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A Study concerning Early Stage Business Ecosystem in the
Semiconductor Manufacturing Industry

K 4 MIYAKE Kenji

This paper examined the existence of unsatisfied needs in the semiconductor market and
analyzing the optimum scale production on that basis, and examined the formation of a new
business ecosystem that can be centered on SME (Small to Medium Enterprise) & Start-up
companies. Until now, the semiconductor manufacturing industry still aims to pursue the
economy of scale as a whole industry, conduct research and development in a cooperative and
divisional manner toward realization of microfabrication and wafer diameter scale-up according
to ITRS; thereby realizing a robust ecosystem has been formed. However, the rationalization of
sophisticated ecosystems aimed at pursuing the economy of scale has a problem that there is no
ability to respond to demand of small lots. Therefore, the formation and growth of a new
ecosystem centered on a production method that satisfies this, will lead to a change in the
average production cost curve of the industry over the long term; possibly leading to the
formation of a new ecosystem in the industry.

In Chapter 1, I described the background of the research, research method and composition of
the paper as an introduction.

Chapter 2 outlines recent trends in the semiconductor industry and clarifies that there is a
market which is not satisfied with the realization of economies of scale with incremental change
of wafer diameter. In the semiconductor industry, we have responded to the demands for
high-performance and low-cost for huge markets by reducing costs of mass production with
large-diameter wafers. However, as a hindrance to this, small-lot production for the purpose of
prototype manufacture, and such, are expensive and have a long delivery time, I showed that the
larger the diameter is, the more important the alternative production methods and the need for
those methods become. Furthermore, The realization of optimum scale production for small lots
by scaling down of production systems revealed that there may be cases where SME & Start-up
companies can form new business - ecosystems in the semiconductor industry.

In Chapter 3, in order to establish a framework to examine the validity of the above-mentioned
problems, I referred to the example. that in the steel industry, which is a mature industry, And, I
analyzed the case of the mini-mill production method which gained market share by realizing a
scaled down version of its manufacturing system and realization of flexibility in its operations.
As a result, the following points were clarified as factors of the mini mill spread: (1) The scale
down of production system with low capital investment amount, low environmental impact. (2)
Optimal scale production with market scale. (3) Quality improvement by combining with
existing processes.

In Chapter 4, based on the analysis in the previous chapter, I analyzed cases of Ball
Semiconductor Company (Ball), which aimed to scale down the production system in the
semiconductor industry through the innovative process development, but failed, I focused on the
point that it differs from the mini mill case in particular. As a result, there were three
differences: (1) Since the timing of occurrence of innovation was the growth period of the

semiconductor industry, it was aimed at mass production. (2) The main component changed




discontinuously from wafer to silicon sphere, so it is necessary to research and development of
the elemental technologies of the whole manufacturing process. (3) Business ecosystem was not
formed because of few participating companies.

Furthermore, in the current semiconductor industry ecosystem; unlike Ball's activities,
improvement in productivity due to large-scaled products cannot fully satisfy the market needs
and it is shown that the environmental condition is suitable for the appearance of a new
ecosystem. The ITRS activities that towed economies of scale from the growth stage of
semiconductors to the maturity stage was finished, as a result of analyzing the background that
a new roadmap (IRDS) formulation from the viewpoint of the application is being discussed, it
became clear that the possibility of forming a new business ecosystem was different from the
conventional one which is mainly composed of compound semiconductors, MEMS, analog
devices, bio-devices and the like without miniaturization and large diameter wafer.

In Chapter 5, I focus on the minimal fab projects that may establish a new optimal scale
production method that meets the needs of high-mix and low volume production in the
semiconductor industry, and I analyzed how a new business ecosystem is being formed by the
federation of SME by questionnaire survey of companies participating in the project. As a result,
it became clear that the business ecosystem of the minimal fab could be promoted by the
following three points: (1) The establishment of industry-academia collaborative consortium,
companies that have core technologies oriented towards open innovation will gather from a wide.
(2) By establishing consensus standards at an early stage, early development of a system that
allows each entity to divide up technological development efficiently while making full use of its
strengths. (3) Existence of strong leaders with project management skills and concept planning
skills

In Chapter 6 and Chapter 7, I analyzed the internal conditions required of participating
companies by analyzing the strategy and organizational capabilities of companies belonging to
the business ecosystem in the early stages. The object of analysis is PMT Co., Ltd. who was in
charge of developing a mask-less exposure equipment for the minimal fab.

The analysis in Chapter 6 examines the validity of the strategy hypothesis derived from the
case analysis of Ball in Chapter 4. As a target of verification, I analyzed PMT which started
foundry service of semiconductor prototyping. The targeted prototype semiconductor by PMT is
supposed to be a compound semiconductor, MEMS, biotechnology device, etc. that does not follow
ITRS. Making the mask is the most costly and time-consuming activity in prototype cost. It
became clear that the PMT realized short delivery time and low cost by using the hybrid process
between photolithography process with the mask-less exposure equipment for the minimal fab
developed by PMT and existing equipment for other processes.

Also, in order for the formation of business ecosystems to progress steadily, we must have
enough organizational capacity so that each of the parties concerned can absorb, utilize
externally knowledge effectively, and promote development along the entire development
roadmap.

Therefore, Chapter 7 discussed the Absorptive Capacity that is the basis of promoting open
innovation. First, I developed a framework for quantitative assessment of Absorptive Capacity,
and investigated the factors that PMT was able to successfully develop the mask-less exposure
equipment, in comparison with Ball. As a result, it was clear that it is essential to have the
ability to properly utilize external knowledge in light of the degree of in-house Absorptive
Capacity at the time of development. This kind of information is shared by a group of companies




expected to compose a business ecosystem, so that cooperation within the ecosystem becomes
active; thus, progress of sharing of knowledge also, shown innovation that leads to a more
rational and innovative ecosystem.

Finally, in Chapter 8, as a summary of this research, I showed that just as mini-mill in the
steel industry case could prove, the semiconductor industry could also follow the same example.
Thus, it is possible to form a business ecosystem centered on a new optimal scale production
method. And in order to realize this, it is essential to strengthen mutual complementary
relationships between strategic cooperation of each participating entity and competence
reflecting the difference in Absorptive Capacity of each entity.

In addition, although this study was limited to business ecosystem related to semiconductor
manufacturing, based on recent trends in IRDS, I pointed out that consideration of a broader
business and ecosystem including the application will lead to the development of this research.
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