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SRBEENH R AKEREE

BMEEREFNESREEL—EMAZE, XTEHBNHENITIEREERE TEREMRER, &
B L VP RIRES T —F—ERNERB R~ ES Hotchips, HELEWA T ARBAELHENETE
MR E , YL HR AR chiplet ID HEL@E, #HITTRAER.. A, ¥FSETUINREEFEHZL
AR, HERBE AR TR,

EREMARRENR I ZA, HINEE-—TAHBLARAXNENN A,

RIREFEIESR 2 F Pathfinding for System Integration BIS L RIREF LT 1994 FMA
BRAA, AREEALEXNZ LS, FRIMMF L 0.13 HUKEHEN XRERERA RIELFNSLHE
HAERABNEERRAREESREAR, G1F CoWos®. BARBH (INFO) HERARMARBRAEALH
(SoIC™) REMXFA.2016 F£LLHT, RIFEETTF Integrated Interconnect & Packaging &M 8{E%&
A

MABRRAAZE, RIREFELEEE ATAT IREIRENARANME AT AN1987 FXE 1994 4,
RE LR N FRAKERE, AGRESRAMETE,

UTHRREFTIHERHERHE:

tSImic

Qutline

#® Introduction
® Industry Transition

e TSMC Packaging Technologies

m 3DFabric™- SoIC™ InFO and CoWoS®
m System scale-up and Interconnect scale-down

eNew Heterogeneous Integrations
m Advanced Thermal Solutions
m Si Photonics Integration (COUPE)

eSummary

BRELINA RRZAUSEN R EAXTE, TESHEGEEERMA MR T L& REME
AHETEZSNTE N TEAR, GRBEREIRMER, MEEEXXIR 3D HERER, M AFEE—
F—mfE 3D Fabirc FEE.MAEHPEETH 2.5D 70 3D Hxr=m.
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TSMC Integration Technologies

® Cost, Performance, Power, Form Factor
® Time to Market, Flexibility and Scalability

Fabnc
Frontend 3D Backend EIJ-

F

Chiplets
soc  Cpabagioied N | (RS [ .J_

MN-1 or MN-2 ‘ |
N Nodg s SolC -

Dissimiar Chip Types Heteroganaous

miEZ AT IRE, H, 2.5D AR CoWoS 7] 435 CoWoS F1 InFO &5l H5%EE CoWoS &K, 7]
LS AL JLFH:

1.CoWoS-S

AT die 2| die B4R (redistribution layer: RDL) EENEAERNEN “F5” ERLEEE LT
B (chip-on-wafer-on-substrate with silicon interposer ) IEfERE AH E43EH S 10 £,

2.CoWoS-R

CoWoS-R T HAENERF M ENR TEM 2.5D die HBXIEEEHN (F&M) /T E.CoWoS-R
MITRE ROL BEMEBEER/N—/FI, 5 CoWoS-S I KEEaLt , A LA EER 4 FK.

3.CoWosS-L

£ -S AN R AN REREIZ 8, TSMC CoWoS R BE—NEFHN™m, A F A THEE die 15
B (BREEEE) EEM ‘ANt B XL F IR ABHERP, RUESEE USR B (REEEM L/S @) I
REHNENRE(E) SLANFENEEMINE S INEE.

FAR, CoWoS #IEE A “chip last” IR, S R EEFIFHEMHMTE.

BE 2.5D #HEHAK InFO,

&I A, InFO Tﬁkﬁsﬂfﬁﬁ(ﬁ/\ﬂz%ﬁ\)ﬁﬁ B 5 R IX L3R B i A molding compound RIE# &R
H.fEEEMELFE RDL EEMNER, X2 “chip first” I ZRiE.8 die INFO 12 7T 5O mEEIR,
RDLZ M & A X 3 [ s & f—E) “B5 &” 4 #h. % dieInFO & KR & Il & #& “InFO-PoP:
package-on-package” fM“InFO-0S: INFO assembly-on-substrate”,

BB 3D HERKANZ SoICIEEREBNA, ARAIM 3D HEKS SolC FHRMEXE, ZFaEMAES
SHRNERERES, BNEXEXNEH M - &RRxA SolC &E LTk (chip on wafer) FE@EFL (TSV) @i

- 04—
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3D HEt ARy die RFERE.

