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SWTest 2023 Visionary Keynotes

Testing in the 3D NAND The Bigger the Life,
Zettabyte Era The Greater the Risk

Luca Fasoli, PhD Max Lowe

Sr. Vice President Director + Documentary
Western Digital Corp. Film Maker
JS Western Digital. Max Lowe

Director + Photographer
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e Each day of the conference will be available in an e-
Version for download in a password protected file.

- Network (SSID) = Omni Meeting
- Session and Expo WiFi Password = swtest23

- Download at = https://www.swtest.org/

e Free WiFi access will be available during the entire
conference to allow attendee access to the downloads.

Password for Monday = terramar
- Password for Tuesday =
Password for Wednesday =

e Daily passwords to the download files will be announced
throughout each day, respectively.

Non-password locked files will be made available in
SWTest Archives after the conference adjourns.
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https://www.swtest.org/

' 33-years of Probe Technology | H.

T e 24

PROBE TODAY, FOR TOMORROW
2023 CONFERENCE

"/

— =




' ~ SWTest San Diego and SWTest Asia .

33 Years of Combined
Probe Technology

12,000+ Attendees have
participated from 60+ Countries

1,000+ Technical Podium
and Poster Presentations

Repeat Multinational Sponsors

and Premier Exhibitors
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SWTest Asia

Nov. 2 to 3, 2023

SWTEST ASIA

PROBE TODAY, FOR TOMORROW
2023 Conference and Expo

Sheraton Hsinchu Hotel
Zhubei City, Taiwan

Oct. 23 to 25, 2024

SWTEST ASIA

PROBE TODAY, FOR TOMORROW
2024 Conference and Expo

Fukuoka, Japan
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June 3to 5,2024
SWTest 2024 Conference and Expo

Omni - La Costa, Carlsbad, CA
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SWTest 2023 - Map
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p SWTest Organization

e SWTest Executive Team : : :
i SWTest is organized, coordinated,
- Jerry Broz, PhD, General Chair and Sr. Member IEEE and executed through the efforts of
- Rey Rincon, Technical Program Chair your colleagues.
— Patrick Mui, Technical Program Co-Chair
- Maddie Harwood, Finance Chair & Conference Mgmt

e Technical Program Committee e Steering Committee |
ESRTIC aldwell. MJC Electronics Cor - Davide Appello, STMicroelectronics (Italy)
’ B - Karen Armendariz, Celadon Systems

- ClarkLiu, Taiwan MJC Co. (Taiwan) - Geert Gouwy, IMEC (Belgium)

- Mark Ojeda, Infineon (US) - Michael Huebner, PhD FormFactor (Germany)

- Raffaele Vallauri, Technoprobe (Italy) - Joonyeon (JY) Kim, Samsung Electronics (Korea)
- Joey Wu, STAr Technologies (Taiwan) - Amy Leong, FormFactor, Inc.

- - Grace Liu, PhD, Intel Corp
A - Connie Smith, Texas Instruments, Inc.
Alex Yang, MPI Corporation (Taiwan)
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Semiconductor Wafer Test - SWTest

e Technology Forum for Wafer Probe and Test Professionals
- Balance of manufacturer and supplier collaborative podium and poster presentations
- Practical and industry focused solutions to real problems faced by test engineers.

e Focused Conference and Expo

— Topical technical program that does not compete
with Expo hours

- Expo has leaders in probe card, probe and test
equipment, and related services.

e Informal and Relaxed Networking
- Technical exchanges in a relaxed environment
- - Great social activities facilitate networking.
- Meet new people and have a little fun !
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WTest 2022 and 2023 Participation

SWTest 2022 SWTest 2023
as of 2-June
USA
57%
USA
EUROPE 70%
12%
EUROPE
9%
| 502 Total Registered 560 Total Registered
e 451 On-Site * 100% On-Site
e 51 Virtual

Over 60% of Presentations have International Au_thors !
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'SWTest 2022 Attendee Demographics

Yield Analysis Consultant, SWTest 2023

Software Analyst, Press as of 2-June
2% 3%
(1]

Probe Card
Suppliers
42%
? ~_Wafer Prober

Probe Card
Metrology 8%
5%

ATE Equipment
16%

560 Registered
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Phishing for SWTest Mailing List
and Third-Party Hotel Reservations

e ALL attendee information provided to SWTest and
SWTest Asia is safe, kept confidential, and never

CIMMON | FGAL

€= CASES PERSONS PEOPLE o some sold.

