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Overview

» Goal: Create critical thinking for the best way to achieve HI integration

» Show next level detalls that impart real experience and the ability to overcome
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Agenda

> High Level Trends for Advanced IC Packaging
> Chiplets Packaging: Getting Started
> Module-based Products: 2.5D, HDFO, Bridges

> PADK SmartPackage™ Design Environment
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Compute: Follow the Data
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Huge Databases Created

0984
ka'ogr, © 2024 Amkor Technology, Inc.
lechnology




IMAPS 20th Device FaCkaglng Confere| |Ce||V|a|C| 18-2 ,2024' ountain IIS,A Zzona
p u

_ -
[ —> (@) m) o
Ok
Edge IT Data Centers

T
T Internet Gateways

T Connecteld Devices

New product constructions required

In both ends of the data spectrum

» Powerful servers

Chiplets
In Pack Memory
» Al accelerators
» Silicon Photonics

» Powerful CPUS/GPUs
» Embedded Al
Huge Databases Created ’
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Trends
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Compute Product Trends & IC Package Implications

Higher memory BW » Memory co-located in package
High wafer costs » Chiplets: Create silicon die that can
Finer market targeting be reused

» Larger package sizes, pushing 100 x

More silicon content
100 mm

More electrical

_ » More embedded passives
Power delivery

POWER

» Improved thermal power dissipation

Higher total power ~aluitEine
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Advanced Packaging: Major Advances

» Growing adoption of chiplet-based
products for 2-D layouts

» Power Delivery Network (PDN)
emphasis and creative use of deep
trench capacitors (DTC)

» Higher power and use of metal-type TIM
materials

» Use of larger package substrates

» Use of Cu-hybrid 3D stacking on the
high end
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Trends: Chiplets

Module
Substrate
Deep Learning/Al Training
» Memory co-located on package
: |
NW Switch/Router oe H _ F.uture
— | 2 sic l E asc |3 “Building Block”
» More gates than one reticle E Approach
—]
02 ¢ ® 110"
CPU, Server - E'EE Heterogenous
— cPU |= Packagin
FCBGA » Silicon reuse I - 9ing
» More gates than 1 die A MCM
O 25D TSV
PC CPU/GPU and Auto 8 gr[i) ngC;
» Performance/cost ratio
» Siliconreuse TTM Madule
Substrate
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Solutions
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Package Construction Tradeoffs

Die-to-Die
Interface
Requirements

» Total die-to-die BW

» Line speeds
» Latency

> Bump pite |
» L/S, layer count
» Dielectric layer

Power Module Size
Delivery Substrate
Requirements Requirements
V = L di/dt » Number & size of die
Power/current

Bypass caps

Capacitance » Modulewarpage
Lower L construction » Defect density = yield

Cap locations & value

Module Definition

0991

Power
Dissipation
Requirements

Operating frequency
Clocking strategies

Power density
» Theta J;
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~ » Parallel interfaces

aucte

S More physical wires
> Lower latency

> Lower power

» Serial interfaces

Pt
XY

oPED > Fewer physical wires
> Higher latency
> Higher power
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Trends: Die-to-Die Interface (Bandwidth)

Wide Bus

@
)
o= = e

Core

Serialized Bus
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» Module based

One physical wire/bit
Each I/O driver is small
HDFO / S-Connect
2.5D TSV

vV V.V V

» MCM

> Many bits per wire pair
> Large I/O driver area
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Universal Chiplet Interconnect Express (UCle)

UCle » UCle is an open industry standard, multi-protocol, high bandwidth
OPEN CHIPLET: PLATFORM ON A PACKAGE

(up to 32GT/s per lane), die-to-die (Chiplet), interconnect that
standardizes inter-die communication on-package

High-Speed Standardized
Chip-to-Chip Interface (UCle)

» Amkor’s HDFO technology will support the “UCle Physical Layer

(bus interface)” full frequency and time-domain simulations including
RDL fabrication tolerances

Sea-of Cores
(heterogeneous)

Memory

Ndvanead Advanced Package TV Stackup ADV PKG TV AVM 6L RDL Routing Features
g BT Trace routing, w/c=1.5um/1.5um;
Packaging

Staggered Signal and GND traces

Dimetric View. Ports colored magenta

Heterogeneous Integration Fueled by an Open Chiplet Ecosystem
(Mix-and-match chiplets from different process nodes / fabs / companies / assembly)

