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e State of the art
* High Fidelity Models: FEA, CFD, FDTD @

* Lower Fidelity Models: Compact models... F
* Point analysis tools INTEGRATION ROADMAP

2021 Edition

* Example Of Cha”enges Chapter 14: Modeling and Simulation
* Electrical — SI/PI die-die coupling, parasitics. Y
 Thermal & Mechanical — Hot spots, Warpage..
e Multi-physics — Mobility shifts, Migration
* System-Level models — fast/accurate models
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Moving towards a New Paradigm
TODAY Future
Package Chip Package System '(*h‘phg:“'n'mggtf
Design ' Design Design Design
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Analysis Analysis IMEAR Analysis  Analysis  Analysis .
Multi-Physics e

& IEEE ‘Photonics @@:&fz::j

Society

IEE
6 i
N\—” SOCIETY



|NT:§:%T£4AP J- :J \J:J ' ;):J -r :J ' ! \J:J;) < —d ' -r I ' < . -r-r c .
Design Electrical
Materials Performance
Processes Thermal
Embedded Passives Embedded Die Embedded Bridge T™MVs
Environments Device Packaging SONGNE rpesen lscennect Mechanical
Wafer Level Packaging Flip Chip Organics | C4, Microbump’s, Cu-Pillar ‘
3D PoP, 3D-IC (Die Stack) | Thermo-Compression Silicon RDLU’s, TxVs, Optical
SIP, QFN, BGA, Hybrids... | Hybrid Direct Bonding | Ceramics Cu-Cu (bumpless) | Reliability

* Multi-domain/co-simulation requirements
* Large design space for multi-objective optimization
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Scale: Devices (nm) Packages(um-mm) Boards (mm-cm)  Systems (cm-m)

Electrical & Optical
Signal/Power Integrity Electro-
EMI/Crosstalk mechanical/chemical
Data: Electro-thermal Parasitics/Signal delays interactions
Materials interactions Optical attenuation
Power Map

Knowledge Base:
Design Rules,

PDK’s ADK’s, etc

Manufacturing
Characterization;
Mission Profiles,

etc

Design for Manufacture,
Performance, Reliability
& Robustness

Thermal Mechanical
Joule Heating Stresses
Passive/Active cooling Fatigue
Hot spots Warpage
Thermal resistance Metal-migration
Thermal runaway Corrosion

Thermo-mechanical
interactions

Model Fidelity: Analytical Circuit/Network Compact/Response Surface MOR MD/FEA/CFD

Model based Optimization; Big Data Analytics; Physics of Failure Models; Prognostics; etc.
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Potential Solutions - Tools

EDA suppliers are enabling multiphysics and system co-design
solutions through on-going developments:

- S‘/ﬂUPS‘/S@ cadence
\n Sys NMULT _F.QMSDL L)
OpenROAD

Synopsys to Acquire Ansys,
Creating a Leader in Silicon
to Systems Design
Solutions

SIEMENS
lhg&huf{y-for&‘ft

No single tool can do it all.

Modular architecture to 3" party simulation tools
Open access data formats

3D-ADK’s

Rajen Murugan (Texas Instruments, EuroSimE 2021, HIR Panel
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Chip Package System

* Chip-package-board interactions | Design | Design  Design

* Multi-physics aware design

e Electro-th | —
eC ro erma Ballout & System Spec Chip Layout Laminate FOWLP Leadframe
Microsoft arelle G Cxb CrbE Autodesk Cadence
 Thermo-mechanical el || Sematc tayout. cons_| | “tovout AutochD AL e
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Physics of Failure o | ety | =
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* Al enhanced design space

Co-Design

Floor planning, Shielding

TxV locations

. ] Modellig & imultion -
Design of cooling structures

Electrical Thermal Mechanical §
Analysis Analysis Analysis

Chip-package interactions

Multi-Physics

Package Board interactions

System Development ChipDevelopment Package Development Board Development

Fig. 4. Modular data exchange between distributed design teams working with our “co-design backbone™.

eprOratiOn ~ T. Brandtner et-al, "Chip/Package/Board Co-Design Methodology Applied to

IEEE :
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Full-Custom Heterogeneous Integration," ECTC, 2020

PACKAGING

Society SOCIETY

LECTRON
EVICES
Socnsw®



€ IEEE

& Composite Materials

Eghotonics

Society

EE
LECTRONICS
ACKAGING
OCIETY

womg

LECTRON
EVICES
SOCIETY“’




* Digital Twin is the
ultimate aim of
product design,
reliability and
lifetime
management.

. * Modeling and
imulat
Simulation plays a
vital role in digital
twin realization.
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Plans for next edition

 Plans for nest edition
* Expand/revise current sections
e Strong theme for Chiplets
* New section on photonics
* New Section on Process Modelling

* Current linkages with TWG’s
e Co-Design (Need for fast analysis)
Single and Multi-Chip
Automotive
Mems and Sensors
Reliability
Thermal
Supply Chains
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2021 Edition

Chapter 14: Modeling and Simulation

For updates, visit http://eps.ieee.org/hir

The HIR is devised and intended for technology assessment only and is without regard to
any commercial considerations pertaining to individual products or equipment.

We acknowledge with gratitude the use of material and figures in this Roadmap that are excerpted from original sources
Figures and be re-used only with the p of the original source.
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2021 Edition

Chapter 14: Modeling and Simulation

For updates, visit http://eps.ieee.org/hir

The HIR is devised and intended for technology assessment only and is without regard to
any commercial considerations pertaining to individual products or equipment.

We ackaowlodge » e the e of meatcrial and figares i this Rasdmap that are cxcerpesd from ormganal sources

Figures and tables should be re-used only with the permiassos of the original soure.
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Microelectronics and
Advanced Packaging
Technologies Roadmap
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Industry and Designers of
Th an k YO U Heterogeneous Integrated System

TWG Members & Contributors
* Chris Bailey (University of Greenwich)
* Dale Becker (IBM)
e Xuejun Fan (Lamar University)
* Dhruv Singh (Apple Inc)
* Rajen Murugan (Texas Instruments)
* Nancy lwamoto (Honeywell)
* Willem van Driel (Signify & TU Delft)
* Przemyslaw Jakub Gromala (Bosch)
* Sven Rzepka (Fraunhofer ENAS)
* Kuoning Chiang (National Tsinghua University)
* Abhijit Dasgupta (Univ Maryland)
* Manuel Smeu (Univ. Binghamton)
e Dhruv Singh (Apple Inc)
* Satish Kumar (Georgia Tech)
* Robert Rao (Microchip)
* William Chen (ASE)
* Kouchi Zhang (TU Delft)
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Universities & Tool
Research Institutes Vendors

We welcome new participants
Contact:
Przemek Gromala: przemyslawjakub.gromala@de.bosch.com
Chris Bailey: Christopher.j.bailey@asu.edu
Xuejun Fan: xfan@lamar.edu

Visit our M&S Panel at EuroSime

https://www.eurosime.org/
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