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Al computing power demand(Petaflop/s-day)

1950 1960 1970 1980 1990 2000 2010 2020

| double everytwoyeas 5 |
le+4

. 3x1/1 RD
AlphaGoZero L s Tesl;} x
2/ Autopilot
Neural Machine /
e1yranslatiorl1 ,”BERT 4x 2/2 ROL -
VGG #ResNets 3x2/2 DL
A[exNet';" é o
Deep Belief Netsand , o, g Organic
layer-wise pretraining . DON >\
TD-Gammor v2.1* ,,.""BiLSTM for speech §
. LeNet-5 -] -
NETtalks-+" RNN for speech \d
Unit size 60mm S2mm  115mm  150mm

o~ ALVINN

."faerceptron

x * x x

60mm  Tamen 115mm  150mm
year Source: Reformatted from Brian Black, "Meeting future performance demands throw
glass packaging,” JEEE Glass Symposium, 2023

Xt&: China Electronics Technology Group, UH45H

TH 3. 0152 Al IFIY WAY vl

Xt&: Georgia Tech, OH5H

Material Silicon Organic Glass
Packaging TSV Interposer Si Bridge Organic Interposer Glass Interposer 3D Class Embedding

Status Commercial Commercial Commercial Research Research

IO Pitch 50 um 45 um 55 um 55 um 35-50 um

Interconnection length 5mm 5mm 6mm 2.5mm 35-50 um
Interconnection density 250 10/mm/layer 300 10/mm/layer 25 10/mm/layer 250 10/mm/layer 2,500 10/mm?

Data rate/IO 2 Gbps 5 Gbps 20 Cbps 9.2 Cbps 1.86 Gbps
Bandwidth density 500 Gbps/mm 1500 Cbps/mm 500 Cbps/mm 2300 Gbps/mm 4.65 Tbps/mm

Energy per bit 1.025 pJ/bit 1.2 pj/bit 0.58 pJ/bit 0.36 p)/bit 11.2 f)/bit

Xtg: ECTC, PennState, OfLEE
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~100mm
~70mm ~70mm
i7|A| 7|HE cHyst
~70mm
semiconductor
chp
~60mm ~100mm

Sp e
"1’) 2'1 J!\[ ;'[! m ‘
= tor |
' 'f [ |

nt {

L/S=10/10 (um)

LIS=5/5 (um)

~2021 2022 2023 2024 2025~

panastl 1

Xt2: Ibiden, ofLEH

&8 5. TSMCQ CoWoS ZEHM

CoWoS-S
(Si Interposer)

UEIZ Yol THESH
CoWoS-L/R HIZ
Yoo Lz 1Y

CoWoS-L/R

(RDL Interposer)

2025
6-Ret., 12x HBM3

4-Ret., 12x HBM3

3-Ret., 8x HBM2

1xRet.: ~830mm2

T2 TSMC, OS2

&£ H 6. TSMC-SoW

An Option Besides CoWoS® — System-on-Wafer
jé’ EHD:'&‘EI'E (TSMC-SOWTM)
SoW (w/ SoC or SolC)
>40-ret., >60x HBM

Scalable for large clustered xPU in
next-gen data centers

Leverage InFO and CoWosS tech.
*  InFO-SoW in production

* CoW-SoW to be ready for
MP 27

Orders of magnitude enhancement in
compute power with higher energy
efficiency

CoWosS (SolC) CoWosS (SoIC)
3.3-ret., 8x HBM 5.5-ret., 12x HBM
80x80mm substrate >100x100mm substrate

CoWos (SolC)
2 8-ret., 12x HBM
2024 TSMC, Ltd >120x120mm substrate

Xt2: TSMC, OfLE
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” M2 | pamas amads anela Agnin T
1Al ABF QX332 (15 um diamerer

wias

Z 11 15 um L5

v 1Az L 15 um Lf5

[ES Fumus

LT 1A Zum /s

T2 A, of5d Xt2: ECTC, OB

©H 9,ROL QIE{EA vs 22}A QIE{ZA

DNP=

2cts UHEA WY F
S,
AL O

W PU JGPU JGRU e

‘ L TR < U ) /ﬁ y 4 DRMP’DEH
UARM AHAM  IRAM ROL
RoL ; Cu TG

~ Creater than Somim_ 5.

RDL interposer Glass interposer

General purpose High-performance
-PC - A.l. computing
Applications | \opiie - Graphics
- Switching, etc. - Game, etc.
Advantage Cost effective Larger size ( >50mm sq.)

