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SUMMARY Today, practical semiconductor products are an integral
part of our lives and the infrastructure of society, and this trend will con-
tinue in the future. New areas of application will expand into medical,
environmental, and agriculture (food)-related fields in addition to the con-
ventional information and communication technology (ICT)-related field.
Low-cost semiconductor devices with advanced functions have thus far
been realized by miniaturization. However, we are now approaching the
physical limit of miniaturization, and also, the investment required for
new semiconductor manufacturing facilities has become huge. Under such
circumstances, we propose an approach based on semiconductor devices
called microcube chips and ideas of semiconductor development, i.e., agile
integration and “inch-fab.” Our approach is expected to contribute to ex-
panding the range of companies that can fabricate semiconductor devices
to include small-size companies, exploring new applications of semicon-
ductor devices, and providing a wide variety of semiconductor devices at a
low cost from the semiconductor industry.
key words: microcube chip, agile integration, inch-fab

1. Introduction

Semiconductor devices are now used for various applica-
tions at home and in society’s infrastructure; modern soci-
ety cannot function without semiconductor devices. It goes
without saying that semiconductor devices are indispensable
to human society and in conserving the global environment.

According to Moore’s law, used in roadmaps of semi-
conductor, transistors per unit area that can be placed on
an IC increases exponentially with time. By extrapolating
the prediction in the International Technology Roadmap for
Semiconductors (ITRS) up to 2025 on the basis of Moore’s
law, it is expected that the metal 1 (M1) half-pitch of semi-
conductor devices will be reduced to 8 nm by miniaturiza-
tion. Conventionally, the increased integration of transistors
and improvements in their performance and functions have
been the driving forces of miniaturization. As of 2010, a
performance equivalent to 100 giga operations per second
(GOPS), which exceeds that of a large-scale computer a
decade ago, has been realized by a system on a chip (SoC).
If the trend of miniaturization of semiconductor devices
continues in the future, the computing power of a moder-
ately priced computer will become comparable to the human
computing power of the total population on earth by 2050
(Fig. 1) [1]. In the future, anti-aging measures and food fac-
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Fig. 1 Exponential growth of computing in 20th and 21st century [1].

tories enabling the mass production of cheap food may be
realized by biotechnology. Also, nanoscale robots consist-
ing of molecules artificially synthesized by nanotechnology
may support human society.

Continuous technological development related to the
miniaturization of semiconductor devices has been the driv-
ing force behind the creation of new applications of semi-
conductor products. However, improvements in the perfor-
mance and functions achieved by miniaturization and the
trend toward low-price devices may reach a plateau because
of a significant increase in the amount of labor required for
design as a result of the increased circuit scale and the rising
price of equipment used in leading-edge microfabrication.
Moreover, it is necessary to reduce the energy and resources
consumed at every stage in the life of a semiconductor de-
vice from design and production to application so that hu-
man society and the global environment can continue to ben-
efit from semiconductor devices in the future. Under such
circumstances, a wide variety of semiconductor devices will
be required to control the products related to their applica-
tions, such as robotics and artificial intelligence. As we face
the limit of miniaturization from the viewpoint of semicon-
ductor technology, it will be necessary to discuss what type
of semiconductor devices we should fabricate and how they
should be fabricated in the future.

In this paper, an approach based on microcube chips,
agile integration, and “inch-fab” is proposed as a break-
through for various fields such as environmental, medical,
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and food-related fields, which are expected to become fu-
ture markets of semiconductor devices.

2. Microcube Chips

In addition to improving the performance and functions
of semiconductor devices by exponentially increasing the
number of transistors per unit area on chips as an exten-
sion of the conventional method of miniaturization, the fol-
lowing new direction is also considered. Namely, LSIs are
miniaturized while maintaining a sufficient number of tran-
sistors on a chip, since such semiconductor devices for gen-
eral users will enter the market in massive numbers at an
extremely low price. In an era of ubiquitous networks, the
services realized by application software operating on large-
scale network systems will provide value for users, and LSIs
themselves will not be the main source of profits. The
volume-based market of practical semiconductor products
is predicted to continuously shift from developed countries
to developing countries (Fig. 2) [2]. Therefore, further de-
creases in price are desired. In other words, a trend toward
the reduction of chip size as a result of the miniaturization
of transistors is expected to occur. Here, two cases are ex-
amined, assuming that the M1 half-pitch of semiconductor
devices will decrease to 8 nm by 2025, focusing on the ap-
plications that will benefit from chips having a reduced size
while retaining their performance and functions [6].

