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SEMICONDUCTORS AND TYPES OF SEMICONDUCTORS

Discrﬁte, 3

9'?'/ Sensors, 6%

Optoelectronics, 8%

Analog, 13%

Memory, 28%

® United States ® Taiwan ®South Korea © Japan ®China © Rest of World

17

1
2

i 3 14

43

21 5
. -
»

Optoelectronics

Sensors

Discrete

Source: Semiconductors and the Semiconductor Industry April 19, 2023. Congressional Research Service https://crsreports.congress.gov
R47508

Semiconductors are now ubiquitous throughout the economy. They are not just used for the processing

of data in IT applications. Rather they are widely used in many types of applications including memory,

power management and sensing. Each different type of semiconductor has a different supply chain, both

in-terms of design and production.

'Logic’ semiconductors are concerned with the sorts of core data processing tasks required by IT

equipment such as consumer IT but also data-centres. In the future products such as passenger

vehicles and other hardware within the ‘Internet of Things’ will be major consumers of these types of

semiconductors. Physical production is dominated by Fab plants in Taiwan, which accounts for around

35% of production. South Korea and China are also important production locations. The IP for Logic

chips is dominated by ARM and Intel.

'Memory’ chips are means of holding data either in the short or long-term. There are two types of

memory chips; ‘dynamic random access memory' or ‘'DRAM’ which holds data in the short-term
to support the logic chip and NAND (NOT-AND logic gate) ‘flash’ chips that store data in the long-
term. Most Memory chips are produced by Samsung or SK Hynix in South Korea, although there is

also substantial production in Japan and the US. The IP for memory chips is generally held by the

manufacturer of the chip.

Analog semiconductors translate analog signals into digital data. This enables digital systems to

interface with non-digital engineering, such as thermometers, radar and also electro-magnetic

communication equipment. Analog semiconductor production is fragmented, with production across
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the US, Japan and European economies. Generally analog semiconductor manufacturers design
product in-house although there is some outsourcing of production.

Optoelectronic semiconductors manipulate light, notably in the form of light emitting diodes but also
camera sensors and diodes. Production is fragmented but Japan is an important location.

GROWTH
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The growth of semiconductor production is expected to be substantial. Although there is considerable
conjecture about what will drive demand for semiconductor production, much of this is uncertain.
Semiconductor growth has been sustained over the past several decades and its easy to extrapolate a
compound growth number. However extrapolating forwards is more difficult. The truth is, future growth
rates are unknown.

However, that there will be growth in the supply and demand for semiconductors is all the more likely
when the drivers of that growth are specified. These include:

Increase in data-centre demand driven by increase in ‘internet’ use.
Emergence of technology for autonomous vehicles.
Increase in robotics.

All of these trends are observable at present and are already driving growth. Therefore, it is logical
that semiconductor demand will grow. The rate of growth is variable from year-to-year, with particular
instability seen in 2020-2023. However, McKinsey's estimate that the market will be between 6-8%
annually until 2030 (some of the estimates in the chart above is derived from McKinsey's estimates).
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THE ARCHITECTURE OF THE SEMICONDUCTOR SUPPLY CHAIN

As described above, not all semiconductors are the same. They differ in engineering and application. This
difference is also reflected in the supply chain.

Itis important to note that the semiconductor supply chain is distinct particularly in the role that
intellectual property plays. This is very much the case with Logic chips. Originally dominated by Intel, a
vertically integrated corporation, the Logic semiconductor sector was restructured when ARM offered its
x86 power efficient chips to designers who used third party fab plants. This remains the dominant supply
chain architecture at present.

An important aspect of the semiconductor supply chain is the role of intellectual property. The ‘design’ of
semiconductors is the most demanding and profitable activity. It is such ‘design” activities that determine
the nature of the product and its applications. Design includes the software that governs the functioning
of the semiconductor as well the design of the semiconductor itself.