Elﬁfﬂ; ETH'HG SELF- S‘I’HEHHDNIIATIDH

E %E IN Fu RMATI I 1-“ " e Attendees must “opt-in” for sharing their contact
.;ujmzPRWATE pur g information through the conference Mobile App

SENSE

i E mm

[HTEHESTS ——
TIME sy

INES

e Attendee details are not made available to anyone
without permission.

CHOOSME

e SWTest works directly with the hotel and DOES
NOT use third-party hotel brokers.

Never have and never wil
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' - Ever Changing Semiconductor Landscape ‘
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miconductor Industry is Notoriously Cyclic
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TSMC revenue for 1Q23 decreased of 15.4% YoY.

Intel revenue for 1Q23 decreased of 36.2% YoY.

msung revenue for 1Q23 decreased of 18.1% YoY.
nue for 1Q23 decreased of 58.1% YoY
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Worldwide Semiconductor Revenues

Year-to-Year Percent Change
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e In2022, Global Semiconductor Market was up +0.2%
percent at US$ 599 billion

- Top 25 Companies accounted for 77.2% of Revenue!

e Since 4Q22, faced overall decline of 21.5% as companies

work through excess inventories and consumers cut back

on purchases due to rising inflation.

e Into 2023, memory revenue (Which accounts for ~23% of

overall market) declined sharply by more than 35%.
- Weak demand, overcapacity and excess inventory
- Significant pressure on average selling prices
- Double digit rebound for Memory expected in 2024

e Other markets are expected to have growth driven by
different sectors automotive, industrial, loT and
military/aerospace.

- Automotive is forecast to grow 13.8%, reaching $76.9 billion

in 2023.

. PC, tablet and smartphone semiconductor markets expect
dy, but minimal, growth.

Semiconductor Growth into 2023

Distribution of Worldwide Semiconductor Sales By Product Segment 2022

Logic

o
L
]
)

wemory | =)
Discretes +12%
Market Segment s
Sensor Trends in 2022
Source: World Semiconductor Trade Statistics (WSTS) and SIA Estimates.
2023 Semiconductor Market Forecasts
-20% -15% -10% -5% 0%
Gartner, Nov. -35.6% |
IC Insights, November -5%
WSTS, November -4.15% |

Objective Analysis, Dec.

EY, Feb. -a% |

Semiconductor

Intelligence, Feb.
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Long Term Growth Expectations

Personal Computing ($bn)

Smartphone ($bn)

Consumer Electronics ($bn)
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Source: Historical data: Gartner. Outlook: Gartner 3022 Forecast (Sep22, 2022) for years '22-'26; Outlook 2030: ASML estimate; segment revenue extrapolated using '20-"26 Compound Annual Growth Rate

(CAGR). Some deviations from this methodology due to expected growth profile differences across the decade

ASML Investor Day - 2022

J.Broz
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CMD 2022 - extrapolation

Market Challenges

° Overcapacity and excess
Inventories

° Decreased DRAM and
NAND pricing

° Reduced consumer spending

° Possible domestic and global
recessions

° Ongoing China restrictions.

Market Positives

° Automotive sector is most
important for driving
semiconductor

° Strengthening demand for
chips in high performance
computing (HPC),
datacenter, cloud storage

° Developments in auto,
industrial, clean energy, loT,
healthcare, online services
and defense segments.




