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Figure 6. Heterogeneous Integration and System in Package (SiP). Source: ASE
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TITAN Si?

Top 3 Priorities for TITAN Satellites

Priority Focus Initiatives

Methodology flows through database and data
access layer "backend"

Application of RESTful API for interactions with
RESTful web services, including cloud

Database and data query security challenges
Use of scripting for production
fransiation/interoperabllity, i.e., Python, JSON

Z:I o4
REFY Iy MG BIsdDT—/I0~

Workfiow for integrating heterogenous chiplets
(2.5D/3D stacking. IP blocks, etc.)

2.5 D/3D IC Interoperabilty - Challenges in common standard for defining e FvILwbhDI\> T -AALBOEHL T TY
compiex assembly design rules, e.g., bumps and
Challenges dies for chiplefs L=l

Standardized AP| for layout validation (LV) features
of different CAD tools and Workflows

- —— -y,

- ERBCADY-ITHEETENIEFYIDOLATT b

- —— -

e e e e e e o o e o e e i @EIE}EH W—EAPI
. ' . . DgfcMJg:vendn?;m & Mission-crifical Auto/ioT applications
Woﬂcﬂov?sg(?)MW) Advanced flow debugging methodologies
. s f = ' 3 . v
for Silicon-lo-Systerns Data reduction and efficient storing/mining
9
Si {*) Multiple-chaice Survey of TITAN Members Underway; Results to be published by DAC ‘22

i : TITAN ROUNDTABLE EVENT Friday, May 13, 2022
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RE(CEA
CDX (Chiplet Design Exchange)

Chiplet Design Exchange (CDX)

CDX is a working group in the ODSA Project Group under Open Compute Group (OCP)

Charter: Recommend standardized chiplet models, workflows and ecosystem OPEN DOMAIN
SPECIFIC

ARCHITECTURE )

Members: EDA, chiplet Providers, Assemblers & Integrators
Recent Activities
Chiplet Design Kit Whitepaper (November 2021)
JEP30/CDXML chiplet part model (January 2023)
“Guide to Integration Workflows for Heterogeneous Chiplet Systems” (WIP)
3DK Initiative (WIP)

yatyl
. EEEEINEFVILYNETIL. O-900— I3 AT LO#EEE
« Die-to-Dief>49—-J1( A%

Chiplet Design Kit(CDK)

Recommended chiplet models to support 3DIC integration
US Government Call for Standardized
Assembly Design Kits (ADKs)

CDX#&K

Systemn Leval SiP
Decomposition

Architectural
Planning &

Physical Design
Planning &

Analysis Analysis

5 - Reliability Test Planning &
De"““ A“aI?SIl

Release to
Manufacturing

Model
Thermal

Physical &
Mechanical

Electrical/lO

Behavioral

Power

Sl Analysis

Description

3D IC Data Management

Trust & Traceability

I interposer Package IP

. PDK . (PIK)

Chiplet CDKs Substate Package ADK

PDK L (PADK)

Package MDK

Model Description

ECXML - JEDEC JEP181 Pl Analysis . Chip Power Model (CPM)
Library Exchange Format (LEF) Static Timing . Chiplet (.LIB)
GDSll or OASIS Analysis
JEDEC JEP30-P101/CDXML Test o BSDL—IEEE 1149.1/1149.6/1149.7
JEDEC JEP30-E101/CDXML . ATPG model - Primitive/UDP based Verilog

. Recommended: Internal JTAG (IJTAG) IEEE 1687
SystemVerilog IEEE — 1300-2017 . Optional: IEEE-1500 Core Test Language (CTL)
Recommended: Verilog-AMS 2.4 . Recommended: Gray-box level netlist
Optional: SystemC IEEE - 1666-2011 . ATPG vectors - STIL (IEEE1450.1) or WGL
Optional: Bus Functional Model (BFM) . MBIST/repair vectors - STIL (IEEE1450.1) or WGL
Liberty (.LIB) . Optional: UPF-— IEEE 1?01 orIChip Power Format
IEEE2416 Standard for Power Modeling O Gl A Ee e aG)
Optional: UPF — IEEE 1801-2018 or CPF Security . Optional: Security Agent
Opt?onali VRIS Documentationand e General Chiplet Documentation
R R A L I Guidelines . SiP Physical Integration guidelines
IBIS/IBIS AMI . SiP Test guidelines
Optional: Spice netlist (10 driver/receiver) . Optional: Firmware (if applicable)
Optional: Channel model . Optional: Security