Itis notable that for Logic semiconductors this design is dominated by just a few companies. From the
1980s onwards Intel dominated Logic chips. It operated a conventional vertically integrated business
model which combined design and production. However, this model was out-competed by ARM, which
concentrated on the design of its RISC x84 chip technology for mobile hardware. The ARM business model
utilised the ability of both adapters of RISC chips and independent manufacturing companies to provide
complementary services. Designers of chips for specific applications, such as Qualcomm, enabled ARM's
base technology to be adapted to a broad range of specific hardware. The independent manufacturers,
often called ‘fab plants’, could achieve high- capacity utilisation at low cost. Prominent amongst these was
Taiwan Semi-Conductor Manufacturing Company, (TSMC).

To summarise a complex process of evolution; the integrated supply chain of Intel, that was
disproportionately based in the US, was replaced by an outsourced supply chain that was more
global in nature, with a particular manufacturing concentration located in Taiwan. Again, to
emphasise, this applies to Logic chips, not all other types of semiconductors. Other types of
semiconductors exist within a supply chain that tends to be vertically integrated, for example
memory chips and to a lesser extent analogue chips.
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SEMICONDUCTOR ‘INBOUND' SUPPLY CHAIN

The structure and geography of the semiconductor supply chain
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SUBSIDIES. WHAT SHAPES THE SEMICONDUCTOR PRODUCTION
GEOGRAPHY?

The structure of the semiconductor market has been greatly influenced by various types of government
policy. This is true in China, North Asia, South East Asia but also the US.

Taiwan Semi-Conductor Manufacturing is strong example of the role that state-driven investment has
played in the semiconductor sector. Essentially TSCM is an expression of the Taiwanese state’s industrial
policy. The notion that TSCM receives subsidies is the wrong approach to understanding TSCM. Rather
TSCM is a strategic project for Taiwan.

This is also true in the case of South Korea. The two leading South Korean producers of semiconductors,
Samsung and SK Hynix, are both essentially Chaebols; conglomerates that have privileged access to capital
and other resources in South Korea. One means of doing this was through ‘tax exemptions' for R&D but
also investment in production infrastructure. However, prompted by the US ‘Chips act’ the South Koreans
are now discussing very substantial direct subsidies’.

Japan is also complex. Over the past few decades its position in the semiconductor market has
comparatively deteriorated as South Korea and Taiwan have created very large businesses. It still has a
substantial segment of the Memory market but is much weaker in Logic chips. Essentially Japan adapted
less well to the trend to manufacturing outsourcing. The Japanese government is now considering
subsidies for its semiconductor sector, however Japan too is in the rather unusual position that it too

is offering subsidies to TSMC. The suggestion is that TSMC will expand its existing fab-plant in Japan,
constructing what is know as ‘'TSMC Fab-23 Phase 2’ producing 6 nanometre chips. The Japanese
government is offering a subsidy of Y732bn for this project.
1 https://asia.nikkei.com/Business/Tech/Semicon rs/ h-Kor

H The structure of the semiconductor supply chain and its logistics - Part 1 © Transport Intelligence 2024


http://www.ti-insight.com
https://asia.nikkei.com/Business/Tech/Semiconductors/South-Korea-plans-to-invest-450bn-to-become-chip-powerhouse

China is a major manufacturer of many types of semiconductors. In keeping with the nature of the
Chinese economy all of China's manufacturers of semiconductors are ‘State Owned Enterprises’ and

thus their finances are essentially dependent on the state. China makes most of the major types of
semiconductors, however it lacks the both the design and the manufacturing capability to possess a
leading competitive position in the market. Increasingly the orientation of the semiconductor sector in
China is to serve the domestic market and associated supply chains. China has articulated the objective
of serving 70% of its semiconductor needs domestically. The leading semiconductor design companies
are UNISOC, Zhaoxin, HiSilicon/Huawei and Loongson. YMTC and CXMT are more conventional integrated
manufacturers making memory chips amongst others. There have been many fab plants in China,
however today the most prominent are SMIC, Hua Hong Semiconductor, and Wingtech. The Chinese state
is directly subsiding the sector through the ‘National Integrated Circuit Industry Investment Fund".

The above illustrates that semiconductor production in parts of Asia is heavily subsidised both
directly and indirectly. This shapes the geography of the global semiconductor supply chain.

SEMICONDUCTOR PRODUCTION IN THE US AND THE ‘CHIPS ACT

The US used to have the largest semiconductor production capacity. It still has a major position in the
design of semiconductors and Intel is the largest vertically integrated semiconductor company. It has

lost market share in terms of the manufacturing of semiconductors, however its role in design is still very
significant. Most notable at present is Nvidia, which designs a specific type of processing unit but which is
generally manufactured by TSMC.