TSMC 3DFabric™

Chip Stacking (FE 3D) Advanced Packaging (BE 3D)

—
Chip on Waler (g First) m LS| + RDL Intercommect

|
LU Water on Walar m-l el L RO interposer
(Chep Last)
o

SoIC: System on integrated Chips P inegraed Fan-Ouw
Cond T on Wik 90 Swbirale
DL Redis Fiboiios Ly
LEE Loca & infertonsect

MEIRERFON ATUEES, LN, RELEE—LHFHEL: E—REEKAT K chiplet
13D HERARBLFE— MR EMRHTHE More Moore F More-than-Moore MITi%X,
TAEFIM CMOS [ CSYS ST %:

New Transition o

® Advanced foundry packaging technologies for chiplets and 3D can
start a new era-

® Transition from CMOS to CSYS (Complementary Systems, SOCs and
Chiplets integration) for More Moore’s and More-than-Moore systems

& ]

<>

>
> P

Raf. TSMC 3D Fabric
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EETRIEMBH, RIREX TSMC fIHREARHETT ERANNT B,

ST
-

QOutline

o TSMC Packaging Technologies
m 3DFabric™- SolC™, InFO and CoWoS®
m System scale-up and Interconnect scale-down

®New Heterogeneous Integrations
® Advanced Thermal Solutions
m Si Photonics Integration (COUPE)

e Summary

WTEMR, i3 aRE A SDFabrics #1777 &,

™ N

Lol L Integration Technologies

@ 3DFabrics updates- additional structures, Packaging Envelop Increase

and SolC Pitch Scaling
3D Chip Stacking (SeolC) +
. Advanced Packaging

5 Advanced Packaging : :
= %L . TEMC-B50C™ + CoWal?
¥ —
£ i okl CoWos® TEMC-SolC™ & InFO_of
FE| G EEENE
s
£ g Lot | hoc |
H o G o8
'-i’--;l-g o
InFQ PoP
Tima

Heh, B X% E) AP §9 InFO_B (Bottom Only) K.
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InFO_B (Bottom Only) for Mobile AP

* Leverages high-volume InFO PoP experience

* Enables LPDDR DRAM package stacking at CM (Contract
Manufacturers)

* Enhances performance with InFO's lower parasitic (ACR/ACL)
and TSMC's deep trench capacitor (DTC) technology

)

InFO_B FCCsP
Attributes Package Size 14x14mm
Max. chip size, mm® 135 1186
CPl sensitivity Low High
TRTMV pitch, pm 180 =ITa
Si thickness, um Up to 200 20

RI\Z AT A, INFO_PoP HIMER&ER T — DRAM #3k, £ DRAM FIRDL EEREZ B H I FL.
TSMC EEEF B INFO_POP =&, PAfE (LPDDR DRAM) AR EBIEINBEE FIERE /OSAT LMK,
INFO_B FR/R—MIEIR, I T FT7Ro

B, EH X HPC §§ chiplet & AR INFO-R/0S IEHT.

InFO-R/0S Update for HPC Chiplet Integration

® Offers Min. 2/2 pm 5x RDL layers with 130pm pitch Cu bump.
® 1.5x reticle INFO_oS in mass production since 2018, flexible floor plan
® Chiplet scheme 2 + 8, 2.5x Reticle (51x42mm), substrate 110mmSQ in ‘21

2.5% reticle InFO_oS
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AEZin

WTERR, $FNAENFER, SREERHAETERFIER INFO_oS AR AE MR, XEBELRH
SerDes /INEAXFEHN /0 BE , UZFEIE / SEHM %K #l.

tshic
o M .
InNFO_oS Envelope Growth for HPC Applications
.ﬁ‘:
i
6.4 Thps 12.8 Thps 15.6 Thps §1.2 Thps
56 Ghps 6 Ghps 56 Ghps 112G~ »
Switch CapacityfSpaad
BTk, SIREEN AT BEHE M chiplet §£5 INFO-L/LSI,
l.ﬁ'nt

