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Abstract

High-end product manufacturing process of semiconductors is
developing towards an increasingly smaller and refined direction, with chip
design and function being increasingly complicated, and performance
requirements of inspection equipment increasingly sophisticated. It is
expected that in the process of developing towards the 18-inche chip, the
requirements of global semiconductor customers for inspection equipment
will be ever stricter. Hermes Microvision, Inc. (HMI) is the leader in the
industry of E-beam inspection equipment, while KLA-Tencor Corporation is
the market leader in high-end optical inspection ‘equipment. At present,
Taiwan’s semiconductor equipment manufacturers have not yet entered the
market for high-end semiconductor optical inspection processing equipment;
there is still quite a gap in technology between domestic manufacturers and
foreign major manufacturers. In the technical aspect of semiconductor
inspection key processing equipment, the technical content of domestic
semiconductor equipment manufacturers in high-end key inspection
equipment like laser source and optical processing key module is still

relatively low.

Major competitors in the industry of global semiconductor inspection
equipment are the United States, Japan, Taiwan and South Korea, especially
the United States and Japan, are leaders in the industry, whether in industrial
technology or global market share.It is estimated that the revenues will be
USS$ 3.09 billion in 2016, with annual growth rate of about 8.5%. Among the
main manufacturing countries of semiconductor inspection equipment in 2015,
the global revenues of relevant equipment manufacturers in the United States

accounted for 40.3%, those in Japan accounted for 24.2%, and those in
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Taiwan accounted for 7.3%. In market shares of main semiconductor
inspection equipment demands in 2015, South Korea, Taiwan and China were
among the global top three, the demand market size of South Korea held the
first place in the world, with global market share of about 23.5%, market

shares of Taiwan and China were 23.0% and 16.6% respectively.

Taiwan’s semiconductor equipment and component industry is growing
increasingly, which has increasing importance to the domestic semiconductor
industry supply chain. In the process of developing towards the 18-inche
chip, manufacturing and equipment suppliers may develop towards the
oligopolistic trend. The current scale of global semiconductor inspection
equipment is around-NT$ 100 billion, Taiwan’s scale is about NT$ 23 billion.
The main subjects in domestic development of high-end inspection processing

equipment are as follows:

1. Improvement of defect-free rate

In the semiconductor manufacturing industry, the quality at delivery is a
link highly valued by customers, it is also related to the business reputation
of the manufacturer. Therefore, product inspection is indispensable. In
general, electronic products must pass electrical property inspection, as well
as appearance and surface defect inspection. As a result, automated optical
inspection (AOI) equipment is widely applied in the inspection operation of
various industries, especially in fields such as IC industry, printed circuit
board (PCB/IC substrate) and flat panel display (FPD). Take the 3D IC
industry for example, defect-free rate after bonding is an important key.
Abnormal defect-free rate often occurs in cases like miss alignment or
hot-pressing bonding contact abnormality. The adoption of AOI to assist in
the analysis of the cause is thus an important way to improve the defect-free

rate of the manufacturing process. AOI is an image analyzer, which can
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automatically provide control signals. The original image with specific
coordinate is captured through an image detector. The image data obtained
will then undergo software computing, processing and characteristic analysis,
and the computational result is outputted in digital or analog mode to assist in
quality judgment of the product when delivery is made. In addition,
automation device is adopted to reduce the error rate of manual inspection
and to effectively reduce the cost. International benchmarking
manufacturers that research, develop and manufacture advanced processing
equipment, such as major international manufacturers that develop photo
equipment, all have optical application departments to be responsible for
inspection and control technology. Therefore, whether through own
technology extension or entrance to optical equipment field via development
of relevant equipment technology of AOI, is of great help to strengthening the

self-technology capabilities and establishing a niche.

2. Shortening of the time for technology R&D .and equipment testing and

verification

Because chip products manufactured by end-use manufacturers have
pressure in supply and delivery time, if trial use of new equipment results in
product defect or scrap, the operation of the production line and operating
profit of the company will be affected, therefore, there are practical
difficulties to purchase products of domestic equipment manufacturers.
According to survey, the discussions about equipment specifications between
domestic semiconductor equipment manufacturers and end users take at least
10 months, and the completion of equipment manufacturing requires over six
months’ time. Finally, it may need 1 to 2 years for the equipment to reach the

end user for test and verification.

Inspection and measurement equipment has a wide application in the
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global semiconductor industry, and research and development technology is
not particularly difficult relative to other equipment types. If domestic
semiconductor equipment manufacturers and end users can work together,
plus research and development technologies of R&D companies and academic
circles, the time for technology R&D, equipment test and validation will be

shortened, thus meeting the needs of semiconductor terminal operators.

3. Increase of equipment added value and establishment of product niche

To meet the coming of the fourth generation of the industrial revolution
and the next generation .of wafer manufacturers, the future trend of
semiconductor process equipment will tend towards IoT and intelligence
development, therefore, improvement of big data analysis capabilities of
domestic equipment manufacturers is imminent. The manufacturing process
of semiconductor involves at least a hundred steps, with enormous volume of
process data generated. If these data can be analyzed to judge which step of
the process defective products occur in, it will help users to reduce the defect
rate. Therefore, strengthening the combination of equipment and software
will make the equipment more competitive. For example, when the AOI
equipment inspects wafer defects, defect data can be classified and analyzed;
this will help users to reduce the occurrence of defective products and to

increase the added value of the equipment.

To cope with the drastic changes in the global semiconductor industry
environment, and to develop the semiconductor high-end inspection
equipment industry, it is very important to explore the strategic trend and
future manufacturer deployment of the industry. At present, various sectors
in Taiwan, whether the industry, government, academic or research
institutions, have realized that the construction of a complete semiconductor

industry supply chain will have a decisive influence to the competitiveness of
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the overall semiconductor industry. However, Taiwan’s development
history of semiconductor inspection equipment industry is much shorter than
that of the United States, the Netherlands and Japan; inspection equipment
from China has also made its way into Taiwan’s supply chain. Furthermore,
Taiwan's own technological foundation is not solid. Therefore, the
competitive pressure of local manufacturers is increasingly burdensome.
The responsibility for supporting the development of local semiconductor
inspection equipment industry can not only rely on enterprises’ own efforts,
the government should play a more active role, like it did for the domestic
foundry industry before. Governmental organizations need to invest more
resources and manpower; together with private enterprises, formulate a set of
comprehensive development strategy, and carry out plans earnestly. Only in
this way can the cultivation of world-class semiconductor inspection

equipment manufacturers be possible.
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