpoint, the patterns of the twenty-first century inter-

national specialization suggest two types of implementation speed difference in the global market

(Shintaku et al., 2006). Any industry with an open modular product/process architecture for its

products achieves relatively rapid catch-up, while a closed integral architecture requires a much
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Figure 9．Comparison of the Catch-Up Speed of Automobile Parts and

LCD Parts

Source : By the authors



longer catch-up period ( Shintaku & Park, 2012 ) . LCDs are an open modular product while

automobile parts, especially engine parts, have a closed integral architecture.

Another explanation is that the LCDs are produced by metanational companies. Metanational

companies operate on a new paradigm. They do not derive their competitive advantage from their

home country, or from a set of national subsidiaries. Metanationals view the world as a global

canvas dotted with pockets of technology, market intelligence, and capabilities (Doz, Santos, &

Williamson, 2001). From the mid-1990s, Korea and Taiwan’s LCD industry grew rapidly and their

companies grew to reach a metanational concept of management and supply chain. While the

Korean and Taiwanese LCD industry grew to be metanational, the Japanese LCD equipment and

parts makers became massive suppliers of parts and materials as well as equipment. Japan plays a

role in providing a foundation that supports the LCD industry (Shintaku et. al, 2006). Metanation-

als do not try to prosper by sharing knowledge and best practices across the world. Instead, they

look for untapped pockets of knowledge around the world (Doz et al., 2001). Therefore, unlike

Japanese companies, metanationals do not transfer technology or develop human resources, but

procure what they can.

Taiwan’s institutional background can explain the fast catch-up speed of LCD. There were two

main government policies to encourage the LCD industry, by enacting laws and the establishment

of the Industrial Technology Research Institute (ITRI), a public entity that incubates new technol-

ogy and releases the incubated technology to private sectors. In 1974, the Taiwanese Government

started to establish the ITRI to restructure and upgrade Taiwan’s industrial technology by focus-

ing on semi-conductor technology development. At that time, semi-conductor technology was

selected for reinforcement. LCD technology was not selected because of the limited financial

resources. The role of the ITRI was important in enhancing the technological background of

Taiwan, which made the catch-up speed the highest possible.

When Japanese LCDs started to be transplanted to Taiwan at the end of the 1990s, Taiwan had

technological capability established by its institutional background. Japanese companies suffered

a large amount of damage from the Asian financial crisis in 1997. Therefore, they decided to

relocate downstream manufacturing to low-cost countries. At that time, Korean firms were close

followers of the leading Japanese LCD makers. Japanese companies responded by transferring

operations to Taiwanese firms, starting with the Mitsubishi Group ADI, a joint FPD production

venture between Asahi Glass and Mitsubishi to sponsor 3G in Taiwan in collaboration with

Chunghawa Picture Tubes (CPT) rather than building in Japan (Murtha et al., 2001). Human

resource development for Taiwanese operators and engineers was conducted in Japan. Japanese

companies resisted transferring technology until then (Shintaku & Park, 2012). However, once

ADI moved to Taiwan in 1999, other Japanese LCD makers rushed to follow, as shown in Table 1.
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Ⅴ．CONCLUSION

This paper analysed the technology accumulation and international division of labour among

Japan, Taiwan and China in the LCD industry in comparison with the case of automobile parts.

Technological accumulation is an important issue for developed and catching-up countries.

In the case of automobile parts, relocation from Japan to Taiwan occurred in the 1960s, and

from Taiwan to China in the 1990s. From the analysis of major parts, body, electrics and engine

parts, after Taiwan obtained the production technology as a result of joint ventures and technolo-

gy agreements with Japanese firms, it took more than 30 years to transfer it to China. However,

the case of LCDs showed extreme speed of relocation to China, just one year each between Japan

to Taiwan and Taiwan to China. Beside the political situation between China and Taiwan, the

differences in speed and timing are radical.

This paper tried to analyse the reason for the differences in catch-up speed from three perspec-

tives : product architecture theory, the metanational concept and the institutional background of

Taiwan. From the product architecture theory, the open module type LCD vs. the close integral

type automobile explained the fast catch-up speed for obtaining and relocating technology by

Taiwan. The metanational concept showed the differences in the concept of technology transfer

from that of Japan. LCD manufacturers are becoming metanational enterprises with a non-nation-

al concept of production base, searching for better locations without the concept of transferring

their original knowledge and technology. The third point explains Taiwan’s institutional point of

view. Taiwan’s technological capability was built by national technology upgrading policies intro-

duced since the 1970s. One strong case of the ITRI showed that Taiwan already has high enough

technology to catch up and expand its production the metanational way.

This paper also showed the differences in the management strategy of Taiwanese LCD part

makers in order to maintain international competitiveness in the industry with China. As shown

in the automobile case, Taiwan tries to select parts to transfer China. Further research on this

issue will be necessary using the five major LCD parts cases.
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