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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-82: Tests — Test XW4: Whisker test methods
for electronic and electric components

FOREWORD

this end and in addition to other activities, IEC publishes International Standa
Technical Reports Publicly Available Specifications (PAS) and Guies

governmental organizations liaising with the IEC also part|0|pate if
with the International Organlzatlon for Standardization (ISO) in

consensus of opinion on the relevant subjects since
interested IEC National Committees.

8) Attention 2 5 ative references cited in this publication. Use of the referenced publications is
e application of this publication.

9) Attention is drawn to thee possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shafl not be held responsible for identifying any or all such patent rights.

International Standard IEC 60068-2-82 has been prepared by IEC technical committee 91:
Electronics assembly technology.

This bilingual version, published in 2008-04, corresponds to the English version.

The text of this standard is based on the following documents:

FDIS Report on voting
91/651/FDIS 91/685/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon. Documents
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60068 series, under the general title Environmental testing, can be
found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

The contents of the corrigendum of December 2009 have been inc d is

@%
S
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ENVIRONMENTAL TESTING -

Part 2-82: Tests — Test XW,: Whisker test methods
for electronic and electric components

1 Scope

This part of IEC 60068 specifies whisker tests for electric or electronic components
representing the finished stage, with tin or tin-alloy finish. However, thg standard does not
specify tests for whiskers that may grow as a result of external mechani

acceptance criteria.

Where tests described in this standard are considered
parts as used in electrical or electronic equipmen
system and whisker growth mechanisms are comparna

2 Normative references

IEC 60068-1:1988, En

IEC 60068-2- 14@1

IEC 60068-2-78,
state

Enviponmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady

IEC 61192-3:2002, Workmanship requirements for soldered electronic assemblies — Part 3:
Through-hole mount assemblies

IEC 61760-1:2006, Surface mounting technology — Part 1: Standard method for the
specification of surface mounting components (SMDs)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60068-1, as well as
the following, apply.

3.1
whisker
metallic protrusion which spontaneously grows during storage or use

Documents
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NOTE 1 Whiskers typically do not require any electrical field for their growth and may not be mixed with products
of electrochemical migration. Typical signs of whiskers include:

— striations in growth direction;

— typically no branching;

— typically constant diameters.

Exceptions are known, but rare and may require detailed investigation.

For the purposes of this standard, whiskers are considered if
— they have an aspect ratio (length/width) greater than 2,

— they have a length of 10 ym or more.
NOTE 2 For the purposes of this standard, whiskers have the following characteristics:

— they can be kinked, bent, or twisted; they usually have a uniform cross-sectional shape;

— they may have rings around the circumference of the column.

NOTE 3 Whiskers are not to be confused with dendrites which are fern-like growth A material

which can be formed as a result of electro-migration of an ionic species or produced

3.2
material system
termination consists of the following elements:

a) base material;
b) underlayer, if any, located under the final plating
c) final tin or tin alloy plating.

NOTE There may be additional layers between
used bulk material or the deposited layer undern

4 Test equipment

The test equipment sha

4.1 Desiccat@

4.3 Thermal cycling chamber

The thermal cycling chamber shall meet all the requirements of IEC 60068-2-14, test Na and
be capable of providing the conditions specified in 6.3.

4.4 Optical microscope

An optical stereo-microscope with a magnification of at least 50 times and an appropriate
illumination, capable of detecting whiskers with a length of 10 um.

If used for measurement, the microscope shall be equipped with a scale or electronic
detection system capable for length measurement with an accuracy of at least £5 ym.

4.5 Scanning electron microscope

A scanning electron microscope (SEM) capable of investigating the surface of the_specimen,
preferably equipped with a handling system capable to tilt and rotate the spacimenDOCUMeENtS
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4.6 Fixing jig
The fixture jig shall be capable of setting samples in any of the test chambers specified in 4.1,

4.2 and 4.3 without affecting compliance with the specified requirements.

The jig should also be attachable to the optical microscope or be appropriately small in size
so that it can be inserted in the SEM sample chamber.

5 Preparation for test

5.1 General

The samples shall represent finished products as supplied to the market
NOTE Guidance on suitable sample sizes is provided in Annex C.