X}&: ECTC, DNP, OfLI5
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Form Factor Pluggable), 26'30{l= TH7[X| 7|TOf| g AT HEAF|= CPO 7[&2

=
SQORICIT SEUC, APGTAT E0F 279 H2j2 REYA V| S WEY ot 9

o

4B EEYA 7l Q| TR} 3242 7T Cfot BRAL Cg Y %o M
Yt M2, cavity B0 B

3244 J[WO| D1 BY, LAY DX

Ij7|X| [T ol He|§O2 BUUH HAT|E 2L

3244 J[mO| O MUAM, WY LY, £& FI4 ¥Y 59 S
7

EEYA 7|50 YHS HS JoforZ 4 ULk

=
™
flo

©

o

o
or
<
-
o
~

Mo £
MO
©
o

nz
n
rh

&# 10. Intel®] T7|3 ZEM

Packaging Evolution at Intel

FCBGA/FCLGA Embedded Multi-die Foveros Foveros Direct Glass Core Co Packaged
Interconnect (EMIB)

[T ==

Substrate Optics

@

X2 Intel, 045

T H 11. TSMCO| COUPE =9 A1¥

3D Optical Engine (OE) for Next-Gen Communication @

Optics is crucial for rapid and reliable data transmission and lowering network power consumption for Al

EIC-on-PIC stacked using the SolC-X process (COUPE™*) offers unparalleled interconnect density while
maintaining optimal system power

We will enable COUPE in pluggable in '25, followed by COUPE on substrate in a CoWoS CPO with a 2x reduction
in power and a 10x reduction in latency in '26

COUPE on CoWosS interposer for another 5x reduction in power and 2x reduction in latency is being explored

Pluggable (OSFP**) CPO with Switch CPO with XPU
1.6Tbps OE on Substrate in 2025 6.4Tbps OE on Substrate in 2026 12.8Tbps OE on Interposer

in Pathfinding

i« 00 g
XPU

¥
X BiE +E

® 2024 TSNC, Lid

T TSMC, OS2
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EE 12. Corning? CPO T7|13 &34

Corning?
— (" . " N\
%a A ?_! E.I L'I';7\1 7||I:|_!. Glass Substrate with Through Glass Vias
+ Thermal stable > Reduced mechanical stress
CPO %E)\J . Exoel!ent §urface flatness -> Low-loss fine-pitch
\__electrical lines and micro-bumps )
~

(Glass Waveguides
« Optical fan-out for high density PIC I/O's
\_* Mechanically de-coupled PIC and fiber interfaces )

(" Flip-chip Attached PICs h

« Low-loss, broadband, high-density optical I/O’s by
\__evanescent coupling to glass waveguides

("Fiber Connector )

« Low-profile 16 fiber connector - -

. _]'IL-—,‘»,J\ﬁ-.—*JE
| JEEFINEE
\_* Edge coupled b 5 )

Xt&: Corning, Ot43H

EH 13.CPO 7|&9 AYE

=22 71H|

FYUUE YYsiA

Co-Packaging Optics Challenges

Ultra-high D2D Bandwidth High Power Solution Optical engine
*Q,I -?—Z‘Il '6-H 7|.h * Interconnect pitch * Ld * Engine size/ Data rate
T e 275 + RDLL/S . TIM1 * PKG structure

* Layer count y |

Super Large Package Large Fan-Out / Interposer Size Fiber Attach
* Package Warpage * Warpage * Fiber connector workability
* L2 Reliability * Package Reliability * Warpage/ Thermal stability

XtE: ASE, oS

OlL52-6
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EH 14, Intel®| TH7|13 ZEY

L3
2030 W Processor
22tA 7|8 £l UrE Substrate History

1970 | 2010 2020 | 2030 |

Leadframe/
Wirebond

Ceramic

Intel led the transition starting '95; Competitors

Organic

Organic with EMIB F |

X2 Intel, 045
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& E 16.Intel9 22tA 0] 7|

CPU/GPU 37| 3712
oA ol=a] 35t % F ﬁ‘.‘.’/%"@l apat i8%
22tA o\ -
(MLCC L{E)

Glass Core Substrate

Xt&: SKC, ofUEH

& # 17.Ibiden®| 22t~ 3O 7|

X2 Intel, OLEH

SE 18, Y719 22t 30| 7B

[next-generation PKG]

» Next-generation
3D package
» Glass core substrate
» Semiconductor
optical device ety e
[semiconductor
optical device]

Logic SiPh

de
—te
= <5
I owanc -i

optical fiver

o

[glass core substrate]

Glass-Coré te
Package Substrd

Glass-Core
Package Substrate

Xt&: Iiden, otL43H

& o 9H7], o5
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3]Seed(Cu) G! Barrier(Ti) layer &“g, [4]ABF Lamination 2! Drilling(0|A{| hole 8! skive
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= 00

Barrier §! Seed layer %°§

ROL @/gob7| ™ HHE HeS Oh= ABF £4F 9! Laser Drill S0l Micro via F”g
7|& TFIX| 7T Ch] 1/5 £&0 viaholeZ F/g0i 4 e 2& HiIX| 7t5
ABF Driling 3780flA =2tA 7|k} Barrier/Seed layer 22 ABFZt E2|& =

