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ntroduction

ATransistor/chip scaling has reached the
point of diminishingreturns (FinFet, GAA s
gate all around, FSFET, CFET <lnm). &
:
AChip scaling is becoming more difficult & °"
and expensiveat each node 0001+~ —
AIC vendors are opting fomdvanced Sourceb SNA 44+ 5NI SISNE G{OFfAy3 | L) | yR2ED 6,
packaging(AP) solutions as an alternative
to chip scaling.
o DL
AAdvanced packaging /interconnect Q S — B
iechnologies showing promisesinthe g 2. & v s &5 FHE
O- 1 OA OEAT -1 1T OA 9 Commim n n oo o s e
A3D, Chiplet, FOWLP, Heterogeneous Source/ | RSy 083 @9 GRA Sz Rlydz 2 A i A

Integration, HBM, Interposer, among IEEE
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ntroduction Cont.

AAdvanced packaging technologies
presentunigue challengedor traditional
packagedesign tools and methodologies

Scale:  Devices (hm) Packages(um-mm) Boards (mm-cm)  Systems (cm-m)

¢ DFC, DFM, and Design for Testing (DF oo
. . . . . EMI/(;r.osstaflk
AComplex integration is exacerbating N et

IJ y ' I l I I I ’ Characterization; g 8 WS,
Missi ol erma erfo c PDK’s ADK’s, etc
ission Profiles, obustness

mechanical) and multidomain (chip industy 4,
packagePCB) interactions.

AMultlphySICS System CmeSIQn (M SGD) |S Model Fidelity:  Analytical Circuit/Network Compact/ResponseSurfacc  MOR MD/FEA/CFD
becoming critical to ensure firspass
design success. Examples are provided Sourcel EEE EPS HR Roadmap, Chpt. 14, 2021 Edition
here on how adoption of MSED is coming
to the rescue.

Model based Optimization; Big Data Analytics; Physics of Failure Models; Prognostics; etc.
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Basics of Packaging \l
Functions of an IC Package
A External electrical connection of die to PCB
A Heat dissipation
A Physical protection of circuit

A Environmental isolation

Z Mechanical hazards
Z Chemical hazards

Drivers of Package Development
£ Cost
7 Performance & Cost
7 Reliability & Cost Buck/Boost Converter (die)
7 Form Factor & Cost

Leaded Package

PCB
¢ IEEE
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Package: The Bridge between Silicon and System \l

Complete Solution

System/PCB Package

EDesign

FEnd function ESize EWire bonding/FC

FECost EThickness EMaterials FETest

ESize FReliability EPower dissipation FEFab

FHeat EPinout EBackgrind & Saw EYield

ESoftware EPCB attachment EWafer properties ECircuits/Features

EStress effects
ERLC effects

EThermal path
ERLC effects

ETest

FEAssembly Process
FAssembly Materials
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Product DiversityA Package Diversity N
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b Thin Quad

Small Outline  Transistor Mini Small  Small Outline Shrink Quad Flatpack Heat Sink Flatpack
Transistor Outline Outline No Leads Small Outline No Leads Thin S(ifafPMount
Package (TO236) Package (SON) Package (QFN) Quad .
N\
(sot2g) (MSOP) (SSC Flatpack (DDPak)
. Small ,
Small Outline Outline Thin Shrink
Transistor Integrated Small Outline Plastic Dualn-
(S0T223) Power Modules Circuit (PTanzagFe)‘ Line Package
! (SOIC) =k (PDIP) Heat Slgg Sma
Outline
% » Integrated Circuit
Trans?sto PowerPad Power
r Outline Small Outline Small Outlme
(TO220) Package Package =
'("189'3) o (PSOP3) Thermally ,:\/Ir?alog
¢® -EAOI30A0 *2 A _EXAoi 304 ,  Enhanced BGAs .
Chip Scale Pkg Chip Scale Tape BGA w9 Packages A
Wafer Scale (u*JR BGA) (U*BGA)
Package \/

wsp) - EAOI 30A0 51 00Aafikk b scale BaA .
Land Grid Array (NFBGA) p
Chip Scale Package Power Packages y
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Advanced Packaging Trend

