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Definition

The semiconductor is a material that enables electric
currents to be controlled very accurately.

The material is made up of a single element, usually silicon
or a combination of elements, such as gallium arsenide
(GaAs) and indium phosphide (InP), among others. Small
amounts of impurities can be added to modify the material's
conductivity. This process is called "doping" and can greatly
increase the semiconductor’'s conductivity.

Chip semiconductor materials are specifically designed to
provide integrated devices and circuits with the ability to
process, store and transfer data.

Using semiconductor materials, electronic devices or
circuits are manufactured to acquire, process, store and
transfer information.
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Classification

A chip is a set of miniaturised electronic circuits consisting of active and passive devices and the interconnections between them,

layered on a thin wafer of semiconductor material, typically silicon.

Types of semiconductors most in demand

. Logical: They work in binary codes (0 and 1) that serve as
fundamental computing blocks or "brains", such as
microprocessors, micro-controllers or connectivity products.

P Memory: They are used to store the information needed to
perform calculations. An example is DRAM (used in PCs, servers
and smartphones, and there is a growing need for mobility) and
NAND (on hard drives for laptops or digital cards).

. Analogue: They translate analogue signals, such as voice, into
digital signals. It also includes integrated power management
circuits and radio frequency semiconductors, which enable
smartphones to process radio signals.

Distribution of global semiconductor sales by product
segment in 2021 ($M and % growth compared to 2020)

180.000
150.000
120.000
90.000
60.000
30.000
0

35%
30%
25%
20%
15%
10%
5%

0%

Sources: Stiftung Neue Verantwortung (2020) "The global semiconductor value chain" and SIA Factbook 2022
CataloniaConnects

F — .
Ac c I o M|l Generalitat de Catalunya
All¥ Government of Catalonia
Catalonia
Trade OLInvestment



The importance of semiconductors in the industry 7

Semiconductor chips are essential for digital
transformation. The process of digitising the
economy and society is necessary to incorporate
control and efficiency measures in the process
and has grown rapidly as a result of the
pandemic; the need for all ranges of
semiconductors and chips has also increased
worldwide.

Semiconductor chips impact a wide range of
industries: communications, electrical and
electronic equipment, vehicles, robots and
industrial machinery, and even medicine and
medical equipment.

The complex and global semiconductor
and chip value chain has been threatened
and pressured by different geopolitical
balances and the effects of the pandemic.
Creating and bringing the value chain
together will help to strengthen and give ps
stability to a whole range of °°hnolog'\03\
semiconductor-dependent industries to sovereignw
manufacture their products.

The process of making semiconductor chips is
extremely complex. Work is underway to research
and innovate new materials and processes to
improve capabilities, performance and processes.
There is high growth potential, and it covers
different knowledge areas.

Semiconductors are at the centre of a new technological battle
on a global scale. Europe needs to become an active player and
define its own model and strategies for digital transformation.

Source: compiled by author
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Application sectors - 9
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Segmentation of the semiconductor market by region 10

While global demand for semiconductors is mainly for communications (33%) and computing (29%), automotive (37%)
and industry (25%) stand out in Europe.

Semiconductor chip market segments by region When analysing the semiconductor market segment
2019 distribution in different world regions, it is noted that:
1% 2% 3% 1% 1%
12% 11% 18% 11% 8% * In China, communications stand out, with 42% of the
25% ° total, and computing, with 25%.
80% -
7% * In America, the largest segments are computing, with
60% 38%, and communications, with 31%.
38% : .
* The demand by segment in Japan is more balanced
40% than in other regions; the automotive sector stands out
(28%).
20% o _ - _ _
31% « In Asia-Pacific, excluding China, the largest segments
0% are computing (34%) and communications (33%o).
0
World Europe America Japan China Asia-Pacific
(excl. China)
m Communications = Computing = Consumer power B Automotive  Industry ®Government
The European market has high potential in the automotive Communications (5G/6G/Open RAN) in Europe should
and industrial sectors, where it is a world leader in be given greater emphasis, if we are to lead and have
innovation and more and more semiconductors are needed. technological sovereignty in this area.

| Generalitat de Catalunya Source: ZVEI (2021) "Semiconductor Strategy for Germany and Europe”
Il Government of Catalonia CataloniaConnects
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Semiconductors and Sustainable Development Goals

3. Health and well-being
3 SALUT Semiconductors and chips are essential for
| BENESTAR : . .
developing new medical devices that help to
detect and control diseases, as well as in
v personalised medicine and the advancement of
digital health.

