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Background and Motivation

Fig: Electronic control unit

The Electronic Control Unit (ECU) is used to control the engine and other components functions. 
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Background and Motivation
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Prognostics and Health Management can be an answer to all these challenges
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Background and Motivation
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iForce – piezoresistive stress sensor
Piezoresistive silicon based stresss sensor: IForce – in-situ 

measurements of the stress state inside IC package
 Localized mechanical stress measurements during active operation and 

field condition
 Detection of the crack/delamination during active operation and field 

condition of the ASICs ad power module
 Understanding the state of health: healthy / unhealthy
 Damage evolution using direct damage relevant quantity: 
 Mechanical stress difference;

 Shear stress.

FF

2000 µm

60
0 

µm

( )
44

2
x yD p

I
I

  


  

( ) ( )
11 12

1
xy n n

I
I


 

 


I R
I R
 

 



Failure modes

Automotive Electronics | Prisacaru Alexandru AE/EDT3 | 2018-04-11
© Robert Bosch GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.7

Investigated failure modes  packaging and ECU level

Delamination in the die attach  data driven approach with iForce

Delamination mold/copper lead frame  data driven approach with iForce

Aging of polymers data driven approach with iForce

Solder fatigue  PoF and event detector (canary devices / -features)

Aging of other components  data driven approach with iForce

Delamination PCB / Mold

Crack mold
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Integrated health management ECU
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Data-driven Approach
Degradation Prediction of electronic packages using 
piezoresistive stress sensor
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Investigated Experiments
Thermal Shock Chamber
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Components
pMOS nMOS

6 by 10 Sensing Cells

8 Sensors in TQFP
2 Sensors in QFN

QFN Component Level

QFN PCB Level
TQFP PCB Level

TQFP PCB Level
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Feature Extraction
 The resulted stresses are first subtracted from 150C stresses 

every each cell position and then their absolute values are 
summed up;

 S can be any of the following stresses:

풇풑풔 = ∑ |푺 ퟒퟎ푪 	− 푺ퟏퟓퟎ푪|풄풆풍풍ퟔퟎ
풄풆풍풍ퟏ ; p = 1,..,8 Sensors; s =σ푫,σ푿풀,흉푴풂풙

풇풑
σ푫 = ∑ |σ푫 ퟒퟎ푪 	− σ푫ퟏퟓퟎ푪|풄풆풍풍ퟔퟎ

풄풆풍풍ퟏ ; p = 1,..,8 Sensors; s =σ푫,σ푿풀, 흉푴풂풙

풇풑
흉푴풂풙 = ∑ |흉푴풂풙 ퟒퟎ푪 	− 흉푴풂풙 ퟏퟓퟎ푪|풄풆풍풍ퟔퟎ

풄풆풍풍ퟏ ; p = 1,..,8 Sensors; s =σ푫,σ푿풀, 흉푴풂풙

풇풑
σ푿풀 = ∑ |σ푿풀 ퟒퟎ푪 	− σ푿풀ퟏퟓퟎ푪|풄풆풍풍ퟔퟎ

풄풆풍풍ퟏ ; p = 1,..,8 Sensors; s =σ푫,σ푿풀, 흉푴풂풙
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SAM Images
 2 Delaminated Samples, 1 No delaminated sample

MC2_1MC2_2

No Delamination

MC1_1
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SAM Images Healthy State Contour Plot

Delamination State Contour Plot
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풇풑
σ푫 = |σ푫 ퟒퟎ푪 	− σ푫ퟏퟓퟎ푪|

풄풆풍풍ퟔퟎ

풄풆풍풍ퟏ

MC2_1MC2_2MC1_1



Degradation Prediction
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Hidden layers->dynamic reservoir
푊 ,푊 generated randomly, only 푊 is trained

 reservoir size  , spectral radius of reservior
 input shift  , input scaling
 output shift , output scaling 

푢 1 ,푢 2 , … .푢 푛 , … , 푢 푇 : stress values during cycling
푦 1 , 푦 2 , … .푦 푛 , … ,푦 푇 : RUL ,1….0

Echo State Network



AGING/DRIFTING 
EFFECTS
AGING/DRIFTING EFFECTS OF HIGH TEMPERATURE 
STORAGE ON STRESS MEASUREMENTS



Aging Phenomena
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Oxidation Layer in Molding Compound
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Oxidation Layer in Molding Compound

Relative Sum Stresses Absolute Sum Stresses 
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Oxidation Layer in Molding Compound

Stress Difference Contour Plot due to the aging effect


