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The Semiconductor Industry is at an Inflection Point

AI is transforming chip architectures, demanding new designs, while breakthroughs in 

quantum computing, photonics, and power electronics create new opportunities and challenges

Changes in chip architecture revolutionizing Supply

US-China tensions, reshoring efforts and the need for supply chain resilience 

are disrupting the global semiconductor landscape

Geopolitical & Supply Chain Shifts

Semiconductor scaling is slowing due to physical and economic constraints, while computing 

power demand is surging, driven by AI and machine learning advancements

Rising computing power Demand
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The Rules of Competition Are Changing

Business 

challenges

Technology 

disruptions

4 
Business challenges – 

Failing to adapt means 

falling behind; as R&D 

costs soar, supply chains 

shift, talent grows scarce, 

and sustainability 

concerns arise

5
Disruptive forces are 

rewriting the 

semiconductor playbook 

—pushing R&D, supply 

chains, and investments 

into a new era
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Artificial Intelligence 

Rapid growth in AI and ML workloads 

driving need for specialized 

accelerators such as GPUs, TPUs, 

and neuromorphic chips Automotive

Industrial
Consumer
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Computing

GenAI-driven 
demand

Global semiconductor market (base case)
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Quantum Computing 

Innovative architectures and 

advanced materials opening new 

paths for quantum computing, even 

as challenges like qubit stability and 

error correction persist
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4

2024

Expected quantum computing market size1

Actual

Source: Mckinsey Quantum Monitor

USD bn

11x

32x

1. Numbers include both funding & investment in Quantum Computing and proceeds to Quantum providers
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Photonics Advancements 

Optical interconnects and silicon 

photonics are addressing critical 

bandwidth and energy challenges in 

high-performance computing and 

data centers
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3

10

5

17

2022

1

2025E 2030E 2035E

~4

~13
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21% CAGR

Data Centers Networks Others

Silicon photonics (SiPh) Market Forecast by Application

USD bn

Artificial Intelligenge and 

Machine Learning

Hybrid/Multi Cloud

Large-capacity Services 

(e.g., 5G and IoT)

e.g., High-traffic Applications

Drivers
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2
2

Source: McKinsey expert interviews



McKinsey & Company 11

Next-Gen Power Electronics

Wide bandgap semiconductors like 

SiC and GaN enhancing power 

efficiency, crucial for electric vehicles, 

industrial systems, and high-

frequency applications

Source: SiC & GaN Power Semiconductors Report – 2024

SiC power semiconductor 

device sales by release date 

USD bn

GaN power semiconductor 

device sales by release date 

USD bn
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Heterogeneous Integration 

The transition from monolithic chips to 

modular chiplet designs and open 

architectures (e.g., RISC-V) is 

enabling scalable, high-performance 

solutions
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Source: Mckinsey, YOLE Optical Transceivers for Datacom and telecom 2024; Dell’oro optical transport equipment market forecast 2024

2.5D Advanced Packaging supply...                     …and demand          

mln wafer starts per year

~4x

~8x

~6x

5

2

2

2

2



McKinsey & Company 13

Semicon 

landscape

Technology 

disruptions

Business 

challenges



McKinsey & Company 14

Cost of developing next-generation chips 

escalating, requiring longer development cycles 

and higher capital investments

Political and economic realignment, including 

increased government spending, affecting the 

global semiconductor supply chain

Industry facing a shortage of highly specialized 

semiconductor engineers, affecting design and 

fabrication capabilities

Failing to adapt 
means falling 
behind—as R&D costs 
soar, supply chains 
shift, talent grows 
scarce and 
sustainability 
concerns arise

Sustainability concerns rising, with pressure to 

reduce consumption and environmental impact of 

semiconductor manufacturing processes
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As node sizes reach fundamental limits, the cost of developing 
next-generation chips escalates

1

2

3
4

Number of transistors per chip over time, mln

Moore’s law projectionExpected growth

Source: Our World In Data report on Moore’s law
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South Korea

Industry investment 

USD 450 billion 
public/private funds
Share of government funding 

unclear; yet support via 

corporate tax breaks, R&D tax 

credits, and scholarship funding 

to ramp up Korean semi-

conductor production and 

leading-edge technology

China

Made in China 2025 USD 100+ billion
Forecasted public-private spending 2015-25 to achieve 70% domestic 

self-sufficiency by 2025 and 100% self-sufficiency by 2030

Japan

Semiconductor 

funding bill 

USD 6.8+ billion
Public funding for domestic 

semiconductor investment 

including subsidies for a Japan-

based TSMC fab

European Union

European Chips Act 

~ EUR 15 billion 
public funds
Proposed public funding for 

semiconductor manufacturing and 

STEM talent attraction programs to 

expand European capacity

United States

CHIPS Act 

USD 52 billion 
public funds
Proposed budget for production 

incentives, R&D, supply chain 

security investments, and 

workforce development programs 

Governments 

pouring billions 
into semicon 
R&D

1

2

3
4

Source: Web search
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Globally, the 
semiconductor 
industry could 
have an 
engineering 
talent gap of 
~400,000 
professionals 
by 20301

Total

~200

Asia

~100

North 

America

Europe

~400

~100

Semicon engineering 

talent gap, k

Key countries with highest gap
Malaysia, Philippines, 

Japan, South Korea
USA

Germany, Netherlands, 

France, Italy 

Mainland

China

~150

Additional talent needs by 2030 +130,000+200,000+810,000 +480,000 +370,000

Increase in attractiveness required to 

fill gap, % eng graduates in semicon
1%→4%3%→8%3%→4% 3%→5%

1.Excluding Mainland China

2.Including technicians, operators and other roles

Source: McKinsey Global Semiconductor Talent Model, 2023

Total talent gap nearing 1,000,000 

across all relevant roles in semiconductors2

3

Deep dive next
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~10

UK

~2

Poland

~4

Europe

~2

Belgium

~4

Other

~37

Germany

~19

Netherlands

~8

France

~7

Italy

~7

Ireland

~100

Austria

Semiconductor 

engineering 

talent gap, k

Source:  McKinsey, Eurostat, Cedefop, OECD, METIS, Omdia, Silicon Saxony, Rijksdienst voor Ondernemend Nederland, Engineers Ireland, UK Parliament, Engineering UK, Expert HR, LinkedIn,

company websites and press search

Europe will face a gap of ~100,000 semiconductor engineers if it 
does not significantly increase industry attractiveness by 4x 3

Increase in attractiveness 

required to fill gap,

% eng graduates in 

semicon

1%→4% 3%→8% 3%→26% 1%→3% 1%→3% 4%→21% 0%→3% 0%→1% 1%→9% 0%→3% 0%→1%
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20%

55%

45%

Scope 2

49%

      5%

25%

21%

Scope 3

upstream

35% 45% 20%

80%

Typical Fab emissions profile
(excl. scope 3 downstream), share of total CO2e, %

Other

Facilities 

(including Subfab)

Purchased raw 

material and 

services

Transport

Capex

Other 

energy

Key areas to act to 

reduce emissions

Reduction of direct emissions Operations energy 

consumption 

reduction

Process gases Tools

Optimizing energy 

supply towards 

renewables

4



Thank you!
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