H& : OCP CDX-3DIC-Design-KITS.pdf
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UCIe (Universal Chiplet Interconnect Express)
Chip-to-Chip, Die-to-DieElDERA >A—J1/ A BETO NN 2 EH TIRE{L

Chip-to-Chipi&{E UCIe 1.0/1.1 Characteristics and Key Metrics
OPEN CHIPLET: PLATFORM ON A PACKAGE I e L e e —

CHARACTERISTICS STANDARD ADVANCED COMMENTS
Customer IP &

High-Speed Standardized

PACKAGE PACKAGE
Chip-to-Chip Interface (UCle) S . -

Width degradation in Standard, spare lanes in Advanced

- P %
P 2 <
= ¥
Seavof Cores \
{hetejogeneous) = KPIs / TARGET FOR STANDARD ADVANCED COMMENTS
—— Memory KEY METRICS PACKAGE PACKAGE

' B/W Shoreline (GB/s/mm) 28 - 224 165 - 1317 Conservatively estimated: AP: 45u; Standard: 110u; Proportionate to
Pt p— . ~ data rate (4G - 32G)
Advanced - B/W Density (GB/s/mm?) 22-125 188-1350 ? (

2D/2.5D/3D
Packaging

q = 0
Low-power entry/exit latency 0.5ns <=16G, 0.5-1ns >=24G Power savings estimated at >= 85%
Heterogeneous Integration Fueled by an Open Chiplet Ecosystem

(Mix-and-match chiplets from different process nodes / fabs / companies / assembly)

> Mode
H A= 0 < FIT (Failure In Time) << 1 FIT: #failures in a billion hours (expecting ~1E-30) w/ UCle Fiit
Die-to-Diel@{s Al ( )

eets the projected needs for the next 5-6 years across the compute continuur:

T HE : ITC2023 Keynote
On-Package Chiplet Innovations with Universal Chiplet Interconnect Express(UCIe):Challenges and Opportunities

HE : UCle
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IEEE EPS HIR (Heterogeneous Integration Roadmap) @
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IEEE EPS HIR (Heterogeneous Integration Roadmap)

Motivation of Heterogeneous Integration
D L—TF DEANTEITSIC

¥ > —-
7 S
7 o
F w 77 %
8 V7 &
g g
i
:
o1 1.5x/year 1.4x/year 1.1x/year
/ 2xin<2years 2xin2years 2xin7 years
“-\ . o - 987980 1982 1084 1086 1988 1990 1992 1904 1996 1996 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
' Figure 2 Platc auing of DRA M De nsity, uml C mnpurmg, Performance. Source: J Hennessy, ERI ConfJuly 2018
T Sy St -
O fRRR Heterogeneous Integration

Die + Heterogeneous System in Package (SiP)

LA—=F7DEMDAT -V I NENKRRETIELKRTS

Q #HIEIC&DDiedAMESR

September, 2019

WHILE COSTS CONTINUE TO INCREASE

Benefit
. SOhBEVWINIA-YDR
. SOEVWLATOI—

- /BB
- Bs(l

- HEEEHIDDOES DR
«  HEFOM _LICLDTIRXMDOHI
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IEEE EPS HIR (Heterogeneous Integration Roadmap)

Heterogeneous Integration Applications
1) AMD’s FI]I GPU with 4 HBM for Gamlng Appllcatlon

September, 2019 HIR Overview and Executive Summary

St menory

4DNDHBMZEFHUIEAMDDJ4>—GPU
ASETERYIC20164F(CS — A7 TVr—23> @EIFC
HEEINTVS

capactor

PamageSub!rae
Figure 7. AMD Fiji GPU-HBM Si Interposer 2.5D Package. Source: ASE

2) Intel’s Agilex FPGA ina chlplet appllcatlon

HHIHABINF AL >A-1%I N Uy (EMIB)
)02 —hEREN TS

RNAURREIIZWYI SoC Z&D/INa&i SoC (L E]
_ i mEm AMDHTUA > —R—t— LTI TEIELL
Figure 9. AMD EPYC Ser rr)v('x.vm'.. s re '4//)/6/ HE : IEEE EPS HIR
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IEEE EPS HIR (Heterogeneous Integration Roadmap)

Heterogeneous Integration Applications
3) The CHIPS program is an important part of the DARPA Electronics Resurgence Initiative (ERI)

helplng drive HI. CHIPS enables rapid integration of
functional blocks at the chiplet level

g % T/
= - » Sy

Custom chiplets Commercial chiplets

“Nm— “Na—— )
“N— “Nm— .

