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Split Integration -_E-LP w2.5D -~ %; _F;3D Z _tg;
3D FHHFFTGE o

2. Chip partition & integration: Driven by cost and technology optimization

Partition Integration

3. Multiple systems & integration: Driven by form factor & performance

Integration
Logic Memory Logic Memory
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cf}gL multi-tile Chiplet designs+* 5|3 ¢

o HFAILEIE 4 322 — I 4 H transistor count ; AI/HPC i &
go 7 #% * multi-tile chiplet designs+* |3 ¢ > Intel Ponte Vecchio GPU$x
* 47 B tile o

Future of System Integration

TSMC-SolC® @
~ ;
S

3D/SolC

System Level
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Mapping of Players based on Technology

Hybrid Bonding: Bump-less XPERI
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Embedded Si Bridge Y

 AMicron
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Industry-leading Advanced Technology Portfolio...™ ..
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CEESL TSMC 3DFabric
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TSMC 3DFabric™ Integration

Improves system-level performance, power, form factor, and

functionality
@  Fabric

2.5D Packaging
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ki 4 TSMC 3DFabric93§E2
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2 {3 % 6B OIPES 2 o
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e 3Dblox ¥ # % 3D IC% 3+ 15 %
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| TSMC 3Dblox™ Open Standard and Roadmap
First 3DIC design standard to speedup EDA automation and interoperability
Open to all partners, customers and foundries
Initial committee: Ansys, Cadence, Siemens, Synopsys, TSMC
+System
Auto bump Prototyping
synthesis 2. *Design
Reuse
3D Bump assignment Feasibility Study
Tile-based Hierarchical Chiplet Mirroring
Bump Synthesis
2022/10 2023/04 2023/09
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Modulo
CoWos"®

— Die + Bump * Interposer

Via
I-:-i_ g ? Module

InFO

B Gap. 2 - :

BIE ¢ siPE IT_.I - Madule Die Cu Via RDL

pr——— SolG

e e Interposer

[ | Module —+ Die + CuBond + Die

=E Die : Modularized

— — Mogdle 3DIC Design Flow
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on substrate
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Summary of 5 Main D2D Standards

Key Figures of Merit: Technical (Bandwidth, Power, Latency) & Cost

Max Data Rate

hannel Pin/Lane

.leo

5 ® : Qe Qo
(@) Aﬁ ..)Hﬂlsﬁ : @orees : gocec
2 16 . : :
o) .
OHBI326 : Conclusions Based on Metrics

1. UCIe offers better metrics at same data rate
... 2. Latency similar across OHBI/UCle, lower than XSR - |

3. UCIe 16G PHYs serve HPC for next 3 years

4. UCle 32G PHYSs for high end Al and next

. generation netwerking needed starting in ~2025

T T T T T T T T L T T T T T
5001000‘500200025003000350040004500&00055006000550070007500500085009000950010000
Y

- oW Bandwdih per Edge Width (Gbpsimim) HIGH =
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o [PfrICK 3 PRGx = @ » ff & F 3¢ Die-to-Die /i w # A7 PAIPHLji7 o

GUC 2.5D and 3D Multi-die GUC
Advanced Packaging Technology Platform "~~~

Platform Highlights

+ HBM3 PHY + Contraller IP

- Die-to-die IP (GLink-2.5D)

* Die-on-die IP (GLink-3D)

* High speed IP integration
(112G SerDes, PCle-5, GDDRé)

+ Advanced Packaging Technology
(CoWoS/ InFO / 3D-SolC)

Service Scope

- SoC and ASIC design to production
- Interposer and RDL design

* SI/PI/IR/THM simulation

- Package and substrate design
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Wow
* Cost * Form Factor e
* Performance * Flexibility & Scalability
* Power * Time to Market -
Backend 3D
Chiplets InFO CoWos
[~ e
| - -
N-1 or N-2 l—‘
o, » ‘ S ‘m Frontend 3D =E=
Heterogeneous \—l’—‘ ]| —
= L/
=kl o e =S ErECE - § 2 ( ©
TR kR C TSMC ~ # 5 BT i & Ogpital @are mame s
s 3 ad - &% - L8

