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Global MEMS Volumes (Million units
« Between 2020 and 2021, growth was ( )
strong, mainly due to anticipated sl —
penetration of 5G smartphones and 45,000 - -
associated RF MEMS filters (>50% 40,000 _
YoY). _
35,000 I |
- In 2021, more than 30 billion MEMS @ 30000
devices were shipped worldwide. We S 25,000
expect t_his to reach almost 49 billion by = 2000 — — m
2027, with an overall 8% CAGR,,_,;.
15,000
« We also expect a strong penetration of I
up-and-coming MEMS timing devices 5,000
across all markets, driving up the growth 0
rates in smaller markets, especially in the 2018 2019 2020 2021 2022 2023 2024 2025 206 2027 4%
telecom and defense & aerospace L T o @ m s e w e s e o
markets (32% and 37% CAGR21_27’ Medical 280 301 414 379 387 411 443 481 531 566 7%
. = |Industrial 134 168 200 246 318 391 497 629 784 977 26%
reSpeCt|Ve|y). Automotive 1,279 1,339 1,331 1,465 1,535 1,609 1,812 2,017 2,255 2,525 10%
= Consumer 18,463 18,740 20,631 28,217 31,284 34,145 36,535 39,979 42,166 44,362 8%
: — TOTAL 20,168 20,572 22,606 30,359 33,591 36,639 39,399 43,258 45,941 48,708 8%
k : Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 4
9o Stage for Test Suppliers
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Consumer MEMS Market

MEMS devices are mainly shipped to the consumer market. In 2021, more than 28 billion units were
shipped for consumer applications accounting for more than 90% of the shipments

The consumer MEMS market will reach 44 billion units in 2027, driven mainly by RF MEMS devices,
which accounts for 56% of the shipments (15.9Bu). The volume of RF MEMS is expected to grow to more
than 23 billion units in 2027, with a 7% CAGR,,_»7.

With an increasing attachment rate of MEMS microphones and inertial sensors in consumer devices
such as hearables/TWS (for better sound capture, beamforming, ANC, 3D Audio, etc.), we expect these
devices also to be significant drivers for the consumer market.

MEMS microspeakers will also grow significantly as they get adopted across various devices (all types
of hearables first, then smartphones and eventually other electronic end-systems).

MEMS timing devices will increase by 5x five years from now as they continue to replace older crystal-
based timing technology.

Other devices like gas or environmental sensors are gaining traction in the consumer market with the
global awareness of indoor and outdoor air quality.

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 5
Stage for Test Suppliers
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What Does It Mean for Socket Suppliers?

Challenges:

« MEMS devices and sensors transduce a physical input to an electrical output, which
usually requires a type of stimulus (motion, sound, pressure, light etc.) during the test.

» Testing is usually more complex because we need make sure sensors fully function in
a system after test.

- Advanced packaging adopted in MEMS devices like 2.5D/3D increase the testing
complexity more.

Opportunities:
Assume the test socket life span ~ 200K
150K test sockets are required for MEMS devices in 2021, 245K in 2027

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 6
Stage for Test Suppliers
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Packaging Market Trends

