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Integration
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System in 3
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(SiP/MCM) Interposer) Bridges (FOWLP) Stacking a-Wafer Optics
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FOPLP(Fan-out Panel Level Packaging) -

~ NEPES started production in 2017
= PTI & SEMCO to go in production in 2018
= Other players in R&D /development stage
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Cost
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carrier size
and carrier
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thinking.
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Substrate technology Semi-conductor technology
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cxer. FOPLP(Panel) 3 & 12 445R1 Bk 5 A

16”x20” — 400x505mm /
7 PCB laminate substrate

58
oh® incre
N -

87"%x20” — 204x508mm /
e PCB laminate substrate

OSAT
players 112 PANEL & MIXED SIGNAL

SiP module applications :
47x20” — 102x508mim / B
PCB laminate sub

- RFEM
- RF connectivity (WLAN/BT/FM)
- Audio/Video Codec
HAPANEL

Substrate
players

TAIYO YUDEN

Fujikuraltd.

2010 - 2012 2013 2014 2015 > 2016
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Metrics [inFO_PoP inFO_AIiP inFO_MiM

Qualification Qualification
T Vi Vi I saldy
PRODUCTION | HVM since 2016 LVM since 2019 SV expacced iy eall 1231 S e 1355 Qualification
" Enable low transmission loss and high ‘o
STATUS High-volume production of Gen-3 Successful qualification of 7nm multi-die Enable 97% reducuon in PDN (Power antenna performance Validated better performance as compared
Successful qualiication of Gen-4 integraon. Distribution Network) impedance wFC.
for mmWave system
Mobile APE+Memory: High Performance Computing: High Performance Computing mmWave wireless communication:
' : : . :
APPLICATION | qrartphone. smartwatches, tablets Al chips, servers; networking HW 4.0 self-driving chip SG. Wi-Fi, Modems, sensors Advaced Mobie & HPC

Integrate systems with lower TTV as i baccar siaid as comearadino asiiis. || 15% powier-saving ofine bicarconmaces Enable low transmission loss and high Validated and simulated better
vi
BENEFITS compared to FC, at finer US for board- i e:‘ s:c " osps e b ::"fn k- ;Sﬂ:m 9 iacconned antenna performance performance and form factor as compared
level VO i ¢ for mmWave system to FC and TSV.
- = —
ey | Nemory Mamory
Logie L1l]
$oC
SCHEMATIC
Source: TSMC [Online]. Avaiable Source: TSMC [Online]. Available:
hups www.tsme.com enghsn. ““"L““’M‘“‘”’ '“h o surce: “INFO_SoW (System-on-Wafer) Source: “inFO_AIP Technology for High Source: “3D-MiM (MUST-in-MUST)
> : A' o %L“}Ww for High Performance and Compact 5G Millimeter Technology for Advanced System
[Accessed: 16-Apr-2021] [Accessed: 16-Apr ] Wave Integration™ TSMC: ECTC, 2019

System Integration™ TSMC: ECTC, 2018
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InFO-SoW 2% [ InEO RDL!
II_I
Thermal Module
=T L ]
® InFO_SolS (System-on- ® InFO_SoW
Integrate Substrate) (System-on-Wafer)
. Mimic power
Ring l | B | I Ring module
EEETURLCECEEE
Connector
InFO2 InFO wafer
. s RS : 2 Mimic thermal
module
| e s s e i Mus pa iy aae aae e uas umn b e | (COld Plate)
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e Back-end 3D : @ 3 3f 5 = = 13 SolC § & >
4 CoWoS {r InFO - #p B {5 = 3+ L B d_H i

Structure
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*
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E

217,

3 SoC & & 0 f &

+ % H pFadvanced WLSI »
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b

NN

= Technology | 250 | e | soc
i

cross-section

| SoC1 SoC1
8 tubump3 8 oIC Bond
SoC2 SoC2

CoWos® T e ubump + BEOL pbump SoIC bond
A Bump Density 1.0X 1.0X 16.0X
[ = | Bandwidth Density 0.01X 1.0X 191.0X
i 7 oram N |7 [ oram f‘
J Power Efficiency
InFO_PoP -~
Ll [T — 11 | 22.9% 1.0x 0-05x
SolC WoW
o= y
N FEFEF
Wafer on Wafer Wafer Bumping Wafer Probing Dicing for Packaging
Stacking
TR kR ¢ TSMC ~ ISSCC 2021 ~ # Z P AETE o A Untested Wafer 2 %}%.;  Care wimo
gd - & - L8

HE AR 42




M 15 12 SolC £:2026~2027 %4 3013 & 5

o 7t T BISOIC-XTI2027 & g # # ¢ * 3umbE & ¥ IEF ﬁsb(TSV)@z B ERAELIRE
OUmF B & < e3> [ ) ehT A aAp e G T F L A BEIO > B4 B E S Y
HEBARMB L) SHATHER Y SolCEH » 772-2026~2027# £30 i SolC A4 &

2027

Top Die N7 N5 N4 N3 N2 Al6

Bottom Die N7 >N6 >N5 >N4 >N3 >N2

Bond Pitch 9 um 9 um 6 um 6 um 4.5 um 3 um

Size* 0.1 reticle 0.4 reticle 0.8 reticle 1 reticle 1 reticle 1 reticle

Top Die N7 NS5 N4 N3 N2 Al6

Bottom Die N7 >N6 >N5 >N4 >N3 >N2
FHR S TSMC - #5 ST 6 $ K Ciptal Gre wemen
R EY ) 43 gd - &F#& - LB
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o MM HMSLNMES RN FREL X foHR L Eehr g
FOPLP s %  fR f B ~ #94 ~ A% 1% fie 330 & cpe it «

e RDL> & » FOPLP# %/# e 4 # i ¥/ 10um/I0um » @ 5 # ¥ RDL
Interposerd # % 6-LayerdF & = > 4 um Pitch » L/SH R ¥ :£2 um % 7 3 -
)_IJ
i
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Silicon Interposer Wafer Level RDL Panel Level RDL Organic Carrier

