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NOTICE

EIA/JJEDEC Standards and Publications contain material that has been prepared, progressively
reviewed, and approved through the JEDEC Council level and subsequently reviewed and
approved by the EIA General Counsel.

EIA/JEDEC Standards and Publications are designed to serve the public interest through
eliminating misunderstandings between manufacturers and purchases, facilitating
interchangeability and improvement of products, and assisting the purchaser is selecting and
obtaining with minimum delay the proper product for his particular need/Existence of such

' from

such standards preclude their voluntary use by those other than
standard is to be used either domestically or internationally.

manufacturer viewpoint. Within the EIA ization-there are procedures whereby an
A essed and ultimately becomes an

Inquiries, comments, \ana 3 tHe content of this EIA/JEDEC Standard or
Publication should be Executive Secretary at EIA Headquarters, 2500

Wilson Boulevard\tAr

Published by

ELECTRONIC INDUSTRIES ASSOCIATION 1997
Engineering Department
2500 Wilson Boulevard
Arlington, VA 22201
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FAILURE MECHANISMS AND MODELS FOR SILICON
SEMICONDUCTOR DEVICES

FOREWORD

A PAS is a technical specification not fulfilling the requirements for a stapdard, but wade\available to the

public and established in an organization operating under given proceduresg.

IEC-PAS 62202 was submitted by JEDEC and has been processed by |
devices.

8 47: Semiconductor

The text of this PAS is based on the
following document:

Draft PAS /\& xv/Ré[;}s]rt o\>ot|ng
47/1507/PA& \ \ \ 47/1;39/RVD

Following publication of this PAS, the teghnicalcom
possibility of transforming the RAS into an hterRatiogal

ittee oNsubcommittee concerned will investigate the
a d.

t of copywight has been signed by the IEC and JEDEC and is

2) The formal decisions of agreements of the IEC on technical matters express, as nearly as possible, an international
consensus of opirion op the relevant subjects since each technical committee has representation from all interested
National Committees»

3) The documents produced have the form of recommendations for international use and are published in the form of
standards, technical specifications, technical reports or guides and they are accepted by the National Committees in
that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International Standards
transparently to the maximum extent possible in their national and regional standards. Any divergence between the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.
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FAILURE MECHANISMS AND MODELS
FOR SILICON SEMICONDUCTOR DEVICES

FOREWORD

estimate system failure rates for the Sum-of-the-Failure-Rates Metha
microcircuit failure mechanisms have statistically independent failure ten:
stressed at accelerated test conditions.
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FAILURE MECHANISMS AND MODELS
FOR SILICON SEMICONDUCTOR DEVICES

(From JEDEC Council Ballot JCB-94-73 formulated under the cognizance 14
Committee on Quality and Reliability of Solid State Products)
1 Scope

or acceleration factors that may be used in making -
only available data is based on tests perfonned at-accele
method to be used is the Sum-of-the-E4 Rt

2 Introduction

C@q\xen ify\potential failure mechanisms in
mate ate i i

ally.dccepted by the industry because of its simplicity and
another method has been developed, the Sum-of-the-Failure-
8. knowledge of why devices fail. :

S\rate equation that represents this process is Ag = E)\i = )‘l + N +
s./fepresents the system failure rate for the mxcrocxrcmt and A; represents
the failure rate for each failure mechanism. ~

Documents

Document Sharing Hub

Full document details: IEC PAS 62202 2000


http://www.avadocuments.com/doc/iec-pas-62202-2000
http://www.avadocuments.com/doc/iec-pas-62202-2000

Copyright © 1996, JEDEC; 2000, IEC

EIA/JEDEC Publication No. 122
Page 2

2.1 Organization of this document

This publication is organized into three parts. The first consisting of sections 1 through 4,
discusses the principles of classification and definitions needed to understand and use this
publication. The second part consists of two tables of failure mechanisms.” The first table
can be visualized as a first order listing. It assigns thermal activation energies to peneral

provide the basis for a reasonable estimate of that failure fechan m effec
microcircuit failure rate. The second table adds more detail to.some of the.s

3 Definitions

The following terms ¥

acceleration fa@ A

: The acceleration factor due to the presence of some stress (current density, electric
field, humidity, temperature cycling, etc.).