InFO-L/LSI for UH-Bandwidth Chiplet Integration

® Integrating SoC chips with high-density Local Si Interconnect (LSI)
and InFO technology

Chip 1 1 Chip 2
i --iii -
O Pad pitch {pm) 40pum 29um
ROL L/S {pm) 212 (3ROL) 0.4/0.4 (aMz)
C4 Bump Pitch {pm) 130pm B0pm
InFO Size, Reticles I 2% SR 1%

WEMR, BRBEEEENITERSR, &

REHBREHRT INFO BRI FER—RNE, EXTEH, R
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HAERIEHET tesla — NS EHE, TUHETE tesla HRFM AIG A L, RBTARBAX M ERAR.
MEXMERAARRES ST FHELE.

i
INFO for Ultra High Performance Compute Systems
® InFO_SolS (System-on- ® InFO_SoW
Integrate Substrate) (System-on-Wafer)
i Mimic power
7 L:-Jar - module
L
Connector
InFO2 InFQ wafer
e T et e ) 6| Mimic thermal
modulbe
o e e R s i m e  r a  aE a | (Cold Plate)
https:/iwww.teslarati. comitesla-ai-day-live-blog/
ESolS 7w, ARBERBTEENRE.
SolS (System on Integrated Substrate) 5

® Leverage InFO to build organic substrate for FC/InNFO/CoWoS stacking
with KGDs- chip, passives, components, PKGs and supporting substrate

® Achieve high yield- > 95% (91mmSQ), 100% yield 110mmSQ

=

] ]

I'HFOE L Info-1 L

po  1OTVEBOC s

s e

;;;;;;;;;;;;;;;;;;

2021 |EEE T1th Blectronic Components and Technology Conference 2021 Virtual Conferénce
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RS, FEMRETTE , SoIS hRIE &

SolS Interconnect Performance Q

@ S0lS exhibits ~25% and ~30% lower insertion loss than organic substrate
over 25°C to 125°C at 28GHz and 50GHz, respectively.

®The varied temperature conditions (over 25°C to 125°C) will not impact the
measured insertion loss.

Maasured Insertion Loss va. Tam poratuns

Insertion Loss Diff Impedance= 800
vs Temperatwe | 25'C | 85°C [ 110°C | 125°C

Insertion | SolS | ~0.75x | ~ 0.75x | = 0.75x | = 0.76x
Loss @

SBT
28 GHz 1BLIG2) 1.0x 1.0x 1.0x 1.0x

Ingertion | SolS | =07« | =07 | ~07x | ~0.Tix
Loss @ [“ogy
50 GHZ | iz 0 1.0m 1.0x 1.0x 1.0x

RIRERNIEHRET SolS MR FIIFEMESFZ T ENER.

®

SolS Design Rule & Power Performance

* High-density rouitng capability with finer line pitch (< 10um pitch) & via
(25um CD) to gain more SerDes pairs and mitigate signal crosstalk.

* Samll mesh hole (10*10um) on P/G planes showed significantly better return
loss (< - 45dB).

SBT Sols 10um Mesh hole
Degassing holez 100um| Mesh hole= 10um better return loss

SBT 100um-mesh =
- +

#

SR, VETEMTTE, SIS HRIABFASIEAK
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SolS Reliability Evaluation

® A 91mmSQ mechanical TV adopted to evaluate SolS reliability

® Passed package-level reliability tests and microstructure sanity check
after the reliability tests showing robustness.

Test item

Quick torture MREx (reflow 250°C)
MSL4a+TCG3000
(-40~125°C)
MSL4a+uHAST 360hr
(110°C/85%RH)
HTS 1500hr
_{150°C)_

TCJ 5000x
(0~100°C)

Pass

Pass

Pass

Pass

ENERSOISZE, £2IRENETESTE INFO_SoW BRI EXEEMLE . BN TERA TR EAE—ENE,
Cerebras £ HAHE S REHEN WSE £, FHNESXMNEEREAR,

Key Advantages of InNFO_SoW v

®Full-wafer system integration with KGDs, compact size with integrated PWR
supply and thermal modules.