Thinner 0.8}1“’\ 10'“.“

Line Width & Line Spacing
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o MEMIEP 22T HFE > ALE* F & i MEMS » RFfePMICE > & kg o
# U0 it 22 <48 AP ¥ (PMIC)4 » Bl - #5% ¢ o
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hi -4 % 75 4+4£2022-2028 £ GAGR % 40%

o B AT H A 2022 &0 B220HF & 0 T 2028 £ #AEI6ORE A o
2022-2028 # chif & EHE F 540% -

2022-2028 HIGH-END PACKAGING MARKET REVENUE

erformance Packaging 2023 report, Yole Intelligenc

"""""
-

® Consumer

® Telecom, datacom

® Automotive, mobility
@ Defense, aerospace

$9.8
CAGR 50%

$296M
CAGR 72%

CAGRz338: 40%

=y

AL kiR - Yole %@&Za/%ﬂe "W

k4 B FH 32026 F RAHRATAR @ Stk

Worldwide IC Packaging Revenue

" Total Market(B)
$B mAdvanced  mTraditional ket hare (%)

90
54.7%
80 53.0% 7~ Fo.  gp
70 51.0% WLCSP, : 0.6% SiP,
60 49.9% 13.6%
. 49.8%
50 46.6% 25D/ 2028

40 3287 $78.6B
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-
w
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hi 4 IP/ICE 3R 2 & & £ #5410 (7 &

NPUSAH /i o Rtt |z v > FIp AR ¢ L FOANGEZE (e
TensorFlow, TensorFolw Lite, TensoFlow Lite for Micro, PyTorch % ) &
IDE(4rJupyter Notebook, Arduino, OpenMV, & fi 7 MCUZ% {IDE %)
fj‘u”ﬁ Xx 2k FrmEEEP L IARNA o

LK RN T 0 A K3SEIP/ACK I RIF P R EF L o

o - EMICKI = B~ ¢ T /Samsung direct account# » € 5 &_ o

SoC (GESE)

CPU DSP GPU FPGA ASIC
(Z3ER) (#3EA) (#3EA) (F=H) (Z=H)

Tiesax EeiEs AxBFEm sSmsmie | NPU
BONBE  REBEN  PES FRE  ASEEm

« Flexibility | Efficiency

FAL kR 0 OmniXRI ~ ¥ 5 R AETF &5 R A
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100%
0% 27.7%
80% A 36.5% 35.2% 34.4% 33.5%
70%
60%
50%
40%
30%
20%
12:2 S s 15.1% 20.2%
2021 2022 2023 2024 2025 2026
EASIC mFPGA mGPU MPU
TR KR IFRAPRET  FERFT G R Ciapital @are wumsw
HE PN 51 gid - &% - £8

S SRt & & SLARICH B 4 ASIC

o CSPR45ASICE T4} & ek iGAe £ B
o XHHARN205 A % 2.)ZASIC DRIVEN » 2% 2t b % ik < >t 842 b & o
o LB ARASIC > P E & Fl 1 ftDRIVEN » @42 b " ~ * 303 b & o

£ 1v35 ¥ 2024 Al shipment Al Server YoY

2023E : TPU v4/v5 Broadcom y 0
Google 2024F : TPU v5 MTK ve~yy| 21722m 7%
2023E : Trainiuml, Inferential Alchip 0

AWS 2024F : Trainium2, Inferentia2/2.5 Marvell 750~800K 120~130%

Microsoft 2024~2025F : Maia GUC 30~40K -
2024~2025F : Meta Training and Andes
Meta Inference Accelerator (MTIA) Broadcom >~15K i
F.*;}Jj\,}};. PEa ‘ﬁi-ﬂéﬁsﬁl?ifﬁ %@éﬂd/%ﬁé#ﬁm»c\m
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P Al Chip A* & 7 iz Sid ekl
NVIDIA GPU Al Training H100/H200/H800/B200 N4 HBM3/ 36
B100 N3 HBM3e
GB200 N4 HBM3/3e
A100/A800 N7 HBM2e
Al Training A30 N7 HBM?2¢
Al Inference L40s/L20 N5 GDDR6
Al Inference T4 NI2 GDDR6
L4/L2 N5 GDDR6
AMD GPU Al Training MI200 N6 HBM2e
MI300 NS HBM3
Radeon V N7 GDDR6
Xilinx FPGA Al Inference Versal N7 HBM2e
Virtex N16
Intel GPU Al Training Max GPU N5 HBM2e
Al Inference Flex GPU N6 GDDR6
FPGA Altera Stratix N14 HBM?2
Google | ASIC //:II I?}f;‘:;ni TPU v4~v6 N3-Nig | HBM2/2¢ HBM3e
o | asic | AT ]S T e ) |z | e
FAL& R * Trednforce ~ ¥ AR &6 R Cugpitcl @are mamn s
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e SKHynix#Z i & & &7 » ¥ Micron#2#k 1 beta nm % 42 > Samsung 4% | alpha nm

47 o
° SKHymxz\'rHBM TR FEERML T TEEL RS Ty AEET R
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20155 20174 20205 20224 20245
[ ) [ ) o [} [ ) [} [ ) [ )
20165 20214 20235
HBM3e
05/2024
SK’P % % § 2 HBM1 & % § 2 HBM3 12K & #
04/2024 % #
SAMSUNG % 3 SK Hynix £ 2 HBM2 8k - 12Kk
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ERRFRCERYE-H 02/2024%
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g ST BT A f /%,(i ¥ 28 o P 5 GPU $ 2.5D $jie o 3DH T
#2e B AT . GPU T 24 o

2.3D 7nm Silicon and below

HBM3E DRAM HBM3E DRAM
E—— Stacked DRAM Die

Memory Logic Silicon

3D Silicon Interposer

Organic Interposer
RDL Redistribution Layers

FAL kR ¢ Semiwiki ~ ¥ EF A 5

S
hic

%c}bi&d/%zwe B D

55 gd - &F#& - LB

i 4 bR T R

o B LI A d Frh & 3ir (System Board) 0§ 3F § R G 2 (B4
Memory Bus ~ Interconnection interface Protocol) ©

e UCIe Package Standard} 2% & §8 7 e & 38 445 :}iﬁ%r H (2. 5D 3D~
FOCoS -~ Fan-out ~ EMIB - CoWoSﬁi) FR)HTBETESE

