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A Semiconductor Ecosystem

Japan's Perspective: Creating an Ecosystem

Linking Diverse Semiconductor Needs

Moore's law is becoming a privilege

that only a few major companies can enjoy

In 1965, Gordon Moore, one of the founders of Intel, proposed
what came to be Moore's law in which the density of
semiconductors would double every 18-24 months'. In order to
improve semiconductor density, companies need to invest in a
wide range of technologies. So, once the 1990s rolled around, a
horizontal division of labor between design and manufacturing
had developed, and a structure had been established in which
foundries specializing in manufacturing led investment toward
miniaturization in order to disperse these huge amounts of
technology investments. As a result, Moore's law has continued
to function for more than half a century, underpinning the
innovative performance improvements of various devices that
support digital society.

However, in recent years, people have begun to speak about
how Moore's law is approaching its limit. Behind this, there lies
the challenges that the supply side and demand side of the
industry are facing. The technical hurdle for EUV lithography?,
which is essential for the miniaturization of 7 nm and beyond, is
high and is regarded as a major problem on the supply side.
ASML is the only company that has been able to commercialize
corresponding lithography equipment®. Furthermore, as of
2019, only three companies—Intel, Samsung, and TSMC—have
expressed their intention in 2019 to continuously invest into
further miniaturization using EUV technology*.

Cutting-edge manufacturing processes have become more
difficult to use for the demand side, which mainly consists of
fabless companies specializing in semiconductor design and



development. Because of the expensive upfront development
costs and the high unit price per lot when ordering
semiconductors from foundries, it is difficult to make a return
on investment except for single-design chips that are expected
to ship in large quantities. Consequently, it has become difficult
for all but a few major semiconductor companies to enjoy the
benefits of manufacturing cost reductions brought about by
miniaturization.

New Trends in semiconductors

that don’t rely on miniaturization

In this era, the concept of domain specific architecture (DSA) is
attracting attention as a breakthrough to improve the
performance of semiconductors without relying on
miniaturization. To put it simply, DSA is a design philosophy by
which performance exceeding general-purpose processors
provided by major players is achieved by creating dedicated
(customized) designs for specific applications®.

As it is becoming increasingly difficult for set manufacturers and
service providers to improve the performance of
general-purpose semiconductors by way of miniaturization,
having semiconductors optimized for their specific applications
has become a powerful strategy for strengthening
competitiveness. There are numerous cases where companies
like Apple, Google, and Tesla have moved from using
general-purpose chips to designing their own custom chips.

The applications expanding business opportunities for custom
semiconductors are those for machine learning (ML) and
artificial intelligence (Al). The high-speed parallel computing of
big data required for these applications is difficult to achieve
with CPUs meant for general-purpose computation. There are
many semiconductor start-ups planning and designing
Al-specific chips in anticipation of a demand explosion.
Investments into semiconductor start-ups in the U.S. during Q2
2018 have also surged 13.5 times over the same period of the
previous year to about $1.7 billion®.

Al-specific chips can be classified into two types: server-side and
edge-side chips. Server-side chips are used for machine
learning based on big data gathered from a variety of edge
devices. Large cloud-based IT companies such as Google,
Amazon, Alibaba, and Huawei are working on their own
semiconductors, while U.S. start-ups such as Wave Computing’
and Cerebras Systems? and U.K’s Graphcore® have also
proposed chips optimized for specific purposes. In Japan, Al
chip development has diversified in Al companies. For example,
Preferred Networks (PFN) develop Al chips optimized for their
own deep learning framework'®.

The demand for semiconductors in edge devices is going to
become further diversified and is expected to grow for Al chips
in autonomous vehicles in the early 2020s. Beyond that, these
chips are expected to be used in the loT market which includes
a variety of autonomously operated machinery, such as
household robots for home use indoors, cooperative robots
and automated guided vehicles in factories, and unmanned

home delivery vehicles and construction machinery for the
outdoors, etc.

The three gaps cutting across new trends

Although new trends have emerged in which IT companies and
set manufacturers develop their own custom semiconductors
to meet future diversified demands, three gaps exist between
new semiconductor consumers and foundries and these are
hampering the success of this trend.