Despite all of the gloom around manufacturing in the US, it still accounts for 12% of semiconductor
production by volume?. The US used to produce around a third of semiconductors, however this was
several decades ago when the nature and volume of production was very different. A lot of the decline in
the US market share is about the loss of Intel’s position in Logic chips.

However, the US government has felt it necessary to push against this trend through the use of a subsidy
programme. The ‘CHIPS Act' is driven in part by a sense of vulnerability over the supply of semiconductors.
The result is a large and active subsidy project with specific targets to construct fab plants.

'CHIPS"is an anacronym for ‘Creating Helpful Incentives to Produce Semiconductors for America’ It is
providing substantial funding for the creation of both semiconducting fab-plants in the US but also

is asking semiconductor manufacturers to open production capacity of all sorts in the US. A salient
development is the construction of a large, new TSMC fab-plant in Arizona. This is very large in terms of
its volume output and it is focussed on producing logic chips. It is a three-stage development which is
planned to be fully functioning by 2030. Such a plant ought to have a noticeable impact on the trade in
logic chips, presumably displacing imports from Taiwan in particular.

2 https://www.whitehouse.gov/briefing-room/statements-releases/2022/01/21/fact-sheet-biden-harris-administration-bringing-
semiconductor-manufacturing-back-to-america-2/
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SEMICONDUCTOR PRODUCTION IN EUROPE

Major European semiconductor assets, annual revenues and foreign direct investment
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Itis hard to generalise about semiconductor production in ‘Europe’. The various economies are very
different, especially when it comes to digital technology. One of the most notable companies in the region
is the UK based ARM Holdings that dominates design for mobile applications. However, in terms of logic
chip production Europe is quite weak. Rather, production in Europe is orientated towards analogue and
optoelectronics chips produced by companies such as Infineon Technologies AG or Robert Bosch GmbH.
These vertically integrated companies are characteristic of this segment of the market, both designing and
manufacturing their semiconductors. Infineon produces at:

Dresden, Germany
Regensberg, Germany
Warstien, Germany
Villach, Austria
Cegléd, Hungary?
Robert Bosch GmbH semiconductor production locations:
Dresden, Germany

Reutlingen, Germany*
3 https://www.infineon. com/cms/en/about infineon/company/find-a-location/
4 https://www.bosch-presse.de/pres - -
in-2022-234432.html
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The largest producer of semiconductors in Europe is ST Microelectronics. This is the result of a merger
between French, Italian and other semiconductor design businesses. ST Microelectronics manufacturing
facilities are based in:

Tours, France
Rousset, France
Rennes, France
Crolles, France
Milan, Italy

Catania, Italy
Marcianese, Italy
Agrate, Italy

Kirkop, Malta
Norrkoping, Sweden

NXP Semiconductors is also a large producer of analog and other types of semiconductors for applications
such as automotive. Factory locations are in:

Eindhoven, Netherlands
Dresden, Germany

There are a number of other, smaller manufacturers across Europe that often specialise in niche
semiconductor products, such as Nexperia or X-Fab.

EU CHIPS ACT

The European Union has introduced the ‘EU Chips Act’ which is an attempt to stimulate directed
investment in manufacturing facilities for semiconductors in the EU. It is tempting to think that this has
been heavily influenced by the US ‘Chips Act’.

The means of achieving the goal is to “mobilise €43 billion in ‘policy-driven investment’ for the EU’s
semiconductor sector by 2030" with the European Commission expecting “long-term private investment to
exceed this™.

The purpose of the act is to “enable immediate EU coordination against supply disruptions, strengthen

and scale up production and innovation throughout the EU semiconductor value chain”. The long-term

objective is to increase the EU's market-share of semiconducting manufacturing from 10% at present to
209%°.

