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First, we need to talk about the market
environment

Impact of COVID-19
What we know for sure..

Fundamental market drivers still in place
Chips still need testing

Technical problems not going away
Economic challenges just got a little harder
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Semiconductors, $Bn
Long-term growth drivers still in place
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Semiconductors: Uncertainty in the Supply Chain
Inventory Build?

End demand remains strong across multiple segments

Is this real, or are companies in the supply chain moving away
from a “just in time” strategy and building inventory “just in case”?

Some evidence of going back to “traditional” inventory levels, but
not excessive
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Semiconductors: Uncertainty in the Supply Chain
Increased Volatility

Week-over-Year |IC Sales Growth Trends

VLSI's Weekly IC Sales Growth Metrics

Week over year:
Sales of semiconductors

this week compared to
\ the same week last year

Recovery started in
March 2019

—\Week over Year

Week Ending

V LS |reseorc hi.. intelligence to make better decisions faster
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Semiconductors: Uncertainty in the Supply Chain
Increased Volatility

Week-over-Year |IC Sales Growth Trends

VLSI's Weekly IC Sales Growth Metrics
50%

Semiconductor sales
40% were going back into

30% positive territory at the
yo% \ end of 2019
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O% 2020 was looking like
- being a great year before
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Week Ending
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Semiconductors: Uncertainty in the Supply Chain
Increased Volatility

Week-over-Year |IC Sales Growth Trends

VLSI's Weekly IC Sales Growth Metrics
Market becoming
increasingly volatile

A

—\Week over Year

Week Ending

V LS |reseorc hi.. intelligence to make better decisions faster
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Semiconductors: Uncertainty in the Supply Chain
Chipmakers are Still Investing

Capital Expenditures in $Bn by
Application

Adv. Logic & Foundry

B 2019
I 2020 Forecast

Flash/NVM

Discrete, Analog & Other
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Semiconductors: Uncertainty in the Supply Chain
IC Unit Shipment Growth, %
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Semiconductors:
Short-term concerns, long-term certainty

Current business activity surprisingly strong given the situation

Short-term view: 2020 IC revenues forecast scenarios
Mild Impact — ICs down 5%, strong recovery starting Q4 2020
Severe Impact — IC s down 20%, no recovery until 2021

Long-term view remains unchanged
Compound annual growth rate of ICs between 6% and 7%
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System Level Test (SLT)

So, what does the rapid growth in SLT mean for you?
How will the emergence of STL change the cost structure of test?

Is this an additional cost to the industry...
... or will costs shift from one place to another?

What'’s the overall impact on cost of test?
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Cost of Test

Test, test, test and test:

Wafer Sort
Package Test
Burn-in Test
System Level Test

. I e St CO nX What Does the Rapid Growth in System Level Test Mean for You? 12 2 0 2 o

TestConX Workshop www.testconx.org May 11-13, 2020




Session 1 Presentation Market

TestConX 2020 Market

Cost of Test: wafer Sort, Package Test, & Burn-in Test
Revenues, $M

B 2019 Wafer Sort: ATE, Probers, Probe Cards

Wafer Sort
5.200 - 2024 Compound annual growth (CAGR) of 4.1% 2019 to 2024

Package Test Package Test: ATE, Handlers, Device Interface Boards, Test Sockets
CAGR of 3.0% 2019 to 2024

Burn-in Test Burn-in Test: Testers, Burn-in Boards, Burn-in Sockets
CAGR of 2.5% 2019 to 2024

Total costs are $9Bn in 2019, growing to $10.75Bn in 2024
CAGR of 3.5% 2019 to 2024
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Cost of Test: System Level Test (SLT)

The market for SLT equipment and consumables not easy to
measure

* Until recently, quite small
» Suppliers not well known (generic equipment suppliers, subcontractors, etc.)