®Leverage InFO technology for maturity, high bandwidth density. Low latency
C2C communication and low PDN impedance.

®Heterogeneous integration of compute, 10, memory, passives chiplets, etc.

20

Power
modubi

------ Connector

mmmmB [NFO wafor
I Wafer-Scale Engine
. Thermal
modele )\ -b:.r Cerebras sys!&ms._

s

2020 IEEE T0th Elactronic Components and Technology Confarence | June 3 - June 30, 2020

K¥HEE5 MCM#LE,INFO_SoW A BRE  HEBELTESF SN T ASERENRE.
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3" s
s

Benchmark MCM vs. INFO_SoW v

® Higher BW density (2x): Superior line density due to fine pitch RDL.

#® Better power efficiency (0.03x PDN impedance): Simplified and low profile
structure (without substrate or PCB).

Flip-Chip MCM InFO_SoW

Package Technology

Line width / space (pum)
Line density
Bandwidth density
PDM impedance

MBS EE, T EATR, INFO_SoW thRiE Sit.

Electrical Characterization 7

® Good process uniformity in R and C across the whole wafer.

® Higher guality Cu trace (vs. Substrate). 0.4/0.7 dB lower loss for RDL length
20/30mm at 28GHz, achieve 10/15% power saving, respectively.

0

.

“m\

-+ Substrate ‘\

+InFO_SOW \\
'\'\.\-\\\':

5 10 15 20 25 30 35
Electrical test pattem RDL Ler. /= (earss o P

]
—

R
Fi

MNormalized Cor R unit
H—H
HH
W
(1}
Insertion Loss (dB)
s

&k

[=] 2 L#1 R

o

MRIRENSETUER, IPEARERRSBERKNLZRZ .
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® Demonstrated industry-first full-wafer heterogeneous integration technology
with good process control and high quality RDL across the whole wafer.

InNFO_SoW Summary

Electrical 2x bandwidth density & 97% lower PDN impedance
Performance | 15% power saving of the interconnects (line length 30mm @28GHz)

Scalable POC thermal solution: TDP 7000 W (power density 1.2
Thermal | S¢
Solution s

Maximal temp, <80°C

Verified through wafer-level quick torture & system level reliability
i tests
CEEEUEEEEN CPI risk is relatively low (<60% of qualified TV)

Process

T e e R o
=L, o M= .

2020 IEEE 70th Electronic Components and Technology Conference | June 3 June 30, 2020

TR, RIRERET CoWoS-S HERRAR MTEMTR, XE—IMEREFBIT +FMNER,
MREFRAE, ALt 75t SoC F HBM KRR EBFRI K.

CoWoS®-S Technology

@ Silicon interposer 2.5D system integration for advanced SoC and HEM.
® One decade of production with high yield and premium quality
® Continue to enrich the interposer features with extended envelope for HPC

Chips of various ]
functions and schemes

CoWoSE-S structure {7 e Bl Tl

WMTERR, 8 2023 £, 2 AR HELERKH CoWos-
HMZHEREEK.
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TR
. TSI
CoWoS®-S Rapid Progress
® 5 generations migration in 1 decade. TED [— 1
# Fast increase in interposer size, transistor 200 : = |
count, memory capacity and PISI (eDTC, etc.) | |
| |
L |
B N
Mormalized Transistor Caunt: sl 2021%
1% =
Interposer area 3x
q » B HBM2e: 128 GB
Gen™ 2010 New TSV
DTI_IIEI:ICE Cu interconnect: Mi
P  Interposer area 2% 1 en-1
g 2018Y 6 HEMZ: 48GE MNew TIM (Lid package)
Interposer area 1.5%
Ll
\ 2y .4 HBM2: 16GB .