Wafer-Level
Packages (WLP)

Mobile
Processor

CPU / GPU

RF Packages

Automotive
Packages

I
Fan-out WLP Fan-out WLP, Fan-out PLP
—— [——— | ]
Fan-in WLP Fan-in WLP Fan-in WLP
. P R o 3D Fan-Out
Flip Chip POP Flip Chip POP Fan-Out POP
] |
Flip Chip BGA Flip Chip BGA
m— -
==l = =
BGA Flip Chip BGA Double Sided SIP
e\ — — — —
e are Flip Chip BGA
WLP = wafer-level package  BGA = ball grid array
PLP = panel-level package S|P = system in package l/< |_ /\

POP = package on package  QFP = quad flat package

Source KLA and Advanced Packaging,
https://d lio3yogOoux5.cloudfront.net/ _be41ebc80931b93ed8chb1dbf0445aa0/klatencor/db/1091/10339/pdf/Nasdag+Investor+Ehnfelr§n2621. pdf I E E E
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~Complexity- Paradigm Shift in Modeling

A Power MOSFET is a fast growing markeeyenueUS$ 6.17

10000
: : , A\ G ti
Bn.in 2021) and poised to grow at >6.2% CAGR from 202: .. Attt
. “‘s """ 2
2029 (reachindJS$ 9.98 B)i. 1000 *s 3
4
A MOSFET scaling, miniaturization, advanced packaging, ar ik DV S
- - - - - - m‘i(- 100 .
passive integration technological development are driving  E N
cost-effective solutions.
10 ~—
A Power density, power/unit volume, a key Folwf scaling. .
A However, complex integration/miniaturization is 90 490 00 408 SN0 N 20 425 0
exacerbatingmultiphysicsand multiscaleinteractions, Year
. . Reduction in converter size over time for 6-A to 10A power
®performanceA business Impact ($$$) modules with new technology generations? Solid line
represent_sa new_ge_neration of teg:hnology and demonstrates
A Gaps in traditional modeling approach, paradigm shift. the associatedgainsin power density (source Ref[2]).
.- 2F 001 xAO -/3&%4 - AOEAOJ ' I ATAY qd i ADMERG d AT Ax &d IOARE LA/ fomRBAedanAia-hakoussomA i | 71 AOEAO
2.7 OO0 TERh *8 AT A 3EATT URl mABOh As5A MAOXFEGATIAEG A @ EQR 4)OAMGA A A\Ap Note: SLA D193AA O cd e 20228 e mO0C
3¢ AT OTTh +8h O! TAx ADPPOI AAE O1 ) # édwAipdaiEdiCpackadityieSignd Septdmbed®@® ¢ 7 7 x x x 8AAT A , IEEE
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Evolution of Modeling: System Cebesign (Multidomain) N
AO#1T 1 PAOOI AT OA1 E-twédrthe-AA IXddiddyour pat of e design and
passing it off to the next team with little/if any communication.

Package Team PCB/System Team

A System CeDesign Concep#y Breaking the Wall

A The teams (i.e., IC + Package + System) working collaboratiealgtyin the system design
phase to deliver aroptimized, cost-effective product.

A What does all this mean to IC design? ]
A Paradigm shift Change our approachil OO0 OOAAET EAAT $. 1,0
A System CeDesign is critical Embrace or be left behind! IEEE
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volution of Modeling: Multiscale Modeling

AMultiscale modeling ighe field of solving problems which have important features
at multiple scales of time and/or space

Alt 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.

Power MOSFET Chip Package PCB
Nanometer Micrometer Milli meter Centmeter Meter /

4 EATC 18 AT A #A1T 38h O- 01 OEPEUOEAO -1 AATETCd . O AOEAAIT tatibn@lMechAadics/Sdrids, %T@IEEEDD]

1st Edition-December 15, 2015.
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