There firstly exists a gap in market interaction. As the business
domains that new semiconductor consumers operate in are so
different from the domains that foundries are in, a lack of
understanding exists for each other’s industry. It is difficult for
new semiconductor consumers to select foundries that provide
the best manufacturing process for their custom
semiconductors with the best business conditions. Foundries
similarly have limited access to these new types of consumers,
which is making it difficult to match the two. While much of Al
start-up demand are concentrated around well-known, large
foundries, such foundries’ business priorities are to sell their
cutting-edge processes to large consumers, so it is difficult for
them to come to an agreement on business conditions
regarding diverse medium-to-small scale demands. As a result,
more businesses are anticipated to struggle in the future with
having their company’s semiconductor design and
manufacturing needs unmet.

Secondly, there is a gap in development skills. The skills required
to develop a semiconductor considerably differ from the skills
required to develop final sets or services. In order to outsource
production to foundries, fabless companies need to provide
design data. However, the creation of such data requires special
design tools and skilled engineers with deep understanding of
semiconductor design. This often becomes a barrier for new
players, as it is not easy to hire or train talent with these design
skills.

The third is the gap in timing between supply and demand.
Semiconductor demands for a wide range of applications are
expected to see exponential growth in the future. On the other
hand, should semiconductor start-ups and suppliers directly
negotiate business condition, foundries and consumers could
face difficulties in reaching an agreement within the necessary
timeframe due to business conditions such as capacity, lead
times, and prices not matching.

Efforts being made toward an ecosystem

that fill in the gaps

In order to eliminate these gaps, there is movement to form an
ecosystem by adopting functions to connect the two sides.
Next-generation companies aiming to dominate the
semiconductor ecosystem brought about by the new trends are
making moves to establish their position in the market.

To start, let’s take an example of how a company responded to
the gap in market interaction. U.S. company AnySilicon has
developed a service for matching semiconductor consumers



with IP vendors and design houses on the web, thereby
lowering the barrier for start-ups planning to design their own
chips'. Using this service, users can compare IP cores and
foundries online that match their desired semiconductor
specifications and even get price quotes. Many semiconductor
manufacturers have conventionally relied on one-on-one sales
from large customers, but as it is difficult to connect with new
start-ups using this sales style, it is important to build an
efficient means of market interaction using digital technology.

Next, regarding the gap in development skills, numerous
companies in China, including VeriSilicon'? and Moore Elite?,
have started to provide full turnkey services to design
semiconductors for customers based on end-user specification
requirements, match them with foundries, remotely monitor
production, and even handle logistics. Technologies and tools
have also been developed that allow engineers who have not
previously designed semiconductors to easily design chips'+'>16,
and these technologies and tools have the potential to
accelerate the formation of the next-generation semiconductor
ecosystem.

And finally, the gap in timing between supply and demand.
Since the Great East Japan Earthquake in 2011, this is an area
whose importance is being newly recognized from a Business
Continuity Management (BCM) perspective in Japan, and
business models of partnering with external foundries based on
the situation of one's business have already begun to sprout
among major semiconductor companies'”. Going forward, in
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order to provide a flexible and economically rational supply
system to new semiconductor consumers, it will be effective to
form an ecosystem involving not just a handful of major
foundries, but multiple foundries of varying sizes.

The strategic view required for semiconductor
manufacturers: creating markets

The slowdown of miniaturization has forced Japanese
semiconductor companies to reconsider their business
strategy. However, trends that don’t rely on cutting-edge
processes as discussed so far suggest the possibility that
diverse manufacturers will be able to co-exist using their core
technology, thus completely transforming the conventional
oligopolistic market.

In order for Japanese semiconductor companies to leverage the
new opportunities generated from the change in the industrial
structure and once again demonstrate their presence in global
markets, they need to take the challenging strategic view of
connecting the gaps between markets and shaping the actual
market itself. It is necessary to develop strategies for identifying
and establishing the position of one’s business within the
semiconductor ecosystem in light of mid- to long-term changes
in the semiconductor market. By choosing a position different
from the conventional semiconductor mega player without
clinging to one’s former business domains, Japanese
semiconductor companies will be able to revive the market in a
way that fully leverages their uniqueness as a Japanese
company.

