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My Shioment

What I1s SIP

* ITRS

— “Any combination of semiconductors plus optionally
other components such as passives, MEMS, and

optical components assembled into a single package”
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Size & Complexity Reduction
Reduced Design Effort Cost
Lower System Costs

Why SIP o

Moore’s Law: Miniaturization

Baseline CMOS: CPU, Memory, Logic

- Expensive

e - CMOS Limited .

,% - Subsystems Bio-Interface

=

i SiP + SoP
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- Multi-functional
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System Complexity

More than Moore: Diversification
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Sensors L
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Information
Processing Source ITRS
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Packaging Types - SIP
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Through Silicon Via
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SoP Vision of the Future
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Challenges - SIP

Physical Design
— 3D Rule Checks

Electrical
— Complex routing

R

o _l.. e e
.....

— HD Boards: Crosstalk, Coupling....

Thermal

— Multiple heat sources
— Lots of interfaces
Reliability

— New failure Modes

— New Materials

— Acceleration Factors

do1413.1™

IEEE Guide for Selecting and Using
Reliability Predictions Based on
Y |EEE 1413™
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Modelling Tools — High Fidelity

* High Fidelity Tools (FEA, CFD, etc)
— Electrical, Therma
— Mechanical
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Modelling Tools — Optimisation and
Reduced Order

Probabilistic Optimal design

» Optimisation .
.+ Critical Shear Stress

— Design of Experiments .
— Sensitivity Analysis K

« Reduced Order Modelling \

Critical Deflection
« Compact Models; Krylov Subspaces, R —
Cosserat Theory, Response Surfaces Daterministic Optimal design

* Fast Analysis

Cp=1,; bdean
Spec range=6o

« Uncertainty and Risk Analysis LSt UsL

« Monte Carlo, First and Second Order
Moment Methods

~— Spec Range —
o ) -




Physics-of-Failure Reliability

H/ardware Configuratio\n

.
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Reliability Predictions

oundary Multi-Physics Analysis
Condltlons
N
Material Flow, Temperature,
Behaviour Stress, Strain, etc.
J

Failure
Cntena>_’ PoF Model |:>
[ Rellablllty ] rﬁ
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Design for Reliability
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Flip-Chip Reliability

Thermal Cycling
CTE Miss-match

Optimise Process conditions

— Solder Joint Fatigue
— Stress in the Die

Design parameters

— Underfill Young’s Modulus (E)

— Underfill CTE (CTE)
— Stand-off height (SOH)

— Substrate thickness (ST)
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Capturing the Physics
D

- Large Strain Analysis
- Thermo-mechanical §Die
- Materials . pamps S
— Elastic § §
B Creep in Solder 0/0/0/0/0/0/0/0/0/0/0/0/0

Failure mechanism
— Solder Joint Fatigue

Damage Model
— Function of Stain Energy

Modelling part




Flip Chip Reliability

« Maximise lifetime
(Min Creep Strain)
» Subject to
Die Stress Constraint

o"® <150

and specified limits for design variables:

Design parameters Lower | Upper INITIAL |
bound | bound design

1. | E of underfill (GPa) 2.0 5.0 3.0

2. | CTE of underfill (ppm) 50.0 90.0 80.0

3. | Stand-off height (um) 104.0 156.0 130.0

4. | Substrate thickness (mm) 1.2 1.8 1.5




Optimisation Strategy

N
 Direct Gradient Approach

— Modified Method of Feasible Directions

Choose initial Design

Calculate System
Responses (FEA) = #iheemiiss Points

Search for New Design

Is a better design
possible ?

Optimum Design
Located



Results

« Cycles to Failure increased from 136 to 589
e Stress in Die below 155MPa (constraint limit)

Design variables Lower Upper Imitial Optimal
hound bhound design design
Lndefiil Moduius (GPa) 2.0 5.0 3.0 5.0
Underfill CTE (ppm) 50.0 90.0 80.0 50.0
Stand Off Height (um) 104.0 156.0 130.0 156.0
Substrate Thickness (mm) 1.2 1.8 1.5 1.2
Constraint (Von Mises Die Stress [ MPa]) 119.62 133.41
Objective ( Cycles to Failure) 136 589
Total number of FE analyses to obtain solution 15

e —— -

ld er

joints

: Substrate.
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Design for Manufacture

« Poor quality In manufacturmg can result N
unrealiable products f Sw S

Quality Control
— Integral part of Reliability:
— TQM; SPC,; Six-Sigma, etc....

* Process Models

— aid quality control .
— ldentify process capabilities
— Impact of small variations

y. s _Nﬁr—-ﬁ——




A lot can go wrong in
Manufacturing

¥
Seary)
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A
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Reflow Underfill Flow
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| Furnace Appl){
Solder Underfill

Solidifies

Final Product
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Why Prognostics
————

Environmental Loads —
Complex

Failure may occur earlier
or later than expected

9 Wheel Mounted
Componens: <300°C

Brake by Wire
Steer by Wire

Prognostics

— Early warnings

— Effective Maintenance
— Health management

27



Modelling for Prognostics
N
Data Trend Analysis
Identify changes in Electrical Performance
Diagnostics
Physics of Failure
Reduced order models
Predicts remaining life
Accuracy of PoF models?

Integrated Approach
Bayesian Networks Time in Use

Statistical Approach
Updates PoF models based on new data

Data Trend
Forecasting

Remaining Life

28



Modelling for Prognostics

Bayesian Network

Physics of Failure Models

Sensor Data
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Bayesian Inference

Methodology being developed for

Power Modules
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Quality informed Reliability

and Proano Finite Element Analysis

DOE & Sensitivity

Reduced Order Model Analysis

Generation

Physics of Failure Model NEY DESN FERIMEIE:E

Risk Analysis Reliability

Distribution

Optimisation

Decision: alternatives Decision: Optimal Design




Future Challenges

Materials Data
Modelling Modelling

. 2

Faillure Models Design of OPTIMISATION Uncertainty

th i Experiments @ == Analysis
Through Silicon Via permens ENGINE

P N
SOlders teet Sensitivity Analysis
Analysis Design Optimisation
Reduced Order Models ROMARA TOOL (Greenwich)
Manufacturing

Fabrica tlon + Packagmu Testing

Performance =1 || =
Reliability - "’Ej VAV

Prognostics L s 4

Qrocess Modelling Tools

I nteg rated D FX Inputs Reliable Products
. + Materials * Risks assessed
Manufacturi ng - Processes OPTIMISATION mmy: Trade-offs assessed
- _p- = Constraints = Sensitivity Analysis
Rel Iabl I Ity * Uncertainties « Optimal design
» Knowledge = Process Confrol
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