ElB‘l

Standard Protocols of Heterogeneous Computing

Bandwidth Density | On Chip ; In Package : On Board Off Board
x Energy Efficiency Fabric : =
(Gbps/mm)(pJ/bit) Block to Block i i @
im - Y s . Cl AMDD arm £ ast oo

Ude aig onei Bow Universal Chipiet o g m ooMeto

Memory Bus
XSR IFOP
2 P2P

100K

samsuno i
10K
DDR
GDDR

100 W \iC LPDDR  NVMe

1K

10

Legend

i ﬂ rade | —
H : Fabric  —
| | R, il

0.0001 0.001 0.01 0.1 1 10
Max Interconnect Reach (m)

T
Inside Box > BoxJ-(o-Box
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Comparison of Chiplet Interfaces (PHY only)

112G-XSR UCle-S GLink-2.5D/UCle-A GUCle-3D
(2D) (2D) (2.5D) (3D)
Connectivity Substrate Substrate CoWoS/InFO SolC
Raw Bit Error Rate 1E-7...1E-9 1E-15 <1E-20 Error-free
Power efficiency 1.5 pJ/bit 0.5-1.25 pJ/bit 0.3-0.6 pJ/bit 0.05 pJ/bit
Beachfront efficiency* 0.8 Tbps/mm 0.4-0.9 Tbps/mm 2.5-5.1 Tbps/mm NA
Area efficiency* 0.7 Tbps/mm? 0.3-0.5 Tbps/mm? 2.1-3.6 Tbps/mm? 20 Tbps/mm?
End to end latency 10ns 2ns 2ns <500ps
* Full duplex bandwidth ' - -
I nrwml it.-ﬂ:&) | —]
D Y N > —
r ki 0 GUC %g&da/(@m@ BE AR D
HF B 57 gd - & - LB

e A Modern SOC Block and IP Diagram

AV
CPU GPU Codec
I-Cache || D-Cache Cache MCU

Inter- connectivity

Interface PHY & Controller
NVM
PCle GDDR | DDRx
CXL HBM |JLPDDRXx
STD [Analog High
Gpio § RF SATA | Speed
M/S SerDes
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HBM (Memory Maker)

e Tool/Material Suppliers
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SoC (Foundry)

HBM (Memory tTer) GPU (SoC + Foundry)
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NVIDIA. ~~v ™~

AMD{1 Google  aws

2.5D SiP (Packaging & Test @ OSAT
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B® Microsoft 0QMeta ]y tsmic  @mkor
Silicon Interposer  $ ey | -
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() ;ﬁém"i@é“@iﬁiﬁ PS5 Sl =
Bt F]2026 & o gz¢*N3a;L39-mﬁ-,, Fo aﬁ%%ﬁ
%ﬁﬁ;“ﬂ/}NS&% kL FEN3A w0 3
EN3FIE? At Z+2 513~ 14:37%‘

® “HRBHEMALZE LR FERIEWZ
¥ Ty5. 5gE T 20245 & £ i %k o HPCE
N5/N3 % 42 frCoWoS ¥ 4t ?}Ek P o

Er:pgg- 2023  2024F 2025F  2Q23  3Q23  4Q23  1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
LT 2,161,7362,694,929 3,060,833 480,841 546,733 625,529 592,644 644,719 695209 762,357 707,086 731,674
¥ELAIEF 1,175,111 1,414,517 1,648,174 260,200 296,642 331,768 314,505 339,582 362,401 398,029 377,318 395,660
¥EAE 921,466 1,112,046 1,309,952 201,958 228,065 260,205 249,018 265,117 284,885 313,026 299,185 314,810
Fris s 838,498 9953621,193,979 181,799 211,000 238,712 225485 225,045 258,428 286,404 277,878 266,317
Fi4EPS(R) 3233 3838  46.04 7.01 8.14 9.20 8.69 8.68 996  11.04 1071 1027
£ 415 (%) 5436% 5249% 53.85% 54.11% 5426% 53.04% 53.07% 52.67% 52.13% 5221% 53.36% 54.08%
¥ ENE F(%) 42.63% 41.26% 42.80% 42.00% 41.71% 41.60% 42.02% 41.12% 40.98% 41.06% 42.31% 43.03%
Fis b E F (%) 38.79% 36.93% 39.01% 37.81% 38.59% 38.16% 38.05% 34.91% 37.17% 37.57% 39.30% 36.40%

¥ E 4~ YoY/QoQ(%)  -4.51% 24.67% 13.58% -5.46% 13.70% 14.41% -526% 8.79%  7.83%  9.66% -7.25%  3.48%
Fts B EYoY/QoQ(%) -17.51% 18.71% 19.95% -12.17% 16.06% 13.13% -5.54% -0.19% 14.83% 10.83% -2.98% -4.16%

RS E R AR R RS 2P £4 5 EPSIER E % A259336 % -
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 FE R 61 ad - F#H - LB

CE}T{L B k(3711 TT)

® [H24E 5 ﬁf 24 0 2H24 = £ #-4cik > 2024
EHPIEEFRILFR %-frﬁéﬁ-i Hopl
i%‘YoY+4~6%7h§1 iT e

® X RiPhoneAT &2 [ 0 WP Y kRiraE
fo A F &R _1H24 5 60~65% 3% # + 2 3
2H24 0170~80% > 4v F ipl it £ 3 25

16~17% > ¥ X e E 3 p ? P FIC ATME
Hpp AL 45 5 25~30% o

2024F  2025F 2Q24F 3Q24F 4Q24F 1Q25F

R LT 581,914 614,132 661,515 136,275 154,167 160,581 132,803 136,340 162,577 182,412 144,705 151,956
YL 91,757 101,478 113,734 21,741 24916 25,761 20,868 22,496 27,569 30,545 25214 28,064
¥EAE 40328 43,120 53,206 9412 11,405 11,815 7,525 8,998 12287 14311 11,974 14,160
fiu b w4 F 31,725 33,445 40900 7,740 8,776 9392 5682 6,745 9,757 11261 9398 10,332
Fi5EPS(R) 7.22 7.61 9.31 1.76 2.00 2.14 1.29 1.54 222 2.56 2.14 2.35

