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VERY
Quick Start

IC Reliability
+

Additional
Depth & Breadth
“Digging Deeper”

Probability Density Function, f(t),
and Hazard Function, h(t)
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Defects Can Cause Both
Yield and Latent Reliability Problems

D

YIELD KILLER?
Yes Maybe No

D
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Yes Maybe No

D
D

D

LATENT RELIABILITY PROBLEM?(Shirley)

The “Just Enough,” Application-Specific IC

• As tradeoffs become more difficult, it becomes harder to make a 

Just Enough
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robust, one-size-fits-all technology
• Technology being optimized around the needs of major applications
• Need to produce the “Just Enough” IC that meets, but does not 

exceed, customer requirements
– Tradeoffs are so challenging it is hard to just meet requirements
– Exceeding requirements is an “opportunity cost” that should be 

avoided – use excess capability to give customer what it wants
• This has lead to a reduction in reliability margins

Using Physical and Statistical Models To
Go From Test Structure to IC Reliability

99.999
90

3.  Use Physical 
Model to Convert 
Accelerated Test 

Structure Times to 
Use Condition Times 

4A.  Use Statistical 
Model to Convert 

Failure Times from Test 
Structure 

Area/Dimensions to IC 
Area/Dimensions

1. Fabricate 
Test 

Structures & 
Do 

Accelerated 
Testing 

2.  Fit Statistical 
Model (Distribution) 
to Accelerated Test 
Structure Failure 

Time Data

4B. Plot Specified 
Confidence Level
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Time To Failure

F(t)
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5.  Use The Specified 
Lifetime to Find the 
Fraction That Failed 

at the Specified 
Confidence Level 
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The Many Shapes of Weibull:
β >2, Looks Like End-of-Life Failure Rate

Failure
Rate,
h(t)

For β > 2, Weibull 
failure rate increases 

with time

0 1 2 30

2

4 β = 5
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TimeProduct 
Release

Onset of 
Wearout

Failure
Rate,
h(t)

Resembles the end-
of-life part of the 
Bathtub Curve

0 1 2 3

Time / t63

An Accelerated Test on an IC Can Over or 
Under Test Individual Failure Mechanisms
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Test conditions: Temperature & Time Equivalent to 10 Years Using EA=0.7 eV
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Wafer Level Reliability
(WLR)

• Tests performed on die at wafer 
level

• Faster and less expensive than 
testing packaged parts
– New probe cards allow testing 

multiple structures in parallel
T t ll hi hl
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• Tests are generally very highly 
accelerated as it is impractical to 
tie up a probe head and tester for 
long periods of time
– Harder to correlate results to 

actual products
– Capability now exists to 

simultaneously test several die 
across a wafer

What If the F(t) Data Is Curved On a Plot
That Should Give a Straight Line?

• Could be due to natural randomness 
when we select a finite number of 
samples from a distribution
– Confidence limits (discussed later) can help us 

decide if this is the cause

Ideally, would 
get this

F(t)
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• Or it could be the wrong distribution
– Be careful, need a very large number of points to 

be sure

• Or it could be that we have an extrinsic 
(defect) distribution and intrinsic (main) 
distribution

t

But, what if 
you get this?

F(t)

t
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5 Samples
95% Confidence Limits

99

90

70
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95% Confidence Limits

Testing More Parts To Failure Brings The 
Confidence Limits Closer Together
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We can buy higher confidence by testing more parts.

Diminishing return with increasing sample size.

True Accelerated Aging Weibull:
Does Not Change Shape Parameter β

10

100
Shape 

parameter, β, 
is 

unchanged

β β
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Two Effects Degrade the Reliability As 
Oxides Are Thinned Below 5nm

F(t)

99.9
99
90
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20

Thicker OxideThinner Oxide

1.  The t63%
decreases2.  The 

slope β
d
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TIME (arbitrary units)

F(t)
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decreases

3.  These two effects 
lead to a big decrease 
in the cumulative time 
to failure at small 
percentiles t63%
decreases

NBTI Annealing After Stressing
Makes AC Less Damaging Than DC

• Effect of NBTI partially 
anneals after stressing
– Complication: NBTI 

measurements include 
some recovery

50
Stress No

Stress
Stress

Threshold 
Voltage 
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• Rapid growth of NBTI upon 
re-stressing

• AC stressing results in less 
NBTI than DC stressing
– ~4-8X improvement 

(Alam, 2003 IEDM)
• Recovery presents problems 

with doing experiments

0
0 3000

(After Chen, 2003 IRPS)

g
Shift (mV)

Time (sec)

Many Possible Diffusion Paths
In Polycrystalline Metals

Across Grains
Al very high 
temperature or 
bamboo structure

Along Grain Boundaries
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Lowest Energy Path 
in Al at Operating 
Temperatures

Along The Surface
Not present in Al due 
to surface oxide
Lowest energy path 
in Copper
Depends on adjacent 
dielectric

Single Event Effects

• SEU charge less than 
“critical charge”
– Data is not 

changed

• Charge greater than 
“critical charge”

+
+

+
+- -- -

Particle creates 
a funnel of 

charge

Silicon
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“critical charge”
– Upset, data is 

changed

• Critical charge 
depends on
– Site of strike
– Design
– Technology

Injects a current 
pulse at the site 

of the strike

100’s psec

Silicon

1-100pC

Moisture Penetration of Plastic Packages

• Moisture can condense at 
interfaces

• Weakens interfacial 
adhesion
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adhesion

• Can promote corrosion

• Can cause delamination 
or cracking under high 
temperature excursions 
(“popcorning”)Mike Strizich, Analytical Solutions Inc.
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