7. Affordable and clean energy

The energy transition involves developing
renewable energies, although it also involves
connecting them to distribution networks and
digitising them, whereas it is in this context that
chips and semiconductors are gaining
importance.

8. Decent work and economic growth

The semiconductor market will experience
strong growth in the coming years, which is an
opportunity for all value chain and application
industries with the creation of skilled jobs.

TREBALL DIGHE
| CRELKEMENT
ECONDMIC

i
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9. Industry, innovation and infrastructure
Development of new structures,
architectures and more efficient topologies,
with lower energy consumption and for
new applications. Research into new
materials, greater versatility and less
dependence.

11. Sustainable cities and communities
Developing semiconductors will foster
sustainable mobility and the deployment
of technologies that can make cities more
inclusive.

12. Responsible consumption and
production

Approaching and strengthening the value
chain.

CataloniaConnects



12

Semiconductor technology snapshot in Catalonia

3. Production process

11 Generalitat de Catalun .
].l Y Government of Catalor‘nia“al CataloniaConnects



Value chain

Each step in the semiconductor chip production process

(design, manufacture and assembly) depends on specific

inputs from suppliers.

Chip designers (“fabless”) are based on design and
intellectual property software (IP blocks).

The manufacturing process (foundries, fabs) depends on
manufacturing equipment, chemicals and silicon wafers
to produce chips.

The assembly phase (IDM or OSAT) requires equipment
and chemicals.

The semiconductor chip value chain is characterised by
high labour division, highly concentrated market niches
and pressure to constantly innovate and invest.

At this time, no country concentrates the entire
production process in its own territory. The chain is
highly innovative and efficient, although not resilient.

Ac c I 6 (N} Generalitat de Catalunya
flx Government of Catalonia
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Outline of the production process 14

Projected UV
light
Prepared lons shower the Similar cycle is repeated
Photoresist  silicon wafer etched areas, to lay down the metal link
doping them between transistors

Photomask

Silicon substrate

Unprotected Doping Metal
Patterns are projected areas are region connector
removed

repeatedly onto wafer

Steps 1 through 4 are repeated hundreds of times with different chemicals to create
more layers, depending on the desired circuit specifications.

Complete wafer.

Silicon wafers. Oxidation and coating. Lithography. Integrated circuit Etching. Doping. The plate is Metal Each complete board
At first, the silicon Layers of insulating and patterns are specified in the Layers not iradiated with ion beams  deposition contains hundreds of
wafers are white and conductive materials are design on a glass plate called a protected by that modify the properties ~ and etching. .o .~ integrated
pure, in a non- applied over a silicon photomask. Ultraviolet (UV) light ~ photoresistare  of the new layer andadda  Connections o . "0 0 0o
conductive state. wafer. The wafer is then is applied to transfer the patterns ~ removed and known amount of between are sent to the back-
covered with a uniform to the coating of photoresist cleaned using  impurities, such as boron  transistors are | manufacturing
layer of light-sensitive material on the wafer surface. gases or and arsenic. Subsequent  established rocesses (assembl
material (photoresist). Photosensitive material that has ~ chemicals. annealing spreads these  through this Eackaging and 4
been exposed to light can now be impurities to obtain a Process. testing).
chemically removed. more uniform density.

g . Source: BCG & SIA (2021) "Strengthening the global semiconductor supply chain in an uncertain era"
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Global semiconductor market 16

In 2021, the global semiconductor industry revenue was $583.5 billion, an increase of 25% compared to 2020. The global
semiconductor industry is expected to exceed $600 billion by 2022.

Growth will be driven by the technological convergence of

Semiconductor industry turnover (billions of $)

connectivity and artificial intelligence, which will be at the 2012-2021
core of all vertical product development activities. 600
The deployment of 5G, the increasing use of smartphones 500
around the world, the increase in electronic content in the
automotive industry, the migration to electric and
connected vehicles, factory automation and the 400
proliferation of 10T devices in smart homes are key trends
that will drive the medium- and long-term growth of the 300
market.
200
@3 About 70% of growth will be driven
by three industries: mobility, 100
+6-8% computing and data storage, as
well as communications (5G).
Estimated annual 0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

growth up until 2030

r 4 — .
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Leading companies in the semiconductor market around the world

IDM (design, manufacture and assembly & testing)
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Major European semiconductor companies 18

Despite the presence of niche companies, it will take a great deal of effort for Europe to catch up on
manufacturing state-of-the-art semiconductors on a large scale in the medium term.