£ 4 % (%) 15.77% 16.52% 17.19% 15.95% 16.16% 16.04% 15.71% 16.50% 16.96% 16.75% 17.42% 18.47%
¥ EAE F(%) 6.93%  7.02% 8.04% 691% 7.40% 7.36% 5.67% 6.60% 7.56%  7.85% 827%  9.32%
Lt F (%) 545%  5.45%  6.18%  5.68%  5.69%  5.85% 4.28% 495% 6.00% 6.17%  6.49%  6.80%

¥ E1TrYoY/QoQ(%) -13.26%  5.54%  7.72%  4.11% 13.13%  4.16% -17.30%  2.66% 19.24% 12.20% -20.67%  5.01%
i B EYoY/QoQ(%) -48.90%  5.42% 22.29% 33.06% 13.38%  7.02% -39.51% 18.72% 44.66% 15.41% -16.55%  9.94%
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e £1R.(3443TT): Buy P 71,8200~

® i i uZHEEAMEEA 20248
AUML % b e Y 17~19% -

® TH{ L FMNREF xR 427 A2 %
PUIRG A 22024 E TR o W R B RE R
FRE-RAEL G F3BES o

Er:pgg- 2023  2024F 2025F  2Q23  3Q23  4Q23  1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
LT 26241 27870 33,561 6,587 6810 6315 5690 6,632 8067 7481 6698 7,853
FELAlEF 7976 8326 10,513 1919 2,174 1,799 1,689 1,997 2433 2207 2,152 2576
¥EE 3,969 3,949 5,199 938 1,102 827 705 936 1,223 1,085 1,053 1288
il F 3,508 3,498 4,428 839 1,023 712 663 821 1,066 948 906 1,101
Fi5EPS(R) 26.18  26.10  33.05 6.26 7.64 531 4.95 6.13 7.96 7.08 6.76 8.22

£ 415 (%) 30.39% 29.87% 31.32% 29.14% 31.92% 28.49% 29.68% 30.11% 30.16% 29.50% 32.13% 32.80%
¥ ENE F%) 15.12% 14.17% 1549% 14.23% 16.18% 13.09% 12.40% 14.11% 15.16% 14.50% 15.73% 16.40%
Lt E % (%) 1337% 12.55% 13.19% 12.73% 15.02% 11.28% 11.65% 12.38% 1321% 12.68% 13.52% 14.02%

¥ #42> YoY/QoQ(%) 9.16%  6.21% 20.42% 0.89% 3.39% -727% -9.89% 16.55% 21.64% -7.27% -10.46% 17.25%
Fiis ¥ £YoY/QoQ(%)  -546% -0.29% 26.60% -10.24% 22.02% -30.41% -6.93% 23.86% 29.88% -11.03% -4.51% 21.61%
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® RAIF ;3_2024?‘/‘%4 7~9% > ?'}*Jcﬁx" EY
2.5D4EE A -

® Al * SoC Chip » % 11 % i & B g )
OSAT 5 # = ¥L 5 1nterposer B R A
die = f’i"ﬁ8~9¥F’HBMﬂ-\3ﬁn§%"}§!'fr’
Samsung F‘i » TR P 2H24 222025 # F 2 €
o4 end i 0 B oA BE RS HPIRA R
2025 FAl#E- 5 0P 5 - L a0

-

Er:FgF~ 2023  2024F  2025F 2Q23 3Q23 4Q23 1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
FEER 11,966 11,773 14,474 2,917 2,962 2,824 2,579 2,666 3,209 3,320 3,192 3,380
FELAIEE 5,307 5,634 6,923 1,271 1,281 1,297 1,200 1,241 1,569 1,624 1,516 1,632
FENE 1,956 1,893 2,999 420 428 457 317 334 597 645 638 720
ATECE 1,589 1,607 2,519 414 354 320 280 285 503 538 537 607
FLis EPS(7) 6.10 6.17 9.66 1.59 1.36 1.23 1.08 1.09 1.93 2.06 2.06 233
£ 415 (%) 4435% 47.85% 47.83% 43.56% 43.25% 45.92% 46.52% 46.55% 48.90% 48.92% 47.50% 48.30%
¥ ENE F(%) 16.34% 16.08% 20.72% 14.40% 14.46% 16.18% 12.28% 12.55% 18.60% 19.42% 20.00% 21.30%
s & §F (%) 13.28% 13.65% 17.40% 14.19% 11.95% 11.32% 10.87% 10.69% 15.69% 16.21% 16.83% 17.95%

T E4 A YoY/QoQ(%)  -8.42% -1.61% 22.94% -10.58%  1.56% -4.68% -8.68%  3.37% 2039% 3.45% -3.85%  5.88%
Fts B EYoY/QoQ(%) -3525%  1.09% 56.75% -17.55% -14.47% -9.65% -1236% 1.69% 76.62%  6.89% -0.17% 12.94%
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Buy

P 1,690.0 %

5 s y . . A&Ed
® M3l % "BB'F-]'J‘_'IAJ\E’:E"‘ BoscefiR
1Pos B (IP Alliance) = ﬁ j;; |
Py EAZB10E o ";Q‘-;"'#:jd*f
PH-B > AR E R mﬁmwgf R AR
€ A~ o
® 2024#NI1611 T 4 & rabf,r‘g;'ﬂ g Gt s R
= AM31enid 4= £ 51 & - M31» 3f3-2H24
& B N2 IPF 3
Er:F§~ 2023 2024F 2025F  2Q23  3Q23  4Q23  1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
FEAER 1,612 1,987 2,673 348 432 519 342 429 558 657 508 592
%’ E LA 1,612 1,987 2,673 348 432 519 342 429 558 657 508 592
FENEF 446 529 922 87 146 169 3 107 199 220 168 201
7]331',?;3 BHE 435 554 870 99 154 113 42 112 191 209 162 193
FLis EPS(7) 10.41 13.26 20.81 2.36 3.67 2.70 1.01 2.69 4.56 5.00 3.87 4.61
£ 415 (%) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
FENE F(%) 27.69% 26.61% 34.50% 25.11% 33.75% 32.47% 0.79% 24.97% 35.61% 33.48% 33.05% 33.93%
Fiis # & % (%) 26.99% 27.90% 32.54% 28.32% 35.51% 21.77% 12.37% 26.16% 34.14% 31.81% 31.81% 32.58%
¥ #4142 > YoY/QoQ(%) 18.54% 23.21% 34.55% 11.13% 24.35% 20.02% -34.10% 25.53% 30.04% 17.62% -22.65% 16.45%
fmf‘ 4 £ YoY/QoQ(%) 14.74% 27.34% 56.97% 40.57% 55.91% -26.41% -62.57% 165.50% 69.70% 9.60% -22.65% 19.28%
MIARBHE R AW EAFHNF 2P E1 S EPSTHER B R A4I8B AR -
o R _
Rk HERARE %c}bi&a/@oweamm»c\m
PR 65 ad - &% - £5
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P 1§ 600.0 %