In the first case, the size of a semiconductor device is
estimated when a number of transistors equivalent to that of
a conventional chip are integrated on a chip assuming that
current SoCs [3]–[5] have sufficient performance to be used
in daily activities by people (Fig. 3). For example, one type
of radio-frequency identification (RFID) tag has dimensions
of 150 × 150 µm2. As shown in Fig. 4, when 128 1.2-µm-
thick chips are integrated three-dimensionally, a total of two
million transistor logic circuits and 2 GB of memory are ex-
pected to be integrated on the RFID tag. This value indicates
that the tag has the capacity to include most of the functions
of current SoCs.

In the second case, medical nanorobots and cell proces-
sors are expected to be realized as a result of the miniatur-

Fig. 2 Changes in information and communication technology (ICT)
market [2].

ization of chips. The diameter of human cells ranges from 2
to 30 µm. Assuming eight layers of 1.2-µm-thick chips are
laminated and embedded in the size of a cell, 100,000 tran-
sistors can be integrated in the cell (Fig. 5). The capacity of
such a system is equivalent to that of a system consisting of
an 8-bit microcomputer with peripheral circuits. Although
unsolved issues such as biocompatibility still remain, such
devices may be promising future examples of applications
prepared by ultimate microfabrication techniques.

The above two cases indicate the potential resulting
from the miniaturization of semiconductors not only for in-

Fig. 3 Trends of the number of MOSFETs per LSI. The dotted arrow
shows the case of constant chip size, and the solid arrow shows the case of
reduced chip size.

Fig. 4 Example of a microcube with the same size as an RFID [6].

Fig. 5 Example of a microcube with the same size as a cell [6].
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creasing the level of integration but also for miniaturizing
chips. In the next section, miniaturized LSIs, called mi-
crocube chips, are further discussed.

3. Technical Problems of Microcube Chips

3.1 Three-Dimensional Lamination Technique Based on
Epitaxial Growth

The three-dimensional integration of LSIs is required to
realize microcube chips. Considering current mounting
technology, the fabrication of a three-dimensional integra-
tion consisting of micrometer-size microchips by system
in package (SIP) technology is not realistic. The research
and development of three-dimensional integration technol-
ogy by the through silicon via (TSV) technique have been
actively carried out recently. Considering the small size of
LSIs, three-dimensional integration by epitaxial growth is
also an option.

3.2 Noncontact Interfaces

Mounting a conventional pad used for external connection
on a microcube chip is difficult because of its large size.
Therefore, noncontact input-outputs (IOs), including the
power source, are considered as an alternative. To realize a
noncontact interface, wireless power transmission as well as
ultralow-power-consumption wireless communication tech-
nology should be established.

3.3 Ultralow Power Consumption

The heat radiation efficiency of three-dimensional mi-
crocube chips is low; thus, heat radiation due to power con-
sumption should be suppressed. For a processor of 10 µm3

size, the power consumption per unit area of the chip surface
should be suppressed to the current level of two-dimensional
chips when natural cooling is assumed, which means that
the power consumption should be suppressed to 50µW or
less for a microcube chip of 10 µm3 size. This is as low as
1/1000 of the power consumption realized only by minia-
turization with keeping current supply voltage. When chips
are used in cells, it is reasonable to use the cell potential as
a power source. To achieve this, a significant breakthrough,
including the use of materials different from those conven-
tionally used for chips, will be required. Furthermore, the
technology for effectively utilizing a several tens mV poten-
tial difference or the technology for effectively utilizing a
potential equivalent to that of thermal noise is also required.

3.4 Environmental Compatibility

Microcube chips should be used so that they have no ad-
verse effects on the environment and living organisms. This
may be difficult considering the expected size and number
of microcube chips. Procedures for the collection and reuse
of microcube chips should also be considered. It is desirable

that microcube chips are made from materials that have no
adverse effects on the environment after their disposal.

In the case of medical and food-related applications,
the chip utilization time may be extremely short. From the
viewpoint of environmental impact, it is unacceptable to in-
vest huge amounts of energy and precious resources for the
production of semiconductor devices with short lifetimes.
Therefore, reducing the energy and resources required to
fabricate microcube chips should also be considered.