Europe has companies (European as well as foreign) in some parts of the semiconductor value chain:

e Semiconductor manufacturers and IDM with application to automotive equipment, industrial automation and sensors. The main
ones are the Franco-Italian ST Microelectronics (28 nm), the Dutch NXP (140 nm) and the German-based companies Global
Foundries (22 nm), Bosch (65 nm), Infineon (90 nm), X-FAB (130 nm) and UMS (180 nm). Europe does not currently have state-of-
the-art semiconductor companies, although Intel, which already has a 20 nm plant in Ireland, will install one in Germany.

* Fabless such as ARM, established in the UK. It has developed its own architectural standard, and its chips are used in almost
every smartphone in the world.

* Key technology suppliers for the industry. The Dutch company ASML is a niche leader, as it has developed the most advanced
chip structure miniaturisation method using its extreme ultraviolet lithography (EUV) system. Without this company's technology,
the production of high-end chips around the world is not possible. Also worth mentioning is the French company SOITEC, as a
producer of special wafers.

ARMASML ©® BoscH {f= (infineon (intel, W seitec Lys } v YXFAB

life.augmented  Semiconductor: MIKED-SIGHAL FOUNDRY EXPERTS
=.augmente

Sources: German Council on Foreign Relations (2021) "Europe's Capacity to Act in the Global Tech
| Generalitat de Catalunya Race" and Stiftung Neue Verantwortung (2021) "The lack of semiconductor manufacturing in Europe”
Il Government of Catalonia CataloniaConnects
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19

Foreign Direct Investment (FDI) in semiconductors

(FDI in Europe is capitalised by the American company Intel, which also concentrates investments in most countries

around the world.

Main countries receiving FDI in semiconductors and origin of FDI (in %) (2017-2021)

& c20.48
() |ersB _ - ‘€24B o ‘€14.0|3
1. United States (90%o)
1. United States (100%) | 2. UAE (5%) 1. Germany (100%) 1. Taiwan-China (51%)
2. United States (47%)

<5 Japan (3%)
3. Israel (1%)

\ "/
() €528 /
1. United States (88%)
2. Switzerland (11%) &
3. China (1%) e €10.1B
1. United States (67%)
2. Austria (19%)
3. Germany (6%)

£= 1 €30.98 % |€9.5B

= = . &0 ‘ €28.9B

1. South Korea (53%) ; ‘l]Jnlte i[;tes o) :

2. Taiwan-China (37%) apan (1%) 1. Taiwan-China (47%) @ call

3. The Netherlands (5%0) g ﬁouthlforea ?),Z/% B
- Hong Kong (13%) 1. UAE (51%)

2. United States (21%0)
3. The Netherlands (5%0)

Source: ACCIO from fDi Markets
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Venture capital in semiconductor startups 20

2021 was a record year in venture capital for semiconductor startups in the world, with $5.5 billion, almost double the 2020
figure, which was also a record year at the time. Chinese and American startups lead the ranking.

' Value and number of closed rounds in major countries*

' Semiconductor investment rounds t ? & &‘ 3
150 5.491 6.000 " LT 7/ \1’
e

125 5.000 $5.3B $3.8B $1.7B $871 M $256 M
137 rounds 199 rounds 61 rounds 32 rounds 30 rounds
100 4.000 * There are only 11 EU-27 countries, totalling $445 million and 77 rounds in
2.75 total. Spain is not included.
75 3.000 _
2.178 ' Major startups by closed round value
50 2.000
|| 13 S)sambaNovas ESWIN BITMAIN GRAFHCORE (( Engd*gng
% +0%0 $1.1B $1.1B $765 M $652 M $472 M
0 100 123 112 109 135 0 ' '

2017 2018 2019 2020 2021 . i : .
' Leading investors in venture capital

g DYLL

H i SEQLIOIA CAPITAL = SAMSUNG VENTURE
II‘I|:E‘.'| SEQUOIA CAPITALE ot INVESTMENT iy

capital * Celesta CAPITAL

Closed rounds =——Round value ($M)

Note: Pre-seed, seed and A-J series investment rounds are included.
The data refers to 2017-2021

ACCIO
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Semiconductor patents

21

The analysis of semiconductor-related patent publications, with a total of 779,004 in the last five years, shows a constant

interest in this field, especially in the United States.

Evolution of the number of patents

2017 to first quarter of 2022
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Patent distribution by geographical jurisdiction
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Leading countries 23

chain. The world market is dominated by TSMC and UMC, which have received significant public subsidies. Government efforts are focused

Taiwan-China is the world leader in semiconductor manufacturing, with a large manufacturing capacity and a complete industrial supply
6 on training the next generation of semiconductor engineers, given the shortage of talent, and to consolidate their global dominance.

conglomerates (chaebol). In May 2021, the government announced the K-Semiconductor Strategy to increase investment, tax credits and %
incentives for domestic chip manufacturers. A public-private investment of $452 billion is expected by 2030 to make South Korea a world BT

e —
South Korea's semiconductor industry has benefited from government subsidies and financial support from the country’s industrial N
leader in semiconductors and ensure technological independence. Samsung is the main national company.