Today’s Vehicles Require 40% More Semiconductors Than Pre-Pandemic Cars
Number of Automotive Chips Per Vehicle

350 -

300 -

250
212

200 -

150 - 134

100 - 97
61

50 -

2003 2005 2007 2009 201 2013 2015 2017 2019

Global shipments of automotive microprocessors and automotive analog semiconductors divided by global production
of light vehicles. 2021 data reflect first three quarters annualized.
Source: Goldman Sachs Global Investment Research, IHS Global Insight, Department of Commerce, Bloomberg, U.S. Global Investors

emi Growth Drivers

298

2021

- Automotive

Full & Plug-in Hybrids and Battery Electric Vehicles

$330 $32 $834
$396 $38 5
Non- ICE XEV xEV XEV Total
Power- Power- Sensors MCUs Power** Others** semi
train*  train BoM

e Automotive: a tripling of demand into the future, fueled by autonomous driving and e-mobility.

By 2030, the cost of semiconductor content in a Society of Automotive Engineers (SAE) Level 4 car
with an electric drivetrain could be about $4,000 compared with $500 for an SAE Level 1 car
powered by an internal-combustion engine.

[ |

e
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Semi Growth Drivers - Compute

Nvidia’s Side Business Becomes Its Main Strength PRECEDENCE]
After rapid rise, data center chips now generate more revenue than gaming

ARTIFICIAL INTELLIGENCE [AI) CHIP MARKET SIZE, 2023 T0 2032 (USD BILLION)

B Data center B Gaming

230 $227.48
IITY W— o0
2015 h 184
2016 _ 161
2017 [ — a8
2018 L)
2019 %
69
46
23

$175.36

$135.18
§104.21

2020
2021
2022
2023 2023 | 2024 | 2025 2026 W 2027 208 2029 I 20o0 2031 W 2032

0

Source: www.precedenceresearch.com

e Computation and data storage: growth is fueled by the demand for servers and data
centers that support applications such as Al and cloud computing.

e From2023to 2030
- Alis expected to expand at a CAGR of 29.72%.

- Global cloud computing market is projected to grow at a CAGR of 20%
- DataCenter Storage forecast to expand at a GAGR greater than 10%

B e T T —_— L — T




emi Growth Drivers

Evalution

60 technologies will revolutionize IoT applicafions
in various domains and provide immense impacts on
citizens, consumers and business towards a _future
society of fully intelligent and autonomous systems.

1-10 Gbps

1 0o~ 1 b P s

Communicate

= 1 Thps

Future 6G-IoT
Applications

Things

[ Internet of Healtheare l

Vehicular Internet of
Things amd
Autopoimous Driving

o

6 KI&PE Al of Mentioned Feamres, Unmanned Acrial |
24 K'*l“-‘ = Full Coverage, Massive [oT, | Vehicles
| o} All of Mentioned Mobile Apps using AL : .
Features, Ultra HD Satellite Communications. Satellite Internet of
T-l‘:!t[l:llg,. SMS, Video, Smart loT Aulommous Systems ']'||_i||1=_..~,I
Internet Access, Dievices ) .
Landlises Texting, Basic Texting, SMS,  Video, Mobile ||u]u.xlriu|.[n[cr||l.'| of
aMs Internet Access Broadband Things
1981Fs 9% 200MT 2010 20240 20252030 Tume

Fig. 1: The evolution of wireless networks toward future 6G-loT.

Wireless Communications: smartphones could account for most of the expansion, amid a shift from
lower-tier to mid-tier segments in emerging markets and backed by growth in 5G (and 6G).

This market is anticipated to flourish at a CAGR of approximately 15.2% during 2023 to 2030.
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$100B+

US CHIPS Act EU Industrial Alliance “Big Fund” (Integrated Circuit Industry Investment Fund
* Incentives for National Semiconductor * Rebuild capacity for high-end microelectronics. « $20.7B Phase 1
e Technology Centers to regain global leadership. * Various tax incentives

« $30.5B Phase 2
* Objective : 100% domestic self sufficiency by 2030

Y g >
$6.8B ‘\. . | $4508+

* Investmnet tax credits

Specified ICT Utilization K- Semiconductor Belt e
~ » Japan Ministry of Economy, Trade & Industry (METI) « $450B in funding to increase capacity by 2030. .
~ + Gov't fund for advanced semiconductors » Substantial tax credit for domestic companies

ab anEI_ advanced chipmaking technology.

