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A challenging three years
Rethinking global semiconductor supply chains
Rising environmental concerns

Challenges and opportunities



During the pandemic we experienced an unprecedented scarcity of chips

2018/2019: “normal” market cycle } dmnd 2020-Today: demand shock A [FEUUD 60 il
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Demand' & Supply? for semiconductors excluding memory3
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1. Past and forecasted IC sales: forecast derived from expected demand of representative industries 2. Past and forecasted foundry capacity 3. Due to surplus of memory Forecast
supply from 2019 onward Note: semiconductors are purchased one quarter before actual end-market sales 2

Source: BCG IC Model Forecast, BCG analysis (November 2022)
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The world now knows that supply chains and chips are important to daily life

Long production cycles make the bullwhip effect pronounced in our industry
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Highly fluctuating Over time & Obsolescence Rush orders Stock outs
prices and stockpiles idle time
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In April 2020 | simulated the PC supply chain dynamics for a GSA webinar

Assumptions

. .
Discrete event simulation of the PC supply chain responding to a 10% demand * 10% drop in demand
and recovery to initial demand level + inventory rebuild chris icharcs & L for 26 weeks
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But PC demand increased, making the supply chain challenges greater

PC shipments (million units)
342

309
286

260 263

Work from home practices reversed the
downward trend of client PC shipments

Wafer fabs were taxed to support
unforested client demand on top of growing
data center demand

2018 2019 2020 2021 2022

YoY
growth 1% 4 1% T 17% T 11% T -16% 4

Source: Statistia; BCG analysis

ed.
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We experienced widespread shifts in demand that continue to impact us today
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Devices of all types became short of supply

Severity of shortages by buyers of different types of chips Weigh(x,:t?,:e) 8N
| Logic- Leading (<= 7 nanometers) |G . T 0 39 |
|
E Logic - Advanced (10 - 22 nanometers) X3 18% 36% 23% 21% 3.4 56 i
i Logic - Mature (28 - 90 nanometers) 5% 14% 30% 27% 25% 3.7 44 i
i Logic - Legacy (>90 nanometers) [ 21% 28% 21% 31% 3.7 29 E

Optoelectronic 8% 16% 37% 24% 16% 3.1 63

Other memory' 20% 1% 31% 22% 16% 2.8 45

Other / unknown? 14% 0% 57% 29% 4.4 7

Analog / Power / RF 10% 20% 39% 17% 14% 2.8 84

MEMS / Sensors 3% 23% 41% 21% 12% 2.8 66

DRAM 10% 15% 36% 31% 8% 2.9 59

Discrete 9% 31% 31% 21% 7% 2.4 67

NAND 12% 12% 31% 38% 7% 3.0 42

I Not experiencing longer wait times on this chip type [l Moderate (causing 2-3 month delay) [l Severe (causing 6+ month delay)
I Mild (causing <1 month delay) I Material (causing 3-6 month delay)

1. "Other memory" was described as including EEPROM, NOR flash, SRAM 2. "Other" chips include MOSFETs, Wafers for PV panels
Source: BCG Study on Semiconductor Purchasing (February 2023); n = 128 7

Copyright © 2023 by Boston Consulting Group. All rights reserved.



Almost every industry was impacted by the shortages

Abatement period for semiconductor shortages, by industry

7% 7%

13%
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33%
33 41%
339/ 14% ?
22% 29% : 24%
7% 31% 14%

7% g ° 9
7 11% 13% 11% = 3% 6% 6%
Energy & Comms  Automotive Aerospace Healthcare Consumer Consumer Data Center Industrial Other1

Utilities Infrastructure & Defense Electronics - Electronics / Servers / Goods

Smartphones - PCs / High Perf.
Laptops =~ Computing

I shortage over M 6-12 Months [ 18-24 Months Never
I 0-6 Months 12-18 Months [l 24+ Months

1. Other industries included: Gaming, Memory Manufacturer, Beverage, Food Manufacturing, Real Estate, Consulting;
Source: BCG Study on Semiconductor Purchasing (February 2023); n=128
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Many companies are now thinking differently about cost-resiliency tradeoffs

"Would you be willing to pay a premium for a US-manufactured chip of this type?”

80 - 75%
69%
[0)
60 - o 55% 54
48% 46%
40 -
20 -
MEMS / Logic - Other / Type  Other Logic - Analog / Logic - Optoelectronic NAND Logic - DRAM Discrete
Sensors Advanced Unknown? memory' Mature (28 - Power / RF Legacy (>90 Leading (<=
(10 - 22 90 nanometers) 7
nanometers) nanometers) nanometers)
: : - includi Bl % "Yes" from US companies
1. "Other memory" was described as including EEPROM, NOR flash, SRAM P

2. "Other” chips include MOSFETs, Wafers for PV panels o " .
Source: BCG Study on Semiconductor Purchasing (February 2023) - % "Yes" of non-US companies
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Semiconductors are increasingly becoming more central to global geopolitics