-
o s

fff

Image: Intel

Figure 10. DARPA CHIPS Program. Source: DARPA

ERID1EIE & DARPADK] l_ I |
COMM RADAR EW SIGINT
wwm - Q - @ e
Adaptive filter [ll SerDes Bl SerDes
ERI -:1:17‘ "::;,‘ SEPIRINS [ARCRTICIVMS  Dysices B Beamforming B Beam forming Adaptive filter
ol N Bl ROeccomp. M QRDecomp. M QR Decomp.
Initiative

$141 miton i Curront

Efforts (FY18) JUMP + Traditional Programs

IS LUHFTROIPI O ZERAU T AT LAZMEH I TRIENTES. BERIDOED 15 -IPTOYIDIIS AT LRETY./05—
*JUMP : Joint University Microelectronics Program 1 : IEEE EPS HIR
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IEEE EPS HIR (Heterogeneous Integration Roadmap)

Heterogeneous Integration Applications

4) For Smart Phone
Apple A12 Processor

Huawei HiSilicon Kirin 980

- [ UV B S SN gt S pru— e e el e e B = ol A

Figure 11. Three examples of Package on Package [PoP] in Smart Phone Teardowns.
. Source: Prismak Partners & Bingahmton University
AN—DNIAVET

AR (CEDTZOT SiP OFERAICH LV THeterogeneous IntegrationT/./0> =W\ 23R
/J\gg{t\ #EE§L§+®E&)®J&§J—)V|‘$\ B&Uﬁ'fﬁﬁﬁ@aﬁ'ft H:UE * IEEE EPS HIR
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IEEE EPS HIR (Heterogeneous Integration Roadmap)

Heterogeneous Integration Applications
5) WLP Fan-In and Fan-Out
BHERFC 2005/ HNAEL TReESNER EDI7> 7Ry T,

Figure 12. Fan-Out Chip on Substrate (HIR WLP Chapter, Figure 9)

6) 3D Multi-stack (MUST) system integration technology

=

Memory T Momo

| Memory MemOfy

Figure 13. Fan-Out Multi-Stack integration (TSMC MiM). (WLP Chapter Figure 38, and ECTC 2019)

i : IEEE EPS HIR
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IEEE EPS HIR (Heterogeneous Integration Roadmap)

Heterogeneous Integration Applications

7) The SiP integration of Wide-Band-Gap (WBG) power semiconductors
such as silicon carbide (SiC) and gallium-nitride

#HdAHSICES 21—

HBBENFEAHITIVX

HBECEBNERZA(YF )

T4 ATPYT B LR ERENTZ A DNEARICHEAHIZ TN,
IRFZTVITVTEIBHIAEND

Figure 14. Example of EMI-optinmized SIP SiC Module. Source: Fraunhofer {IZM

8) Samsung Galaxy S10

SAMSUNG GALAXY S10 mmWave 5G ANTENNA MODULES

3DDEBDITOTFTED1I-IHIL—LOFEBEICECESNTHD.
JL—LADIKERALIC2G/3G/AGT>TFED 1-IH'%D

L ——— e : IEEE EPS HIR

peaker
Figure 15. Samsung Galaxy 10 teardos 2 5G a

J-E:lTA NSERER(LEPIBRB S — BRI ZT AV 1SS 10/27


https://eps.ieee.org/technology/heterogeneous-integration-roadmap.html

16th LPB Forum
March. 1. 2024

IEEE EPS HIR (Heterogeneous Integration Roadmap)

Heterogeneous Integration Roadmap Contents

CHAPTER 1 : HETEROGENEOUS INTEGRATION ROADMAP - OVERVIEW

CHAPTER 2 : HIGH PERFORMANCE COMPUTING AND DATA CENTERS

CHAPTER 3 : THE INTERNET OF THINGS (IOT)

