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Governments Are in The Mix;:

Governments moving to invest and subsidize Semiconductor
Manufacturing:

- China $30B per year

U.S. $25B CHIPS act plus $52B from Infrastructure & Jobs act
EU €30B coming

Korea up to $65B support for semiconductors

Japan to match other countries - $50B?

Taiwan & India?

Summary: >$100B is on its way to “rescue” the
semiconductor industry and guarantee the chip supply
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Macro Concerns against Continued Growth

1. Inflation...Feds increasing rates
— Which means reducing money supply
2. China’s irrational shut down because COVID-19
— Permanent damage to supply chain reliability/security
3. War in Europe

— Energy shortage in short term

— Mis-directing resources away from growth driving
initiatives/industries

Techinsights
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Equipment: 2022 unchanged
IC Sales: 2022 unchanged
IC Units: 2022 unchanged
Electronics: 2022 unchanged

Techlnsights’ forecast summary

Techlnsights' Current Forecast

Forecast as of March 2022: 1Q21 2Q21 3Q21 4Q21 2021 1Q22 2Q22 3Q22 4Q22 2022
Semi Equipment ($B): $ 28.7|9% 301|9% 326 |$ 326351240 % 318 | $ 35.7|% 408 | $ 40.9| $ 149.2
Sequential Change 12.6% | 4.9% 8.2% -0.1% | 34.2% 24% | 124% | 14.3% 0.3% 20.3%
Capacity Utilization: 95.6% 97.6% 98.6% 96.9% 97.2% 95.5% 97.5% 98.2% 96.3% 96.9%
ICs ($B): $109.0 | $119.0 | $129.1 | $135.2 | $ 492.3 | $133.5 | $138.9 | $147.5 | $148.4 | $ 568.2
Sequential Change 5.1% 9.1% 8.5% 4.7% 27.4% | -1.2% 4.0% 6.2% 0.6% 15.4%
IC Units (BU): 90.9 98.0 102.4 102.9 394.2 102.4 108.8 114.4 113.4 439.0
Sequential Change 2.5% 7.8% 4.4% 0.5% 23.7% -0.5% 6.2% 5.2% -0.9% | 11.4%
Electronics ($B) : $608.1 | $583.7 | $614.6 | $768.0 [ $ 2,574 | $664.3 | $631.3 | $657.6 | $804.9 | $ 2,758
Sequential Change -13.0% | -4.0% 53% | 25.0% | 18.9% | -13.5% | -5.0% 4.2% | 22.4% 7.1%
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Electronic sales growth is rolling over

Worldwide OEM Electronics Shipments
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Annual IC Sales Growth: Weekly Moving Averages vs. Techlnsights Weather Reports
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Weekly Sales Growth: DRAM, NAND, Logic, Analog & Power, and Auto
Weekly Semiconductor Sales Growth
DRAM, NAND, Logic, Auto, Analog & Power
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The CPPI extended its decline

Techinsights' Spot Market Chip Price Performance Index

—+—Techinsights' CPPI
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Techinsights' CPP continued to trend lower,
falling 0.9 points in the second week of Aprl with
all segments finishing in the red. The drop
narrowed the CPPI-to-Moore’s gap from 67.7
points to 67.0. Caution is rising among traders
due to COVID shutdowns in China, the war in
Ukraine, rising levels of inventories, and growing
concems about slowing consumer demand. The
rafe of decline of the CPP! has been modest so
far, but it's beginning fo indicate a shift in
momentum in the latter part of 2H22.

DRAM had another rough week, tumbling by
1.5% at the headline leve! It was the biggest
weekly drop of the year. Mainstream DDR4 led
the decline with spot prices for 4Gb, 8Gb, and
16Gb falling as much as 3%. Legacy DRAM
didn’t fare much better with spot prices slipping
as much as 3% across the board.

NAND Flash slipped a mere 0.1% at the headline
level Low-density NAND moved higher, but high-
density NAND got a hair cut with spot prices for
256Gb and 512Gb falling as much as 2%.

MPUs clocked lower for the third week in a row,

this time by 0.6% amid increased pricing
pressures.