A€’ SOIC’fr'InFO/COWOSff &iE 1%

e Front-end 3D : SoIC‘frInFO/COWoS@ TR & #-le 2% & fchiplets ¥t & 1] -
¥

# SoC-like ed, & ¢ » i B & Foo AL —friféfo ’PELP » SoIC#e & i e
SoC » fe i r S PR PRI o AFRRLR-ITSC AT AL 2

f»runz bl IR 2 o

° Back end 3D @ w3 K = & 0 SolC & ¥ 0 :Jfg"”ﬁ‘oi 8 3+ 55 $ radvanced WLSI »
4 CoWoS fr InFO © 4p B {5 3 3t B H 5 3HPIUR P MR » (48 o

- e Emmmm .-E.-Iimll-ﬁﬁ-.
Structure ocz SoC1
cross-section — m“,‘%s:? — ‘m Olgez(md

Interconnect pbump + BEOL pbump SoIC bond

Bump Density 1.0X 1.0X 16.0X

Bandwidth Density 0.01X 1.0X 191.0X

CoWoS*®

InFo_PoP "°"I‘E'e; Em/det"‘y 22.9X 1.0X 0.05X
nerg
SolC WoW
Untested Wafer 1 ‘.
- { » FEEE
Wafer on Wafer Wafer Bumping Wafer Probing Dicing for Packaging
Stacking
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cf}ﬁ AMDZ#k * SolC

e AMDS% % 2015 ﬁfjﬁ#&ﬂ!"”’ #Z HBM %k 3> 2017 # % & 7 22 (MCM) » 2019 +# 4&
S Chipletrd® % > ¥ %2022 &3t ) 7 44 * 3D V-Cache 33+ 7 F 3D 3% -

e AMD# * SolC-X#t iF#-N5 GPUFcCPU4 fp>+ & & & & » 3 8 £ 5 CoWoS4#t % »
Instinct MI300 » * SolC-X4f 4 $itrie & 131 & & » # & N5foN6=CPU GPU » 12
2SR T e R RS 7 128GB BT e B e 1460 R B SR F o

o MI300+ % S MI2504r i A 5% 812 chAIf: iy {5 e F b &= > 7 #4g + 4
AT G2 RS B Y R ST 8% o A RBR Y Y E BAT- 22007 A=< El
Capitandg & 7 5 °

| AMD MI300 Architectural Innovation at the Next Level

5nm process technology with 3D stacking

Next-gen Infinity Cache™ and 4™ gen
Infinity Fabric™ base die

Unified memory APU architecture

AL v O\
MI300 O X A Performance

MI25( I‘X |

F'ﬁ#”lj‘/);“ TSMC ~ #E AR o £ I %&}Md/(@)\m@ B WD
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CEESL MI 300A vs MI300X

e MI300A - 6 XCDs (Up To 228 CUs), 3 CCDs (Up To 24 Zen 4 Cores), 8 HBM3 Stacks
(128 GB) -

e MI300X - 8 XCDs (Up To 304 CUs), 0 CCDs (Up To 0 Zen 4 Cores), 12 HBM3 Stacks
(192 GB)in 4Q23 -

e MI300A £ AMD 7 & # APU 2 &4 = 3| Al &2 HPC 4 » % * AMD CDNA3 “c
@ 4 5 APUY F 5 APU & & > Instinct MI300A # * CPU + GPUst— 7248
oo FERRMLEFL NS S £5 128GBHBM -

e AMDjiInstinct MI300X 4% i 57HBM % B # % £ NVIDA Al% % H100:2.4% > 4
HBM#7 % % % #H100:71.6% - B & 192GB 7 HBM3 » % [+ & — Instinct MI300X
seig + T 47455 55 NVIDIA H100 chze M 3 £ (GL T £+ @ &5 HI00
NVL & :e gt 5 188GB) -

>

Introducing today

AMD Instinct- MI300X

Leadership generative Al accelerator

Upto

2.4xmesy | 1.6 mumsen
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New Technniogy Tier Supplier Trade-offs

Pin Pitch Technology Tiers

3D
= Cost
.-_ *  Form Facior
Farta | = Poerdormancs
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| |