Although Japan's global share has declined considerably, it continues to lead in the supply of raw materials, equipment and components, such
. as transistors, resistors and transformers. Kyushu Island is home to major companies and accounts for 5% of global semiconductor production
alone. It also concentrates the production of high-strength chemicals and high-purity hydrogen fluoride that are used as etching gas.

China’'s current capabilities focus on assembly, testing and packaging (ATP), and it has historically lagged behind in manufacturing
state-of-the-art semiconductors. China coordinates its semiconductor strategy through the National Integrated Circuit Plan (2014), the
2025 Made in China programme (2015) and the five-year plans. So far, more than $150 billion in government funding has been
channelled into China's domestic semiconductor industry.

detriment of Asian countries. Therefore, the CHIPS Act have been passed recently, which will provide $52.7 billion for semiconductor

manufacturing. There are currently more than 700 companies involved in the semiconductor manufacturing process, primarily located in
California, Texas, Oregon and New York.

t Semiconductors have become a critical area in the United States, which in recent years has lost the innovative advantage it enjoyed to the
—
.

| Generalitat de Catalunya

y Source: Acces Partnership (2021) "Semiconductors Global Policy Review"
ACC'O WY Government of Catalonia CataloniaConnects
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European Chips Act

The European Chips Act will reassert Europe's competitiveness and resilience in
semiconductor chip technologies and applications and will help to achieve the twin digital and

green transition.

. The European Chips Act, introduced in February 2022, proposes the
following:

Make investments in next-generation technologies.

Provide access to design tools and pilot lines to create prototypes,
perform tests and experiment with state-of-the-art chips.

Apply reliable and efficient chip certification procedures.

Support innovative startups, expanding companies and SMEs to
access capital funding.

Foster skills, talent and innovation in the field of microelectronics.

Use tools to anticipate and respond to crises and semiconductor
shortages, in order to ensure supply.

Create international semiconductor partnerships with related
countries.

Establish a more favourable framework for attracting investors and
establishing manufacturing facilities in Europe.

Intel, taking advantage of the Europea
Chips Act, has announced an investme

of €17 billion into a state-of-the-art
semiconductor mega factory in Germa
the creation of a new R&D and design
centre in France and investment into
R&D, foundry manufacturing and
services in Ireland, Italy, Poland and
Spain (mostly in Barcelona).

. With the target of the EU accounting for 20% of the global market by 2030, more than €43 billion will be invested.

ACCIO |

Catalonia

| Generalitat de Catalunya
¥ Government of Catalonia

Trade QlInvestment

Sources: European Commission and Intel
CataloniaConnects



PERTE (Strategic Project for Economic Recovery
and Transformation) regarding semiconductors

Develop the design and production

capabilities of the microelectronics and

semiconductor industry in Spain.

I 1 ; Until 2027

$€12.25 B
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Mapping of the semiconductor ecosystem in Catalonia 27

, = 020 _
86 companies @"‘E €158.3 M€ (Q? 701 jobs
i
81.4% of the companies 25.6% are under 10 years old.
» are SMEs. o
%) S 8.1% are startups.

66.3% have a turnover of more
than €1 M and 37.2% of more
than €10 M.

17.9% have women in
53.5% are exporters. management positions.

DO R oD

By segment*, 37.2% of companies are dedicated to design, 19.8% to
electronic circuits, 18.6% are auxiliary companies within the value
chain, 14.1% are dedicated to distribution and 12.8% to materials.
Other less relevant segments are EMS (5.8%), equipment (3.5%) and

fabs (3.5%).

*Companies can be classified into more than one segment within the semiconductor value chain. Source: ACCIO (last available

&~ i ; data
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Semiconductor value chain segmentation in Catalonia
Electronic circuit
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Impact of semiconductors on the Catalan manufacturing industry 29

42.3% of the Catalan manufacturing industry uses semiconductors in
processes or products.

The sectors that use more semiconductors are:

HIGH EXPOSURE MEDIUM EXPOSURE
D Computer and electronic products P Food and beverage
P Transport equipment P Pharmaceuticals
P Electrical materials and equipment P Chemicals
P Textiles, clothing, leather and
footwear
D Machinery

Semiconductors are key to developing the mobility of

the future and Industry 4.0 in Catalonia.

