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Al Token growth accelerating computing demand

® According to Goldman Sachs, driven by the rise of agentic Al, global Al token usage is
projected to surge 24x by 2030, reaching 120 quadrillion tokens.

® To support this soaring demand, optical transmission performance is critical.

x 101° tokens
140

I Non-Agentic Al
120

H Agentic Al

(Y
o
o

I A 24x increase mainly
driven by agentic Al
2026 - 2030

TOKEN COUNT (PER MONTH)
iy N (o)
o o o

N
o

o

2026 2027 2028 2029 2030

Data: Goldman Sachs

Source: Al Agents Forecast to Boost Tech Cash Flow as Usage Soars (Goldman Sachs Research):
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Al Bottleneck: I/O Wall

® |/O Wall:
> Al compute power (Logic) surges at 3X every 2 years, But I/O bandwidth scales at only 1.4X.

> How to increase /O transmission performance is the key.

Scaling Rate:

Compute (Logic): 3X/2years
Memory: 1.6X / 2 years
Interconnect (1/0): 1.4X/ 2 years

1000000
I/O Wall

10000 HBM4
HBM3e
HBM2e NVLink 6.0
HBM2 o NVLink6.
100 o NVLI

DDR ,
R10000 NVLink 4.0

o PCle 2.0
Pentium [l PCle 1.0a

Xeon

Normalized Scaling

0.01

1997 2000 2003 2006 2009 2012 2015 2018 2021 2024 2027

O Source: Al and Memory Wall, Amir Gholami et. al, https://arxiv.org/abs/2403.14123 Yea r

O IDTechEx, Silicon Photonics and Photonic Integrated Circuits 2026-2036: Technologies, Markets, and Forecasts: 5
https://www.idtechex.com/en/research-report/silicon-photonics-and-photonic-integrated-circuits/1151

O Nvidia Datasheet: (H200, B200): https://www.nvidia.com/en-us/data-center/h200/; https://www.nvidia.com/en-us/data-center/hgx/

O NVIDIA GTC 2026 Keynote, https://www.nvidia.com/gtc/keynote/
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Optical Interconnect for Scale out and Scale up

® Traditional copper is constrained to short distances under high-frequency operation.

® By using optical transmission, the signal reach can be extended, which enables the scale-up
and scale-out application.

Scale Up Scale Out
Optical : : : : CPO
’ . ’t
Cu Pluggable
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CPO-MCM and CPO-00|

® CPO-MCM: Adopts a Multi-Chip Module (MCM) approach, integrating optical engines on the
substrate.

® CPO-0O0I: Directly integrates the optical engine onto the XPU's interposer

CPO-MCM CPO-00I
for Switch for XPU optical I/O

Optical engine

Substrate
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From Copper to CPO

® CPO and OOQOI(Optical on Interposer) delivers a 4x~10x boost in power efficiency and a
10x~20x reduction in latency compared to Cu.

® A highly integrated, low-loss Optical Engine is the key.

Cu Wire

FAU

Substrate Substrate

| Substrate

: : Co-Packaged Optics
Cu Wire Pluggable Optics (CPO)
Energy Efficiency 1X ) 2X ) 4XxX 10X
/ y /
Latency 1X 1X <0.1X <0.05X

Source: TSMC 3DFabric® Advanced Packaging and 3D Silicon Stacking, Mii YJ, 2026 North America Technology Symposium
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TSMC Integrated Platform for Al

TSMC-SoIC® TSMC-COUPE™

CoWoS ™ =

FAU
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High Performance
Memory

|
[

______~

Source: TSMC 3DFabric® Advanced Packaging and 3D Silicon Stacking, Mii YJ, 2026 North America Technology Symposium



What is COUPE?
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COmpact Universal Photonic Engine (COUPE)

® COUPE leverages SolC-bond stacking to integrate advanced logic (EIC) and PIC.

® Featuring a proprietary optical path design and components, such as Si uLens and Cu
BMR (Backside Metal Reflectors).

CoW by SolC-bond WoW COUPE

Si Carrier

SolC: F2F Stacking

~

CoW wafer 11
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COUPE Key Features

® COUPE-GC (Grating Coupling): Si ulens, Cu BMR, and Si/SiN GC.
® COUPE-EC (Edge Coupling): EC facet and SiN tip.

COUPE-GC COUPE-EC

________ . EC Key Features
GC Key Features | siulens | d
Si Carrier : i Si Carrier
— B B i :
Si lens : l ec |

g N\

Grating Coupler (GC) w v v v v we w

EC Facet
Common Features

o |
Metal Reflector (MR)

SolC-bond

Y an, 4 Lo | s p ]
er s Ty ’ T 3 T ey R R T AR A ORI e
L k- ) T o Lvamra e, S Ty R o
P P F B R ey ey oy
Nl L X * y e Lt S T
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COUPE Critical Devices in Tx/Rx

® Transmitter (Tx): 1DGC, Tip Coupler, and Micro-Ring Modulator (MRM).
® Receiver (Rx): 2DGC, Tip Coupler, and Ge Photodetector (PD).

Transmitter (Tx) Receiver (Rx)
\ A
I Tx I/O | | Rx /0 \

r _ D r ) N
GC: 1DGC Modulator GC: 2DGC

Photodetector
Ge PD

MRM

g .

Si

13

Source: Advancement in Silicon Photonics: From Research to Real-World Application, K.C. Hsu, 2024 SEMICON
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TSMC Process Design Kit (PDK) for Photonics Devices

® TSMC provides a complete device PDK to help customers design SiPh and shorten their
time-to-market.