*image courtesy www.eetimes.com

General Diagram of Selected Nets. Green=Signal; Blue= GND. Red=Victim
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Chiplet Advantage: Getting Started

Package Perspective

» Decide on the Die-Die Interface

> Required L/S to get signal/power routing
accomplished

> Layer count

» Select Die-Die Interface Construction

> Substrate, HDFO interposer, Silicon bridge or
interposer

> Dies-Last or Dies-First

» Electrical analysis
> Signaling: Check interface construction selection
> Power Delivery: Bypass cap technology and location

» Dissipated Power
> If lidded package: Polymer or Metal TIM

» Design and fabricate test-vehicle for full
functional verification and reliability qualification

0994
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Module Definition

Total die-to-die BW
Line signaling speed
Latency

Bump pitches

L/S & layer count

[ENUCle

Universal Chiplet

Interconnect Express

OPEN

Compute Project
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Die-to-Die Interface Requirements

Requirements
— 2 um
Layer count 4 Layers
Bump pitch >100 pm 4 45 um
Construction Substrate RDL — Cu/PI

Signaling Rate

<1.5 pm
3~4
<55 um
BEOL (Si)
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Power Delivery Requirements

Power Delivery Requirements
Passive type N D7C type EEEEEEp DTC type

» V=Ldi/dt
» Power supply strategy Distance to die edge mm range < >50 um 4 >50 um
» Proximity to the die Distance to die core mm range 40~80 um 20~60 um
> Cap locations & value Terminal pitch 0.5~1.0 mm <0.1 mm <0.1 mm
Flip Chip BGA RDL Interposer Bridge Interposer
v v

“ TR it ey Wi
Q

Chip 1 Chip

IEERERERE!
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Package Types for Heterogeneous/Chiplets

Bridge approaches
or HBM

25D TSV Si
interposers
with HBM

I=

-

3 HDFO — Chiplets ‘&

o Dies-Last & Dies-First, \

a Bridge /\  25DTsv
O HDFO
D Bridge
O MCM

Roadmap

Committed
Qualified

Production

|

500 1000 1500 2000 2500 3000 5000

Substrate or Module Area, mm?
Qﬁk&l}"@ 0997 © 2024 Amkor Technology, Inc. 18
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Solutions: Chiplets HI Integration Paths

Molded FCBGA .Chip 1 Chip 2

H!H.I.Hdgnne t(IjIIHHHH
200

Development
Stacked Substrate:

S- ConnectT""/ChlpIet

Development

Bridges
+ HDFO

Silicon / HDFO

I
Qualified
Ext DRAM I
Rl = Module edge D2D area
_ wWwwvwvwVwvwwwvwwww A i i )
Production/Qualification

Production

Ext DRAM

FCBGA SWIFT®
Productlon Qualified
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Si Interposer Solutions (2.5D TSV)

-~ » Up to 85 mm body

PaCkage » Dominated by ASIC + HBMx

. » ASIC (5 nm, reticle size), 2x chiplets
Top Die » Up to 8x HBM (2/2E/3)
Interposer » Up to 3x reticle size
P » Front and backside finish (MEOL)
Assembly » CoW
BRTT » STD FCBGA MSL4, TC’G’ 1000x, uHAST 264

Reliability hrs, HTS 1000 hrs

- Design » Full interposer design rules available
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Modules: HDFO (Substrate SWIFT™ [S-SWIFT ™])
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HDFO (RDL) Interposer Solutions (S-SWIFT ™)

— FRELERE C Srenront T
Top Die » Chiplets (chip-first/last config)
Interposer » Up to 3x reticle s_,ize .(~.2500 mm?)
» Front and backside finish (MEOL)
Assembly » CoW
Reliabilty > SI0ECECANSLE, TOG 3000w uasT
- Design » Full interposer design rules available
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HDFO Offerings

» Amkor offers both dies-first and dies-last
process flows

» Current demand is dominate by
dies-last product constructions

» \We expect more demand for dies-first in
the future as minimum bump pitches
shrink for the die-die interfaces and
bump pitch range stays large

1003 © 2024 Amkor Technology, Inc. 24
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S-SWIFT™ Djes-Last & Dies-First

Structure and Features

P S-SWIFT™ Dies-Last S-SWIFT™ Dies-First

SRR %_%:I:f_-._’-'.r.’_'! E&?ﬁﬂlﬂéﬁﬂ!