5.2 Selection of test methods

Choose the appropriate test method according to the type~o
base material of the specimen according to Table 6.

, urderlayer and

J

5.3 Storage conditions prior to testing

5.4 Handling of the specimen

It is recommended to hold
from being contaminated
of the specimen to b

Before soldering simulation, the specimen of material descriptions case 1.1, case 3 or case 4
shall have been stored under room temperature for more than 30 days after the last
manufacturing process, e.g. as indicated by the date code of the product.

Unless otherwise specified by the relevant specification, the components shall be submitted to
a soldering simulation according to Table 1 without the use of solder and without contact to
any metal surface.
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Table 1 — Methods of preconditioning — Soldering simulation

Soldering simulation

Component type
First half of the sample Second half of the sample

SMD Reflow heat treatment None
according to Table 3 (Group 3) of
8.1.2.1, IEC 60068-2-58

Other Bath with inert liquid ' None
according to test Ta, method 1 of
IEC 60068-2-20
Dipping depth: max. 4 mm.

1

e.g. Perfluoropolyether PFPE. N

After preconditioning the test shall be started within 168 h.
Conditions of thermal preconditioning shall be recorded.

b) Components not intended for soldering

No thermal preconditioning shall be applied.
5.5.2 Soldering simulation prior to tempera

a) Components intended for soldering

s/0of preconditioning — Soldering

Soldering

MD\ )—|ot air convection reflow soldering with SnAgCu solder ', low activity flux,
N according to Table 3 (Group 3) of 8.1.2.1, IEC 60068-2-58

O?h§§ \\/ Wave soldering by use of a soldering profile according to 6.1 of

IEC 61760-1, using SnAgCu solder

! Apply 50 % of thh&[gjgr paste volume recommended for typical production. This requirement shall ensure that
after soldering a part of the terminal surface is not covered by solder and remains for inspection.

After this preconditioning the test shall be started within 168 h.
The soldering conditions shall be recorded.
b) Components not intended for soldering

Unless otherwise described by the relevant specification, the components are tested in
unassembled stage.

5.6 Specimen preparation by leads forming

In cases where components are subjected to mechanical stress after delivery, e.g. the

forming of leads, a representative pre-conditioning is required. Unless otherwise specified by

the relevant specification, each specimen shall be bent 90° to the consistent in i

radius specified as the minimum radius in Table 1, of IEC 61192-3. rBd)euﬁqents
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6 Test conditions

6.1 Ambient test

Unless otherwise specified by the relevant specification, apply the conditions according to
Table 3 and in accordance with the severity selected from Table 6:

Table 3 — Severities of the ambient test

Severity Tempoeéature Relativeo/humidity
()
A 30+2 60 + 3
251 10 50 + 25
Test duration: 4 000 h.

N\

shamber specified

6.2 Damp heat test

Unless otherwise specified by the relevant specification,
in [IEC 60068-2-78 and apply the conditions stated below

— temperature:

— relative humidity:
— test duration:

the test in a way that dew does not

used.

of the temperature cycling test — Temperature

able™ X Seve
N
\Ssv\e:? Lower temperature Upper temperature
irst chacacter) °C °C
)K _40+5 85+ 2
-55+5 85+ 2
M -40+5 125+ 2
N -55+5 125+ 2
NOTE Neither the sequence of listed severities nor the range between lower and
upper temperature impose a specific degree of severity, see Annex H.

NOTE Severities for this test are given by two characters, e.g. KQ for —-40 °C / 85 °C / 1 000 cycles. Reference to
only one severity parameter can be made by using an “x” for the unspecified parameter, e.g Kx for —-40 °C / 85 °C.

Apply a minimum dwell time of 20 min for both the low and high test temperature. The transfer
time between the extremes shall be less than 30 s.

For the number of test cycles, apply the conditions according to Table 5 and in accordance
with the severity selected from Table 6.
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Table 5 — Severities of the temperature cycling test — Cycles

Severity
(Second character) Number of cycles
P 2 000
Q 1 000

NOTE Severities for this test are given by two characters, e.g. KQ for —-40 °C / 85 °C / 1 000 cycles. Reference to

only one severity parameter can be made by using an “x for the unspecified parameter, e.g xQ for 1 000 cycles.

