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Bandwidth Deficit Limits System Throughput – MORE I/O DENSITY

TSMC@2021 IEEE ISSCC
H.-S.P.Wong et al. DAC, 2020
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Advanced Packaging for Another 10,000X I/O Density Increase

TSMC@2021 IEEE ISSCC

TSMC@2021 IEEE ISSCC



Pros and Cons of 3DIC/2.5DIC with Chiplet

Building Chip like Modulized Software Programming!

Conventional 2D 2.5D (Silicon Interposer)

Flash  
MPU

Logic

Analog

RF
DRAM

CIS

3D Stacked IC

Courtesy of TSMC Reference Flow

Pros Cons

• Small form factor
• Short channel length & propagation delay
• Lower power, higher bandwidth
• High system performance

• With Chiplet: Reusable, higher yield, 
higher IO density/bandwidth

• Small heat sink area => Heat accumulation (Thermal)
• Design implementation is hard
• High complexity
• Difficult to analyze, verify and signoff (and testing)

• With Chiplet: More testing, Connection 
design/verification/manufacturing, thermal 



Eco System for 2.5D/3D IC Power, Signal and Thermal Integrity

1. Modeling connectivity of complicated 3DIC structure

2. Parasitic modeling of packages (Interposer, FOWLP), board PCB 

3. Power, signal and thermal modeling of interconnects of stacked dies

4. Noise source modeling for power, signal and thermal

5. Interface connection (Bump, Ball and TSV) modeling

Wendem Beyene, “Power Delivery Network Design and  Optimization for High-Speed  Systems with Si Interposer”, DesignCon 2017

Need for accurate and easy set up for chip, package and board co-simulation
Comprehensive chip, package and system co-design and co-analysis is necessary

Die Bump Interposer

CoWoS

Die Cu Via Interposer

InFO

Die Cu Bond Die

SoIC

Modulized 3DIC Design
Chiplet with connections (TSMC)
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Data – Key Driver For Information Society
Consumer electronics, 
smart phone sensors, IoT 
home sensors, displays, 
…

Industrial IoT, industrial 
chemical & 
environmental sensing, 
…

5G/6G, Optical 
communications, analog 
& RF systems, structural 
& environmental sensors, 
autonomous vehicle 
navigation (LIDAR), …

Medical imaging, sensing 
and diagnostics, lab on a 
chip, …

High performance compute, 
networking, storage
Optical communications
Bespoke silicon, including 
AI/ML

Data Sensing, Reception, Transmission and Processing
(Electromagnetics, Optics, Electronics, Semiconductors)
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Integration Beyond Electronics and Semiconductors – w/ Optics

Multiphysics Solutions for SI/PI/TI/Reliability
(Electromagnetics, Optics, Thermal) x (Die, 3D-IC, Package, Board)

FinFET and 3D-IC

Chip-Package-Board 

Co-packaged electro-optical
Automotive, Aerospace and 

Industrial

HPC and Cloud

5G/6G and Edge IoT

RF, PMIC, AMS

https://newsroom.intel.com/wp-content/uploads/sites/11/2020/12/2020_LabsDay_Keynote-slides.pdf PowerPoint Presentation (ieee802.org)

https://www.ieee802.org/3/db/public/adhoc/presentations/palkert_3db_adhoc_01_101520.pdf
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Ansys – A Hub For Scientists and Engineers

Structures

Mechanical

LS-DYNA

Forming

Motion

Sherlock

Additive Solutions

nCode DesignLife

Autodyn

Fluids

Fluent

CFX

Chemkin-Pro

Forte

Rocky

FENSAP-ICE

EnSight

Turbo Tools

Polyflow

Model Fuel Library

Electronics

HFSS

Maxwell

SIwave

Icepak

Motor-CAD

Q3D Extractor

NuHertz

EMA3D Cable

EMA3D Charge

Semiconductor

RedHawk-SC

RedHawk-SC 
Electrothermal

Totem

PowerArtist

RaptorH

RaptorQu

Exalto

VeloceRF

PathFinder

Clock FX

Optics and VR

Speos

VRXPERIENCE HMI

VRXPERIENCE Light 
Simulation

VRXPERIENCE
Perceived Quality

Photonics

Lumerical FDTD

Lumerical FDTD 
Accelerator

Lumerical MODE

Lumerical 
Multiphysics

Lumerical 
INTERCONNECT

Lumerical CML 
Compiler

Embedded 
Software

SCADE Suite

SCADE Display

SCADE Vision

SCADE Architect

SCADE Test

SCADE Lifecycle

Safety Analysis

Digital Safety 
Manager

medini analyze

medini analyze for 
Cybersecurity

medini analyze for 
Semiconductors

3D Design

Discovery

AV 
Simulation

AVxcelerate
Headlamp

AVxcelerate Sensor

Mission 
Engineering

STK

ODTK

TETK

Acoustics
Simulation

Sound

Materials

Granta MI

Granta Selector

Granta EduPack

Granta MDS

Connect

optiSLang

Minerva

ModelCenter

Cloud

Ansys Cloud

Zemax Optics

Zemax OpticStudio

Zemax OpticBuilder

Zemax OpticStudio
STAR Module

Digital 
Twin

Twin Builder

Ansys - one of the Big-4 EDA companies 
Revenue: ~$2B EDA, major 3DIC/Chiplet Multiphysics solution provider

One of Four Major EDA companies for Leading Foundry Golden Solution Certification



RedHawk-SC
Power integrity, multiphysics and multidomain analytics

RedHawk-SC 
ElectroThermal
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Ansys SeaScape Platform for Chiplet/3DIC-Centric Multiphysics

SeaScape Big Data Platform
Actionable Analytics

Machine Learning / AI
Elastic Compute

Amazing Visualizations and Debug

ESD Analysis
PathFinder-SC

Power Induced SI Analysis
Ansys CSM + Helic/HFSS

Thermal Analysis
Ansys IcePak

Mechanical Analysis
Ansys Mechanical

AMS Analysis
Totem-SC

Power Analysis
PowerArtist-SC

3D-IC+Pkg/Board PI Analysis
Ansys SIwave & CMA

Electromagnetic Analysis
Ansys HFSS + Helic
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The Future is SYSTEM INTEGRATION

TSMC@2021 IEEE ISSCC