3.5 Development of Electronic Design Automation (EDA)
Technology

Because the trend toward large-diameter wafers along with
the trend of miniaturization may lead to a price increase of
process units, this trend may saturate in the future for eco-
nomic reasons, except for memory devices that are mass-
produced. The economic limit of miniaturization may be
overcome and the trend of miniaturization may be contin-
ued by reducing the chip size and fabricating a wide variety
of chips for each application. In an era requiring a wide
variety of chips, LSIs with unique specifications may be re-
quired to differentiate one final product from others, even
in companies that had not been directly related to the semi-
conductor industry. For the smooth entry of such fields into
semiconductor-related businesses, it is necessary to achieve
a marked improvement in the development efficiency of
hardware and software using EDA technology that is con-
siderably advanced compared with current technology, so
that anyone can easily design semiconductor devices.

3.6 Miniaturization of Devices Other than Transistors

The miniaturization of all types of devices that are integrated
on chips, including transistors, is necessary. Along with the
trend of miniaturization of chips, a reduction in the sizes of
peripheral components, such as passive devices and sensors,
is also required.

4. Market of Microcube Chips

4.1 The Dawn of Ubiquitous Networks and the Semicon-
ductor Industry

We are facing an era of ubiquitous networks, centered
around business models based on services realized by the
mutual connection of a large number of practical semicon-
ductor products via networks. Making a profit only from
semiconductor devices is becoming increasingly difficult
because a low price is strongly demanded for each semicon-
ductor device. Some innovations based on application ser-
vices are required for practical semiconductor products in
ubiquitous networks. In consideration of the history of tech-
nological development, technologies in their infancy and the
mechanisms of technological development should be exam-
ined. For example, more than 20 years have passed since
the concept of the Internet first entering public awareness



KAI and FUJISHIMA: PROSPECTIVE SILICON APPLICATIONS AND TECHNOLOGIES IN 2025
389

in the late 1960s to its widespread use in the 1990s; now,
it is used worldwide. Until it became widespread, steady
technological development and trial-and-error examinations
of business models were carried out. During the period of
its rapid growth, only companies realizing groundbreaking
innovations made huge profits from the spread of the Inter-
net, regardless of the fact that many companies made steady
progress in technological development. Currently, compa-
nies are preparing for new business models using ubiquitous
networks. It is necessary to improve future industrial com-
petitiveness by creating new services as well as developing
technologies required in a society based on ubiquitous net-
works.

4.2 Expansion of Semiconductor Application to New
Fields

The number of processors used per person is currently ap-
proximately 20–30; this will increase to 2000–3000 per per-
son by around 2025 if the current rate of increase continues,
although many people may not be conscious of the ubiq-
uity of processors in their lives (Fig. 6) [7]. For example, for
average-income households in Japan, only 3.29% of their to-
tal expenditure is on digital products (Fig. 7) [8]. However,

Fig. 6 Trend of the number of processors used per person [7].

Fig. 7 Distribution of annual expenses of Japanese family unit [8].

in an era of widespread ubiquitous networks, semiconduc-
tor devices will be extensively used in food- and medical-
related fields; processors will be unknowingly used by peo-
ple through the purchase of foods or when receiving medi-
cal services. In other words, semiconductor devices will be
applied in fields previously unrelated to the semiconductor
industry.

4.3 Participation in Bottom-of-Pyramid (BOP) Market

Microcube chips are expected to have a competitive ad-
vantage in the sales of semiconductor devices to develop-
ing countries, which have more than 4 billion people, two-
thirds of the world population, who have hardly benefitted
from semiconductor devices. Before 2000, Japan had a high
share of the market in developed countries and made profits
by targeting the approximately 0.6 billion people in those
countries. These days, the markets of Brazil, Russia, India,
and China (BRICS) and Vietnam, Indonesia, South Africa,
Turkey, and Argentina (VISTA), countries with lower in-
comes than the conventionally targeted developed countries,
are also targeted, i.e., a total of 2 billion people are now po-
tential users of semiconductor devices. In these markets,
high-functionality and high-performance products, which
sold well in developed countries, are not always success-
ful. Also, people at the bottom of the pyramid (BOP) may
be target users in the future.