2021 IEEE T1st Electronic Components and Technoiy Lorerence | vaiual |

. CuC4b
i June 1 - July 4, 2021

5 Flip-chip AR, CoWoS-S BB ERE.

g

CoWoS®-S & Flip-chip CPI Comparison
® Leverage Cu/LK technology for high density interconnect
@ Si interposer, a stress buffer between SoC and substrate, for reduced CPI

NT SoC CPI (ELK stress)
1

CP| ELK stress
{normalized)

C.¥. Lu et al, IEEE T1st Electronic Components and Technology Conference  June 1 — July 4, 24321.

FEHEEHPC N AGHE, CoWoS R RILRIALELE.

— 14 —
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Leading CoWoS® Solutions for HPC p i
® Qualify 3-reticle Si interposer with thicker metal (5Mi), eDTC* and HBMZE in
2021 to further push for HPC.

| H= -n-N b |
El EEEFEENEN

El EEENNNEN

CoWoS-5 with 3-reticle 5| interposer Si Interposer with 5Mi and eDTC

"eQTE Embeaced Deep Trecch Cagacfnr

FIREEER, BT LR, FXRAT chiplet RRZfF, BEBRBRERAFZHRA.

Chiplets Integration Reduces System Cost/function 2

i

g
5 Eme >a0t
z | Ss | SolC + >8 HBMs
: ——
E, + B HEMs J
g =
w 2aret
- e Chiplets + & HEMs
; e
1.75-ret *
1.5-ret
SoCs2nEMs  SOC*4HBMS
HBM2 HBMZE HBM. T

CoWoS-S STAR NIZ AR HREFEEEMN H—HF . WE AT, EPHERAEBHERIRITA |
BERPP&mETOXE—ME 2020 % AR AMZA, M2 T 2021 £, 5FRENE AT FRES
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CoWoS®-S STAR (STandard ARchitecture)

#® Shorten design cycle time and faster time to market
#100% success rate for STAR adopters in 2020.

#® More flexible design options in 2021. Adoption rate to grow 4x in 2021

STAR 1.0 (HBEM2)

STAR 2.0 (HBEMZE)

o .
=

Floor Plan B l:l L —
L]

Rel. Size % 2% raticles % 1.5 reficles

3 1.3X reticles 32X relicles 5 1.5X reticles 3 1.3X relicles
Status Released Releaged Releaged Released Released Released
L I\ = |
FERE, XPTRITHSZAZEED SoC 5EZ/EHE

METHE A (HBM) die MRS 12T ;A HBM2E
(B HERZBNEBESLEEIEE R, R 1024 .

B RDL ¥ HBM HERkE# ) SoC MERAME S TEMERELIZHELI AN TSMC EEARZLARES

MR CoWoS-S IR E, MMRTERFALMBESONHE. TEREHT —EREHR CoWos-S IR, SEH
M 2 #| 6 4 HBM2E %,

mEEFMER, R RHET CoWos-L H KK,

L

LB
CoWoS®-L For Heterogeneous Integration =

* Leverage InFO and CoWoS5S to integrate Si bridge, passives and RDL to
best optimize CT, yield learning, system performance and EoS, etc.

* TSV in LSI (Local Si Interconnect), active & passive chip integration
optional for better performance, power integrity, and design flexibility

- - o

I NN s mEul

&, RIREEENRETRER 3D B HEHXR——S0IC,

— 16 —
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3D Chip Stacking- SolC™

® CoW development: N7-on-N7 CoW and N5-on-N5, KGDs

® WoW Development: Logic-on-DTC (Deep Trench Capacitor).
Demonstrated power droop reduction

TLBRELT WRTLe

Chip 1

=y
-

WTER, RIRERKE T BFRE SolC WL TT M.

