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From Copper to CPO

® CPO and OOI(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.
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Cu Wire Pluggable Optics CO-Pac:(ggeo(; Optics
Energy Efficiency 1X 2X < aX
Latency 1X 1X <0.1X

Source: TSMC 3DFabric® Advanced Packaging and 3D Silicon Stacking, Mii YJ, 2026 North America Technology Symposium
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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.
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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.
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InP facing severe shortage, adding to TFLN’s momentum.

TFLN the best modulator solution for Coherent Lite given its superb linearity. It is the best solution for 400
Gbps/lane IMDD too.

Integrating TFLN with PIC is a challenge as well as an opportunity. This is in hot pursuit.
* Advanced packaging schemes and micro transfer printing are both promising candidates.
+ UMC is developing the integration technology, leveraging our expertise in PIC, TFLN, and advanced
packaging.

Rather diverse applications of TFLN are being explored, across a number of wavelengths. Innovations taking
advantage of LiINbO,'s unique optical properties are happening at an unexpected pace. This is perhaps only the
tip of the iceberg.
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Adoption of higher-performance modulators (TFLN/InP) and improvement in photo diodes are key
factors affecting deployment of plain-vanilla (non-WDM, IM/DD) DCI's with 400 Gbps/channel
performance and beyond.

A combination of WDM, PAMS, and even coherent transmission may be more “elegant” solutions
than brute-force bandwidth scaling. And these are being actively pursued.

The scaling law in DCI’s data rate/channel is likely to slow down as transceivers becoming more
complicated to enable WDM and coherent coding schemes, and/or to incorporate non-Si (TFLN,
InP) modulators.

As a result, future connectivity scaling will increasingly rely on heterogeneous integration and
advanced photonic platforms, rather than brute-forcing wider bandwidth from each component.
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The Scale-Up Challenge

Sources: Nvidia

(c]V) Scale-Up BW (Tbps) Scale-Up Size (GPU) Rack Power (kW)
Blackwell 7.2 72 120

Rubin 14.4 144 ??
Feynman 28.8 ?? ?7?

High-volume optics required to break reach, power, and bandwidth constraints
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Scale-up technology options

Metric VCSEL SiPh InP Context
Speed Wide parallel approaches do not require significant bandwidth.
Volume No technology with higher deployment than 3DS VCSEL.
Cost InP and TFLN are expensive; SiPh requires external laser.
VCSEL requires fiber.
Power External laser drives power, InP, and TFLN require external drivers.
Reliability VF)SELs offer redundancy and sparing to reach <1 FIT.
SiPh has external laser.
Reach VCSEL reach challenging with standard fiber (new fiber possible).
: InP and TFLN are not dense enough to meet scale-up interconnect
Density .
requirements.

Scale-up requires new fundamental optical technology
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VCSEL/CMOS Integration
VCSEL/Advanced CMOS Integration

» High-density 1060nm VCSEL and photodiode arrays

» Leverages high-volume 3DS supply chain

+ Compatible with standard SMT (no fiber compatibility issue)
* 32 Gbps / channel consistent with UCle-S and UCle-A

+ >80 Tbps bi direction optical bandwidth capability

* >1.5 Tbps/mm (path to >4 Tbps/mm)

» Capable of <2.5 pJ/bit

Live d w—— s boo,,; + Error-free operation (1e-12 BER)

First demonstration of 1060nm VCSEL integration with advanced Si CMOS

Eli : Lumentum SEA%FE XA 1060nm VCSEL Hi%#ER CMOS BERET ° JIHMREE : SBE 1060nm VCSEL B (E8IZR[ET ;
SRS 3DS {fFESE ; AAITHE SMT (EXMBEMRIE) ; S@E 32Gbps > 1§45 UCle-S B UCle-A ; EmWBIEEAE S >80Tbps ;
>1.5Tbps/mm (B&{EI5[ >4Tbps/mm) ; BERX <2.5pJ/bit ; FiREEEIE (BER 1e-12) » (Lumentum ¥k p22)

* 3 (OCS) : 300x300 #E) MEMS BRI - AIRENR spine IRES TR HABIE TARELE L ; SBE
10 BE8 GPU BUEIIE R A A5k >65% KIRIIREL scale—out SISTNFEREE (FOBIESEA Lumentum 2024 4
HZ5EL Cignal Al 2025 FEE—FiRE) -

st

o KTIBERMEARBMR  RIBHIZS - WARRE QA B » TNEARX X EEEHMIMINEHT -

. BHRFEEEESEINSMUNTERZEUTKE (SBEABFEMHIL) - AEMIE R SR ZERER -

 TSMC f#R%E TA1EE TSecurity C - TSMC Secret) #BZMHITD - MHTWBEMARNSE - EHAFATHE -

- MEERAMENLRNSERIRSERT A BIE (F 3 BNEETE % 8 HiY SiGe EAM # MZM LER) - %
MRS AR RERES—FHR -

FCEREMEBMULRIFE L BFRANRABRRIERE ; BFRA1E A BETEEFRARE - ASEMHRMARSE -



