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e State of the art
* High Fidelity Models: FEA, CFD, FDTD
* Lower Fidelity Models: Compact models...
: : &
* Point analysis tools HETEROGENEOUS

INTEGRATION ROADMAP
2019 Edition

* Example of Challenges |
* Electrical — SI/PI die-die coupling, parasitics. " nd Smalation
* Thermal & Mechanical — Hot spots, Warpage..
* Multi-physics — Mobility shifts, Migration
* System-Level models — fast/accurate models
» Reliability — Physics of Failure
* Materials — Stochastic behavior
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Electrical analysis

‘ Thermal & thermomechanical
{

‘ Mechanics & multiphysics modeling
|

Z
‘ System-level modeling

Material characterization
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& Composite Materials
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Moving towards a New Paradigm
TODAY Future
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Chapter 13: Co-Design for
Heterogeneous Integration

Chip Package System
Design Design Design

Package
Design

Co-Design

Modelling & Simulation 4

2019 Edition

Electrical Thermal Mechanical
Model & Model & Model &

. Electrical Thermal Mechanical —
Analysis Analysis Analysis

Analysis Analysis Analysis

Multi-Physics
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Modeling & Simulation

Devices (nhm) 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 Maps

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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Reliability & Prognostics

Methods econsidering
unit-to-unit variability

Multi-Physics
Modeling

Degradation
modeling based Methods considering
RUT. estimation: impacl of
approaches for helerogeneily in
systems with working environment

heterogeneity

“““““ - AL = | T J . Methods considering
LEE - T the impact of tasks and
workloads

Machine learning
algorithms
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Random cocfficients regression modcl

Stochastic process with random cffcets

Methods based on stochastic filtering,
Mulli-slage degradalion models
Covariale hazards model

Degradation model with random shocks

Degradation modeling [or system with dynamic workloads

Degradation modeling for system with maintenance

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

_ * Modeling and
ot
Simulation plays a
vital role in digital
twin realization.
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Potential Solutions - Tools
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EDA suppliers are enabling multiphysics and system co-design
solutions through on-going developments:

- SYNOPSYS" cadence  SIEMENS

Iug,u\uifyfor&{e,
\nsys ..o
ULTIPHYSICS® §

Rajen Murugan (Texas Instruments, EuroSimE 2021, HIR Panel
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Metrics
S Metic | syears | loyears | i5years

Development Time from Concept
to Product 5 years 3 years 18 months
Accuracy of Material
>509 >759 >90?
Model/Property >0% 75% 90%

Accuracy of Modeling >50% >75% >90%

Validated modeling for known Accurate modeling for Accurate and predictive
failure modes with multi-physics comprehensive failure modeling for unknown failure
modeling at different levels modes/mechanisms, with modes/mechanisms, with
Effectiveness of Modeling & combined multiphysics modeling comprehensive multiphysics
Simulation with multiscale modeling modeling combined with

multiscale modeling and
stochastic modeling

Simulation tool capable of Simulation tool capable of Simulation tool capable of
Efficiency of Modeling & rrjultlphysms mf)dellng across multlp-hysms and rpultlscale multlp.hy5|cs and r.nultlscale
Simulation different domains modeling across different modeling across different
(chip/package/board/system) domains with mixed domains with fully nonlinear
mainly based on linear analysis linear/nonlinear analysis analysis
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Plans for next edition

* Plans for 2022/3
* Expand/revise current sections @
* New section on photonics ancﬁous
* New Section on Process Modelling

2021 Edition
* Current linkages with TWG's
* Co-Design
Single and Multi-Chip
Automotive
Mems and Sensors
Reliability

Chapter 14: Modeling and Simulation

Ihttp://eps.ieee.org/hirl

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

[ J h e r a I We acknonledge with pratitode the use of material and figures in this Roadmap that are excerpted from crigizal sources
I l I l Firares & tablas shoald be re-used oely with the parzzission of the original source.
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Th an k YO U Industry and Designers of

TWG Members & Contributors Heterogeneous Integrated System

* Chris Bailey (University of Greenwich)
* Dale Becker (IBM)

* 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) S —
* Sven Rzepka (Fraunhofer ENAS) UmVEFSItle? & Tool
* Kuoning Chiang (National Tsinghua University) Research Institutes Vendors

* Abhijit Dasgupta (Univ Maryland)
* Manuel Smeu (Univ. Binghamton)
* Dhruv Singh (Apple Inc)

e Satish Kumar (Georgia Tech)

We welcome new participants
Contact:
Chris Bailey: Christopher.j.bailey@asu.edu

* Robert Rao (Microchip) Xuejun Fan: xfan@lamar.edu
* William Chen (ASE)
* Kouchi Zhang (TU Delft) Visit our M&S Panel at EuroSime

https://www.eurosime.org/
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