1 First Definition, (Van Nostrand’s Scnennfic Encyclopedia, Sixth Edition, Van Nostrand
Reinhold Company), p.31
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Ar: The acceleration factor due to changes in temperature. The mathematical relationship
or equation commonly used for microcircuits and other silicon semiconductor devices follows
the format of the Arrhenius equation.

The most-often referenced acceleration factor is the acceleration factor dug¢ anges in
temperature (At). It is calculated as follows:

absolute tempera tre
failure rate at the acee
failure rate at the

Btgtia Re Bats
I T

abjlity of a device. Acceleration factors can
. Many of these equations are found in

vation energy that is calculated using the principles
een stress and failure rate but is not directly related to a
It may be based on too many possible physical "effects"

Boltzmann’s constant (): The constant « from the Maxwell-Boltzmann law of distribution
of velocmes The average kmeue energy of a molecule is 3xT/2, where T-is absolute .

rature and x = l 38 inO’ joule per kelvm In"the Arrhemus equatlon K= 8. 62 X.
10‘ eV/K.

failure mechanism: The underlying cause of the failure (e.g., electromigration). Also see
JESD29, "Failure-Mechanism-Driven Reliability Monitoring of Silicon Devices".

failure mode: The product attribute or manner in which a failure exhibits itself (e.g., open
metal).
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failure rate (\): The ratio of the number of failures to the total number of hours a quantity
of devices are on test (A, or operating in the system (). For the constant failure rate
(failure rate definition: A = number of failures + number of devices + number of test
hours). It is measured as failure per total hours on tests. For failure mechanisms with
failure rates that are a nonlinear function of time, other analytical methods are. required.

1) percent failed per 1000 hours and 2) FITs.

FIT: Failures In Time or the fraction of the number of failures pe i M. device-
hours.

potential failure mechanism: A physical failure mechanism thz as-béen identified

al-characteristics and the
m to occur. See JESD29.

single faﬂure mechanism’s sensitivity to temperature (i.e., its acceleration factor) and also a
product’s thermal acceleration factor. By measuring parametric change caused by
temperature, activation energy in its physical sense can be estimated. When used to estimate
the reliability of-a product, as shown.in equation 2, it is also being used to express that
product’s reliability with respect to temperature and as a function of time.
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. At Aoe (2)
g — s
AT A

which the failure rate is constant. Even though very few pr
the failure rate is truly constant. Nevertheless the assumpti

Often devices and their physical processas are. ser ; ore than one combination of
physical forces. These stresses may be S a\product’s application and include
electrical potential, mois i i emé temperature cycling, and other
forms of stress. Potenti ist for a semiconductor device that is
affected by multiple s .
than the one activation engrgy equation for\the failure mechanism to get the correct reliability
estimate for the‘devices undey study.

For example, twg . ed by multivariable equations or equation sets are
dielectric or oxide breakdown gctromigration.

For diele till not resolved to everyone’s complete satisfaction whether
the fai ate ikdirectly proportional (£-Model) to or inversely proportional (1/e-Model) to
the field strength & he oxide. These models are only two of several that appear in the

literature. ere is agreement that the thermal activation energy is a less-significant factor

For metallization, some of the electromigration factors that have to be included are the
composition of the metal, the passivation above and below it, its use as a long stripe, a short
stripe or via, its granular structure, the number of metal layers, etc.

For mechanical stresses caused by temperature cycling, etc., they are typically modeled by
power law forms, not Arrhenius. These failure mechanisms will not have a definable
thermal activation energy. Annex A.4.2 provides additional discussion and references on
mechanical stress.
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