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%* Motivation
= Semiconductor trend and Chiplets Integration

*»*  Advanced Packaging Technology Platforms
= |Introduction of advanced packaging technology solutions

¢ ASE Design Platforms for Chiplets & Heterogeneous Integration
= Design platform & Packaging design kit
= Electrical performance validation

«  Summary




Key Semiconductor Growth Drivers
2024 Semiconductor Market Forecast

= Mobile Phone/Tablet
$131Bn)

u PC/Computing($101Bn)

m Server/storage/Comm.
Infrastructure ($152Bn)
Automotive Electronics
(547Bn)

u Consumer Electronics
($41Bn)

u Industrial/Medical/Military/
Aerosapce ($69Bn)

CAGR 2019~2024

 — PC/computing 3.0%
s Mobile Phone/Tablet 4.8%
P Industrial/Medical/Mmil./Aero. 5.0%

| — Consumer Electronics 5.0%
Automotive Electronics 7.1%

Server/Storage/Comm.infra. 8.1.%

Source Prismark 2020 in IMAPS




Advanced Design Cost

$580M

$435M

$290M

$145M

$OM

Barriers & New Technology Innovation Drivers

Si Node Dev Cost

$542.2M
.—— Validation
Prototype
$297.8M
.—— Physical
$174.4M
$106.3M - Verif
$70.3M
$28.5M $37.7M $51.3M T Architectun
: = |
_E_,_E_,_E [~ IP Qualifics
65nm 40nm 28nm 22nm 16nm 10nm 7nm 5nm

Source: IBS
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Chiplets and Heterogeneous Integration

» New Logical partitioning and Disaggregated SoC
» Heterogeneous integration offers a solution for performance scaling following Moore’s Law

Mix & Match systems--Different Si Nodes

Reuse IPs

System flexibility--Processors, accelerator
Performance optimization--Low latency & high BW
Time to Market

Low Cost

Monolithic SoC Modularized SoC (Chiplets)

ﬁn by function: 1/0 and Memory :mmu.\ ﬁnhmxlm of functions: Compute & Mcmot\ /éblunlon of functions: Compute & Acceleratol
R (intel

poooon

.............
,,,,,,,,

INFINITY FABRIC

Source: IBM ECTC 2020
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*»*  Advanced Packaging Technology Platforms
= |Introduction of advanced packaging technology solutions




Advanced 2.5D Si Interposer Packaging Technology

» 2.5D Si TSV Technology Development Milestones

= Enable chip-partition for heterogeneous Integration to support Moore’s Law extension
= Scale-up function and performance for Al/deep learning and HPC in HVM for over 10 years

» High Cost for 2.5D Si TSV interposer

<3
Q AMDZ1 nvibia Avaco
|
:l: GPU Fij anaeacan
10,00 $ 0\54010
0 N Z
FPGA o
n NG roduction of via middle
’»0
0\\’ -DRAM stacks
5000 i - Logic + memory
O integration
Volume production (Via last) ::t\Z:)gsfef)ISD (si
5 - CIS, MEMS/sensor, RF filters LVM of HBLEDs
‘\;\9 Development/sampling via
'\96 middle
1000 Qarly adoption Via last - DRAM stacks

CIs -Logic + Memory

MEMS LVM of 2.5D (Si interposer)

RF filter

Demonstration of via-
middle: DRAM

200 400 600 800 11000
Interposer size ( mm
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Advanced HD Fanout and 3D Packaging Technology

» Alternative Si TSV-Less or RDL interpsoer solutions to reduce cost
» Embedded Si die to replace large Si interposer
* Fanout RDL interposer with L/S>1/1um
= Better electrical performance (less insertion loss) due to no Si TSV

» 3D Hybrid bonding for higher interconnect density

InFO

Embedded trace

on substrate

Hybrid
Bonding
G micor. GPSHINKO  Unimicron xper i o EEE
Tochnology -:'_liEZ_'
- __,.-- i
-:m-

FTHOP FCGEIC




ASE Advanced Packaging Technology Platforms

A

100,000’ @7 2.5D Package

4 Silicon TSV
o
Q
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"E 2.xD FOCoS Fanout embedded
- Si bridge
] | |
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Hybrid Design of Advanced Packaging for Chiplets Integration

O Fan-Out Chip on Substrate (FOCoS): O 2.5D Package:
. - - Si Interposer
Fan-out Design
RDL design . - (IC/Pkg)
(IC/Pkg)

Silicon
Interposer
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*» ASE Design Platforms for Chiplets & Heterogeneous Integration
= Design platform & Assembly design Kit
= Electrical performance validation




ASE Advanced Packaging Design PDK

Material Analysis

RDL Stack up Electrical Rule Manual DC-R per element
Design Rule Manual RLC evaluation EM Data
Stress
Structure/ Viateriall Merezanclysis sz IIes 61, SerDes Design' ) PDN Network: Sign=off:
Floorplan Electrical Rule Manuel DRC Check
Warpage LVS Check

IL/RL loss/X-talk evaluation

Electrical Documents for IC-PKG Co-design




ASE High Density FOCoS Hybrid Design Flow

RDL

Auto
Mask Design

Interposer

RDL Design DRC & LVS
Auto-router Optimization Validation
(IC design) P
? GDSII C
Si Chip/FO RD/ackage Design Tool _