CHAPTER 4 : MEDICAL, HEALTH & WEARABLES <@ >
CHAPTER 5 : AUTOMOTIVE = ——
CHAPTER 6 : AEROSPACE AND DEFENSE e
CHAPTER 7 : MOBILE ) -
CHAPTER 8 : SINGLE CHIP AND MULTI CHIP INTEGRATION

CHAPTER 9 : INTEGRATED PHOTONICS =
CHAPTER 10 : INTEGRATED POWER ELECTRONICS SEEY s i 2
CHAPTER 11 : MEMS AND SENSOR INTEGRATION

CHAPTER 12 : 5G COMMUNICATIONS

CHAPTER 13 : CO DESIGN FOR HETEROGENEOUS INTEGRATION > >
CHAPTER 14 : MODELING AND SIMULATION = =
CHAPTER 15 : MATERIALS AND EMERGING RESEARCH MATERIALS X e
CHAPTER 16 : EMERGING RESEARCH DEVICES

CHAPTER 17 : TEST TECHNOLOGY

CHAPTER 18 : SUPPLY CHAIN
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CHAPTER 5: AUTOMOTIVE

Pickup : Radar

Superior Senses with Radar : 360° cocooning

Full 360° Precise
surround view =+ Environmental Map

small & low power sensors e.g. curbstones & pylons in distance

@ | "%m. &L@!
. - ; =5 " A Ay
$ v 2 .1 A V_, "“l k

+ Seeing pedestrians +

Detecting other cars :
go car & bicycles

]
Waveguide Launcher Antenna in Package

”~ | e e B oV L o\

24GHz Multiple 77 GHz

140 GHz
76-81GHz

SiGe RFCMOS

Radar processing Advanced object detection Imaging Radar
<1 GFlops 15-20 GFlops >350 GFlops

Demand for scalable and complete system solutions 2000+ 2010+ 2015+ 2020+ 2025+

Figure 14. Superior Sensing with Radar Figure 20. RF Frequency Evolution and Radar Module Evolution
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CHAPTER 10: INTEGRATED POWER ELECTRONICS

Pickup : SiP Module

Figure II-6: Control, high-side switch and low-side switch integration in leadframe packages. = e ;f' e " . 121mm

Gate Driver GaN FETs

A | i [N D_I?m
o | Drain Integrated Driver B
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Figure II-11. Texas Instruments* MicroSiP DC-DC module [14] and TDK’s SESUB Package.
Figure II-7: Integrated GaN drivers and switches on the same package. Y& : IEEE EPS HIR
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CHAPTER 13: CO DESIGN FOR HETEROGENEOUS INTEGRATION

Pickup : System Co-Design

f.:" el = e —— a RS W LSIMD&E
Packaget®BoardZzZEEL TLVRL)

Heterogeneous Integration®3%:E
LPBt e T E

- MENSLUERIENZAHB/ERICEA I 2HfZmIcd
« LSI. Package. Board(PCB)DfEH1I THLUEREL

Figure 1. Domains in Co-Design Environment (Source [1]).
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CHAPTER 14: MODELING AND SIMULATION

Pickup : Multi-Physics / Scale Modelling and Simulation

Device/Chip
+ Si, WBG

s o s : IREDOMISHER
* Transistors, Gates, etc A A == = \Y V4 2
. FEOL,BEOLG % T ° $_47ﬂfi (%/X_\ fﬂ?\ ?‘?ﬂ‘\ %*ﬁk\ 'fb$)

+  Scale: nn-um

Package
*  SiP, 3DIC, BGA, Flip-Chip
* WLP (Fan-in, Fan-out)

o H—RAAY (F4. /W= FZBR-K/ZRATLA)

B i Vs %, Heterogeneous Integration® M&SH##fr

* Solders, TIM, Wirebonds
* Scale: umcm

NIVFIASYIR AT — IV iEE

e A =)W —2-Ih— R/ AT LB AT A

. A * Organic, Ceramic, etc
PhYSICS/ScaIB * Heterogeneous Structures Market Applications
. . * Thermal Management
; *  loT& Wearable
MOdelllng and o - . ?:At:;Sy':t:mslfn;:iosure: +  Mobile Devices
H H 3 Jhainse o ML i *  HPC & DataCenters
Simulation .+ Scale: cm-m

*  Medical & Health

*  Automotive
*  Aerospace & Defense

Figure 1: Supporting the Knowledge Base for Heterogeneous Integration
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