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Integrated Circuit Trend

VLSIresearch: Semiconductor Analytics

° G rowth h as Annual IC Sales Growth: Weekly Moving Averages vs. VLS| Weather Reports
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Weekly Semiconductor Sales Growth
DRAM, NAND, Logic, Auto, Analog & Power
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IC Supply/Demand Heat Map

Qtr or Week Overall DRAM NAND/NVM IDM Foundry OSAT Analog & Power

1Q 2019 Glut Saturated Glut Tight Glut Saturated Saturated

2Q 2019 Saturated Glut Tight Balanced Glut Loose Balanced

3Q 2019 Balanced Saturated Tight Tight Balanced Balanced Balanced

4Q 2019 Balanced Saturated Balanced Tight Tight Tight Balanced

1Q 2020 Tight Shortage Tight Balanced Shortage Shortage Balanced
2Q 2020 Tight Saturated Balanced Tight Shortage Shortage Tight
3Q 2020 Tight Tight Balanced Tight Tight Tight Tight
4Q 2020 Tight Shortage Balanced Tight Tight Tight Tight

1Q 2021 NowCast Shortage Shortage Tight Tight Tight Tight Balanced

1

30-Oct-20 Tight Tight Tight Balanced Tight Tight Tight
6-Nov-20 Tight Tight Balanced Tight Tight Shortage Tight
13-Nov-20 Tight Tight Balanced Tight Tight Shortage Tight
20-Nov-20 Tight Tight Balanced Tight Balanced Tight Tight
27-Nov-20 Tight Tight Balanced Tight Balanced Tight Tight
4-Dec-20 Tight Shortage Balanced Tight Tight Shortage Tight
11-Dec-20 Tight Shortage Tight Tight Balanced Tight Tight

18-Dec-20 Tight Shortage Tight Tight Loose Tight Balanced

25-Dec-20 Tight Shortage Tight Tight Saturated Balanced Balanced

1-Jan-21 Tight Shortage Tight Tight Glut Glut Saturated

8-Jan-21 Tight Shortage Tight Tight Tight Balanced Balanced
15-Jan-21 Tight Shortage Tight Tight Tight Tight Tight
22-Jan-21 Shortage Shortage Tight Tight Shortage Shortage Tight
29-Jan-21 Shortage Shortage Tight Tight Shortage Shortage Tight
[ Range: [ Shortage [ Tight | Balanced [ Loose [ Saturated |  saturated | Glut
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|IC Inventories are improving

e OEM IC Inventories are in

normal territory cl tor
nventories

« Die Bank Inventories 25
improving
. 202
— Logic IC healthy 5
— Analog, Discrete, & Power 1.s§”
tightening 2 g
— Memory mixed Ye
 Much of the inventory '§
“problem” has actually been 05 E
a feature of the COV'D e=m=Total Inventory e=m=Total Inventory to Billings
economy where Just-in- : 2 z 3 & 8 2 % z 2 & 5 2 % 3z 32 8§ 382

Case inventory control
displaced Just-in-time
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Chip Price Performance Index

« CPP| was VLSI's Spot Market Chip Price Performance Index
relatively flat in
2020 deSplte h |g h emm\/| S|'s CPP| ===24 Month Moore's Law Cycle ===12 Month Moore's Law Cycle
inventories in
Memory

« Steady increase in
4Q20 bodes well
for this year’s
prospects

Spot Prices: Increasing
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2021 Semi Industry Drivers

Continued W.W. GDP growth in CY21 from 2H20
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U.S. Money Supply Growth vs. the Yield Curve

==M1 Money Supply = —T 5Y-Fed Funds Rate
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2021 Semi Industry Drivers

Cloud/Hyperscale Datacenter

» Hyperscale Capex
spending at an all time
high, up 23% YTD 3

— Amazon driving much of 25
the growth 2
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Hyperscale Fabless Capex
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Accelerating Public Cloud Adoption

AWS
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° CIOUd investments =——0Op. Income as % Sales
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2021 Semi Industry Drivers

5G Proliferation

Smartphone Shipments
1600 70%

1400

« 5G Smartphone o
shipments will double 2 - e
in 2021 o0 o

- Significant increases :: o

in silicon content . o

* Increasing 5G base i
station deployments Silicon Content

ENAND m DRAM m Logic Opto

4G 56
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Semiconductor Forecast