SolC Development Direction

e e

Top Die
CoW
Bottom
Die
Wow

B, RIRELIERE T AFE Inter-chip BEARIEEZ Bl -
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Inter-chlp Interconnect Scaling Ruadmap

10"

g

HREET ERKR CoW B,

a
E 10%
E‘ 0
100
g
E 10" f'ﬂf
£ g
- ) T
a

iy gk
INFORMATION

e
o~
>
-
SolC
L T
ra
o 3um
9 tum
um
ll'-ﬂ——:u-l

My - &7

0 it # perticals {'Hﬂl‘l

Year

Sub-pm CoW Interconnect Feasibility

@ 0.9um bond pitch stacking
@ Highly reliable after TCB 1000 cycle

® Enable direct integration of SolC/bonding and SoC/BEOL interconnect

2020 IEEE T0th Electronic Components and Tech

s

(rwwsdas) Lsueg wpmpues ag

P P I R R A A R

100%
»xTO

. O TCB1000cye

Sub-pm TSMC-SalC™ -bone * .-‘"'Ilr E #3;,.

k4

vz
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SolC “Envelop Growth” !

® Bigger SolC can be achieved with either more/larger units (2D) or more layers
(3D) to integrate more memory capacity and/or higher functions.

® Thermal wall need to be addressed to remove heat accumulated in 3D stacking.

18Hi 5 olC Bond

HENAR T —EZAHIMKRE T RAOMEREAS, RIREENTAT SRENEHFEERIA HH
BERFABRIRTT R ANRESC R

Thermal Solution Enhancement

ermal interface material: TIM) SEEEHE A
(NFIEBEHIENRG, BEXARETM

<ETRIAER TIM A4 8HE IR
) IR
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m@Em[ Ultra-HPC, &£ 18 324t 7 Integrated Si Micro-Cooler (ISMC) %R,

**““Integrated Si Micro-Cooler (ISMC) for Ultra-HPC i

#® Thin SiOx bonding interface (OX TIM) by fusion bonding Si lid and Si chips
® Low interface TR, even though K, at low single digit Wim-K
Cu Lid with LMT (Liquid Metal TIM) Si Lid with OX TIM

Si Lid with LMT (Liguid Metal TIM)
DWC (Direct Water Cooling)

JJJJJ

BB MERE benchmark, NI T B AR :

Cooling Performance Benchmark

35 1.8kW 2.3kW

_ 30 AT 75°C |- AT83C || ATB3C
= 75 |- T T 1 ..................................... I
"E 20 |- - . T— | e
‘l-. 15 ...........................................
FEEAN N . . . - !
T aT T oM [oxTm [ oxTm | owe | owc

et vowe (2LPM) | (S.8LPM) (2LPM) | (5.8LPM) (2LPM) | (5.8LPM)
':_'T'E:t'a'l R T 13 ':

B 5i/Water ~ - e

‘B Bulk S in lid

mTiM | B,
| |
— e

— 20 —
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ISMC Summary

#®Leverage 3DFabric to develop new Ox TIM to replace LMT, achieved
TR~2 K-mm*W, 50% reduction from LMT.

®Demonstrated fusion bond Si lid (OX TIM) provides kK\W level heat
dissipation solution for large chip size (>500mmZ).

#® Further improvement on the thermal performance obtained from DWC

scheme. Mechanical strength of the new structures and their reliability
will be studied.

RIREEER, TEFAR, TiHX SIiPh BRETINFE K.

The Need for SiPh 1~
#® The explosive growth of internet traffic has driven data centers to turn to
Silicon photonics (SiPh) for its high speed and low power consumption.

# Compact Universal Photonic Engine is proposed to address the need for
wide range applications on performance/power and volume/cost.

Mm = OPTICAL
100k g= e hh -
10km 4= » Uy
Tkm 4= e, _\::
= Pma Dot rer = oy
S 1oom f ob%ﬁ -
& I e el i
e 10m o Bt Backplors
o | Cin-Boand
10mm = PPER 1006-400G . -
10mm = 1T-10T ., Intrachip
1mm g 107~ AGOT
i i i i ' i i i e .
TMbps 1Ghps 1Thps 1P s
Data Rate

i SIPh B & St FER 3L



Ol SER
;\gz.ul INFORMATION

Evolution of SiPh Package 4

@ Evolution of the SiPh package: from Pluggable Optics, On-Board Optics
(OBO), to Co-Packaged Optics (CPO).