Techinsights
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IC Supply/Demand Heat Map
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More | More than Analog &
Overall DRAM NAND IDM Foundry: OSAT Auto
Qtr or Week Y Moore Moore Power Qtr or Week
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4Q 2020 Tight Shortage  Balanced Tight Tight Tight Shortage Tight Tight Tight 4Q 2020
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Capacity for Top Five Foundries®

Capacity for the top 5 Foundries expected to increase 8% in 2021, compared to 5% 2019

Foundry Manufacturing
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Semiconductor sales upgraded

Copyright @ VLSl Research Inc. All rights reserved.
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SEMICONDUCTOR SALES SEMICONDUCTOR SHIPMENTS
(worldwide sales, $B, calendar year) (worldwide sales, B units, calendar year)

2019 2020 2021 2022 2019 2020 2021 2022

Analog 56 58 76 89 Analog 166 176 219 244
-4% 3% 30% 18% -6% 6% 25% 11%

DRAM 63 67 96 111 DRAM 17 19 22 24
-37% 7% 42% 16% 12% 12% 13% 9%

NAND 41 50 61 69 NAND 11 12 14 15
-25% 24% 21% 13% -2% 5% 14% 11%

MPU 56.2 62.4 68.0 73.3 MPU 0.6 0.7 0.7 0.8
2% 11% 9% 8% -4% 9% 10% 7%

Other Logic 132 145 187 220 Other Logic 86 93 120 134
-2% 9% 29% 18% -9% 9% 28% 12%

Discrete, Opto & Oth 82 82 98 113 Discrete, Opto & Oth 637 637 761 852
3% 1% 19% 16% -8% 0% 20% 12%

Total Semiconductol 430 465 585 676 Total Semiconductol 919 938 1137 1270
-11% 8% 26% 15% -8% 2% 21% 12%
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The Chip Insider®

Semiconductor Manufacturing Markets

Foundry & IDM Capital
Expenditures

« Changes Since Last Forecast
« Company Focus

« Advanced Logic & Foundry

« DRAM & NAND

« Semiconductor Manufacturing
CapEx

* VLSI's View

WildPhotons: Never let life’s hardships to...

Techinsights
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Spending is increasing in 2022 as chipmakers bring more capacity online to meet end demand
CAPITAL SPENDING
'20 -'22 and '22 growth
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Manufacturing CapEx
Bullish business sentiment is driving a higher CapEx outlook
« 2021 CapEx surged 34% ]
_ Adv Logic & Foundry +45% - Foundry and IDM Manufacturing CapEx
— DRAM +27% 180 m Adv Logic & Foundry =DRAM =Flash/NVM =DAO
— NAND/NVM +17% 160
— Other +61% = 140
— Strong CapEx growth in 2021 and *‘-:- :ig
solid outlook for 2022 w -
+ 2022 CapEx s expected to grow & ¢4
23%, reaching over $182B 40
— Adv Logic & Foundry +32% 20 I I I
— DRAM +12% 0
— NAND/NVM +7% <R B O et e e
— Other +31%
Techinsights
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The Chip Insider®

Semiconductor Manufacturing

Test & Related Equipment
Outlook

Strong demand through supply
chains

* Changes since last forecast

« Testin 2021 and outlook 2022

« Test relative to Electronics and ICs
« Strategic View on Test

WildPhotons: Be careful when using sports analogies...
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Test Outlook 2022

Broad demand across all test segments continues

Test & Related Equipment Sales

Test EC]Uimeﬂt Sales worldwide sales, SB, by calendar gtr

(worldwide sales, 3B, CY 2019 - 2022) 1.6
m—lemaory Test S0CTest

2020 2021 2022 1.4
Memory Test 1.1 13 1.4 g | Trober —Handlers
¥-0- growth 62% 16% 13%
S50C Test 3.0 41 5.1 1.0
y=0-y growth 9% 7% 23% L
Other Test 0.3 0.4 0.4 @08
¥-0-y growth 3% 15% 2% E
Handlers 1.0 1.3 1.5 0.6
¥-0-y growth -2% 27% 15%
Probers 0.9 1.3 1.6 0.4
y-0-y growth 16% 38% 22% M—ﬁ
Total Semiconductor 6.4 8.3 9.9 0.2
¥-0-y growth 13.9% 30.9% 19.2%
Copyright ® VLS| Research Inc. All rights reserved 0.0
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Test Equipment Demand

Test intensity is growing as sales growth is outpacing IC units

o &
8 g

Semiconductor Units (BU)
G’
o

0

Test & Related Equipment vs. IC Units

=—=Test Eqpt == |C Units

1Q16 4Q16 3Q17 2Q18 1Q19 4Q19 3Q20 2021 1Q22 4Q22

3000

N
&
@)

2000

1500

1000

500

0

Copyright © VLSI Research Inc. All rights reserved.