Adhesion T 2T 4 oLt WEUA L YYRE O Ho= mot

ABF Lamination 3! Driling

ObAT Qe OX|E L3 7|He SO PR CI, L, wAy ZIeY

Maskless Photolithography(RDL %”g ’
FephyFOL F9) ROL(KHHA) layer BHES 2Py
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2022 2023 2024F 2025F 2026F 2022 2023 2024F 2025F 2026F
I[ES] 2,38.7 15708 14281 19713 19705 QSR 2,526.1 20813 18275 18322 17162
W[ESSIvlE 20103 15491 13690 17117 16127 TRk 1,469.5 590.4 389.6 192.7 77.1
i E==Selfel] 376.4 217 59.1 259.6 3578 al=e N Ry 1,098.4 531.0 3335 1241 8.4
pnlel 190.1 2380 2557 3175 337.2 okt 388.1 162.5 1477 2039 203.8
Fole] 1862  (2163)  (196.7) (57.9) 20.6 T OXpAE 5533 3329 302.7 417.8 476
2829 (101.6) (15320  (1287) (1425 (1547 T|EFQ XA 115.2 995.5 9875 10178 10177
F& /27| A (73.9) (13) (10.0) (10.0) (10.0) H- QSR 38669 49511 5058 53009 54504
7 [Ef Q&9 1789 (11.2) (16.6) (16.6) (16.6) SRR 260.4 309.1 312.7 414.1 414.0
MHolel 1896  (4020) (352.1) (27.00  (160.7) SRRt 188 60.5 59.2 64.1 64.1
=HOIA| 98  (119.2) (84.5) (54.5) (38.6) SBARE 18907 26654 28040 29812 31637
P[ESN ool lel] 1995  (2828)  (267.6) (172.5) (122.2) SEXLE 1,536 16709 16344 1598  1567.0
ZLiAfR0|2 (224.1) (43.6) 0.0 0.0 0.0 7 [EfH| R ERE 192.2 305.7 305.7 305.8 305.7
o714019 (246) (3264 (2676) (1725 (1222 XREEA| 63931 70323 68343 71331  7,1666
HIX|HiZEZ=X| £ 0|2 37 (50.8) 41.7) (26.9) (19.0) S5 1,8709 18456 20264 22589 22844
X|HjF=Fa01 684) (2755 (22590 (1457)  (103.1) = 13152 12568 14534 15761 16018
X|HiFFX| £ x20[Q] (55.0)  (199.1)  (213.8)  (137.9) (97.6) OHRUAHS 2405 87.8 79.8 110.1 110.1
NOPAT 1959  (152.1)  (149.5) (44.0) 156 7|ELR-FERH 315.2 501.0 4932 5727 572.5
EBITDA 4389 43.7) (33.7) 95.1 166.5 Bl g5 51 22804 26623 26207 28291 29789
‘I %) = 19988 22043 22043 22543 24043
I{ESES e 5.41 (34.19) (9.08) 38.04 0.04) 7|EH| 55 281.6 458.0 416.4 5748 574.6
NOPATS 7+ (28.27) M | x| oM SEA| 41512 45079 46471 50880 52632
EBTDAZIS (28.13) kS| x| eay| 75.08 X|df x| & 17255 14106 11848  1,039.1 936.0
FYo|dB7tE (53.62) N LS x| H tEg 189.3 189.3 189.3 189.3 189.3
(R|HfFF)eAS7tE MM Hx| x| x| x| 2Yo=z 364.5 284.7 2847 2847 2847
EPSE7HE LSk x| x| x| x| Ex7 (2848)  (2834)  (2834)  (2834)  (283.4)
+2d(%) 7|EfZZO|9 55 84.5 84.5 84.5 84.5
0j=3028 15.77 1.38 4.14 13.17 18.16 SEllers 14510 11355 909.6 763.9 660.8
EBITDAO|2lE 18.39 (2.78) (2.36) 482 8.45 H|X|df X2 5164 1,138 10525  1,006.0 967.4
Fo|als 780 (1377 (13.77) (2.94) 1.05 X234 22419 25244 22373 20451 19034
HEARRIo|2E 836  (1800)  (1874) (8.75) (6.20) 228 18445 28707 32682 36377 39290

£212 2 HsLER EERSEE)

