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❑ Electronic (Passive/Active)/photonic/MEMS/Sensor devices

❑ Digital; Analog; Logic; Memory; Power; RF

❑ System, Package (Chiplets) and Wafer levels, including Interconnects and Substrates

❑ 2.5D and 3D Packaging technologies

Chiplets are a critical building block in heterogenous integration:
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Chiplet architectures bring unique reliability issues

Chiplet-Based Systems: Convergence of Semiconductor & Packaging (Disaggregation and Re-aggregation)

Monolithic 
SoC

Modular 
Chiplets

https://images.anandtech.com/doci/13115/intel_aib_darpa_modular.png

AMD
Intel

https://www.hardwaretimes.com/difference-between-intel-and-amd-ryzen-processors-chiplet-vs-monolithic/
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Reliability Assurance Activities

Reliability of multi-physics/multi-scale HI systems 
requires holistic cradle-to-grave methodology 

Convergence of Semiconductor and Packaging Industries

Approach for reliable chiplet architectures
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Multi-scale

Heterogeneous chiplets: 
• technology (IC-node, photonics, MEMS, sensors) 
• circuit type (DRAM, Serdes and logic, photonics, power, RF) 
• packaging (substrate, interposer and interconnect method)
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Chiplet reliability 
Prognostics and Health Management Fusion of bottom-up physics 

and top-down AI approaches
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Reliability Functions in Product Lifecycle
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Reliability Margins
Estimate design margins for 

each relevant failure 

mechanism due to stresses 

at each failure site:

• stress margin for overstress 

mechanisms 

• life margin for wearout

mechanisms

Multiphysics “Stress” Analysis
Estimate stresses at failure sites 

under life-cycle loading:

• Thermal

• Thermo-mechanical

• Vibration-shock

• Hygro-mechanical

• Diffusion

• Electromagnetic

Sensitivity Analysis
Evaluate sensitivity of the product durability to 

changes in:  application, design, manufacturing 

window, life-cycle support methodologies

ANALYSIS
INPUTS

Life Cycle Loading

Operational Loads

Power dissipation, 

voltage, current,  

frequency, duty cycle

Environmental

Loads

Temperature, relative

humidity, pressure, shock.

The life cycle includes

transportation, 

storage, handling and

Application environments 

Hardware 

configuration
materials,  geometry, 

architecture

OUTPUTS

Ranking of 

potential

failure

mechanisms

and sites

Risk mitigation

solutions

Design 

tradeoffs 

Health 

Prognostics

Accelerated

test conditions

Reliability 

Assessment

Aggregation to the System Level
Develop reliability block diagrams

Use Monte Carlo simulations 

Use Bayesian updates with field/test data (if any)

Designing for reliability: Reliability-physics process
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Advanced chiplets: CPI challenges
❑CPI issues are increasing with newer Si nodes

❑ Device and packaging reliability were treated separately in old nodes

❑ Advanced Si with low k, CPI requires co-development of device and 
package

❑Low k and Ultra low k introduction

❑ Fragile and poor adhesion

❑Build up substrate

❑ High CTE and warpage

❑Pb free or Cu pillar interconnect

❑ Higher modulus

❑Complex die 

❑ Big die size

❑ Higher power

❑Bump on trace

❑More advanced packaging induced board-chip-package interaction

❑ WLP

❑ 2.5D/3D

❑ Big FCBGA
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Chiplets: An overview of 3D IC stresses and reliability

Source: IMEC

Microbumps:
•Material anisotropy
• Length-scale effects
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SHE-induced FEOL failure modes
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Typical CPI-induced MEOL/BEOL failure modes

Source: IBM Source: Synopsys
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CBPI-induced failure modes
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Chiplets: Physics-based modeling simulation and co-design

Source: HIR; Modelling and Simulation TWG
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System-level multiphysics simulations

Source: ANSYS
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Multi-scale and multi-physics CPI flow

Source: Mentor Graphics
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Modes/Mechanisms/Models for Degradation & Failure

Electrical Thermal Moisture Thermo-mechanical Mechanical DfR Methods MfR Methods
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Chiplet reliability assessment capabilities: status
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Multi-physics methods to 
quantify ‘stress’ and 

‘strength’ distributions at 
potential sites of failure

Latest tech nodes
Extreme usages/ 

lifetime

Extreme 

environments

Field Telemetry
Digital Twin feedback 

loop

Test time 

optimizations
Reliability Physics

Wide range of Rel 

tests
New failure modes

Diverse 

components

Wide range of Rel 

tests
New failure modes

Diverse 

components
Innovative FA/FI

Stochastic 

modeling

Data feedback loop with 
Digital Twins to validate 

failure characteristics and 
run virtual experiments

The changing and challenging landscape Need for dynamic, flexible models and methods

Integrated PHM - Self-
cognizant, intelligent, 
bio-mimetic hardware 

to ‘age with grace’

Qualification testing 
needs to be Customized, 

Knowledge-based and 
Innovative

Source: Sahasrabudhe (Intel)

Qualification and testing: Reliability validation/verification
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Summary: Reliable Chiplets and HI Systems 
Convergence of Reliability-Physics (RP) and Artificial Intelligence (AI)

Economics 

of Reliability: 

Life Cycle Cost 

management

Sustainment for Reliability: 

Canaries, Condition Monitoring, 

Health Prognostics, Risk 

Mitigation, CBM/PHM

Reliability 

Infrastructure: 

Supply Chain Mgmt. 

and Assessment

Design for reliability: 

Virtual Qualification

Software Design Tools

Test & Qualification 

for reliability:

Accelerated Stress Tests 

Quality Assurance

Reliability Physics:  

Root-cause analysis and 

Material Behavior

System level  

Reliability Assessment:

FMEA/FMECA 

Reliability aggregation

Manufacturing 

for reliability:

Process design

Process variability

•Fatigue and Fracture

•Plasticity, creep

•Whiskers

•Aging of polymers

•Interfacial failures•TDDB

•ESD/EOS

• Corrosion

• ECM

•Electromigration

•Wear/fretting

IoT

Cloud Computing

Real-time Data Analytics 

Machine Learning and Artificial Intelligence

Aerospace

Automotive

Defense

Industrial

Energy exploration

Semiconductor and Packaging 

Equipment Manufacturers

Computer/Consumer

Telecommunication

Medical

Digital Twins

Intelligent, resilient, self-cognizant, self-healing chiplet-based HI systems 
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Advantest receives highest ratings from customers in 

annual VLSIresearch Customer Satisfaction Survey 

for 2 consecutive years.  

“Year-after-year the company has delivered on its promise

of technological excellence and it remains clear that Advantest 

keeps their customers’ successes central to their strategy. 

Congratulations on celebrating 33 years of recognition

for outstanding customer satisfaction.”

— Risto Puhakka, President VLSIresearch

Global customers name Advantest THE BEST 

supplier of test equipment in 2020 and 2021, 

with highest ratings in categories of:

Technical Leadership  – Partnership  – Trust 

– Recommended Supplier – Field Service

Global Companies Rate Advantest THE BEST ATE Company 2021
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