) ~
5G Al/ML //:More computing power ~ « System integratic?n\\ ) megatrends create business for variety of ICs from\v
o iy Hiah g " Opportunity for high end xPUs to low end discretes
L~ > ¥ «Hi - ore sensors i i
- @ e variousdevices « CPUs, GPUs, SoCs, APUs, FPGAs
«More bandwidth « More memory > « ASICS, DSPs, MCUs
AD/ADAS " eLower latency « Lower cost « MEMS/Sensors
4 «Lower power « Hardware-software « Power |ICs/discretes
@ ) e € - compatibility « Memory
g g «More functionality - \\\ « Optoelectronics /
O o
R/VR/MR Data center § g \\g / S 6lo
: o |3 e —g Opportunity for
.9 @ \\ Ak fab/front end
Create business opportunity for both advanced and 0.0 8
traditional packaging platforms % €la 7~ \\
[}
Advanced packaging (WLPs, flip-chip, TSV) business 0w Front-end scaling slows but continues: Moore's Law
opportunity supported by Al/ML, Mobile, AR/VR, 5G, smart keeps going but at a slower pace => high-end fab
automotive business continues growing (5nm & below)
Traditional packaging (wire-bond lead-frame based) | More & more heterogeneous integration to support
HPC business opportunity created by loTs, Industry 4.0, smart functionality, faster time to market, and low cost : More
automotive than Moore’'s => Resurgence of legacy fabs =>
== a i ; . ) Increasing business
== Megg trends I|k_e mobile, automotive, loT, industry 4.0,
require a variety of MEMS sensors that create 8” wafer fabs and related tools demand to remain strong
\g)portumtles for both traditional & Advanced Packaging
loT/lloT
féf Require back-end and assembly innovations: panel-level packaging, high  Require new technology / innovations: front-end design /
xRS accuracy bonders, TCB, CtW/WtW bonding, photonics integration in  manufacturing innovations: from von Neuman to neuromorphic
packages. As for materials, there is a need_ to develop new dielectric computing architecture; new processes: beyond FinFET,
Sl . materials, mpld compounds, underfill, ;olqgr mten':onnects, and TIMs to nanowire FET, vertical NAND, etc.; require EUV and new
- meet the str!ngent performance and reliability requirements demanded by deposition/etching technologies; new interconnect materials,
£, C next-generation hardware. i i
¥ dielectrics, etc.
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More and More Advanced Packaging Involved
Quarterly Revenue by Player and Advanced Packaging Platform
1800 m 3D Stacked FCBGA mFCCSP = FO mWLCSP = FC bumping = SiP
1600
~ 1400
2 || n ~
E 1000 l l - - m W = = —
S 800 I - B
Q
g 600 I I
400 . . .
200 ..==. ===== IIIII I
EEmsnl
Q321 Q421Q122Q222Q322Q422Q321Q421Q122Q222Q322Q422Q321Q421Q122Q222Q322Q422Q321Q421Q122Q222Q322Q422Q321Q421Q122Q222Q3220Q422Q321Q421Q122Q222 Q322 Q422
ASE w/SPIL & w/o USI Amkor Intel JCET TSMC Samsung Electronics
*: ASE Amkor Intel JCET TSMC Samsung
(o) SiP WLCSP SF sip _ siP
% 14% 13% W*;/fp 3D %izked WLCSP FC bumping Fg&ip 0.3%
E gf/i FO .
0= \ w* 3%
o $5.3B ossi $4B
N FCBGA 4';3(‘; WLCSP
N FCBGA % ° 5
8 ngclysop S50, 25 F(ésslf/fA 6% 3D géa;/iked
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Challenges for Test Suppliers

 Thermal control system connected to chillers to
maintain devices temperature

 Test partially assembled devices at final test and
system level test when yield is not that high. Risks
added by testing such as cracked dies / packages,
shorting of exposed pads

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 9
Stage for Test Suppliers
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Advanced Packaging Shipments

Advanced packaging are
expected to show a 4.9%
CAGR,0519027, With  WLCSP
leading in terms of the total
number of units, and 2.5D/3D
leading in terms of growth rates.

WLCSP accounting for more
than 50% of total shipments.

For HPC and high-end gaming
processors etc., typically include
25D and 3D packages, this
market with CAGR of 15.2%.

TestConX

Advanced Packaging Shipments (Billion units)

90.0
g 800
= 70.0
=
@  60.0
5 a0 [ L
S [~ _ - [
o 30.0
L
”n 20.0
10.0
0.0 I ] I I | | |
. 2021 2022 2023 2024 2025 2026 2027
SiP 9.2 8.8 9.0 9.4 10.0 10.6 11.0
mFCCSP 12.4 12.8 13.9 14.9 15.6 17.7 19.9
FCBGA 1.1 1.2 1.3 15 1.6 1.9 2.0
m2.5D/3D 3.7 4.5 5.1 5.8 6.5 7.3 8.8
WLCSP 29.5 28.2 28.1 29.2 30.7 32.0 33.2
mFO 2.7 2.6 2.7 2.9 3.1 3.2 3.3
TOTAL 58.6 58.1 60.0 63.6 67.5 72.7 78.1
YoY change (%) 18.0% -0.9% 3.3% 5.9% 6.1% 7.7% 7.5%

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger
Stage for Test Suppliers

*2023

CAGR
3.1%
8.2%
10.3%
15.2%
2.0%
3.6%
4.9%
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2021 Market Shares of WLCSP Suppliers

2021 Market Shares of WLCSP Suppliers

» Total revenues of WLCSP suppliers 7] Others TSMC
were $2.2B in 2021. ChinaWLCSP 30,  10% 10%

%

Samsung
Electronics
9%

Nepes
3%

* In 2021, $54M probe cards were Hu;;ian
used for WLCSP, and $67M test ’
sockets were used for WLCSP

Amkor
14%

* |n total, market size was ~$121M.