- | ' e
. = ! - _ ey & Co, European Commission, Technode, ASML
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ree IDM Global FAB Investmenfs >

whexico  intel.

$35bn

Texas SAMSUNG

$17bn

intel.

I ||¢—HMEI

$20bn

land intel. ael intel.

I O I I O I

$20bn $10bn

Germany intel.

IL F:IM—HMBI

$17bn
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Taiwan =
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Korea SAMSUNG
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$100bn

China SAMSUNG

$11bn

$40bn

Korea SAMSUNG

$45bn




Distribution of chip fabrication plants, valued at about $223 billion to over
$260 billion, across the United States.

US semiconductor fabrication plant investment plans, % bilion @ Announced @ Under construction

@ Sapt 2022
1 leading-edge fab July 2022 @7
producing memory
circuits Ot 2092
1leading-adpe @
18  Jupe20H : magafah for
v DRAM chips?
;‘:ﬂm . July2024 1
ing-edge Expansion of £2-45 nm
fabs producing i e
& nm' Ingic circuits logic chip prod
Aug2HE @3
May 2020/ Dec 2022 Updates to advanced
2 leading-edgea foundries producing MAMND and ORAM chips
4—5 nm and 3 nm logic circuits,
re
- o @
€ May20M 2 leading-edge febs producing
Upgrades made to sub-5 nm logic circuits
advenced packaging
facility

Mowv 202 June 2022

1 leading-edge fab @ b producing
producing sub-T nm 300 mm silicon
logic chips wafers

SWTest | June5-7,2

'US Domestic FAB Investment from CHIPS

Nearly 500 locations in 42 states.

(https://www.semiconductors.org/u-s-semiconductor-
ecosystem-map/)

Over $210 billion in new private investments

announced across 19 states to increase domestic
manufacturing capacity

Over 50 new semiconductor ecosystem projects
announced across the U.S., including the construction of
new fabs, expansions of existing sites, and facilities that
supply the materials and equipment used in chip
manufacturing

44,000 new high-quality jobs announced in the

semiconductor ecosystem as part of the new projects,
which will support many more jobs throughout the broader
U.S. economy

023




Probe Card Market Landscape !

Probe Card Revenues ($M) for Semi Test Slight Decline at ~$2.5B
(Data Generously Provided by Yole Intelligence)

3,500

3,047

3,000 2,869 2,893
2,564 2,551
2,500
‘j YOLE '
@:) Group 2,159
2,000
’ 1,7
Thanks to Yole Intelligence 1656 o 83
+ John West 1,556 1,556
+ LinFu 1,500 | 1,326
1,000
500 |

2015 2016 2017 2018 2019 2020 2021 2022 2023F 2024F 2025F

®
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Pfobe Card Technology Trending

Probe Card Market by Type - Revenue Distribution
(Data Generously Provided by Yole Intelligence)

100%

M Other Advanced W MEMS = Vertical m Epoxy/Cantilever M Blade/Tungsten

80%

@YGQJL-E 72% 72%

Thanks to Yole Intelligence
¢ John West
* LinFu

=

60%
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Semiconductor Probe Cards Tech Thanksto TechlInsights
l ns |9 h t S « RistoPuhakka
Sales, SM, Calendar Year o * PanchamiPhadke
Rank Company Market % Growth
2022 YoY
1 FormkFactor 591.5 -6.6%
2  Technoprobe 577.2 26.1%
3  Micronics Japan 307.3 -5.1%
4 JEM 154.6 -22.3%
5 MPI Corporation 138.4 4.1%
6 Nidec SV TCL 84.2 17.3%
7 Korea Instrument 70.7 -6.6%
& T5E 65.8 -14.0%
9  STAr Technology 50.7 24.3%
10 Microfriend 47.5 -9.2%
Other 453.3 -1.6%
Probe Cards 2541.0
Annual Growth 0.7%