CAPITAL
; = AEEs
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3H2024& RV NI AA B A e
® Btp RS WAEAN11/20244 SR &
LB BRI A a0 ¥ P E2Q25% % &
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Il EEFEPaRIEREYAE o

H ‘| 2024F  2025F 2Q24F 1Q25F
%“ Eor Z3p 5,078 6,141 7,025 978 1,337 1,322 1,420 1,760 1,430 1,530 1,790 1,716
%, E R US4 2,439 2,911 3,426 425 633 657 625 860 686 739 876 833
FENE 1,060 1,457 1,968 103 235 287 230 503 338 384 501 471
fmfé HE 905 1,106 1,412 146 171 253 211 367 247 281 357 337
ﬁ.?; EPS(~) 9.61 11.74 14.99 1.55 1.81 2.68 2.24 3.90 2.62 2.99 3.79 3.58
£ 415 (%) 48.02% 47.40% 48.77% 43.41% 47.32% 49.72% 44.02% 48.87% 47.99% 48.31% 48.93% 48.53%
? ¥91E F (%) 20.87% 23.72% 28.02% 10.57% 17.59% 21.70% 16.22% 28.61% 23.67% 25.11% 28.00% 27.44%
;fﬁ.?; B EF (%) 17.82% 18.02% 20.10% 14.96% 12.76% 19.10% 14.87% 20.85% 17.27% 18.38% 19.93% 19.66%
¥ £ 42 YoY/QoQ(%) 13.00% 20.92% 14.39% -32.14% 36.71% -1.09% 7.42% 23.88% -18.72% 7.01% 16.96% -4.15%
fmfé 4 £ YoY/QoQ(%) -3.01%  22.25% 27.60% -56.40% 16.60% 48.07% -16.37% 73.71% -32.69% 13.88% 26.86% -5.47%
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P 1§ 275.0 %
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Yo 5% o
® THFLTEF LT (2330 TT) :f‘ 7w
(6770 TT)... 5 » 13452023 2 3R &g » H - &
AR H Tk 55% o

o 2024F  2025F
B g 2413 2,847 2,989 616 660 602 641 730 774 702 668 765
EE SR IE2 645 745 792 148 199 166 162 185 210 187 178 203
¥ENE 358 428 478 74 125 88 82 107 129 110 100 125
fis g 321 384 415 72 117 71 83 94 111 96 89 108
f 15 EPS(*) 695 831 8.98 155 253 1.55 1.81 203 240  2.08 1.94 234
£ 4% (%) 26.73% 26.17% 2648% 23.97% 30.15% 27.62% 2533% 2536% 27.16% 26.70% 26.61% 26.54%
Y EE F (%) 14.84% 15.04% 15.99% 12.05% 18.90% 14.57% 12.86% 14.71% 16.64% 15.61% 15.01% 16.35%
Fris 5 5 (%) 1332% 13.49% 13.88% 11.65% 17.73% 11.85% 13.00% 12.88% 1431% 13.68% 13.38% 14.14%
%40 YoY/QoQ(%)  -221% 18.00%  5.00% 1535%  7.12% -8.73%  649% 13.72%  6.06% -9.25% -4.84% 14.46%
1mf<ﬂ’~YoY7Qch%) 52.14% 19.57%  8.00% 17.50% 63.06% -38.99% 16.80% 12.69% 17.80% -13.24% -6.90% 20.90%
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P 693.0%

® 2024 # K VPC?

