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* Motivation
* Role of advanced packaging in automotive

* Challenges
* Warpage
* Reliability
* Prognostics and health management

* Conclusions
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Study of traffic accidents

Human
95.4%

e Automation

* Sharing

6.4%\ 6.4%

e Electrification Vehicle

14.8%

Environmental
44.2%

Source: TechSearch International

New use case conditions New services New materials
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...pave the way to highly automated driving =7 SOCIETY

Freeway
pilot City pilot
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* Extremely harsh and demanding environment
(TCU)

e Extreme ambient temperatures (-40 °C to +60°C
...+140°C under normal operating conditions)

Abrupt temperature changes
e Exposure to fluids (oil, fuel, water, salt water)
Effects of moisture

Mechanical stresses (e.g. engine or transmission
vibration)

e Other ECUs

e Exposure to sunlight (UV)
e High currents (self-heating)
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...still is a challenge =7 SoCIETY

* Packages subjected to the thermal load results in deviation from planar
flatness.

* Warpage is caused by
» Different coefficient of thermal expansion
 Temperature and time dependency
* Process conditions
* Aging of materials

Seating plane
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Vlrtual DoE \/\

Multi-domain

— Analytical tools - very first gt o
FEM VDoE - statistically based prediction based on _ f simula _ B domain — rocidual stresces
recommendation for Bill of Materials ~ analytical calculation Multi-scale - from system . e, MUNFGOMAN Uz ;
and/or geometry ST level to failure in design ,’ more accurate prediction
by 3 . element "
I.HF !-ﬁ. - rﬁf

detailed material

characterization & modellng

Effectof the femperature af 1.0 mm min

Nurmalirad Sarr [VPs]
eeeo =
ER -

Materlal
modeling pr

o Homogenization -
Material characterization —

" First and mandatory stepdfor quantitative prediction

i ° R o MOR - Fast and precise calculation method, R
enablingtechnology for further optimization ’u .; '.ﬂﬁp;

[

Deformation = CTE mismatch

E,CTE, Tg...

Qualitative reliability prognosis
of thermo-mechanical behavior } -

\ HElETr

Reliability prognosis on
- design elementlevel

Stress / strain -
lifetime modeling

‘). consideration of
the substrate’s layout

Fiber reinforced plastics
- orientation of the
fibers in connectors Temperature - thermal
performance

—151C

Validation and verification improves
understanding of the system behavior

—_—r0
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Virtual pre-qualification as a design method
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Understand the effect of the molding compound
properties on the stress in molded control unit

* [nput parameters:

» Coefficient of thermal expansion below and above glass
transition temperature

e Glass transition temperature
* Chemical shrinkage ==y
* Modulus of elasticity = Fina

recommendation
* Design of experiment
* Regression analysis
* Proposal for material properties for specific application
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... material characterization and modeling

Gelation point

* Detailed characterization is a must
* DMA — describes elastic properties
* TMA — describes thermal expansion

* For quantitative prediction is still one parameter
required:

=

o
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Curingshrinka ge
Mormalzed rubbery modulus

N
N

0 500 1000 1500 2000

. . Time [s]
Curlng Shrlnkage e CUring shrinkage = Rubbery modulus
e Curing shrinkage happens during polymerization Stress induced during curing process
process of epoxy based thermosets 0 (]

* Curing shrinkage causes: 0§ e E

 volumetric shrinkage = change of deformation 5 o ,’, g

« Modulus of elasticity increases with time = stresses a0 [ ;
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...Validation

Relative deformation of the PCB

W. Beveridge: “no one believes an 00t
hypothesis except its originator but
everyone believes an experiment except

Out of plane deformation
[mm]
!
]
[
(%3]

50 _ o=
the experimenter” Ez "~ <sowa=s
l ; Length [mm]
* Numerical methods accelerate T

= SIM (@-40 °C === SIM @125 °C

development cycle of the semiconductor
products

mm
06

0.5

* The accuracy depends on inputs

Warpage [mm]

e Numerical models must be validated
experimentally




Component / board / system level interactions
. what challenges we can face
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* Multi Level Interactions

* Thermal mechanical Chip to Package Interaction (CPI)
* ELK and bump failures
* Electrical CPI (e-CPlI)
* FIinFET performance shift induced circuit performance drift
* Board level stress interaction with package and chip
e Build-up substrate failure
e Bump and Chip level failures
e System level
* Influence of housing
* Influence of mounting position
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... how we can detect degradation of the IC package 7 SociEn ﬂ.'g

Indirect detectors (“non-invasive”) Direct failure detectors (“invasive”)
=  Mission profile tracking = Verify current consumption

= Stand alone aging * Monitor output signals of the structure/block
monitors

Event logging detectors Technology failure detectors

=  ESD-Event loggers = Seal ring integrity, Pad/IMD-crack detectors
Max temperature/voltage/current-detectors = Corrosion detectors, delamination detectors
= Load dump counter (e.g. 200ms > V)
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What is needed to implement resilient system S SBEHAY E
1. Sensors and detectors

e Standardized IP (+ AD?) .
Resilience Core

* Application-specific sensors degtadation

multiplexer

interface “

2. Resilience core and communication
3. Optional: integrated alternate operation e
—— Health status and detector limits
m O d e S —— Alternate mode configuration

Source: F. Dietz

L

VDD, VB

Slack
monitors

Event, degradation and margin-data
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Next generation of reliability... &3 EiecTroncs ma1g
... how we can solve complex relationships =/’ SOCIETY a
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CHALLENGE
”‘/PUT5<\7)OUTPUT5

V V V
USER AvVALiITYcaL MACHLNE
EXPERIENCE APRO AcH ULEARANLNG
)% "O'.' ‘ RELS 8 'z‘%@

(x3)
e Lol
Y=A+ AP +AgPy+ AP Pyt AP 2+ AP 2

ML used to understand relation between inputs and outputs
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... how we used ML based to predict delamination

Stress sensor TQFP on board Accelerated tests Investigated failure mode
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1 - Die
2 - Die pad

3 - Die attach
451 - Lead Frame
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Logic circuit
Mogl 34

1»8 - 6x10 Cells
80 Sensing Cells

ding compound §
- Stress sensing cells

o

Time

Preprocessing of the data Stress results Application of ML
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Thermal Shock Cycles
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Thermal Shock Cycles
A. Prisacaru et al, EuroSIimE 2019
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Conclusions "7 SoCIETY

* Advanced packaging is one of the technology driver of automotive
electronics

e Simulation driven design is the tool to accelerate development process

 Components / board / system level reliability is crucial during design and
qualification phase

* Next generation of reliability will require implementation of prognostics
and health management on component (IC packaging) and system (ECU)
level
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