It is expected that by 2025, the world population will
reach 7.9 billion, owing to continuous population increases
in countries mainly in Asia and Africa. Considering this fig-
ure, it is time for Japan to reconsider its strategies of man-
ufacturing and sales. To compete successfully in various
markets in the world, measures to cope with future markets
(fields), including the BOP and emerging markets (areas),
and the polarization of consumption patterns, i.e., high-end
and low-end consumers, are required.

What are the future markets? How should we cope with
emerging markets? People in the BOP are trying to start
new businesses utilizing cell phones and the Internet. Al-
though the initial investment is limited owing to their low
economic power, they are operating new businesses effec-
tively using these IT technologies with the help of micro-
finance from other people in the BOP. In the BOP market,
products with the required functions may have to be sold at
1/100 of the price of that sold to people in developed coun-
tries. Therefore, high technological strength to generate sig-
nificant innovations that can enable products to be sold at
ultralow prices in the BOP market is essential.

4.4 Mass-Use Chips Applicable in Developed and BOP
Countries — Lifetime-Aware Products

The lifetime of most conventional semiconductor products,
such as computers, electrical products, and communication
equipment, is several years or several tens of years. Semi-
conductor devices are consumed when new products are de-
veloped or replaced. Markets with sufficient growth poten-
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tial and size to recover the costs of design and production
and to make a profit are required.

In the future, the application of semiconductor devices
in the environmental, medical, and food-related fields will
become particularly important. Among them, semiconduc-
tor devices used in the environmental field, such as de-
vices for disaster countermeasures, structural monitoring,
and metrological sensors, must have long lifetimes compa-
rable to those of conventional electrical products. In con-
trast, the semiconductor devices used in medical and food-
related fields are likely to be adapted for various specific ap-
plications, such as daily activities related to the consumption
and growth of plants and livestock as well as the detection
and treatment of diseases. Furthermore, it is considered that
they will fulfill their roles with shorter lifetimes than those
of conventional electrical products. The ID tag is a typi-
cal example. The control of food using ID tags has already
started to be used to trace the production and distribution
processes. The lifetime of such ID tags is assumed to be
from several months to several years to include the period
of production and distribution. For ID tags that are swal-
lowed or embedded in the human body for medical exami-
nation, the lifetime is assumed to be from several hours to
several months. This means that a market requiring a large
number of semiconductor devices will be generated because
semiconductor devices will be applied in fields where the
product objectives are accomplished within a short period
of time, such as daily activities related to the consumption,
growth of plants and livestock, and the detection and treat-
ment of diseases. This relationship is expressed as

Σchips =

(
Tfab

Tproduct

)
· Nchips · Nproducts (1)

where Σchips represents the total number of chips used per
person, and T f ab, Tproduct, Nchips and Nproducts represent the
lifetime of a manufacturing facility for semiconductor de-
vices, the lifetime of a semiconductor product, the number
of chips used in the product, and the number of the products
distributed at some point, respectively. Because many of the
conventional semiconductor products have long lifetimes,
returns on investment in manufacturing facility have been
obtained by increasing the number of chips of one type by
mass production (i.e., increasing the Nproducts) and thereby
increasing the total number of chips produced during the
lifetime of one manufacturing facility. In contrast, for semi-
conductor devices used in applications with short lifetimes,
returns on investment in manufacturing facility can be ob-
tained, even for low-price semiconductor devices, by in-
creasing the number of chips used per person. Let’s take an
example in the case of the manufacturing facility with the
lifetime of ten years. When a product is developed in which
one user consumes one chip per a couple of days, no fewer
than 1,000 chips are used during the lifetime of the manu-
facturing facility. It means that we open up a new product
equivalent to 1,000 legacy products with the lifetime of ten
years (Fig. 8).

Viewpoints on semiconductor design and returns on in-

Fig. 8 Number of semiconductors used per person as a function of appli-
cation lifetime. Current typical semiconductor application is shown in the
graph.

vestment in manufacturing facilities with an awareness of
the lifetime of devices will be important. It is necessary to
optimize the design quality in accordance with the lifetime
of each product. From the viewpoint of reusing resources, it
will be imperative to establish a cycle, including the collec-
tion and reuse of mass-consumed semiconductor products
with short lifetimes, without causing adverse effects on the
global environment.