]
R
VVUVUVUVUVUVUVUWV =

Substrate Substrate design

Gerber

C

e Automation support in stage 1,2 and 3

* Provide ASE PDK for RDL design




ASE High Density FOCoS Hybrid Design with RDL Auto-router

» More than 50% layout cycle-time saving by auto-router compared to conventional packaging design
» Auto-router can be used for D2D, ubump (chip to FO) and C4 bump ( FO chip to substrate) design

Package Design Tool Package Design Tool

Netlist

Net name and RDL design optimization +
relative coordinate Substrate design

IC Layout Tool _Lay out b Auto-router

RDL
Auto-router

© ASE Group. All nghts reserved



ASE High Density FOCoS Hybrid Design with Auto-mask Generator

» Design lead-time from 3 days to < 1hr
» Best DPW ( for large FO Die)

Package Design Tool PDK + Utility Fan-Out Wafer
Generator
- GDSII
DRC, DFM & LVS
Net name and RDL design optimization + /
relative coordinate substrate design

DRC

error log

Best DPW

Got Good Die

IC Layout Tool

| putamiter |
Auto-router

MAX

*,}ASE GROUP b © ASE Group. All rights reserved



ASE Advanced Packaging Hybrid Design Solutions

= Homogeneous Design
ASIC+ASIC; FO: 27.5x22.5mm?

= Homogeneous Design & heterogeneous Design
4RDL 2/2um

=  Speed up design C/T: 50% C/T saving by Auto-router

Pl Backto LYY amdl Calibre back &
GNSRY

cadence

GDSIl out
DOCS | - y
k Ko = Heterogeneous Design
PKG Netlist Layout Layout DRC, DFM & LVS Fan-out Wafer ASIC+2 HBMs; FO: 45x25mm?
* Net name and relative * Cadence APD * Mentor Calibre for DRC, DFM and LVS 4RDL 2/2um
coordinate y N )

. Checking
Pw.m - — —3 e
|




Signal Integrity and Power Domain Network

» Many different Die to Die interconnects
= Serial I/O (XSR), Serdes—56Gb/s PAM4;
=  Parallel I/O ( BoW, openHBI, UCle)

» Optimization for S|
* Low insertion loss
= High frequency, high speed and high bandwidth

» PDN optimization
= Low Power ( <1pj/bit)

1. D2D

A

> Critical I/O 2.5D Interposer FOCoS

2. Differential Pairs Serdes




ASE Design Optimization on Sl for Advanced Packaging

D2D S| optimization 28Gbps SerDes Channel Signal Integrity

Structure 2Gbps/pin
IBIS AMII Eye Probe

IBIS AMI
FOor 2.5D Organic Substrate
Input | - & Output (—,
Xialk SerDes — SerDes >
9] Xtalk Differential Pairs I Differential Pairs >
— i — >
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© ASE Group. All nghts reserved




ASE Design Optimization on Pl for Advanced Packaging

> Design optimization enable dynamic power noise to meet system specification (Vp2p < 0.015 V)

2.5D Package

Power Noise

Noise_P2P: 0.012V Noise_P2P: 0.014V

HBM_VDD s s
(VRM=1.5V) B %
= S

Time (ns)




Design Challenges for Chiplets and Heterogeneous Integration

Driver 1- High Density Scaling

Smaller Si node

Interconnect scaling (small pitch) & high density
Advanced packaging Technology (3D)

New Si, advanced package & substrate co-design

|

Underfill

Polyimide

Driver 3- High performance & D2D Standardization

Insertion Loss (dB)

High speed, Low loss, high bandwidth & low power
High current capability & good EM & good thermal
D2D interface standardization (BoW, openHBI, UCle)

—dg11 —cfg12
~1.3um ~3um

Fan out (w/o TSV) +
2.5D Interposer (w/ TSV)
Cfg 1-1is less lossy than cfg 1-2
* 0.12dB/cm @28GHz
* 0.21dB/cm @64GHz ‘

o e 8 w0
Frequency (GHz) -3.0

0 10 20 30 40 50 60 70
Frequency (GHz)

Driver 2- Manufacturing Feasibility

*  Warpage & coplanarity
* Stress, thermal and good reliability;
* New DRC, LVS and electrical Co-simulation, DFM & DFT

* Short design cycle time
(=
o

{3

o

Driver 4 — Design Ecosystem & Collaboration

* Architectural & IP designers
* Packaging & Assembly Manufacturers & System integrators
* Design Ecosystem Si

C

ASIC IP gzs: o —

PDK - w em
Co-Design

PKG IP§ USR, o w0 o‘o‘v‘o o
ADK UCle Test




Summary

= Chiplets and Heterogeneous integration optimize performance and cost
» Advanced Packaging offer solutions for chiplets and heterogeneous integration.

= ASE provides advanced packaging solutions and design kits for chiplets integration
» High density Fanout FOCoS, 2.5D Si Interposer and SIP in many formats
» Design solutions in place for efficient hybrid design from devices to package & package to system
» DFM and verification (DRC/LVS/PDK) play important roles to ensure manufacturability
» S| & Pl simulations for FOCoS & 2.5D are demonstrated within hybrid design flow

= System co-design & collaboration
» New Si, advanced package & substrate Co-design
» New DRC, LVS and electrical Co-Stimulation, DFM & DFT
» Design ecosystem and collaboration among IDMs, manufactures, EDA tool suppliers and system
integrators




Thank You

www.aseglobal.com
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