AREE

A i % 1 90% 4 > MEMS
AR TAOF 4> £35 0 AR 1 130H &
JhA WA E30%  £20254& ¢ & ¥ F AL B

5=
AL °

® 2 Adpd o LS S KB T NVDAS
2024 # ~ £ 57H > AR D F WLk B o
R N
BT 2024F  2025F 1Q25F
FEER 8,147 9,390 9,838 2,018 2,154 2,196 2,047 2,358 2,555 2,430 2,149 2,452
FELfIEE 3,897 4,746 4,953 978 1,029 1,045 1,026 1,200 1,300 1,220 1,053 1,235
TEANE 1,471 2,099 2,284 387 402 353 387 550 620 542 413 564
Fis sz 1,312 1,790 1,865 343 413 275 394 450 502 444 343 461
FiLis EPS(7) 13.93 19.00 19.80 3.65 4.38 2.92 4.18 4.78 5.33 4.71 3.65 4.89
£ 415 (%) 47.83% 50.54% 50.34% 48.45% 47.79% 47.58% 50.12% 50.89% 50.88% 50.19% 48.99% 50.35%
FENE F(%) 18.06% 22.35% 23.21% 19.17% 18.66% 16.07% 18.90% 23.33% 24.27% 22.30% 19.20% 23.01%
s B F 5 (%) 16.10% 19.06% 18.96% 17.02% 19.16% 12.54% 19.24% 19.08% 19.66% 18.25% 15.98% 18.78%
¥ £ 42 YoY/QoQ(%) 9.92% 15.25%  4.78% 13.44%  6.75% 1.96% -6.81% 1521%  8.36% -4.89% -11.58% 14.12%
Fté B £ YoY/QoQ(%) 8.10% 36.42%  4.22% 22.48% 20.18% -33.29% 43.02% 14.26% 11.64% -11.69% -22.58% 34.11%
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Er:FE~ 2023 2024F 2025F  2Q23 3Q23  4Q23  1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
LT 3812 4231 4443 973 933 924 1,069 1,042 1,040 1,079 1,133 1,113
HEL I 1018 1262 1386 276 224 238 302 310 320 330 361 349
¥ ENE 304 541 673 104 47 48 114 133 142 152 183 170
Fris s 386 575 710 151 92 45 133 130 150 161 195 180
215 EPS(*) 522 777 961 2.05 124 06l 1.80 176 203 218 263 243
2413 (%) 26.70% 29.83% 31.21% 28.41% 24.03% 25.70% 28.24% 29.75% 30.77% 30.57% 31.84% 31.33%
§EE F (%) 797% 12.78% 15.15% 10.72%  5.08%  5.15% 10.64% 12.75% 13.66% 14.09% 16.15% 15.28%
futs ¥ F % (%) 10.11% 13.58% 15.99% 15.54% 9.81% 4.86% 12.47% 1251% 1440% 14.92% 17.17% 16.13%
4 %40 YoY/QoQ(%)  1.84% 11.00%  5.00% -0.84% -4.10% -0.95% 15.69% -2.54% -020% 3.79% 4.93% -1.73%
Fois® FYoY/QoQ(%)  -4.84% 49.02% 23.65% 5436% -39.48% -50.96% 197.07% -2.24% 14.93%  7.55% 20.76% -7.71%
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Er:FgF~ 2023  2024F  2025F 2Q23 R102X] 4Q23 1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
FEER 25,061 26,547 30,261 6,397 6,463 6,624 5,477 6,387 7,123 7,561 6,373 7,530
FELAIEE 4,918 5,196 6,214 1,347 1,238 1,227 1,137 1,230 1,365 1,464 1,300 1,550
¥ EAE 3,264 3,460 4,261 1,024 803 726 697 825 918 1,021 882 1,058
ATECE 1,838 1,959 2,445 540 508 344 428 449 507 575 476 603
FiLis EPS(7) 14.82 15.80 19.72 4.35 4.09 2.77 3.45 3.62 4.09 4.63 3.84 4.86
= 415 (%) 19.62% 19.57% 20.54% 21.06% 19.15% 18.53% 20.77% 19.26% 19.16% 19.36% 20.40% 20.58%
TENE F (%) 13.02% 13.04% 14.08% 16.01% 12.42% 10.96% 12.72% 12.92% 12.89% 13.50% 13.85% 14.05%
futs B 5 (%) 733% 7.38% 8.08% 844% 7.85% 519% 7.81% 7.03%  7.12% 7.60% 7.47%  8.01%
¥ E T > YoY/QoQ(%) -11.33%  5.93% 13.99% 14.71% 1.03%  2.49% -17.32% 16.61% 11.53%  6.15% -15.70% 18.14%
Fts B EYoY/QoQ(%)  -4.92%  6.57% 24.83% 20.79% -5.99% -32.32% 24.53% 4.93% 13.05% 13.25% -17.19% 26.72%
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L g% o ko qe s Do wp AT EL o 2R g
fd?vfz;ﬁv—’iiﬁ%*‘w A ERA ?»i‘%ﬁt"
® HHEZ  pamxHEHELLRE 3B
i%g'%ni4~5ﬂ}‘i ,2024}_-42“»]4:‘“1 Tr ek
o P L 11~13% (Lowteens) = & P & o
B F§A 2023 2024F 2025F 2Q23 3Q23  4Q23 1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
FEAER 13,051 14,748 15,780 3,292 2,977 3,380 3,322 3,604 3,830 3,992 3,818 3,915
%' E LA 3,415 3,895 4,317 841 756 925 835 950 1,050 1,060 1,050 1,061
FENEF 2,030 2,442 2,840 491 410 579 482 589 677 693 683 694
fifé BHE 1,990 2,074 2,173 609 473 505 545 457 529 542 534 531
FLis EPS(7) 19.16 19.96 20.91 5.86 4.56 4.86 5.25 4.40 5.09 5.22 5.14 5.11
£ 415 (%) 26.16% 26.41% 27.36% 25.55% 25.41% 27.38% 25.15% 26.36% 27.42% 26.56% 27.50% 27.11%
FENE F(%) 15.55% 16.56% 18.00% 14.91% 13.76% 17.13% 14.51% 16.33% 17.69% 17.37% 17.89% 17.72%
Fiis # & % (%) 15.25% 14.06% 13.77% 18.51% 1590% 14.94% 16.42% 12.69% 13.81% 13.59% 14.00% 13.56%
+ #142>YoY/QoQ(%) -12.07% 13.00% 7.00% -3.27% -9.57% 13.54% -1.71% 8.50% 6.25% 4.23% -4.36% 2.54%
f%f‘ 4 E£YoY/QoQ(%) -14.19% 4.20% 4.75% 51.26% -22.32% 6.67% 8.03% -16.17% 15.68% 2.52% -1.46% -0.65%
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o