ASE w/ SPIL
30%

14%

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 11
Stage for Test Suppliers
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Compound Semiconductor Market Trends

* potential
applications

°
°
O

]

l; L™ Jd
GaAs handset PA GaAs VCSEL for GaAs VCSEL for 3D GaAs ULED
datacom sensing

InP EEL for
datacom/telecom

GaN based PA

11
GaN based LEDs

5

g |

8

N

*Lidar InP based RF
component*

[ Dies

GaN based fast

InP for handset
sensing

TestConX

GaN ULED *GaN  GaN in EV*
for telecom charger handset PA
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400V EV 800V EV applications*
7\ N 7\ N\ o~ o~ 2\ »
A U < U U A\ A
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Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger
Stage for Test Suppliers
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Application of Major Compound Semiconductors

.. e
Applications | GaN__|
EEL

s

EEL: Edge emitting laser
VCSEL: Vertical cavity surface emitting laser

~ TestConX

VCSEL

v

4
v

v

AN AN

\4
v,

NISISTS (S
AVAN AN LS

Main application for this material amongst other

established Compound Semiconductors

4

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger
Stage for Test Suppliers
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Challenges for Test Suppliers

» Test with extreme accuracy required for high-
brightness LEDs

- High frequency test for RF applications

* Higher rated voltages and peak currents required
for power applications

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 14
Stage for Test Suppliers
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Compound Semiconductor Substrate Market ($M)

Substrates in power applications

will reach $1.3B, strongly driven Power

by Power SiC and Power GaN. $1,377M
""""""""""""""""""""""""" CAGR: 262%

Photonics will also grow with : \

double-digit growth rate in the /

coming 5 years.

W  Display RF
The momentum in RF L oom Display Secd
applications will align with the N sem e
recovery of telecom
infrastructure. 2021

$954M

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 15
Stage for Test Suppliers
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Revenue growth of test essentials
higher than growth of Semiconductors

Cost of test up t

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 16
Stage for Test Suppliers
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Cost of Test Up

Probe Card & Socket Spending

as a % of Semiconductor Revenues Step change from 2019
0.85% Test challenges for semiconductors with
o different technologies / in different
0.80% * " application fields are on the increase
0.75% e @ -—
¢ . ¢ ~ Is this now a trend?
0.70% *
LR 2 * . .
0.65% T A We believe the answer is YES
.
0.60% . * Difficult to make test cheap for high-end
0.55% applications, but possible to make it less
2008 2013 2018 2023 expensive based on the effort of test

suppliers.

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 17
Stage for Test Suppliers
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Revenue growth of test socket much higher
than growth of probe card in 2022

Will this trend continue ?

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 18
Stage for Test Suppliers
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2022 Test Socket Growth Tripled

Test socket Over the past 6 years demand for probe cards has been growing strongly.
- Growth However, most of the growth has been for MEMS probe cards while demand
for cantilever and vertical probe cards has been flat to slightly up. MEMS
/\ probe cards dominate the probe card market and now account for 68% of all
revenues. Demand for MEMS probe cards typically outgrows the demand for

MEMS probe card )
- Growth Index test sockets, but in 2022 demand for test sockets has surged ahead of MEMS

2017 2018 2019 2020 2021 2022 probe cards.

Comparison of the sales performance between the top MEMS probe card suppliers and test socket suppliers in 2022 shows a dramatic
difference in growth rates: 18% for test sockets, while demand for MEMS probe cards is trailing with 6% growth. The difference is
caused by several factors below:

* Increase in singulated die testing

* Socket suppliers gaining a greater share of the WLCSP market

+ 100% System level test being used to test a greater number of advanced devices
* Prober manufacturing delay due to China lockdown in 2022

* Anything else?

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 19
Stage for Test Suppliers
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Summary

 Evolution of semiconductor technologies are bringing
more and more test challenges.

* Testing is playing a more important role than ever.

* Chip designers is expecting to see more innovation from
the test side including both test essentials and test
equipment

Evolution of Semiconductor Technologies with New Applications Are Bringing A Bigger 20
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