2022 2023 2024F 2025F 2026F 2022 2023 2024F 2025F 2026F
X BE@) FYEs HaTs (1472)  (2347) (919 97.0 477
EPS (1,805)  (7,276)  (5,965) (3,847) (2,723) T710(Y (246)  (3264)  (2676) (1725  (122.2)
BPS 52,311 43,961 37,995 34149 31425 X% 248.1 157.5 187.0 177.0 170.0
CFPS 12,837 (938) (453) 2,949 4834 Y7Hg2| 252.7 1726 163.0 153.0 146.0
EBITDAPS 11,590  (1,154) (891) 2,512 4,397 el e Bl 24.4 7.0 9.7 9.7 9.7
SPS 63,025 41,479 37,711 52057 52,036 X2 a0 47.4 25.9 10.0 10.0 10.0
DPS 1,100 0 0 0 0 7|} (76.4) (48.0) 43 43 43
F71X| BHK) BLS KR (370.7) (65.8) (11.3) 92.5 ©.1)
PER (49.03) (1245  (2697) (4182  (59.09) EXjgE Wavg (2490) (9875 (3047)  (4490)  (334.7)
PBR 1.69 2.06 423 471 512 SEXRHAGED 3085 11358 (333)  (131.0) (29.5)
PCFR 6.89  (96.59)  (355.19) 54.56 33.29 X257 HEA) (6215 (1,0314)  (265.1)  (2957)  (295.6)
EV/EBITDA 1301 (169.74)  (264.22) 97.06 56.97 7|t 640 (1,0919) 6.3) (22.3) 9.6)
PSR 1.40 2.18 427 3.09 3.09 2gs d3qve 875.5 314 196.7 1727 1756
2| & (%) SEEMEIHEL) 419.1 147.1 196.7 172.7 175.6
ROE (B67) (17.57)  (17.47) (13.10) (10.44) Xr257HEA) 159 79.7) 0.0 0.0 0.0
ROA (1.09) (4.10) (3.25) (2.08) (1.44) I[EHFY T 480.0 1.4 0.0 0.0 0.0
ROIC 493 (3.53) (3.16) (0.90) 0.31 iSxI2 (39.5) (37.4) 0.0 0.0 0.0
SahHl& 18517 17857  207.71 24879  276.52 wgel 5 4793  (1,190.9) 3229 (9.5  (115.7)
=1 & 8227 113.72 146.08 17787 20643 Unlevered CFO 486.1 (35.5) (17.2) 1117 183.1
O|XF&/gHli&(Hh) 177 (1.40) (1.21) (0.34) 0.12 Free Cash Flow (896.4) (1,266.1)  (357.0)  (198.7)  (247.9)
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24.10.13 Neutral 130,000
200,000 - 23.10.16 Neutral 87,000 31.48% 124.48%
23717 Neutral 110,000 -19.36% -5.73%
150,000 2319 BUY 110,000 -8.04% 573%
100,000 - 22.10.17 BUY 130,000 -21.31% -11.15%
' 2289 BUY 190,000 -42.14% -27.37%
50,000 -
22.10 23.01 23.04 23.07 23.10 24.01 24.04 24.07 24.10
I Compliance Notice ’ I E2IS 2 ALY Ol EZO|A HI2FA|
* 2 ZARRMAIEY| AP} TH0I0] TAY| SEFARAAL PRUFLE SKCY 2IFo] o EXO|Z0| O.117|7HS AXQ 0|T 127HUL J|Zo2 KR
Of SKCOJ H|$.02 AXPF AbHo] 92 IX[YLICE
* 2 X2S TP SR AERRIF, SHKE XHEQ APYar RE0j0) 9ol o * 714 2R
OfLt S0t 2HIQ WIX| QILOT, E0Io| 0|72 HROP| Bieguio] AopAl op BUY(ll4)_SER7Pt B} Cii8] 159% Ol 4% 012
TgoitaU Neutral(3%) SEZ7P+ B3} Ci| -15%~15% S
* 2 XS ISR S Tl X0 AR HF Aol GlaLtt Reduce(d|§54) SHF7PE 77t Ol 15% OFY O 7F's
* A 20244 109 13 XY OHGRIAO] XI2E 19014 &G OFD QIX| YEUCH - Melol 28
o 2X2E ZMgOH offdR| AEITIF, QX4)s 20241 109 13 WXY viFElALel & Overweight(d| 2TH)_HFX| 47 HIHX |5 THE| 15% OIS HE A
715 EE BRor QX U Neutral(F&)_EX| 47 SRHX| 4 CH| ~15%~15% 2
Underweight(| & 254)_JEX| -7 HIHX| Te| -15%~15% &3
2 ZARjge Do £ NHE HFY 2Moz IMyL|glon, O Hool|T — =
B G 6 Gleict S0 8 o] 28 U AP 2 ot M) il i e e) ]
X2 9 73U QOfH Z0|L, 1 WYLt UG WYY 4 gloos Xt A} SETXNYEY g 9515% a41% 044%  100%
Ao| Tk Aelvlo]l ABZHE U] HIRIUICL DRI OfTt FQ0IT 2 XtRs 7122 2024 108 102
T7H0] FAISXI0| Zfol Chot X AR ATHO| FYXIR2 MG 4 glaUch
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