SWTest | Ju

Semiconductor Probe Cards

Top Probe Card Vendors of 2022

Thanksto Yole Intelligence

@ Y&LE » JohnWest
Sales, SM, Calendar Year “) e * LinFu
Rank Company Market % Growth
2022 YoY
1 FormFactor 591.5 -6.6%
2 Technoprobe 555.8 21.4%
3 Micronics Japan 294.8 -9.0%
4  JEM 148.3 -25.5%
5 MPI Corporation 134.6 0.5%
6  Korea Instrument 81.6 0.5%
7 Nidec SV TCL 65.5 -4.4%
8 TSE 63.0 -16.8%
9  Will Technology 56.0 -1.2%
10 STAr Technology 40.0
Other 520.0 21.3%
Probe Cards 2551.2
Annual Growth -0.8%

ne5-7,2023




! o Technical Program Overview

e Sunday, June4

- William Mann Memorial Benefit Golf Tournament

e Monday, June 5
- Technical Program with a Visionary Keynote and 4-Technical Sessions / Poster Session
- SWTest EXPO with 64-Key Suppliers On-Site and w/ Meal Reception Stations
- Meet and Greet with the Speakers at the “Speaker’s Corner”

e Tuesday, June 6 |
- SWT Crew Update and 3-Technical Sessions / Poster Session )
- SWTest EXPO with 64-Key Suppliers On-site
- Meet and Greet with the Speakers at the “Speaker’s Corner”
- Tuesday night Social and Networking Event

SWT Crew

Strong Women Together

e Wednesday, June 7 i
- - Technical Program with 2-Technical Sessions )
| erence adjourns

e~

. EEE = |
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SWTEST

PROBE TODAY, FOR TOMORROW
2023 CONFERENCE

SWTest 2023 Conference -

Starting from Ending on
4 June, 2023 07:00 AM 8 June, 2023 12:00 AM

SWTest Conference Mobile App .

W Download mobile app from respective online
wiet ) stores and enter your registered email.

Up-to-the-minute Event Info
Connect with the Sponsors and Exhibitors
Program Schedule in the Auditorium

View Exhibitor and Sponsor Videos

Read the Literature from the Exhibitors
Connect with Attendees that have “opted-in”
Check out the Job Board Postings

SWTest | June_S -7, 2023 :



Platinum Sponsors

QTEYI;IEEBE a ”F " @FOHMFACTDFF“
@

&l M)C

MPI

. TERADYNE
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JADVANTEST

Gold Sponsors

Heraeus

"

an inTEST Company

SVTCL

posalux

\ COMPANY, INC.

smtths
interconnect

5771@

. | STAr Technologies

—

A
SEMICS
A4

SYNRGIE CND
GROUP
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Silver Sponsors

@,AWANCED O

PROBING CeEwLnNDaOM

SYSTEMS Entegris

FEINMETALL ‘ I
]l Contact Technologies

SOLUTION POINT ENGINEERING

TEL

i

TLRS

Technical Inrovation - Physical Solufions

TRANSLARITY
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' Recognition & Awards | H.

e Best Overall Presentation

e Best Data Presentation

e Most “Inspirational” Presentation

e Best Presentation, Tutorial in Nature
e People’s Choice Award

MEDIA PARTNER

- ® A presentation from SWTest 2023 will be
selected for publication in Chip Scale Review

Chip Scale Review

— =



Best Presentation, Tutorial in Nature

Copper pad probing with vertical technologies featuring hard

metal tip: ARIANNA™ probe family

Salvatore de Siena (Technoprobe S.p.A. - Italy) and Erwin Verardi & Alberto
Pagani, PhD (STMicroelectronics

Most Inspirational Presentation

On Shifting Defect Detection in Quantum Chips From
Cryogenic to Ambient Temperature

Francesco Lorenzelli (IMEC - KU Leuven - Belgium)

SWTest | June 5 -7, 202

K

SWTest 2022 Awards
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SWTEST

PROBE TODAY, FOR TOMORROW
22222222222222

foe 220

Best Presentation,
Tutorial in Nature

X

SWTEST

DDDDDDDDDD . FOR TOMORROW

22222222222222

[k )

Most Inspirational
Presentation

e —

On-Site in San Diego Remote in Italy

i.

