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Introduction
ÅTransistor/chip scaling has reached the 

point of diminishing returns (FinFet, GAA-
gate all around, FSFET, CFET <1nm). 

ÅChip scaling is becoming more difficult 
and expensiveat each node

ÅIC vendors are opting for advanced
packaging(AP) solutions as an alternative 
to chip scaling.

ÅAdvanced packaging /interconnect 
technologies showing promises in the 
Ȱ-ÏÒÅ ÔÈÁÎ -ÏÏÒÅ %ÒÁȱȢ

Å3D, Chiplet, FoWLP, Heterogeneous 
Integration, HBM, Interposer, among 
others.

Source: /ŀŘŜƴŎŜΣ ά9Ǿƻƭǳǘƛƻƴ ƻŦ aǳƭǘƛ-5ƛŜ {ƻƭǳǘƛƻƴǎέ

Source: bŜǊƛǎǎŀ 5ǊŀŜƎŜǊΣ ά{ŎŀƭƛƴƎ ¦Ǉ !ƴŘ 5ƻǿƴέΣ {ŜƳƛŎƻƴŘǳŎǘƻǊ 9ƴƎƛƴŜŜǊƛƴƎΣ hŎǘΦ нмst, 2019.
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ÅAdvanced packaging technologies 
present unique challenges for traditional 
package design tools and methodologies 
ɀDFC, DFM, and Design for Testing (DFT).

ÅComplex integration is exacerbating 
multiphysics (electrical, thermal, 
mechanical) and multidomain (chip-
package-PCB) interactions. 

ÅMultiphysics system co-design (MSC-D) is 
becoming critical to ensure first-pass 
design success.  Examples are provided 
here on how adoption of MSC-D is coming 
to the rescue.

Source: IEEE EPS HR Roadmap, Chpt. 14, 2021 Edition 

Introduction Cont.
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Functions of an IC Package

ÅExternal electrical connection of die to PCB

ÅHeat dissipation

ÅPhysical protection of circuit

ÅEnvironmental isolation
ɀMechanical hazards

ɀ Chemical hazards

Drivers of Package Development

Ɇ Cost

Ɇ Performance & Cost

Ɇ Reliability & Cost

Ɇ Form Factor & Cost

Buck/Boost Converter (die)

Leaded Package

PCB

5

Basics of Packaging
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Complete Solution

IC Die

ɆDesign
ɆTest
ɆFab
ɆYield
ɆCircuits/Features

System/PCB

ɆEnd function
ɆCost
ɆSize
ɆHeat
ɆSoftware
ɆTest

Package

ɆSize
ɆThickness
ɆReliability
ɆPinout
ɆPCB attachment
ɆThermal path
ɆRLC effects

ɆWire bonding/FC
ɆMaterials
ɆPower dissipation
ɆBackgrind & Saw
ɆWafer properties
ɆStress effects
ɆRLC effects

ɆPackage Design
ɆAssembly Process
ɆAssembly Materials

Package: The Bridge between Silicon and System
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Source: KLA and Advanced Packaging, 
https://d1io3yog0oux5.cloudfront.net/_be41ebc80931b93ed8cbb1dbf0445aa0/klatencor/db/1091/10339/pdf/Nasdaq+Investor+Conference+Jun+16+2021.pdf

Advanced Packaging Trend
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1 --2ȟ Ȱ0Ï×ÅÒ -/3&%4 -ÁÒËÅÔȡ 'ÌÏÂÁÌ /ÖÅÒÖÉÅ× ÁÎÄ &ÏÒÅÃÁÓÔ ɉΤΡΤΤ-ΤΡΤΫɊȱȟ ÈÔÔÐÓȡȾȾ×××ȢÍÁØÉÍÉÚÅÍÁÒËÅÔÒÅÓÅÁÒÃÈȢÃÏÍȾÍÁÒËÅÔ-report/global-power-mosfet-market/35689/    

ÅPower MOSFET is a fast growing market (revenue US$ 6.17 

Bn. in 2021) and poised to grow at >6.2% CAGR from 2022 to 

2029 (reaching US$ 9.98 Bn)1.