What the act will deliver is unclear in the longer-term, however it does appear to be stimulating some

5 https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/733585/EPRS_BRI(2022)733585_EN.pdf
6 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-chips-act
en#investments-to-support-the-chips-act
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investment. Prominent amongst new investments is an announcement by TSMC that it will build a

new fab-plant in Germany as part of a joint venture with Bosch, Infineon and NXP. Called the European
Semiconductor Manufacturing Company (ESMC), it will be based in Dresden, Germany. It is scheduled to
open in 2027. As with the US CHIPS act, the object of the programme is to reduce imports particularly of
logic chips.

IMPORTS AND EXPORTS OF SEMICONDUCTORS IN EUROPE & THE
WORLD

As discussed above, there are several types of semiconductors and the ‘trade’ in semiconductors is
highly globalised’ as illustrated by the distribution of production locations. Such is the distribution of logic
semiconductor production that this is inevitable. Asia-Pacific production dominates the semiconductor
market.

Part 2 of this paper addresses logistics in the semiconductor supply chain, and the impact of
semiconductor supply chains on airfreight rates. Contact us to access the paper - ssmith@ti-

insight.com

GSCi

GLOBAL SUPPLY CHAIN INTELLIGENCE:

- Logistics market sizing, forecasts & analysis.

Market trend spotting & analysis.

Country & vertical sector analysis.

.....

Strategic, operational & financial data.
High frequency data covering key logistics metrics.

Find out more - www.gsci.ti-insight.com
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ABOUTTI

Ti Insight is a leading logistics and supply chain market research and analysis company
providing:

 Supply Chain and Logistics Market Research Reports

* Global Supply Chain Intelligence (GSCi) online knowledge platform
 Consulting and Market Research projects

* Training, Conferences and Webinars.

Ti has acted as advisors to the World Economic Forum, World Bank, UN and European Commission as well
as providing expert analysis to the world's leading manufacturers, retailers, banks, consultancies, shipping
lines and logistics providers.

Expertise includes:

* Analysis of corporate strategies of leading express, freight forwarding and logistics companies.

Global usage and perception studies of shipper and logistics provider behaviour.

* Micro-economic analysis of key logistics segments: express, freight forwarding, road freight, contract
logistics, warehousing, air cargo, shipping and e-commerce logistics.

Analysis of supply chain strategies employed in industry vertical sectors: pharmaceutical, fashion, high
tech, oil and gas, consumer, chemical, cold chain, automotive and retail.

« Market sizing and forecasts of key logistics segments and vertical sectors.

Intelligence on emerging markets logistics sectors in Asia, Africa, Latin America, Eastern Europe and
Middle East.

What Sets Ti apart?
* Led by leading industry experienced experts
* Globally recognised and trusted brand

* Global Associate Network provides a multi-country, multi-disciplinary and multi-lingual extension to Ti's
in-house capabilities

« More than fifteen years of knowledge delivery to global manufacturers, retailers, banks, consultancies,
shipping lines and logistics providers

+ Unique web-based intelligence portals

* On-going and comprehensive programmes of primary and secondary research.

For further information about Ti or any of its products and services, please contact Michael Clover, Head

of Commercial Development: Email: mclover@ti-insight.com
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LICENCE AND COPYRIGHT

Ti reports contain copyrighted material. The user may not modify, publish, transmit, participate in the
transfer or sale, create derivative works or in any way exploit, any of the content, in whole or in part.
Except as otherwise expressly permitted under copyright law or these Terms, no copying, redistribution,
retransmission, publication or commercial or non-commercial exploitation of downloaded material will be
permitted without the express written permission of Company and the copyright owner.

You are permitted to print and download extracts from this report for your own private use on the
following basis:

(a) no documents or related graphics are modified in any way;
(b) no graphics are used separately from accompanying text; and
(c) any of our copyright and trade mark notices and this permission notice appear in all copies.

You are permitted to use the documents which we supply to you for your own legitimate purposes. The
documents (or access thereto) may not be sold or offered for sale to third parties, whether in whole or in
part.

ABOUT THE FOUNDATION FOR FUTURE SUPPLY CHAIN

Established in 2021, the Foundation for Future Supply Chain is a not for profit organization dedicated to
improving the understanding of some of the industry’s most pressing challenges.

The Foundation provides governments, inter-governmental organizations, NGOs and business leaders
with an independent source of thought leadership, addressing and advising on critical policy issues such

as sustainability and ethics; security and risk; innovation and disruption; future mobility and automation.
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