Erwin Verardi
STMicroelectronics (ltaly)

Salvatore de Siena
Technoprobe S.p.A. (Italy)

Alberto Pagani, PhD
STMicroelectronics (ltaly)

Francesco Lorenzelli
IMEC — KU Leuven (Belgium) |



SWTest 2022 - Awards
Best Data Presentation (tie) X&

55GHz Octal-site Wafer Test Probecard for 5G “”m

mmWave devices [—

Peter Cockburn (COHO = UK) Best Data Peter Cockburn
Presentation Coho, Inc. (USA)

X

High Speed Digital: How to Optimize a Probe Card for TR
PAM4to anon-50Qdevice ] ssese oo, o oo

Daniel Bock, PhD (Formfactor - US)

T Best Dat_a Daniel Bock, PhD
" Presentation Formfactor, Inc. (USA)

SWTest | June 5-7,2023
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Best Overall Presentation

An Advanced Method for Pad Stack Crack Assessment

during Probe-Over-Active-Area

Oliver Nagler, PhD (Infineon Technologies - Germany)

People Choice Award

Advances in Vertical Probing for High-Speed Digital Test at Wafer

Sort

David Raschko (Formfactor - US)

SWTest 2022 - Awards

X

OBE TODAY, FOR TOMORR

zzzzzzzzzzzzzz

&2

Best Overall
Presentation

X~
R

EEEEEEEEEEEEEE

People’s Choice
Award

e —

Infineon Technologies (Germany)

David Raschko
Formfactor, Inc. (USA)

SWTest | June 5 -7, 202
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| William R. Mann Student Travel Grant‘ ‘ '

e Partially funded by the SWTest annual Golf Tournament’s “Beat
the Pro” hole contest.

e SWTest Conference provides a stipend of up to $1,000 to cover
expenses for travel, hotel accommodations, and student
registration.

NN

3

g | = i3 . - I.
Y2 3 7

e Student Grant was Awarded for 2023

- Tobi Gaggl, Undergraduate Student from 7echnische Universitat Wien - Austria

Bill Mann
: Founder of SWTest

SWTest | June 5-7,2023



Want to Learn More?

e Chip Scale Review MEDIA PARTNER e Semiconductor Review VPR PATTIER
https://chipscalereview.com/ https://www.semiconductorreview.com/ gerr_liconductor
eview
Chip Scale Review
e |EEE European Test Symposium (ETS) CONFERENCE PARTNER o |S-Test Conf.erence CONFERENCE PARTNER
https://cas.polito.it/ETS23/ http://www.is-test.com T WS
TS
IS-TEST WORKSHOP

e TestConX e Yole Développement
Formerly BiTS Burn In & Test Strategies CONFERENCE PARTNER http://www.yole.fr/ \
https://www.testconx.org/ ZATestConX y QMYM ;99 !TEE
e International Semiconductor e Techinsights

xecutive Summits (ISES) CONFERENCE PARTNER

s://isesglobal.com/ @

il
INTEHNQ‘"DN.L“? fA
SEMICONDUCTOR

llllllllllllllll

https://www.techinsights.com/

ﬂ'-.%‘ig hts

— | |
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SWTest 2023 eProceedings ?

Password for Monday = terramar
. Password for Tuesday =
Password for Wednesday =

Each day of the conference will be available in an e-
Version for download in a password protected file.

- Network (SSID) = Omni Meeting
- Session and Expo WiFi Password = swtest23

- Download at = https://www.swtest.org/

Free WiFi access will be available during the entire
conference to allow attendee access to the downloads.

Daily passwords to the download files will be announced
throughout each day, respectively.

Non-password locked files will be made avallable in the 3
SWTest Archives after the conference adjourns

SWTest | June5-7, 2023



https://www.swtest.org/

SWTEST

PROBE TODAY, FOR TOMORROW
2023 CONFERENCE

e %

Technical Program
SWTest 2023

Monday, June 5, 2023

—'. 1 1 | ——
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