German R&D Act

25% tax free subsidy
of salaries for R&D

European Chips Act

$45B of

semi funding

$52B of incremental
semi funding $12B of

semi funding

AN

US Restrictions

US data center chip sales restrictions EU Restrictions Applies to all data activities in China that

to China and Russia

restricts chip/technology transfers

Non-exhaustive

China Big Fund'

$73B of semi funding

w

4

Korea Special Act

Tax breaks up to 20%;
30-40% tax credit for R&D

India incentive scheme

$25B of
semi funding

China Restrictions

Chip export restrictions on
US Export Control Reform Act Russia due to invasion of Updates to export restriction list

Ukraine

Data Security Law (DSL)

impair the country’s national security

included cryptographic chip design

1. Big Fund = National Integrated Circuits Industry Development Investment Fund. Note: Capacity plans are rounded estimates; Sll = Statute for
Industrial Innovation; PERTE = Strategic Project for Economic Recovery and Transformation
Source: NPR, Reuters, Business Journal Daily, Forbes, EETimes, SeekingAlpha, FierceElectronics, WeForum, Skadden, CNBC, Semiconductors.org, BBC,

TechCrunch, The Korea Herald, BCG Analysis

Taiwan SIl amendment

Corporate income tax rate of
20%. Up to 15% of R&D tax
deduction end of year

M incentive M Restriction

10
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The semiconductor industry directly produces ~0.2% of global emissions

Total greenhouse
gas emissions
(CO2e)

Distribution of
greenhouse gas
emissions (CO2e)

Data quality

Society
~ 50,000 MMT

100% of global emissions

World

Society

Source: UN Environment Programme,
excl. impact land use change, OurWorldinData

@

50

~ 1,000 MMT

2% of global emissions

I Devices
I Data centers
I Networks

ICT Industry

Source: ITU, ghg trajectories for ict sector
compatible with UNFCCC Paris Agreement, Andrae

Semiconductor Production

~ 100 MMT

0.2% of global emissions

I pm

™ Foundry
Il Materials
Il OsAT

Il Fabless
I Equipment
Il EDA & IP

Semiconductor Industry

Source: CDP, SEMI FAB, Gartner, BCG analysis
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Vast majority of Semiconductor industry emissions are tied to electricity use

MMT CO2e A
i Scope 1
300 4 284 —mmmm. Direct emissions that occur from sources that
are owned or controlled by the company
& DS
@ Scope 2
150 - 231 @ Indirect emissions from generation of
Q electricity purchased by the company
63
75 7a‘i Scope 3
!('9-@ Emissions resulting from activities of the
0 _- company, but from sources not owned or
Scope 1 Scope 2 Scope 3 controlled by the company, such as lifetime use
, of sold products
Related to energy consumption

1. Emissions from other upstream and downstream sources
Source: GHG Protocol, CDP, SEMI FAB, Gartner, BCG analysis 12
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Challenges and opportunities abound!

Challenges

Autonomous/EVs
Generative Al workloads
C&S pressures

Geopolitics

Leading node yields and costs

Source: BCG research

 SE— Opportunities —

Increasingly regionalized supply chains

Increased focus on power consumption
& device efficiency

Advanced node technology

Chiplet-based architectures

d.
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Disclaimer

The services and materials provided by Boston Consulting Group (BCG) are subject to BCG's Standard Terms

(a copy of which is available upon request) or such other agreement as may have been previously executed by BCG.
BCG does not provide legal, accounting, or tax advice. The Client is responsible for obtaining independent advice
concerning these matters. This advice may affect the guidance given by BCG. Further, BCG has made no undertaking
to update these materials after the date hereof, notwithstanding that such information may become outdated

or inaccurate.

The materials contained in this presentation are designed for the sole use by the board of directors or senior
management of the Client and solely for the limited purposes described in the presentation. The materials shall not be
copied or given to any person or entity other than the Client (“Third Party”) without the prior written consent of BCG.
These materials serve only as the focus for discussion; they are incomplete without the accompanying oral commentary
and may not be relied on as a stand-alone document. Further, Third Parties may not, and it is unreasonable for any
Third Party to, rely on these materials for any purpose whatsoever. To the fullest extent permitted by law (and except
to the extent otherwise agreed in a signed writing by BCG), BCG shall have no liability whatsoever to any Third Party,
and any Third Party hereby waives any rights and claims it may have at any time against BCG with regard to the
services, this presentation, or other materials, including the accuracy or completeness thereof. Receipt and review

of this document shall be deemed agreement with and consideration for the foregoing.

BCG does not provide fairness opinions or valuations of market transactions, and these materials should not be relied

on or construed as such. Further, the financial evaluations, projected market and financial information, and conclusions
contained in these materials are based upon standard valuation methodologies, are not definitive forecasts, and are not
guaranteed by BCG. BCG has used public and/or confidential data and assumptions provided to BCG by the Client.

BCG has not independently verified the data and assumptions used in these analyses. Changes in the underlying data

or operating assumptions will clearly impact the analyses and conclusions.
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