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Distribution of Failures:
Commercial integrated circuits (PEMs)
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Temperature Cycle Failures
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HAST Failures:1988-1994
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Ideal/Theoretical Fracture Strength
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Crack Mechanics
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Physical Process: Microscopic 
Interpretation & Crack Tip Plasticity
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Brittle Cracking in Large/Practical Structures
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Fracture Mechanics
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Plastic Zone Correction
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Stress Concentration
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Crack Initiation & Growth
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Stress-Corrosion Cracking
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Fatigue Failure 
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Fatigue Life
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Kirkendall Voids
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Electromigration
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Thermo- and Electrotransport Fail Mechanisms

3(a)
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3 (a)
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Mechanical and Thermo mechanical 
Degradation mechanisms

• Mechanical 

stress

strain


Ideal elastic material

Elastic and plastic 
deformation

σ
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1(a) Mechanical Fatigue Failure
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S-N curves
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Effect of mean stress m
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Schematic representation of 
generalized Coffin-Manson relation
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Palmer-Miner Cumulative Damage 
Law

• If number of cycle     at stress    which would cause 
failure     cycles, etc

Failure predicted at point where
1

1




k

i i

i

N

n

in

iN
ia

ii

ii

i

σN

σn

σ

kwhere

at  life fatigue             

at  cycles of no.            

level sterss th i           

levels stressdifferent  of no.  






1

 whenFailure

3

3

2

2

1

1 
N

n

N

n

N

n

5/21/2012 ECE414/514 Electronics 
Packaging Spring 2012

52

Fatigue
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Fatigue
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Fatigue

• There are two ways in which materials can be 
fatigued:

• Mechanical cycle, by applying a sinusoidal stress of 
constant amplitude.

• Thermal cycle generates a constant strain

Hence:
• Stress control for mechanical failure
• Strain control for thermomechanical failure 

(thermal cycling)
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Cyclic dependent hardening

Cyclic dependent softening

Typical of 
soft fully 
annealed 

metal 
samples

Typical of 
initially 

hard cold 
worked 
metal 

samples

Stress control Strain control

ε σ

σ
ε
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Strain control 
Cycles
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Plotting the log of the plastic strain amplitude versus the 
log of the cycles to failure a st. line
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Effect of Plastic strain on fatigue life
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Mechanical and Thermomechanical 
Degradation mechanisms

Thermomechanical
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Thermomechanical Deformation in 
solder joints
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Maximum stress at the edge due to a large 
DNP (distance from neutral point)

5/21/2012 ECE414/514 Electronics 
Packaging Spring 2012

62

Nucleation and propagation of fatigue 
crack in solder joints
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Fatigue life for MCM solder joints on the 
various substrate materials vs. material's 

CTE
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Plastic Package Failure Mechanisms
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Thermal & Humidity Modes
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Popcorn Failure
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Popcorn Mechanism
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Dry Packing