7 Test schedule

71 Procedure for test method selection

Unless otherwise specified by the relevant specification, test
according to the type of plating, underlayer and base material

< ﬁ Te Wnd severity
Material description N

Case i . ‘ ) \Iﬁ'np heat test | Temperature
Base material, underlayer and(plating mbignt ) cycling test

6.1—" 6.2 6.3

1 Base material is an alloy of only iron (He) and
nickel (Ni) without underlayer, or under yer > YES

alloy of only iron and ni NO YES
Severity xP

1.1 Base material is an|alloy0

nickel (Ni) YES YES
of only iron"a YES
Plating is a ti Severity A Severity xP

zinc (Zn) or bo

2 Any base m erla e ept ose ove d in case 1.0 YES YES
or1.1. U ers niekel (Nj) or silver (Ag). ) YES )
Severity B Severity xQ

3 ria |s\pp (Cu r copper alloy, no YES YES
YES
MRY(SM) Oranytin alloy. Severity A Severity xQ
3.1 Base matenial is copper (Cu) or copper alloy without
underlayer, YES YES
or underlayer is copper or copper alloy. ) YES )
Plating is tin (Sn), with established inter-metallic Sn Severity B Severity xQ
Cu compound layer (see condition A below).
4 Base material or underlayer is none of the materials YES YES
specified in cases 1 through 3 above. , YES _
Severity A Severity xP

Special conditions:

A) The presence of a grown inter-metallic Sn Cu compound layer with a minimum thickness
of 0,5 ym is presumed

— if the tin plating is deposited in a molten tin bath with a temperature of at least 250 °C
and a corresponding retention period of at least 0,5 s, or

— if the tin plating has been fused within 24 h after electroplating with a temperature of
at least 250 °C and a corresponding retention period of at least 0,5 s, or
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— if the tin plating has been annealed within 24 h after electroplating with a temperature
of at least 150 °C for a retention period of at least 1 h.

7.2 Initial measurement

Inspect the appearance of specimen prepared according to Clause 5 before performing the
test selected according to Table 6. Measure and record the maximum length of whiskers
found on the specimen.

If a more detailed assessment is desired, unless otherwise specified by the relevant specifi-
cation, whiskers shall be counted using a SEM in a square field of 250 um x 250 um at the
densest part on the sample.

7.3 Test

After the initial measurement, apply the test methods recommended X
Table 6.

7.4 Recovery

specimen shall be handled carefully in order to
surface.

7.5 Intermediate or final assessme

8 Information to be‘gi evant-specification
When this test i@ e \ specification, the following details shall be given as
far as they are applig :

Subclause
4.6
5.4,5.5
5.6
Severities and tolerances for ambient test 6.1
— temperature
— humidity
— duration
d) Severities and tolerances for damp test 6.2
— temperature
— humidity
— duration
e) Severities and tolerances for temperature cycling test 6.3

— lower and upper temperature
— dwell time

— transition time

Documents

Document Sharing Hub

Full document details: IEC 60068-2-82 2007


http://www.avadocuments.com/doc/iec-60068-2-82-2007
http://www.avadocuments.com/doc/iec-60068-2-82-2007

60068-2-82 © IEC:2007 -13 -

— duration
f) Selection of test methods 7.1
g) Inspection area for assessments 7.2,7.5

The relevant specification may specify intermediate inspections for all applied test methods.

The relevant specification shall specify for its purpose:

— performance and acceptance criteria for a visual inspection, if required

— acceptance criteria for all applied test methods.

9 Minimum requirements for a test report

When this test is used independently from a relevant specificati
requirements for test reports shall apply:

identification of the specimen;

— conditions of specimen preparation;
— test severities and duration;

— used test and measuring equipment:

— observed maximum whisker length

O
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Annex A
(normative)

Measurement of the whisker length

The length of a whisker is defined as the straight-line distance from its source on the final
surface to its most distant point.