SLT now entering the mainstream and attracting companies
well known to the semiconductor industry
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Cost of Test: : System Level Test (SLT)
Testers, Handlers, Boards, Sockets: Revenues, $M

1,300 M 2019 System Level Test: Testers, Handlers, Boards, Sockets
System Level Test 3300 2024 CAGR of 20.5% 2019 to 2024
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Cost of Test: System Level Test
Revenues, $M

B 2019 Wafer Sort: ATE, Probers, Probe Cards

Wafer Sort 5000 2024 Compound annual growth (CAGR) of 4.1% 2019 to 2024

Package Test: ATE, Handlers, Device Interface Boards, Test Sockets
Package Test CAGR of 3.0% 2019 to 2024

Burn-in Test: Testers, Burn-in Boards, Burn-in Sockets
CAGR of 2.5% 2019 to 2024

Burn-in Test

System Level Test: Testers, Handlers, Boards, Sockets

System Level Test CAGR of 20.5% 2019 to 2024

Including System Level Test, the costs are $10.35Bn in 2019, growing to $14.05Bn in 2024
CAGR of 6.3% 2019 to 2024
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Cost of Test:

Test Equipment and Consumable Costs as a % of total
Semiconductor Sales

_/\/ el BT Rapid grovyth of SLT costs are changing
the dynamics of test cost

Will put pressure on wafer sort, package
test, and burn-in test

Excluding SLT
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Cost of Test: : Sockets for System Level Test (SLT)

Sockets for SLT estimated to be > $150M in 2019
Potential to grow to > $450M in 2024

However, it’s too early to know how this market will play out
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Cost of Test: : System Level Test (SLT)
What we don’t know...

Is the recent ramp up just the start of something big, or will it
take time for the first round of capacity expansion to be
digested?

What are the efficiency gains to be made, if any?

Who will be the winners and losers?
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Final Thoughts:

2020 is going to be an unusual year
Semiconductor sales still strong
Confidence levels low — uncharted territory

VLSI forecasts for 2020
Semiconductors down 4.3%
Test and burn-in sockets down 4.6%
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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 VLS| 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 VLS| 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; VLSI 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 IS", "WHERE AVAILABLE", “WITH ALL FAULTS” basis. VLS| Research does not warrant these materials or the information provided therein, either
expressly or impliedly, for any particular purpose and VLS| 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.

The sources of the information in this report include numerous individual reports, memos and bulletins from various segments of the industry, annual reports, financial reports, interviews, questionnaires,
surveys, technical symposia, trade journals, technical journals and individual assessments by knowledgeable company or industry representatives as well as our own analysis and judgment. Some
companies are more cooperative about providing information than others and some companies decline to provide or validate the accuracy of any information. Although the information provided is obtained
or compiled from sources VLS| Research believes to be reliable given the oftentimes difficult circumstances under which it is collected, VLSI Research cannot and does not warrant or guarantee the
accuracy, validity, truthfulness, timeliness, or completeness of any information or data made available to you for any particular purpose. In no event will VLSI Research be liable to you or any third party,
whether in contract, tort or under any other legal theory, for any direct, indirect, special, consequential or incidental damages, or any other damages of any kind even if VLS| Research has been advised of
the possibility thereof.

We receive letters and e-mails on current topics covered in our services and/or reports that are of interest to our subscribers, as well as comments on our reports. We value that subscriber input and like to
use it. By submitting such material to us, unless you tell us specifically not to publish it, or except to the extent that you give us an embargo date before which you instruct us not to publish it, you authorize
us to publish and republish it in any form or medium, to edit it for style and length, and to comment upon or criticize it and to publish others’ comments or criticisms concerning it, as the case may be.

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 VLSI 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 VLS| Research can not predict those events or how they may affect you, the reader. VLS| 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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COPYRIGHT NOTICE

The presentation(s)/poster(s) in this publication comprise the proceedings of the 2020
TestConX Virtual Event. The content reflects the opinion of the authors and their
respective companies. They are reproduced here as they were presented at the 2020
TestConX Virtual Event. 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.

“TestConX” and the TestConX logo are trademarks of TestConX. All rights reserved.

www.testconx.org

TestConX Workshop www.testconx.org May 11-13, 2020