2024F 2Q24F 3Q24F 4Q24F 1Q25F
EE S SN% 2,405 4,043 47233 583 670 604 548 1,195 1250 1,050 720 1,167
FESqlEg 198 331 349 51 53 50 42 99 103 87 59 96
¥ENE 48 131 148 14 14 12 2 45 48 37 17 43
fiLts b 5 40 110 114 10 22 0 11 34 37 28 13 33
FLISEPS(~) 0.51 1.42 1.47 0.13 0.28 0.00 0.14 0.45 0.48 0.36 0.17 0.43
=< 41 % (%) 823% 8.19% 825% 8.81% 7.93% 835% 7.75% 828% 824% 824%  823%  826%
¥ £ E F (%) 2.00% 323% 3.49% 2.39% 2.10% 191% 030% 3.75% 3.82% 3.48% 238% 3.72%
i B F F (%) 1.65%  2.72%  2.69%  1.68%  3.22% -0.02% 1.94% 2.88% 2.94% 2.68% 1.83% 2.86%
¥ £ YoY/QoQ(%)  -4.84% 68.08%  4.71%  6.16% 14.90% -9.88% -9.22% 118.06%  4.63% -16.00% -31.41% 62.05%
FLts # FYoY/QoQ(%) -51.75% 177.70%  3.47% 17.79% 119.42% N.A N.A 22429%  6.98% -23.55% -53.06% 152.95%
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Er:FE~ 2023  2024F 2025F  2Q23  3Q23  4Q23  1Q24 2Q24F 3Q24F 4Q24F 1Q25F 2Q25F
FEAER 745 893 938 230 203 164 103 256 268 266 143 278
FELAIEE 311 363 393 97 90 66 27 100 120 115 52 121
¥ EAE 123 163 201 37 37 39 -20 49 70 64 9 71
ATECR 102 127 149 32 46 17 -6 37 47 49 4 55
FLis EPS(7) 2.59 3.21 3.78 0.80 1.16 0.43 -0.15 0.93 1.20 1.23 0.10 1.39
£ 415 (%) 41.73% 40.59% 41.92% 42.00% 44.33% 40.03% 26.78% 39.05% 44.72% 43.24% 36.44% 43.58%
TENE F (%) 16.53% 18.27% 21.40% 16.18% 18.18% 23.90% -19.47% 19.22% 26.09% 24.02%  6.00% 25.45%
s s F (%) 13.73% 14.19% 15.93% 13.78% 22.59% 10.28% -5.70% 14.30% 17.67% 18.23%  2.66% 19.71%
F £ T > YoY/QoQ(%) -28.30% 20.00%  5.00% 55.70% -11.71% -19.33% -37.40% 149.75%  4.78% -0.70% -46.21% 94.24%
7]?2, _mYoY/QoQ(%) -58.67% 24.05% 17.84% 305.35% 44.74% -63.29% N.A NA 2945% 2.46% -92.14% 1’337‘%/5
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¢ 5 L4t s AOIK & » s ¥ ¢ 5 FOPLP ;
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BT 2024F 2Q24F 3Q24F 4Q24F 1Q25F
FEAER 2,990 2,542 3,050 734 735 691 579 575 690 698 777 721
FELAIEE 666 561 693 156 157 182 124 130 153 155 174 164
¥ENE 95 -35 144 -30 0 56 -58 1 12 10 32 23
Fts &z 158 2 89 -8 52 52 6 -8 3 1 18 10
FLis EPS(7) 0.96 0.01 0.54 -0.05 0.32 0.31 0.04 -0.05 0.02 0.01 0.11 0.06
£ 415 (%) 22.29% 22.08% 22.73% 21.20% 21.38% 26.35% 21.37% 22.62% 22.17% 22.15% 22.39% 22.69%
¥FENEF %) 317% -1.38%  4.73% -412% 0.01% 8.10% -10.04% 0.17% 1.74% 143% 4.12% 3.12%
Feis B F (%) 530% 0.06% 2.93% -1.12% 7.08%  7.50%  1.00% -1.44% 043% 0.14% 2.30% 1.43%
¥ #4T>YoY/QoQ(%) -23.72% -15.00% 20.00% -11.65%  0.25% -6.05% -16.24% -0.69% 20.04% 1.20% 11.27% -7.15%
fnfé g YoY/QoQ(% -52.81% -99.04% 5’773'?,/0 N.A N.A  -0.48% -88.84% N.A N.A -66.67% 1’688'10/0 -42.45%
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A Fan-out WLP ¥ Fan-in WLPzz ¢

CAPITAL
o L gk ”ﬁ(Scahng);}iﬁtrmxa B IES TR ff:f?.?:if{'ﬁ‘f} v (s ERWLP2. + ? 1 471
DR EEFHOTE P L
o %5 it %5 > JO¥HcH 4r > Fan-in WLPiT%m Tl 5 FIEE o AoRT/ORZ BN AT ©
—J‘%T‘FTJ » BEART R I/OBLE AR B E3 8 P hw fFL P o RIS PCBae
ARAHABAZR > P AL DERICS ¥ W2 ALK > @ 2 4ok B0 L&
IR R 5 "ﬁ] X g R S EEA A
Silicon Die Silicon Die
Fan-In WLP Fan-Out WLP
FALRR - 2P LR ERRIRE  HERERE %%W%We B W
ad - &8 - L8

HE PR 77

2\ Integrated Fan-Olft Wafer Level
CAPITAL PaCkaglng

Formation of cooper/polyimide interconnects on Si support wafer

Die-to-Wafer(D2W) bonding

Wafer molding/Si support wafer removal

Singulation
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BRAEIED FO10% > o Fafidil> S WiEER LN 5

10% - 2 OSAT ~ IDM ~ z 4+ @2 7 {-FPDRc 7§ 3% 3 #5 L FOPLPH ji¥ - Samsung
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Amkor U.S.and Deca U.S. are no longer listed since
these companies are not manufacturing in US.

r

ology
Former Nanium (Portugal)

eWLB Technology

RCP Technology

|
|
I M-series Technology
I

InFO Technology

FAL kR Yoles #EHAEF G RE

B35

P4t R £ & ©

< ESWIN

o]

> InnolLux
P \GJcET]
HUATIANIERP China
G mior =

Korea

Former Stats ChipPAC Singapore

&= DbKFb

The Philippines
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# 4|4 T RDL First ~ Chip-First% 2

o HAIHIFHFEEL
Package * FOPLP)® #- > ZLI¥ £ 4 T RD
#4z > # ¢ » Chip firsta
@ < %620 x 750 mm ; RDL firstf] &

ERiEd e
L (Redistribution Layer) first¥? Chip first &
FraornBAgAed B ICHEAE
#7HPC/AI® 2 IC4f % » = < 5700 x 700 mm o

& % 31 7 (Fan-Out Panel Level

I 3Q247 & A

o HAIE 35K R P RDL firstEl (960 FAT i % B )00 7 TR AT

@ 1% 3+ Chip first o

RDL-First
¥ RDL (Redistribution Layer) comes first

¥ Target high speed IC package for HPC/Al for mid/long term goal
¥ May deliver as glass substrate without chips

Ex. RDL glass substrate ‘
RDL First for High Speed:

R
3
>_A.
5]
*
B
i
Ry
et
=
S
ki3

Chip-First

v Chip first followed by RDL (Redistribution Layer)
v Target high frequency & high power IC package in Automotive for

short/mid term goal
Ex. 77GHz Radar transceiver

Chip-First for High Frequency:

Ex. 650V DC/DC convertor
Chip-First for High Power:

S
- sidie1 ™V -

¥' Mass Production Plan: 302024

%c}b[(a/ (@a/m B AL

80

gd - & - LB




N g 2H2AR 1 T R

42 35N HR620x 750 mm)ER A A 0 B UEFRE A 2um ~ 10|vtmrrw1
L %Wif% ’ “f! % {12‘2'}(3 4;_300mm)gal§ﬂm7l;. e E S Al BRI

., P\i $1/0 #ic | - r,gé’rfl: /] N r;}i;;i%ﬁ—’\J ~ T

/ﬂ 7{3-J :I;:}iﬁ%rlﬁ%i v ek s d AN L3S %‘»:,f‘( FTEXE > gL 4

e RFIA

._ﬁpn kbj*lK’:ﬁP /%“EEIJY3~45K’J,;
HA PP RS F 5B HIC 3 RIC L4 ¢ ¥k
- H2HMEA > P ARB BTV R

FHERB S M Ale it E2 gA K2 wee il fr o> I 52024 F
P BTt £ 3% o 620mm

T

[ TTT
T
T

750mn3 I amm

Pome L ol g}j‘
=
=2 ‘
~m
i
" &
@
4.\.;.
>
-

el

-l
4
b‘%

T

-

# LTI
DM & £ 2

+
-4
iz

—

W R

M¢§:&s~

v o
2 e

e
A

~=} ‘g,k

- T

i

w
S
=
8

f\;;i«::f:F*'.,,ii+:n’f1ﬁ’r _ — =
PR KRR EL D HERRRE o ((%c}bdd/(@a/m WD

81 gd - & - LB

CE}SL IPix 4L 8 ivf28 A0

HFE

% @%%ﬁ %I
Foundation IP ‘ ‘ \ ‘

o WAzAp B AP o o 1 EE B AP & L Ha o« BBEEAIP > - L
o BRM o blde > IPE AR RS ¥ StarIP » i & & 5 & 124
(Cell Library) ~ Ri " 7] (interconnect) ° ESLE - DSPE % fif4e i)
(Gate Array) & & & © « BIPRT R o e e ET & HIP o
* Foundry § & § & 11 & i R OLE 1 B A, « BT S RE DL (SRR
i 12 4% i~ Foundation IP > L3 }i-ﬁ Pt e 3 opeh s W Ae ek
R L E A « PAE4 SEHEr 8 Ry L Senpe g ¥ 0 08
% % 2 @ Foundryff7& o Er R f*m i o & B ETE o
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A CPOE A % B E M A

o FlNFERIHE & A AJoOFE L PR o FPCPOELK & F i

A o

o SOTbipR#kis s > 25 Cable  #-5 TRE st J 4 R(2,400W) ©
TR R RS 0 & 4 40%34 429 1000W) < CPOT £ = 1§
74 42 (850W) & % B 2 o i FISpl/bitshi 45 o

51T Switch
System Power

?‘\ ki TSMC :BZEE"?E R ff ((%c}bdd/(@me B AL
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e CPO(co-packaged optics)

° GDR{%%KE—EéQﬁ&HiW’ﬁCM1#@m7Wmﬁ@ EH
LE B RE o RB 3129—*5'?"["—"?&%%95 ‘Tlif%ig\"‘ g 5 e

Top View Side View Package Engine Data Speed

Pluggable Transceiver Optics
QSFP (Quad Small

| _ASIC_ ] Pluggable Module
Ly | QsFP Form-factor Pluggable)

. 100/400/800G
% On-Board Optics
@ T . .
2 [_asic_ I e O T T =2 OE (Optical Engine)
K] « BGA/LGACE ,  gooG/1.6T
£ LN
3 -
£ co-Packaging Optics
r-1 A
5 [ _asic_ S Advanced
g Packages 3.2/6.4/12.8T
==
Optical I/0
Advanced
Packages 6.4/12.8T & beyond
N2 M REIE - A R <
kR ASE S HERMET R R %c}bdd/%@m Ty
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e’ CPO 5B 20255 1 £

o 5 [F1% ¢ 12 GlobalFoundries # » % » 5 f 72017 & ¥ Luxtera + & B %
V1 gt G £33 H T 5 TCOUPE | (Compact Universal Photonic
Engine) o P ? 3k 2022+ 4& 7} CPO #f% > # i& » Broadcom i Ji 4 o

o 7 kF BBB 1 _;/rx @lﬁilp x._45~90nm » ¥ [&]fﬁl’fé#‘»)‘ ’ ;H'Lj. x’ftf\‘«i'é{.‘l ﬁ\/éﬂ
BATHRERF > 24 3¢ kT PR B o

o CPOZ4 AL itstfe o § @ > Mul > e d s it @+ 23 0 &
L HE- A~

e 7 CPO-T 800G i Switch » 2 I3 800G & Switch? — % & * CPO3t %

Pluggable Optics On-Board Optics Co-packaged Optics
(OBO) (CPO)

ﬁber ~ fiber fiber

. “OE ‘ Asic| | oe

= ASIC ~

F#L &R 0 TSMC ~ 2021 IEEE ~ # ¥ #09E 5 2 5

%c}éi&d/%mcg B D

HE YA 85 gd - & - LB

X cro ¥ 122022~2033# CAGR 69%

o FiYole s WAIH B » FHIL 2 k45 B2 4 £ > 2022~2028% H CAGR 5 24%
» 2028-2033 5 80% » 4 fc #- 20025 3800 % A E 20334 G061 &
© @ E W AUMLER i T 5 civde i 0 20222033 CAGR,w 46% - # ¢ CPO
4742022 600 % ~ 3 £ 2033 52.87 % % = » CAGR & 69% o

2033
@ Optical I/O (HPC for AI/ML) $2.68B

® CPO (networking)
® *NPO (networking)
® “EOI (legacy interconnects)

’ $238
s CAGR 81%

2022
$38M

$116M |
CAGR 68% !
\

CAGRs330 24% CAGR;g.53: 80%

*In 2027 EOI and NPO will be replaced by CPO
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