Note: estimate made from 2019 Catalonia GVA data from IDESCAT

r 4 o
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Semiconductor ecosystem agents in Catalonia

31

Technology
centres and

s Masaons: e M Tocke: Smo

g

@ - csic

K ICN2"

wc«"

@ o

4ND

C CURy

£ ’fB"Ciﬁ
Q _‘Ti} "#

Wy EAss

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

e

Insttut de Fisica

ICMAB ¢ Anes Bnargies
res e arC h I; @ at sic " Microsystems nanplochnpianies S
institutes ICFO ( curec: !‘E!TﬁT CITC EA " Eniados ™" WL e ool 2
Univers'.it@es e unB Universitat Universitat BN e g, wwvensar + WIVIC
]‘ and training WA onivorsitatAvtonoms de Girona | WP/ | Pompea Fabra e e g RAMON || « fupecit ukversimrpevie
v de Barcslona UNIVLESITAL —— S s LLU e L E;E &TALUNY‘;
centres LR aiey ROVIRA | VIRGIL]
- Y .MCEES csess SMARTECH MNENTEG
ASSOCIatlonS - ; ? SecPho w fat::;‘;t?;dﬁﬁ:luwn b L Lot ien Ammeg!..c %ﬁ%}e’gﬂ&%ﬁ
and clusters g 77
@ = & e Cla K @ o,
Institutions and gy . - G
oublic At Generalitat e lmec
- , de Catalunya Cambra de Comerg Cambra de Comerg P
administration

de Barcelona de Girona

e, petitc T
srpEeade Catau T

u-ment ﬁi m >

| Generalitat de Catalunya
¥ Government of Catalonia

ACCIO

Trade QlInvestment

Source: ACCIO
CataloniaConnects



Researchers in Catalonia 32

More than 3,600 researchers in
the field of nanotechnology,
photonics and microelectronics in

Catalonia.
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Talent in Catalonia
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Catalan universities and vocational training centres offer semiconductor training in a transversal manner, and work is underway

to offer a specific inter-university master's degree in semiconductors.

Electronic, Industrial and Automation Engineering . Electronic Engineering

Engineering in Industrial Technologies . Physical Engineering

Electronic Telecommunications Engineering Advanced Materials Engineering

Telecommunications Systems Engineering Automotive Engineering

Telecommunications Technology and Services )
Power Electronics

Engineering
Physics Nanoscience and Nanotechnology
Chemistry . Materials Chemistry

Catalan universities that provide semiconductor training
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Vocational training

P Electricity and Electronics

. Electronic Product Development
. Electronic Maintenance

. Laboratory Operations

. Analysis and Quality Control Laboratory

Source: compiled' by author
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Opportunities and challenges
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The current shortage of semiconductors has alerted nations worldwide to the strategic and economic importance of
chips and semiconductors, which has opened up unprecedented opportunities, although not without challenges.

Opportunities

| Stimulation of the economy

Reinforcement of other industrial ecosystem9

(European Chips Act

European Fund, NGEU )

(Research & technology
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Challenges

Value chain complexity )

C Geographic concentration of supply

Gonstant innovation

Time and capital )

Talent )

(Waste and water consumption

Source: compiled by author, based on interviews and personal communications
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Case studies in Catalonia 35

z@) TEF is a manufacturer of electronic boards (EMS) that has made
a paradigm shift in the advent of semiconductor shortages.

MPS specialises in semiconductor devices for power and energy ¥ 5 » ‘ : L S R
MRS management and will create 150 jobs to turn the Catalan N g B AL B S ol e
headquarters into the company's largest R&D centre in Europe. T ; ¥ :

TTl is a leading distributor of passive components,
connectors and electromechanics worldwide.

TG IMB-CNM develops materials and researches semiconductor
=== applications in fields such as health and aerospace.

IMASENIC specialises in developing image sensors and
imasenic :- has extensive knowledge of applications and technologies
related to this field.

The BSC is the national supercomputing centre in Spain. A
@ collaboration agreement has been reached with INTEL to

create a pioneering microchip design lab.
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Semiconductor technology snapshot in Catalonia

Interviews conducted
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Interviews with institutions 37

We would like to thank the following entities for providing the data and
information used to draft this semiconductor chip technology report:
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Thanks!

Passeig de Gracia, 129
08008 Barcelona

accio.gencat.cat
catalonia.com

Q @accio_cat
@ @catalonia_ti
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See the report here:
https://www.accio.gencat.cat/ca/serveis/banc-
coneixement/cercador/BancConeixement/eic-semiconductors-
catalunya
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