Foundries

High Density  New Tech Tier . Fom Fac
Integration  gpaniing SoC Partitions i
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Flexibility
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« Tensto hundreds of + Thousands of processing + Millions of programmable
processing cores cores digitallngic cellls .
« Pre-defined instructionset * Pre-defined instruction set * No predefined instruction
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. Za + Highly effective at parallel * Hardware-timed
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Scaling of Peak hardware FLOPS, and Memory/Iinterconnect Bandwidth
TPUV3 AL00
10000004 HW FLOPS: 90000x / 20 yrs (3.1x/2yrs) TPU2 @ .
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I Interposel links / HBM stack @ SOOMH

Package substrate
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Graphics card
Multi-layer Printed Circuit Board (PCB), up to 8 layers Display connectors

~. DRAM Die

Interface Die

Logic Die GPU/CPU/SOC Die

Microbump
Interposer
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Package Substrate
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IIF Width Max Capacity Speed

10,000 ORAM - #UF  ha bits)  per UF (GB)  (Mbps) Comment
. % " DDRS 8 64 512 5600 Dual 25668 LRDIMMs
VHM™ (wow) 3 4 POORS 12 R 16 7500 16Gbde, 80P
2 1,000 5=} GDDR6 12 32 2 18,000 16Gb SDRAMs
- HBM3 6 102 16 4800 16Gb die, 8H
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LPDDR5
SoC 9 i
2
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@ GDDR6
% 10
' sy
1024
Interposer 1,000 2,000 3,000 4,000 5,000
Bandwidth (GBps)
XDDRx
x32
o - PCB

FAL kR ¢ AP~ Micron ~ ¥ F A G R E %(%W%m@#ﬁm%m

HE AR 56 tid - F#H - L8




S SK Hynix £ HBM# i 550%

F AL %k : TrendForce ~ 3 ¥ R AEFE v 1 &

e ixTrendForce > 2022# = < j jrHBM# ik & & w|SK Hynix 50% ~ Samsung 4]
40% ~ Micron¥10% o SK Hynix 2 p #rii— & & #7£ “*HBM3 > Samsung ~
Micron¥g 2+ 2023 % & 3 2024 £ 4~ &£ &

o 1 #NVIDIA“ & £DL/ MLIAL R ¥ 555 (5045 {1458 £ 858 § 4+
;,3 AL 3 A w4 35.:9x86 IR BCPU ° Server DRAMpE ¥ 5)500~600GB » Al
SRR A H EHCw b B4R64~128GB » T30% B 7 212~1.7TB - AI#R B
¢i\gécGPGPUmx% % » F]p UNVIDIA A100 80GBpe % 42 836 4%+ » HBM
* £ 4 5 320-640GB -

Table 1: Annual Growth Rate Forecast for Global Al Server Shipment Volume from 2022-2027

2022 2023(E) 2024(F) 2025(F) 2026(F) 2027(F)

9.0% 15.4% 10.0% 12.7% 11.3% 15.0%

Source: TrendForce, Apr., 2023
Table 2: Difference in Average Capacity Between General and Al Servers

Server AT Server Future AT Server
Server DRAM Content 500~600GB 1.2~1.7TB 2.2~2.7TB
Server SSD Content 4.1TB 4.1TB STB
HBM Usage - 320~640GB 512~-1024GB

Source: TrendForce, Apr., 2023
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ChatGPT OpenAlFFEE

LamMDA GoogleFFiz

| 6 IAEEREAS (HIFSHLEEA)

PEER Meta AIFFA

Meta Al Speech from Brain

Codex OpenAl
T-SrAsE pEARES

Alphacode Deepmind

Galactica

Minerva

AlphaTensor Deepmind

o-HeHan

GATO Deepmind

Meta Al & Papers with Code
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Accelerator ]
Processing
PE M PE Engine
b |
PE P ALU PE| = | AL

DRAM
100~500KB m

0.5~1.0kB  P:13

ALU XD 1x (Reference)
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FCOB FCIP WLP
(Flip Chip on Board) (Flip Chip in Package) (Wafer Level Package)
Yood ., moooo VOO0
High
€= Precision ==p
Bump Mounting '
Pitch : =150um

Diameter : <150um

Pitch : 400~500um

eight : 180~400um

v 4= SMT — iameter : 250~550um

' (Surface Mount Technology) L\L
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