Structure
ASIC interconnection Solder joint RDL via plating
HBM bearing Available Not, available now
KGD loss issue Less sensitive More sensitive
Cost Baseline Lower cost
RDL layers 2-6L qualified 2L qualified
ASIC bonding Face-down bonding Face-up bonding
Die to RDL gap Underfill Passivation/Mold
Top Die Bumping Baseline More flexible
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High Density Fan-Out (HDFO), Dies-Last (S-SWIFT™)

Not To Scale

= g
g = ___'l: -

» Multi dies & HBM integration in fan-out module
» Multilayer copper and organic dielectric RDL
» 2 um line/space capability, 2~6 layers .
» 3 pm nominal Cu line height am 5 z:::
» 3 um nominal Pl between Cu - . amm T2030m
» Flexible solution BT “

> Fine pitch support for L1 down to 40 pum pitch . mEm 2.935um

> Plated Cu pillar or LF solder for L2 bumps

s [ 2.641um
4 793um
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HDFO Dies-Last: Reliability Performance

» S-SWIFT™ with 6L RDL
> Package 51x51 mm/Module 27 x 27 mm
> 4 chiplet dies 150 mm?
> 6L RDL with 2/2 um L/S
> 110 um C4 BP

Test Item Test Condition Read Point

MSL4 30°C/60%RH 96H 245°C x3 Pass Pass
x500, x850, x1000 Pass Pass

TCB -55°C/125°C
x1500, x5000 Pass Pass
x500, x850, x1000 Pass Pass

TCG -40°C/125°C
x1500, x5000 Pass Pass
uUHAST 110°C/85% RH 264 hrs Pass Pass
HTS 150°C 500 hrs, 1000 hrs Pass Pass
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Dies-First
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Amkor S-SWIFT™ Dies-First

» Generally used for smaller modules and packages

» Typical Package features
> Module sizes: 300-600 mm?
> Die size: 40-120 mm?
> Bump Pitches: 30-50 um
> Line/Space: 2 um L/S minimum

Test Item Test Condition Read Point

MSL3 30°C/60% RH 192H 245°C x3 Pass
UHAST 130°C/85% RH w/precon 192 hrs Pass
TCG -40°C/125°C wiprecon 1000x (and 2000x) Pass
HTS 150°C 1000 hrs (and 2000 hrs) Pass
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Bridge Die Interposer Solutions (S-Connect™)

D2D gap
» 50 um (Available)

Chiplet ASIC

RDL L/S
» 10/10 pm
» 5/5 pum (Available)

» 10 um
» 9~7 um (Development) v 9 9 9 v 9 @
Cu tall pillar pitch
» 150 um
> 127 m (Development) Connect area pitch (Chip last option) Bridge die thickness C4 CuP pitch
» 55~50 um » 80 um » 150~130 um
» 40 um (Available) » 50 um (Development) » 120~110 um (Available)
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Amkor’s SmartPackage™

» Amkor’s SmartPackage™ offers

> Customized heterogenous design experience

> Full connectivity verification, DRC and
assembly optimization

» Amkor is a package development and
assembly leader enabling

> Pathway for assembly requirements to be
built into the SmartPackage™

> Value of assembly verification earlier in the

package design process iﬂl
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Amkor’s SmartPackage™

Update
2> * [ Required
T 5 Select HDFO SmartPackage™ SmartPackage Accept
@ 9 Stat —> Technology —> PADK Start Point —>  PADK = ——» E\‘;,S‘g,";g{ —> . End
Q -9°<E( Variant Database Verification P
ol 3 i
% - Smang&kage
a 4 Updat =Y il N
o Customer , pare | Amkor
> ¢ | equired .
IS =t S Pack S Pl':t(?’mdlc(a
O3 Select HDFO SmartPackage™ martPackage Accept martPackage
£ e © Start —> Technology —> PADK Start Pgoint [—2 PADK =~ ——p PADKDatabase, —> Anl]z'fac\)/riewal —»  End
B80T Variant Database Verification GDS and Verification
T Results to Amkor
=i | ,  SmartPackage T N .,

\ PADK J
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