® Drive to closer proximity between key components for bandwidth, power
efficiency and even cost (eg. super-large size substrate)

Fluggatde Oplics On-Board Optics Co-packaged Optics
{OBO) (CPOY
At
¢

fiber fibar
OE . asic| | oe
ASIC OE
PCB u ASIC
subslirale m
1Smc

Photonic Engine Integration Schemes e

® High data rate and power efficiency could be achieved by monolithic integration.

® Technology node disparity between EIC and PIC is the main economic challenge
for monelithic integration.

® COUPE, being a heterogeneous integration technology, is designed to
minimize electrical COUD"I‘IQ loss.

“fiber

Monolithic Integration Heterogeneous Integration
" fiber

_f\ ‘_ﬁlnﬁﬁﬁ'liﬁ_ll

He, FHEREAR COUPE, NI A S P —DNiEF M TEAR, MR ES T HESERENRIR.
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BRERSEALE:

Electrical Interface (1/2)- Parasitics and PDN Impedance®*
® COUPE has low parasitics at EIC-PIC Electrical Interface, 85% lower
capacitance compared with uBump

® 51% reduction in PDN impedance comparing with uBump w/ TSV; and
92% reduction of uBump w/ wire-bonding.

SE1-
F powmp 11— R
E‘ w wing-bonding
= iy — Wil iE1—+
g " s 5%
c =] =T
2 " pbump 5 pBump %
g D-stacked s wl TEMAT === """
g BEYW ful
& COUPE
L]
=
[
EI'Il-= COUPE
o . EA0HE 1E-1
L L] B L] = = 1E8 |l|u £ R . T
Pitch {um) Freq. (GHz)

Electrical Interface (2/2)- Power Consumption g

* Power Consumption Comparison with uBump-based PE:
= COUPE has 40% lower power consumption at the same speed.
* COUPE can reach 170% speed gain with the same power.

& pbumg wi wine-bonding
B pbump w TSV

E
=
ol
2 & COUPE
g »
e —— —
il ' 170%

T m— -
B! _p—"
.
c
w g

10 20 0 - 0 &0

Data rate (Gbps)

Photonics Engine's TX Power Consumption
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BEXEOT@:

Optical Interface (1/2): Overview

Light can be coupled either vertically (GC) or horizontally (EC):

#® GC, as a surface coupler, requires cleanliness and integrity of the optical path from
grating surface all the way to the fiber core.

® For EC, care must be taken to prevent the expanded optical mode from overlapping with
the bulk silicon underneath SSC.

Optical """ﬂ

) ‘. A E&l 1: :‘i"\ oc 55C .r-:;
B G EC —-_u—i 5l 5'_, F
PIC I - [ x| [ Box e
i B & v;mul
PIC is based on SO8 wafer WA Oytical Components (B} Grating Couglr %) Edge Goupler

- . t-:.:l;m

Optical Interface (2/2): GC and EC with COUPE

® GC is designed with optical path intrinsically sealed with dielectrics all the way to
the fiber attachment unit, achieving IL (1D apodized GC) -1,.03dB @1310nm for TE

® EC avoids optical loss due to beam overlapped with underneath Si, achieving IL -
0.6dB @1310nm for TEATM modes

® With COUPE, GC and EC can built with essentially the same structura.

. i
. [
E ! 18 /
g i, g 0
-EI s s _..I" ! ______,— B —
E '. e e T il
E A4 .\ a3 ThA il
- LA ol
T 183 WM K3 1 LM LM L 1L 1z 1L 1.
Wisvsiargh [
Wawalength (nmj =
Grating Coupler Insertion Loss Edge Coupler Insertion Loss
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FRIRERELSEE, 81 3D Fabric ER S RBHRBZARKERKRLIEEZEZER.

Summary

©® TSMC 3DFabric™ technology platform continues packaging envelop
scale-up, and 3D stacking interconnect density scale-down to drive
energy efficient performance.

® Leverage 3DFabric to integrate innovative SiPh components (COUPE)
to further enhance system performance and function

#® Thermal wall could also be addressed for more 3D stacking by new
micro-cooling systems- ISMC and DWC.

__________
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