ÅMOSFET scaling, miniaturization, advanced packaging, and 

passive integration technological development are driving 

cost-effective solutions. 

ÅPower density, power/unit volume, a key FoM2 of scaling.

ÅHowever, complex integration/miniaturization is 

exacerbating multiphysicsand multiscale interactions,        

®performance Ą business impact ($$$)

ÅGaps in traditional modeling approach Ąparadigm shift3.

Reduction in converter size over time for 6-A to 10-A power
modules with new technology generations.2 Solid line
representsa new generation of technology and demonstrates
the associatedgainsin power density (sourceRef[2]).

2 -ÏÒÒÏÎÉȟ *Ȣ ÁÎÄ 3ÈÅÎÏÙȟ 0Ȣȟ Ȱ5ÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ 4ÒÁÄÅ-ÏÆÆÓ ÁÎÄ 4ÅÃÈÎÏÌÏÇÉÅÓ ÔÏ )ÎÃÒÅÁÓÅ 0Ï×ÅÒ $ÅÎÓÉÔÙȱȟ 4ÅØÁÓ )ÎÓÔÒÕÍÅÎÔÓȟ )ÎÃȢȟ App Note: SLYY193A , October 2022.    
3&ÅÌÔÏÎȟ +Ȣȟ Ȱ! ÎÅ× ÁÐÐÒÏÁÃÈ ÔÏ )# ÐÁÃËÁÇÉÎÇ ÄÅÓÉÇÎȱȟ ÈÔÔÐÓȡȾȾ×××ȢÅÄÎÁÓÉÁȢÃÏÍȾÁ-new-approach-to-ic-packaging-design/, September 2020.    

¬Complexity ­ Paradigm Shift in Modeling

9
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ÅȰ#ÏÍÐÁÒÔÍÅÎÔÁÌÉÚÅÄ ÁÎÄ ÔÈÒÏ×ÉÎÇ-over-the-×ÁÌÌȱ ɀdoing your part of the design and 
passing it off to the next team with little/if any communication.

IC Team Package Team PCB/System Team

Å System Co-Design Concept Ą Breaking the Wall

Å The teams (i.e., IC + Package + System) working collaboratively early in the system design 

phase to deliver an optimized, cost-effective product.

Å What does all this mean to IC design?
Å Paradigm shift ᵼChange our approach -ÏÕÒ ȰÔÅÃÈÎÉÃÁÌ $.!ȱ 
Å System Co-Design is critical ᵼEmbrace or be left behind!

Evolution of Modeling: System Co-Design (Multidomain)
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ÅMultiscale modeling isthe field of solving problems which have important features 
at multiplescales of time and/or space4.

ÅIt is a technique in which multiple models at different scales are used simultaneously 
to describe a system. A broad range of scientific and engineering problems involve 
multiple scales. An example of multiple scale is the design of a DCDC converter.

Nanometer Millimeter Centimeter Meter

Power MOSFET Package PCB System  

4:ÈÁÎÇ 1Ȣ ÁÎÄ #ÅÎ 3Ȣȟ Ȱ-ÕÌÔÉÐÈÙÓÉÃÓ -ÏÄÅÌÉÎÇȡ .ÕÍÅÒÉÃÁÌ -ÅÔÈÏÄÓ ÁÎÄ %ÎÇÉÎÅÅÒÉÎÇ !ÐÐÌÉÃÁÔÉÏÎÓȱȟ 4ÓÉÎÇÈÕÁ 5ÎÉÖÅÒÓÉÔÙ 0ÒÅÓÓ #ÏÍÐÕtat ional Mechanics Series, 
1st Edition -December 15, 2015. 

Micrometer

Chip 
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Evolution of Modeling: Multiscale Modeling


