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Outline
v Introduction

Ø Semiconductor Industry Trend
Ø Chiplets integration motivation and design challenges

v Advanced Design Ecosystem and Mechanical Analysis for 
Chiplets Integration  

Ø Design consideration
Ø Mechanical analysis and simulation flow

v ASE Integrated Design Ecosystem for Chiplets Integration
Ø Cases studies

v Conclusion 
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Source: Gartner 20232000 2005 2010 2015 2020 2025 2030

$600B
2022

>$1T
Growing almost 
double by 2030

PC Era Smartphone Era Data Center Era AI Era

$205B
2000

Semiconductor Industry Landscape
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performance is 
faster than 
Moore’s Law 
doubling 
transistors every 
18 months

q AI/ML performance has increased nearly 6.8x~11x in the past two 
years from 2021~ 2022 that outstrips more than Moore’s Law

Scaling for AI Era

Source: AMD 2023
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Compute Requirements Exploded in AI Era

2010 2020 2030 2040 2050

Current Trend ( Device Scaling)

“Market dynamics limited” scenario

World’s energy production
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Exascale = 21MW 
(@52GF/watt)
Zettascale = 500MW
(@2140 GF/watt)

Nuclear plant
~1GW

Source: AMD 2023
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q Mix & Match systems--Enable construction of 
Different Si Nodes

q Reuse IPs—Package becomes new System-on 
a Chip (SoC)

q System flexibility--Processors, accelerator
q Performance optimization--Low latency & 

high BW          
q Time to Market
q Low Cost—Enable optimal process technology; 

Smaller for better yield
Modularized SoC 

(Chiplets) 
Monolithic SoC

Drivers for on-package Chiplets 
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Chiplets and Heterogeneous Integration
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Chiplets – More Complex Workflow 

Design &
Verification

Customer
Specification

Assembly
Packaging & 

Test

Foundry
System

Software

OEM and
Product

codesign

physical modularity

Functional modularity

additional constraints 
with chiplets

Key factors for more complex
• Functional modularity
• Physical modularity
• Interconnect
• Packaging
• Test and operations
• Supply chain

Chiplets
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Chip-Package Co-Design Consideration 
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Traditional monolithic SoC package design
Partitioning, top-level planning/

Interconnect RDL Estimation

Chiplet-1 
Design / Netlist 

Chiplet-n 
Design
/Netlist

Package Design 
(RDL routing)

Package Design
(Substrate)   

Chiplets performance 
optimization

RDL/DFM 
definition

Final chiplets & 
package

Chiplet-1 plan Chiplet-n 
planPackage plan

Chip-to-package hybrid design for advanced package



Chip-to-package hybrid design planning flow 
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Structure/ Material D2D Design SerDes Design PDN Network Sign-offPre-analysis

RDL Stack up

Design Rule

Floor plan

Warpage

Electrical

RLC evaluation

IL/RL loss/X-talk evaluation

Electrical Rule Manual

Electrical Rule

DC-R per element

EM Data 

DRC Check

LVS Check

Documents for IC-PKG 
Co-Design  

Stress

Material & Stress Analysis

Mechanical Analysis and Simulation



FCBGA

Shadow Moiré measurement

Measurement Data

FEM modeling
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Validation between experimental and 
numerical data
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Mechanical Analysis Flow for Chiplets Integration
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Manufacturing Process Simulation Process

Input

Solution

Output

60 
Days 1 Day

Cycle Time Cycle Time

Impact of Advanced Mechanical Analysis and Simulation

Incoming 
Wafer

FEOL

BEOL
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Remote Web Terminal
Design parameters key-in

e-Stress Simulator 
Server Stress calculation 
using ANSYS
based on finite 
element methods 

ASE e-Mail System
Automatically sending 

results from e-Stress Simulator 
server to customers.

ASE Auto-Stress Simulation Platform

1

2

3
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Fan-out WaferDRC, DFM & LVS

GDSII 
out 

Layout
• Cadence APD

PKG Netlist
• Net name and  

coordinate

DOCS

Auto-
router

Cadence

Layout

Checking 
Program

Auto-mask 
Design

PDK

Calibre

Integrated Design Ecosystem (IDE)
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FORDL Layout
Toolbox Integration 

For FOCoS CZ

Electrical

Thermal

Thermomechanical Stress

ASIC
HBM

DMY Robustness Testing
(FORDL Picoindenter)

Material 
(FORDL EBSD)

Assembly Process 
(Corner Study + JMP)

ASE Design Turnkey Solution 
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3D FEM solid model of full package

Mechanical Modeling and Analysis Case Study
Ø FOCoS-B

Package Structure
n 1ASIC + HBM + 1 Si Bridge 
n FO module size: 27mm x 15mm
n Si-bridge die size: 6mm x 6.3mm  
n Package size: 43mm x 31mm 
n Substrate 3/2/3
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Cell Structure CPD Type Underfill 
Type

Underfill 
Type

Warpage behavior 
(um)

Bridge die  principal stress 
(MPa)

at 25oC at 260oC at 25oC at 260oC
C1 at 
250C

Combo die AAA

CCC DDD

97 18 11 67

C2 at 
2600C BBB 123 17 20 69

P1 at 
250C

Package AAA ~155 ~-115 13 ~176

P2 at 
2600C BBB ~150 ~-113 24 ~170

• Embedded-Si Bridge has higher stress than combo die at high temperature
• No significant different for two different molding compounds

Combo Die Warpage

max. warpage 97 um max. warpage 18 um

Cell C1 at 25oC Cell C1 at 260oC

Package Warpage

max. warpage 159 um

Cell P1 at 25oC

max. warpage -115 um

Cell P1 at 260oC

Si Bridge Die Stress

max. stress 13 MPa

Cell P1 at 25oC

max. stress 176 MPa

Cell P1 at 260oC

Mechanical Modeling and Analysis Case Study
Ø FOCoS-B Warpage and Stress simulation study 
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Si-Bridge die stress vs die thickness

• Impact of embedded Si-Bridge die thickness on principle stress at package-level
o Thinner Si-bridge die, higher stress

Mechanical Modeling and Analysis Case Study
Ø FOCoS-B Warpage and Stress simulation study 

HDCL die

max. stress 176 MPa

Si Bridge die principal stress at 260oC

GPU HBM
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Key Takeaways 

q Chiplets heterogeneous integration optimizes system performance to continue scaling 
Moore’s law with cost advantage

q Chip-package co-design and integrated design ecosystem are very crucial for chiplets 
integration. Mechanical stress analysis and simulation can provide predictive solutions 
effectively for chiplets integration design and manufacturing 

q The advanced mechanical analysis workflow can:
l Reduce the development cycle-time and save cost

l Handle stress analysis, thermal analysis, failure analysis, and chiplet-based design optimization

l Apply in turnkey solution design

l Offer Auto-Stress simulation platform

q ASE can provide design turnkey solution from interposer design, stress simulation, 
material and structure selections to manufacturing feasibility validation for chiplets 
integration
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