1 Moore, Gordon E., "Cramming More Components onto Integrated Circuits", Electronics Magazine, 1965: (Retrieved) Proceedings of the IEEE Vol. 86, p. 82

-85, IEEE, 1998: https://ieeexplore.ieee.org/document/658762

2 EUV: extreme ultraviolet

3 ASML as a target, if true, confirms China's seriousness, Bloomberg, April 16, 2019: https://www.bloomberg.co.jp/news/articles/2019-04-15/

PPUAFGEKLVR401

4 GlobalFoundries’ Indefinite Delay on 7 nm Processes: Implications for the Semiconductor Industry, ASCII, September 3, 2018: https://ascii.jp/

elem/000/001/734/1734203/index-3.htm

5 Inference processors for machine learning are on the rise, and they are being consolidated into FPGAs and GPU-equipped SoCs, Nikkei Electronics,
October 19, 2018: https://tech.nikkeibp.co.jp/atcl/nxt/mag/ne/18/00007/00032/

6 Investment into semiconductor ventures has suddenly exploded: a huge upset in Silicon Valley, Semiconductor Portal, July 19, 2018: https://www.

semiconportal.com/archive/editorial/ industry/180719-aiventures.html

7 American Al Start-up Wave Computing Acquires MIPS, PCWatch, June 18, 2018: https:/pc.watch.impress.co.jp/docs/news/1128108.htm

8 The wafer-sized deep learning chip developed by Cerebras, PC Watch, August 27, 2019: https:/pc.watch.impress.co.jp/docs/column/kaigai/1203577.html

9 Changing the video business with next-generation Al chips: Graphcore's challenge, Forbes Japan, November 14, 2017: https://forbesjapan.com/articles/

detail/18483

10 PFN, a proprietary deep learning processor: MN-Core, PC Watch, December 12, 2018: https:/pc.watch.impress.co.jp/docs/news/1158023.html

11 AnySilicon, acccessed on March 30, 2020: https://anysilicon.com/

12 VeriSilicon, acccessed on March 30, 2020: http://www.verisilicon.com/cn/Home

13 MooretElite, acccessed on March 30, 2020: https://www.mooreelite.com/?lang=en

14 Out of Edge Vision Al proposal, adopted as a NEDO project, Ficksters Inc., November 28, 2018: https://www.fixstars.com/ja/news/2113/

15 Zuken participates in the University of California’s project "UCLA-CHIPS" in the field of advanced semiconductor packaging technology development,
Zuken Co., Ltd., June 12, 2019: https://www.zuken.co.jp/info/detail/ ucla-chips.php

16 RISGV Foundation membership exceeds 350 - RISGV day in Tokyo 2019 is held, My Navi News, October 8, 2019: https://news.mynavi.jp/

article/20191008-906037/

17 Platform Providers: Renesas's New Strategy, Renesas Electronics, Inc., accessed November 2019: https://www.renesas.com/jp/ja/about/edge-magazine/

strategy/01-open-transformation.html



Authors

-

Y

Andi Mochizuki
Manager
Deloitte Tohmatsu Consulting LLC

Has engaged in projects for mainly business strategy
formulation, new business concept development, and
business and organizational reforms in the electronics,
electronic components, and semiconductor industries.
Boasts a positive track record in formulating strategies
for procurement, production, and sales functions, as well
as undertaking global strategic and operational reform
projects.

Eiji Kodama
Manager
Deloitte Tohmatsu Consulting LLC

Before joining Deloitte, worked for a Japanese general
electric manufacturing company engaging in
semiconductor sales planning and was also a part of a
Japanese think tank. Has engaged in projects for mainly
new business strategy formulation as well as business
and organizational reforms mostly for Al and
semiconductor technology companies. Also has
experience with global projects.