18mnm BEE1 45

The specimen shall b i he source and the most distant point of the
whisker appear @ '

NOTE Whiskers do WO straight direction but may change direction during growth.
However, for the purpgase ehgth of the complete whisker, it is not appropriate to measure

Documents

Document Sharing Hub

Full document details: IEC 60068-2-82 2007


http://www.avadocuments.com/doc/iec-60068-2-82-2007
http://www.avadocuments.com/doc/iec-60068-2-82-2007

60068-2-82 © IEC:2007 - 15—

Annex B
(informative)

Examples of whiskers

The observed features may be addressed using the following terminology. However, this
description is not suitable for linking with acceptance criteria.

a) Nodule (also known as mound or hillock)

The length of the observed protrusion does not exceed two times its dj

b) Column whisker

A whisker protruding froim_the fi ~ and | g a columnar shape with a length up
to ten times its diamete

IEC 841/07
Figure B.2 — Column whisker

c) Filament whisker (also know as needle whisker)
A whisker having a columnar shape with a length exceeding ten times its diameter.

50
IEC 842/07

Figure B.3 — Filament whisker
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d) Kinked whisker

A whisker having sections of columnar shape, showing spontaneous changes in growth
direction.

IEC 843/07

Figure B.4 — Kinked whisker

e) Spiral whisker
A whisker having a bent shape.
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Annex C
(informative)

Guidance on the sample lots and test schedules

C.1 General

This part of IEC 60068 should be used in conjunction with the relevant specification which will
define a sampling schedule, the tests to be used, the required degree of rity for each of
them and the respective requirements.

sample lots.

The aim is to harmonize requirements across indep
application, wherever deemed applicable.

C.2 Technological similarity

products:

— thickness of
— plating lines usin

different locations

— different composition of base material;

— different thickness or composition of underlayer;

— different composition of final material;

— different plating process, by physical type, by chemistry or by electric parameters;

— different post processing aiming at the suppression of whisker growth, e.g. fusing,
annealing.

A difference in any of the above items shall be assumed if the parameter exceeds the process
control limits.

Furthermore, technological similarity should be applicable to subcontractors only after passing
a qualification approval.
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C.3 Formation of inspection lots for qualification approval
Any inspection lot should consist of technologically similar products.

The inspection lots should be taken from different batches of products within a range of
technological similarity. If the concept of technological similarity is applied, the inspection lots
should be taken from batches representing the permissible variety of features as proposed in
Clause C.2.

The sample size for each inspection lot should be selected in the following way:

— the minimum number of leads or terminations inspected in each test shou

— the minimum number of products used in each test should be 6;

— the number of requested leads or terminations should be eq cA\over the

number of components.

NOTE It is not recommended to meet the requirement for a lead or termipation_ca pin omponents

with e.g. just one component.
C.4 Test schedule for qualification approval

Qualification approval should be performed on thr ndent inspection lots.

An additional qualification approval sk ckrange of one or more of the

following key parameters:

— composition of base material;
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Annex D
(informative)

Guidance on acceptance criteria

D.1 General

This part of IEC 60068 should be used in conjunction with the relevant specification which will
define a sampling schedule, the tests to be used, the required degree of rity for each of
them and the respective requirements.

application, wherever deemed applicable.

D.2 Risks attributed to whiskers

The major risk associated with whiskers s _th i electric connection between
two independent conducting surfaces, 35’ a short-circuit. A short-circuit
originating from a whisker may genera a age, e.g. in low impedance circuitry
by fusing or by arcing in vacuum, or in ioh of a device.

At the time of pubficat 3\ gre is no evidence available that whisker growth
would be influe ‘@o ¢ felecirical or magnetic fields.

Hence the risk o yg~ a short-circuit is related only to the proximity of
conductive surface i ectric circuits, e.g. on printed circuit boards. This means

that for mode 9 of integrated circuits, the smallest distance, d, has decreased

IEC 845/07

Figure D.1 — Smallest distance of components and circuit boards

In addition, workmanship standards for printed board assemblies permit misalignment of the
component terminations against the solder lands resulting in a reduction of the above

mentioned smallest distance. Documents
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