VLSlresearch ... powered by Techinsights

ated Eqpt Sales

& Re

L

Tes

 ATE demand is solid through
2022

* Probers and handlers follow
overall industry trends

« Test & Related Equipment
sales are above long-term
trend-line
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Sales (SM)
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Test Equipment Relative to Electronics and ICs

Follows ICs and electronics

Electronics Growth Stack

(annual growth rates for Electronics, ICs and Test & Related Equipment)

40%

==F|ectronics Mkt
30% IC Mkt

-——=Test and Related
20%

~ N \/’:

-10%
-20%
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Copyright © VLSI Research Inc. All rights reserved
V LS I rese arC h e powered by TeCh I nSig hts Copyright © 2022 VLSI Research Inc. All rights reserved. Distribution rights contained in

TestConX Workshop www.testconx.org May 1-4, 2022




Session 4 Presentation 2

Tes'tco nx 2022 Market Report & Advanced Technologjes

Strategic View — Overall Test Investment

Test Hardware Spending

 Total Test Hardware 18000
spending exceeded —— " Probers 10 = Handiers = Probe Cards
$1 3B in 2021 m [nterface Boards m Test & Bl Sockets
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Terms and Conditions, Notices, and Disclaimers, etc.

By accepting this service or report, opening it, purchasing it, or using it you are agreeing to the Techinsights Manufacturing Analysis Inc.’s Terms and Conditions (“TechInsights Terms and Conditions”) contained on
techinsights.com, which include without limitation the following provisions and limitations. In the event of any inconsistency between these Terms and Conditions and the terms contained in the Techlinsights Terms
and Conditions, the terms contained in the TechlInsights Terms and Conditions shall govern and control.

Subscribers to the TechlInsights Customer Satisfaction Survey (“CSS”) further agree to the Terms and Conditions in the CSS Addendum signed by Your company. Techlinsights reserves all copyrights and sole
ownership of all information applicable to the CSS, including the survey results. Information from the CSS may not be reproduced or distributed externally. There is a separate endorsement usage license
agreement and fee for usage of the award logos and/or reference to the award logos, and/or reference to the CSS.

This service or report is confidential and for the use of Techlinsights and its Clients only. This service or report contains valuable proprietary data, intellectual property, and trade secrets developed or acquired by
TechlInsights. Dissemination of these materials is not intended to constitute a disclosure to the public of the information contained in the materials. You have a limited license to use these materials for your own
internal use, but do not become the owner of any material. The materials provided are protected by copyright, trade secret, and trademark law. The provisions and limitations listed below are a summary of those
contained in the TechlInsights Terms and Conditions:

« This service or report may not be reproduced or distributed in its entirety, internally or externally, without permission from Techinsights. Information may be extracted on a limited basis for use internally
within your company provided that Techinsights is clearly referred to as the source of the information. See the TechlInsights Terms and Conditions for further details on usage provisions and restrictions.

» By using the upload function on TechlInsights' website You and Your Company are solely responsible for its Content that is uploaded or stored, in its upload area ; represent and warrant You have all
required authorizations from Your Company to upload and store Content; maintain all ownership rights for and in any Content uploaded or stored by You and Your Company; will not use the upload area for
any improper or illegal behavior, or to engage in any abusive or unlawful behavior. Any Techinsights Content uploaded is subject to and controlled by the entire Techinsights Terms and Conditions contained
on Techlinsights.com.

+ Techlinsights provides no warranties with this service or report, express or implied.
+ Techlinsights cannot and does not guarantee the accuracy or timeliness of any information or data provided.
* In no event will Techinsights be liable to you or any third party, for any damages of any kind.

+ By submitting letters and e-mails on current topics covered in our services and/or reports, unless you tell us specifically not to publish it, or except to the extent that you give us an embargo before which you
instruct us not to publish it, you are authorizing us to publish it.

+  We are not stock analysts. 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.
» Forward-looking statements are not guarantees of results or outcomes and TechlInsights does not have any intention or obligation to update forward-looking statements after the date of this service or report.

» No part of this service or report may be used in any legal proceedings nor may any information contained herein be disclosed to any third party, or reproduced, or transmitted to any third party, in any form or
by any means -- mechanical, electronic, photocopying, duplicating, microfilming, videotape, verbally or otherwise -- without the prior written permission of TechlInsights. Third parties include outside directors
and/or affiliated firms of your company.

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

The presentation(s) / poster(s) in this publication comprise the Proceedings of the
TestConX 2022 workshop. The content reflects the opinion of the authors and their
respective companies. They are reproduced here as they were presented at the TestConX
2022 workshop. This version of the presentation or poster may differ from the version that
was distributed at or prior to the TestConX 2022 workshop.

The inclusion of the presentations/posters in this publication does not constitute an
endorsement by TestConX or the workshop’s sponsors. There is NO copyright protection
claimed on the presentation/poster content by TestConX. However, each presentation /
poster is the work of the authors and their respective companies: as such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any
questions regarding the use of any materials presented should be directed to the author(s)
or their companies.
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