Contacts

Deloitte Tohmatsu Group

Technology, Media, and Telecommunications Industry Group

Marunouchi Nijubashi Building, 3-2-3 Marunouchi, Chiyoda-ku, Tokyo, 100-8361, Japan

Tel 03-5220-8600 Fax 03-5220-8601

E-mail: jp-tmt@tohmatsu.co.jp
https://www?2.deloitte.com/jp/en/industries/technology-media-and-telecommunications.html

Shingo Kayama Yohei Uematsu

Japan Technology Sector Leader Partner

Partner Deloitte Tohmatsu Consulting LLC
Deloitte Tohmatsu Financial Advisory LLC

About Deloitte Technology, Media, and Telecommunications group

Deloitte’s Technology, Media, and Telecommunications (TMT) group brings together one of the world’s
largest pools of industry experts—respected for helping companies of all shapes and sizes thrive in a digital
world. Deloitte’s TMT specialists can help companies take advantage of the ever-changing industry through
a broad array of services designed to meet companies wherever they are, across the value chain and
around the globe.

Deloitte Tohmatsu Group (Deloitte Japan) is a collective term that refers to Deloitte Tohmatsu LLC, which is the Member of Deloitte
Asia Pacific Limited and of the Deloitte Network in Japan, and firms affiliated with Deloitte Tohmatsu LLC that include Deloitte Touche
Tohmatsu LLC, Deloitte Tohmatsu Consulting LLC, Deloitte Tohmatsu Financial Advisory LLC, Deloitte Tohmatsu Tax Co., DT Legal
Japan, and Deloitte Tohmatsu Corporate Solutions LLC. Deloitte Tohmatsu Group is known as one of the largest professional services
groups in Japan. Through the firms in the Group, Deloitte Tohmatsu Group provides audit & assurance, risk advisory, consulting,
financial advisory, tax, legal and related services in accordance with applicable laws and regulations. With more than 10,000
professionals in over 30 cities throughout Japan, Deloitte Tohmatsu Group serves a number of clients including multinational
enterprises and major Japanese businesses. For more information, please visit the Group’s website at www.deloitte.com/jp/en.

Deloitte refers to one or more of Deloitte Touche Tohmatsu Limited (“DTTL”), its global network of member firms, and their related
entities (collectively, the “Deloitte organization”). DTTL (also referred to as “Deloitte Global”) and each of its member firms and related
entities are legally separate and independent entities, which cannot obligate or bind each other in respect of third parties. DTTL and
each DTTL member firm and related entity is liable only for its own acts and omissions, and not those of each other. DTTL does not
provide services to clients. Please see www.deloitte.com/about to learn more.

Deloitte Asia Pacific Limited is a company limited by guarantee and a member firm of DTTL. Members of Deloitte Asia Pacific Limited
and their related entities, each of which are separate and independent legal entities, provide services from more than 100 cities
across the region, including Auckland, Bangkok, Beijing, Hanoi, Hong Kong, Jakarta, Kuala Lumpur, Manila, Melbourne, Osaka, Seoul,
Shanghai, Singapore, Sydney, Taipei and Tokyo.

Deloitte is a leading global provider of audit and assurance, consulting, financial advisory, risk advisory, tax and related services. Our
global network of member firms and related entities in more than 150 countries and territories (collectively, the “Deloitte
organization”) serves four out of five Fortune Global 500®companies. Learn how Deloitte’s approximately 312,000 people make an
impact that matters at www.deloitte.com.

This communication contains general information only, and none of Deloitte Touche Tohmatsu Limited (‘DTTL”), its global network of
member firms, or their related entities (collectively, the “Deloitte organization”) is, by means of this communication, rendering
professional advice or services. Before making any decision or taking any action that may affect your finances or your business, you
should consult a qualified professional adviser. No representations, warranties or undertakings (express or implied) are given as to
the accuracy or completeness of the information in this communication, and none of DTTL, its member firms, related entities,

employees or agents shall be liable or responsible for any loss or damage whatsoever arising directly or indirectly in connection with
any person relying on this communication. DTTL and each of its member firms, and their related entities, are legally separate and

independent entities.

Member of ACCREDITED
—— T

Deloitte Touche Tohmatsu Limited MANAGEMENT SYSTES

© 2021. For information, contact Deloitte Tohmatsu Group. IS 669126 / ISO 27001



