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The 5 Parts to A Reliability Prediction

1% Failing  Reliability Number
90% CL  (Sampling) Confidence Level (CL)
Per Spec Sheet  Part Specifications (Max Frequency, Power, ....)

0-70°C  Allowed Environments
10 Years Lifetime
What does this mean?
Should you trust the numbers?
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The Reliability Management and Engineering
Sections Apply to More Than Just ICs

ICs

Applies to all
components
that are:

This Course:
Reliability
Engineering
and
Management

Other

Other .
Component Component 1. Non-r epaira ble

2. Very high level
of reliability

Other Component
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Why is Reliability So Challenging?
Fundamental Problems

distribution of times-to-failure

www.quickstartmicro.com

* There are multiple failure mechanisms

* For each failure mechanism parts show a

« Reliability tests are generally destructive
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Unfortunately for the Pharaoh Cheops
The Great Pyramid’s Reliability = 0

* What was its specified
function?
— To protect the Pharaoh and his
possessions

What was the specified
environment?

— Anything that happened
What was the specified
lifetime?

— Eternity
What was the reliability?

— Tomb broken into in antiquity

~ Reliability, R=0

All but one of the tombs
of the Pharaohs was
robbed in ancient times
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Cumulative Failure, F(t), and
Cumulative Survival, R(t), Example
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Year 1 Year 2
F(t) 0.0 0.1 0.28
(=10/100) (=28/100)
R(t) 1.0 0.9 0.72
(=90/100) (=72/100)
F(t) + R(t) 1.0 1.0 1.0
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Extrinsic Defects and Intrinsic Reliability
Lead to the “Bathtub Curve”

For a Single Failure Mechanism

Extrinsic Constant Intrinsic
(Early Life Failure (Wearout
Failure) Rate Failures)
Failure ! .
(Hazard) ! . Margin__
Rate ! !
1 1
— - Time
Start Product Lifetime Onset of
Qual Release Requirement Wearout
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Building-In (BIR), Designing-In (DIR)
and Testing-In Reliability

I 1 New Materials

| Previous ! |

Technology | 1
PL

L - . j&Equipment!
Develop
ildi - New . . .-
Bu'ldm? Technolo Testing-In Reliability
n
Reliability Wanufacture || ¥ wwater Level H Package &
(BIR) Processin Test Final Test
------ - - 1
1 . Design, Verify| N
H Design & Layout | | Deliver
Rules Ic 1 Ic
| e ==~
customer's (Designing- Field
IRequirements| |n Returns
Reliability

(DIR)
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Two Reasons Why We Need to Use
Statistical Distributions in Reliability

There always is a
distribution in the reliability data from
times-to-failure a sample of parts
for every to predict the reliability
failure mechanism of all parts used

Typically, we use

Requires a statistical function that describes

the distribution of times to failure

Quantify the Uncertainty
Due to Sampling
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Extrapolate Data To
Low Failure Percentiles
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A Tradeoff:
Higher Confidence = Lower Reliability

Results in a Prediction
With a Lower Level of
Reliability
=

4

{7

=

A Higher Statistical
Confidence Level in a
Reliability Prediction
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There Is An Upper Limit To How Fast
A Failure Mechanism Can Be Accelerated

INVALID OVER
ACCELERATION

USE “TRUE”
CONDITIONS ! ACCELERATION
1 Same Failure
! Mechanism As Use
: Condition

Time to
Failure

Max Stress for Stress
Acceleration
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Need a Model That Can Extrapolate from
Accelerated to Specified Stresses

Higher Stress

Specified Stress

Fast Test Model Real Lifetime
High to Normal Years

Stress
Reliability
Prediction
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Seconds - Weeks
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Application Specific/Knowledge-Based/Physics of
Failure Qualification is Bottom Up

Each Test Structures Use o e
Relevant Until We Get a Physical & lAjpplg:atl((;E:I-Speclflt;:
Failure Distribution of Statistical se Conditions an
Mechanism Failures Models Lifetime

Oxide Stress Test Acceleration l
Breakdown Structure To Fail & Stat. Model
Electro- Stress Test Acceleration Relle!b . ty
igrati Structure To Fail & Stat. Model Prediction
For
Package Stress Test Acceleration Product
Cracking Structure To Fail & Stat. Model /
S &

[ X N
[ X X
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Dielectric Breakdown Mechanism
+V
Electron current flows through
oxide
T
| +V
Directly or indirectly creates
E localized damage regions
+V

Breakdown occurs when damage
regions make a conduction path
between the electrodes
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Negative Bias Temperature Instability (NBTI)
In p Channel MOSFETS

« Physics
Pre-Stress — Low stress voltages
< — Increase in + oxide charge
— Increase in interface states

Ip(A) « Cause gradual degradation in
Post- device properties
Stress \_— — Threshold voltage increases
\- " — Saturation current (and thus
10-14 IC speed) decreases
3 1 .

Appears to get worse with
scaling down of channel
length and oxide thickness
— Due to lower Vyy, nitrided
oxides, stained Si channels

Burn-in could be a problem

Voare (V)
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Electromigration

Extruded Metal
(can lead to short) » Metal atoms driven in direction of
e electron current
« Can result in open or short
« Lifetime decreases with
— Increasing DC current density
« Lifetime ~ 1/J7(1<n<2)
« Threshold current density for
failures (“Blech effect”)
+ For symmetrical AC current
pulses the lifetimes are very long
— Increasing Temperature
« Activation E ~ 0.7-0.9eV (AICu)
* Remember increasing current
density increases temperature!
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Fatigue

« Mechanical failure due
to repeated cyclical
stressing below the
strength of the
material

Common packaging
failure mode
— e.g., solder ball fatigue

Fatigue Crack in BGA Solder Ball

Mike Strizich, Analytical Solutions Inc.
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The Best and Most Affordable
Semiconductor Training

Choose Choose Choose One Course
Format Level Or Integrated Curriculum
([ mperson ) [ NonTech ) %
Electronics
W Dr.
[ Live Webinar ] [ BeginnerTech | MEMS W
Microsystems

,_

ory
ology
& More

Get L and High Quality Training

More Information, Prices, ... quickstartmicro.com
Or Dr. Ted Dellin, 1-505-401-8707
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Narrated E Intermediate
Learning on DVD Technical
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