5. Agile Integration and Inch-Fab

In Sect. 4, we argued that environmental, medical, and food-
related fields may be emerging markets for semiconductor
devices. With increasing demand for the adaption of devices
to specific applications, the number of types of semiconduc-
tor device will markedly increase, and methods of providing
large numbers and a wide variety of semiconductor devices
will be required. It is well known that the cost of investing
in the equipment and facilities for leading-edge microfabri-
cation has become huge. There are only a handful of compa-
nies worldwide that can invest several to several tens billion
dollars in manufacturing facilities of semiconductor devices
with high mass-production capability. In this section, we
propose two concepts, agile integration and inch-fab.

5.1 Agile Integration [9]

In the business model based on current leading-edge mi-
crofabrication technology, applications in which huge num-
bers of products are supplied, for example, a million pieces
per month, are assumed necessary to recover the large in-
vestment in their development and manufacturing facilities.
However, in practice, fostering applications in which huge
numbers of semiconductor devices are consumed without
fail is a difficult task. Therefore, a methodology is required
for actively promoting the use of semiconductor devices in
applications where they were not used previously and for
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Fig. 9 Concept of market incubation utilizing agile integration [9].

Fig. 10 Evolution of semiconductor development method by (a)
traditional integration and (b) agile integration [9].

providing the appropriate type and number of semiconduc-
tor devices at a reasonable production cost to match the ex-
pansion of demand while fostering new applications. In this
methodology, applications are gradually nurtured with only
a small number of devices being initially required (Fig. 9).
Here, the key will be the realization of an integration tech-
nology for semiconductor devices which has a low devel-
opment cost and a short development period, can respond
flexibly to changes in the number of devices required, and
can accommodate various techniques. Ideally, it is desirable
to make a profit even if the number of applications required
is only one. Here, such an integration technology that can
ensure a profit for the volume of production corresponding
to the demand at the time is named agile integration technol-
ogy. For agile integration, the method of supplying products
is adjusted in a stepwise manner in accordance with the de-
mand for the application and the possible development cost.
In the prototype production stage when there is low demand,
semiconductor devices are developed using printed circuit
boards, as in the conventional method. In the next stage of
commercialization of the devices, several steps are carried
out instead of directly developing semiconductor devices by
a leading-edge microfabrication method from the start.

Figure 10(a) shows the method of developing semi-
conductor devices by conventional integration technology.

Fig. 11 Example of micromother board [9].

As shown in the figure, the microfabrication of SoCs us-
ing advanced technology directly follows the preparation
of printed circuit boards. In contrast, in agile integra-
tion, several intermediate steps are included: the imple-
mentation of an ultrasmall general-purpose board (called a
micro-motherboard (Fig. 11)), three-dimensional semicon-
ductor integration, and system LSI by microfabrication us-
ing advanced technology, as shown in Fig. 10(b). A micro-
motherboard is a general-purpose ultrasmall motherboard,
on which the components required for each user application
are mounted. There are several types of micro-motherboard;
users can select the appropriate type depending on the appli-
cation and the components implemented.

By defining a new platform assuming the expansion
of the range of applications rather than specialization in a
specific application such as conventional motherboards in
PCs, the range of choices for the user can be expanded. To
achieve the widespread adoption of the micro-motherboard,
low-cost fabrication and the standardization of interfaces
will be required. A technique for wiring by printing is under
development and further progress in its research and devel-
opment is hoped for. The three-dimensional implementa-
tion of semiconductor devices is a potential key agile inte-
gration technology. We hope that the low-cost fabrication
of system LSIs by integrating different types of devices as
well as devices made by different-generation processes, in
addition to increased integration by three-dimensional in-
tegration, will be achieved. Although conventional inte-
gration technologies such as SIP and package on package
(PoP) are available, such technologies alone are insufficient
to realize the concept of agile integration, because end users,
who are most familiar with applications, cannot develop the
devices freely. Field-programmable gate arrays (FPGAs)
and reconfigurable processors are also device technologies;
however, these devices alone cannot solve the above prob-
lems. For example, these devices are incompatible with
the radio frequency (RF), analog signals, power sources,
and interfaces required for the system because overheads, in
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terms of power consumption, operating speed, and area, are
greater than those of standard cells. For agile integration,
the key is to realize a technology that can integrate devices
with different functions, such as electronic circuits, sensors,
and actuators, without the need for redesigning. The inter-
connect technology between different devices is an exam-
ple required for agile integration. Concretely, the develop-
ment of new optical and wireless connection technologies
and micro-electro-mechanical system (MEMS) technology
to implement these technologies is expected to be targeted
in future research. The significance of agile integration is
that the end users or suppliers of end products can select
a development method with an appropriate cost in accor-
dance with the demand for the application as a result of the
development of a series of integration technologies used in
micro-motherboard, three-dimensional implementation, and
microfabrication with advanced technologies. A technolog-
ical system will be developed that can respond to various
electronic applications using agile integration as the core,
and the fostering of potential applications will be supported
that will require such large quantities of semiconductor de-
vices that the volume efficiency of mass production can be
realized owing to the miniaturization of semiconductors.