* Memory will lead the SEMICONDUCTOR SALES
Way as |tS reCOVGW (worldwide sales, $B, calendar year)
gains more traction 209 2020 202
. Analog 56 58 64
in 2021 -4% 3% 11%
« Continued recovery DRAM 3fj f; 2:;
in Auto, Industrial, NAND 41 50 58
and Macro will boost L :gg :;’: ;75;
DAO grOWth 2.% 11.% 9.%
. Other Logic 132 145 158
5G ramp and Cloud ey oy 0%,
expansion will Discrete, Opto & Other 82 83 93
- - 3% 2% 12%
eXtend LOglC galnS Total Semiconductor 430 466 522
— GPUs will stay hot -11% 8% 12%

Copyright © VLSI Research Inc. All rights reserved.
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Capex

« Capex remains top-
heavy despite increased

2021 TOP IDM & FOUNDRY CAPEX SPENDERS
(Capital expenditures by company, $B, ranked by 2021 Forecast)

2018 2019 2020P 2021F

. . Samsung 21.6 19.3 28.1 27.0
spending by Chinese TSMC 105 149 172 265
Manufacturers Intel 152 162 143  15.1

SK hynix 146 120 84 112

Top 6 accounted for 74% Toonpawp 22 29 38 59

- oshniba . . . .
in 2020 SMIC 1.8 2.0 59 3.7
XMC/YMTC 24 21 30 33

° ; : Innotron 1.3 14 25 25
!:OUI‘ Chlnese Compar"es Huahong Group 2.2 20 22 24
in the top 10 accounting Sony | 14 23 21 23
. STMicroelectronics 1.3 1.2 1.3 20

for 13% of spending last Infineon 14 13 12 16
o/ : umc 07 06 10 15

year, up from 8% in 2019 GLOBALFOUNDRIES 12 07 08 15
Nexchip 08 06 08 08

Others 12.1 93 81 104

Total 1003 972 1091 1267

y-0-y growth 8% -3% 12% 16%
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Summary

» Semiconductor and Equipment recovery is
on track despite the ongoing uncertainty
from the pandemic and the U.S. China
tech war

— Drivers

* buildout of IT Infrastructure, the 5nm "
demand ramp, 5G proliferation, memory
capacity buildout, and Central Banks "Th m mom B BB BB BB BB R B LEEELEEDE
pouring Vodka in the Punchbowl

_ Pote ntlal d isru pto rs Worldwide Semiconductor Sales

« fallout from the US/China decoupling,
the potential for a Made-in-China
capacity glut, the COVID bump turning )
out to be a roman candle

Worldwide Semiconductor Equipment Sales

200
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$B

1000

@ 600
« Equipment sales are expected to hit
$200B and Semis $1T in the early 2030’s
X . L. 04 February 2021
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Questions?

Get VLSI’'s ChipChirps™ and Semiconductor WEEK
by downloading VLSI's App for Android and iOS:

# Download on the GET ITON
@& App Store ® Google Play
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Thank You

Get VLSI’'s ChipChirps™ and Semiconductor WEEK
by downloading VLSI's App for Android and iOS:

# Download on the GET ITON
@& App Store ® Google Play
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Now make decisions even faster with VLSI’s app
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Semiconductor Analytics

IC Supply/Demand Heat Map

The Chip Insider® CapEx Distribution
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about VLSlresearch

VLSIresearch’s unique combination of deep semiconductor industry contacts, data analytics, with
databases and information libraries that reach back seven decades, combined with its locations in the
world's technology hot-spots, make it perfectly suited for the development of the world's most distinguished
semiconductor market research. VLSI's information is selectively crafted by the world's most renown
semiconductor manufacturing market research analysts who have over a century of combined experience.
VLSlresearch's contributions are industry recognized by being the only market research firm to have
received SEMI's Sales and Marketing Excellence Awards. Founded in 1976, VLSIresearch is the leading
technology research and advisory company focused on semiconductor market research. Visit
www.visiresearch.com to learn more.