Si/SIN  Si/SIN Si/SIN Si/SIN  Si-SIiN SiN Si/SIN  Si/SIN _ Si/ SiN
WG Bend Crossing MMI trans EC sPGCc spcc FPBSR  Yqjunc.  pc

e T | e el — & =

-

SHEIY . shifter 1hermal Temp
Taper Termination PD MRR PS VOA  cansor

14

Source: High Volume Manufacturing of Scalable Silicon Photonics, S.F. Huang, 2025 SEMICON
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How COUPE Scales Bandwidth?

® Bandwidth per COUPE = (Lane Speed) x (Number of Lanes) x (WDM)

Number of Lanes CWDM

E— 20nm —

128
64

32

16

200G _
400G_
800G

1271 1291 1311 1331

—» 2.3 nm <«—

DWDM

1A 41 8L 16

WDM

1311.00
1313.30 --
1315.60 --
1315.60

1301.89
1304.16 --
1306.43
1308.71 --

Lane Speed

15
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COUPE Bandwidth Scaling: Fast and Narrow

® Bandwidth per COUPE: ® Scaling Strategies:

51.2 | =< o»

56] S

Tb/s
Tb/s Number of Lanes
_ Y 128X

2026  ~2027 2027+ ' 64x ’

| 32X [
16

Tbls

_ Beyond 128X
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® Bandwidth per COUPE: ® Scaling Strategies:

51.2 Tb/s
~and Beyond

51.2
-l Thi/s

- 25.6 r
Tb/s
12.8
Tb/s

6.4 |
Tb/s

l Beyond 16A |

= 16\

| Beyond 128X

B 00 " 128X

2026 ~2027 2027+ |  eax |
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Boosting MRM Bandwidth

® Optimize inductive peaking, MRM and EIC driver optimization to improve MRM bandwidth

by ~1.8x from simulation.

mPD

—)

22MMI. 1pae

Laser 1DGC

Inductive peaking optimization with MRM and EIC
driver optimization

Optical output

~

am (]

uE AN ...4))))

- 200 Gb/s+

Term

Differential
Inductor

——

200 Gb/s+

COUPE architecture

Sim. w/i Ind. Peaking Opt.
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=
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GC Efficiency Improvement

® From 2025 to 2026, COUPE 1DGC and 2DGC insertion losses can be improved by
5.3% and 11%, respectively.

2025 2026 2025 2026

e

Improve Loss 5.3% per 1DGC Improve Loss 11.03% per 2DGC

IL

20
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EC Efficiency Improvement

® From 2025 to 2026, improve SIN tip Polarization Dependent Loss (PDL) by 4.6%.

® SiN tip coupler loss within wafer range can reach < 9.8%.

Si Carrier Sample size

< 9.84%

IL (dB)

Insertion Loss

SiN Tip PDL Improve 4.6% SiN Tip Coupler Loss Range < 9.8%
Within wafer
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Extending COUPE Heterogeneous Integration

® To improve the performance of COUPE, further heterogeneous integration of the modulator,
SOA, and light source into the COUPE platform can be implemented.

® COUPE also functions as an optical interposer.

Modulator, SOA, and Light Source:
heterogeneous integration in COUPE backside.

TSMC-COUPE™

Si Carrier

EIC

Modulator

N A A A 22



ORI o S e s e @ S S L ML REe s L S - N ™ ™ ™ R P P I I AN
MRS & ::{v - :" e A P L e Ve Y T T T e e e e T P P P P B P S S T
N o D ‘} . )’-‘hv; -4 .. 5 = =T iy }'? > R T W o e T - " X N AN AT ’ ’
\.r.kf. + 2 - .- 0 R v T e e PN . T AN AN s A 4
" -3 - - - ! ‘ P L e® o ./‘~—\ N »° ™ LA o LUV L7 P a4y v &
IZXNE G o S A A A A e A S e e e S e A AL I NN KN N YL A S
R = B R L A AL A " U I A2 O O EN D NN S AN NIV 5505
. : RARDITT L emm e e 1 8 0 e Y0 e v, e NS A A A A A A A SR A v
Pt ) - X v .v\'}.(_ 2 NS .’/' l\r'. XN JY,\" Y\’ ) ° X ‘)'.ﬂ PO PV, » b // W o :
- » . ¢ . | A . ’ “SYAN M | AT - L e PSS ' :
> Sk - AT - LS o T A XXX XXM NAAX XN VA XA ¥ M A OO A s/ g |
- a9 ue SNAA X XYNVAAA XN ° X Y\NAL M T AVNS S > s ) ~ ' .
) ﬂ. < 5 St ;(:\‘_-‘(’. ~.; \/ ' ) " O " L 4dfnks - o > /’/,‘/’ o :,.'/ /'/_.'-)_. ..,,-/ ’ /,.". “' _ ’ 7, y . ’ y :
: MOSIOAICSA N A X ’ b1 E O N St o o A Ay e TN S SIS SIS rFrSS s f

Summary

® Driven by the bandwidth and power efficiency in Al and HPC, Optical I/O is a
valuable option to pursue.

® Continue to improve COUPE platform performance to meet both CWDM and
DWDM application.

® The integration of COUPE with CoWoS package for different applications will be
realized through close collaboration between stakeholders or STCO (System and

Technology Co-Optimization).
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