5.2 Inch-Fab

The second concept in dealing with the wide variety of
mass-produced semiconductor devices is to develop manu-
facturing facilities for leading-edge processes, at a cost that
small-size companies can afford. Assuming that a 45-cm-
diameter wafer is used in a future when the M1 half-pitch is
8 nm, seven million LSI cubes of side 150 µm can be sup-
plied from one wafer. In the case of the microcube chips
discussed in Sect. 2, six million LSI cubes of side 10 µm or
thirty thousand LSI cubes of side 150 µm can be produced
on a one-inch-square wafer. Large-diameter wafers will no
longer be needed if the chip size is so small that a one-inch-
square wafer can produce several tens of thousands to sev-
eral million LSIs. It is desirable to realize manufacturing fa-
cilities of semiconductor devices using small-size wafers at
an extremely low cost. Similar concept of miniaturization of
manufacturing for reducing fabrication cost is also proposed
by Hara et al., where it is called minimal fab [10]. For ex-
ample, assuming that a manufacturing facility that costs ap-
proximately one billion yen for fabricating microcube chips
from a one-inch-square wafer is realized and that ten thou-
sand companies install such a facility, a total production ca-
pacity equivalent to that realized by several large manufac-
turers will be achieved. This means that a semiconductor
production infrastructure for a wide variety of semiconduc-
tor devices can be realized worldwide.

In the business of producing a wide variety of semi-
conductor devices used in environmental, medical, and
food-related fields, product differentiation in the market is
achieved by precisely responding to market needs. It will
become necessary that each company has a manufacturing
facility for semiconductor devices as a measure for devel-

Fig. 12 Many-fabrication type of semiconductor manufacturing system
using inch fab in the cases of (a) small IDMs and (b) virtual IDMs with
shared small fabs.

oping and improving their products at the final stage before
they become end products. Having their own fabrication ca-
pability is beneficial in that it enables small-size companies
to achieve their technological potential.

In an era of a wide variety of semiconductor devices,
a business style in which design and fabrication are con-
ducted at each small-size company, each of which targets
its own specialist market, is predicted to arise. Each small-
size company should take a vertical integration approach
that is suitable for product development and should have a
small-size foundry (fab) appropriate for the characteristics
of the market, thus forming a new production system called
small integrated device manufacturers (IDMs) (Fig. 12(a)).
It is predicted that a more advanced industrial structure will
emerge as small IDMs increase, i.e., virtual IDMs with
shared small fabs with the aim of achieving efficient oper-
ation (Fig. 12(b)).

Improvements in the performance and functions of
semiconductor devices that are designed and fabricated by
conventional production systems, such as those used in com-
puter and communication devices, consumer electronics, au-
tomobiles, and industrial equipment, are expected to be pro-
moted by increasing the density of integration, as in the
conventional method, although this has not been discussed
in this paper. The above-mentioned production systems,
i.e., multi-fab vertical integration and multi-fab vertical dis-
integration, which target a wide variety of semiconductor
devices used in various fields such as environmental, med-
ical, and food-related fields, can coexist with conventional
production systems that are suitable for large-scale mass
production because the range of companies involved in de-
signing and manufacturing and the range of applications are
different.

6. Conclusions

Recently, the limit of the miniaturization of semiconductor
devices has been extensively discussed and it is hoped that
new applications of semiconductor devices will be devel-
oped in the environmental, medical, and food-related fields.
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In this paper, we proposed an approach based on microcube
chips, agile integration, and inch-fab to provide a wide va-
riety of low-cost semiconductor devices in large quantities.
These approaches are not only related to the development of
new technology but are also expected to bring about a struc-
tural change in the entire semiconductor industry through
the participation of many small-size companies in the design
and manufacturing of semiconductor devices. Our mission
is to guide the evolution of semiconductor technology in an
appropriate direction by considering the trends and changes
throughout society in addition to the extension of current
technologies.
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