Research and Services

« The Chip Insider® « Semiconductor Analytics » Customer Satisfaction
* The trusted advisor « Know when it’s turning as it « Brand-management

« The ForecastPro turns - Test Connectivity Systems
« The semi ecosystem » Critical Subsystems - Consulting

« Equipment Databases * Equipment supply-chain

« Semi equipment
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http://www.vlsiresearch.com/

VLSlresearch Operations

‘ HQ, Resea
Research, Operations, and Sales D

7Operations, & Sales

Sales
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Meet the Team

G. Dan Hutcheson Risto Puhakka Andrea Lati Ha Pham
CEO and COB President Vice President, Senior Market

Market Research

W

Shereen Vaux
Market Research
Analyst

Lyndsey Lindt
Associate Analyst

Lisa Steele
Vice President,
Administration

VLSII’GSGOI’Ch ... intelligence to make better decisions faster

Manjesh Singh
CTO

Research Analyst

John Wes Kaz Hayashi
Managing Director, Managing Director,
VLSI Europe Japan
Affiliates

Young Soo (YS) Im
Managing Director, Korea

Leo Yi
Managing Director, China Mainland

Theo Kuo
Managing Director, Taiwan
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VLSlesearch Websites

VLSlresearch.com
« Award-winning market research and analysis
* Forresearch on semiconductors and manufacturing

economics

Hlstory org

Preserving the history of semiconductors for future

generations
» Virtual history museum
« Based on industry donations
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Terms and Conditions, Notices, and Disclaimers, etc.

By accepting this report, opening it, or using it you are agreeing to these terms This report contains valuable data, intellectual property, and trade secrets developed or acquired by VLSI Research. You have
a limited license to hold these materials but do not become the owner of any material. The materials provided are protected by copyright, trade secret, and trademark law. This presentation has been
approved by VLSI Research for public release with attribution. The information in the materials may be used by you on a limited basis in your own documents provided that those documents are not-for-sale;
VLSI Research’s name, brand, or trademarks are not used to endorse a product or company for sales purposes; VLS| Research is clearly referred to as the source of such information; and you obtain
written approval prior to use.

This report is provided on an "AS IS," "WHERE 1S", "WHERE AVAILABLE", “WITH ALL FAULTS” basis. VLSI Research does not warrant these materials or the information provided therein, either
expressly or impliedly, for any particular purpose and VLSI Research specifically disclaims any express or implied warranties, including but not limited to, any express or implied warranties of TITLE,
ACCURACY, NON-INFRINGEMENT, MERCHANTABILITY or FITNESS FOR ANY PARTICULAR PURPOSE OR USE.

This report was generated based upon the views and opinions of the moderator and panelists. These views and opinions are personal views and may not be the views and opinions of their employers.

This report may contain information concerning stocks that is obtained from the opinions of industry analysts. Quoted past results are not necessarily indicative of future performance. None of the
information should be seen as a recommendation to buy or sell any securities. We are not stock analysts or investment advisors. You should contact a registered investment advisor as to the nature,
potential, value or suitability of any particular investment action. No information provided is investment advice and any such information is just an opinion and is not tailored to the investment needs of any
specific person. Certain statements in this report, other than statements of historical fact, and other written or oral statements made by VLS| Research may be forward-looking. In some cases, you can
identify forward-looking statements by terminology such as "may", "will", "should", "expects", "intends", "plans", "anticipates", "believes", "thinks", "estimates", "seeks", "predicts", "potential", and similar
expressions. Although VLSI believes that these statements are based on reasonable assumptions, they are subject to numerous factors, risks and uncertainties that could cause actual results and
outcomes to be materially different from those stated or projected. Those factors, among others, could cause actual results and outcomes to differ materially from the results and outcomes stated or
projected in, or implied by, the forward-looking statements. You should understand that forward-looking statements are not guarantees of results or outcomes. New risks and uncertainties arise from time to
time, and VLSI Research can not predict those events or how they may affect you, the reader. VLSI Research Inc does not have any intention or obligation to update forward-looking statements after the
date of this report.

No part of this report may be used in any legal proceedings nor may any of these materials or the information contained therein be disclosed to any third party, including investors or affiliated firms belonging
to investors, outside directors or to your affiliated companies, or reproduced or transmitted to any third party, in any form or by any means — mechanical, electronic, photocopying, duplication, microfilming,
videotape, verbally or otherwise — without the prior written permission of VLS| Research.

The Chip Insider®and the CSS 10 BEST logo are registered trademarks of VLS| Research Inc. All other trademarks, service marks, and logos are the property of their respective owners.
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