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PAS 62483 © |IEC:2006(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHOD FOR MEASURING WHISKER GROWTH
ON TIN AND TIN ALLOY SURFACE FINISHES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co- operatlon on all questlons concerning standardlzatlon in the electrical and eIectronlc flelds To

thi ations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereaft t refe red to “IEC
PuRlication(s)”). Their preparation is entrusted to technical committees; any IEC Natjenal Com interested
in fthe subject dealt with may participate in this preparatory work. 2 { d non-
governmental organizations liaising with the IEC also participate in this prepayd 'o. tes|closely
with the International Organization for Standardization (ISO) in accordance\with, cendi jined by
agreement between the two organizations.

2) Thg formal decisions or agreements of IEC on technical matters ible, an
intdrnational consensus of opinion on the relevant subjects since each_te i i a ntation
frorp all interested IEC National Committees.

3) IEQ Publications have the form of recommendations for internati 4 ational
Cormpmittees in that sense. While all reasonable efforts are of IEC
Puljlications is accurate, IEC cannot be held responsible/for InSwhi or any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity ications
trarjsparently to the maximum extent pogSib rgence
betyween any IEC Publication and the corre indicated
in the latter.

5) IEQ or any
equi

6) All 3 ¢

7) No [liability shall attach to 3 | stors 3foyaes, i ing indivi rts and
members of its technical committees i inj hage or
other damage of any rja s e s) and
explenses arising out of icatign, , thi icati er IEC
Publications.

8) Attgntion is dr ions is
indilspensable for

9) Attgntion is drawn t bject of
patent rights. |IE

A PAB is a made

availdble to

IEC-RA hnical

comnmnlittee 4

he_text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
th fallowin a it
the-fellowing-decument
Draft PAS Report on voting
47/1842/NP 47/1876/RVN

Following publication of this PAS, the technical committee or subcommittee concerned will
investigate the possibility of transforming the PAS into an International Standard

An IEC-PAS licence of copyright and assignment of copyright has been signed by the IEC
and JEDEC and is recorded at the Central Office.

This PAS shall remain valid for an initial maximum period of three years starting from
2006-08. The validity may be extended for a single three-year period, following which it shall
be revised to become another type of normative document or shall be withdrawn.

Page i
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Test Method for Measuring Whisker Growth on Tin
and Tin Alloy Surface Finishes

Page 1

Introduction

This document contains a suite of recommended tin whisker growth tests.

If these common

tests are adopted, then the industry can collect common and comparable data that may
improve the understanding of the fundamentals of whisker growth and allows comparisons
between technologies. Tests in this document may be changed in the future as a better

underptanding of the mechanisms causing tin whisker growth is developed:

Based on a variety of testing and data review from around the gloh¢
have peen identified that appear to be suitable for monitoring tin whisks
test gonditions include two isothermal conditions with contrghed
cycling condition. However, these test conditions have nof
envirgnmental exposures of components in service. Thy
quant|tatively predict whisker lengths over long time period
in the| short-term tests described in this document.

mechanisms of tin whisker growth are not fully und rstgod ang ation factors ha

been [established. Certain applications, e. 9.,
and/of different tin whisker tests or evalug

The gredominant terminal finishes on e 3 ws’have been Sn-Pb alloy
the industry moves toward Pb-free cg : embly processes, the predor
termirjal finish materials will be pure Sy an of Snyincluding Sn-Bi and Sn-Ag.

Pure [Sn and Sn-ba 8 Rosits gnd solder-dipped finishes may gre

whiskers, which cou

component and@a ¢

slectrical or mechanical parts.

component terminals or break @

Hitions
three
ermal
onger
yay to
sured
hental
ve not
itional

5. As
hinant

bW tin
ff the
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Test Method for Measuring Whisker Growth on Tin
and Tin Alloy Surface Finishes
(TEST METHOD A121)

Copyright © 2005, JEDEC; 2006, IEC

1

Scope

The methodology presented in this document, see Annex A for process flow, is applicable for

studyi
methd
aeros
docun

The p

ng tin whisker growth from finishes containing a predominance of

Sn). fh

pace. Additional requirements may be specified in the apfropri
nent.

Lirpose of this PAS is to:

Provide a consistent inspection protocol f

Provide a standard reporting fgrmat.

s test
Ary or
ments

son of

2 Normative references ( O\ \>
JESDR2-A104, Standard Mg
IPC 7530, Guidelines_for filing for Mass Soldering (Reflow & Wave)
Procelsses

/\<\
3 Term/s\@skd\e{}rit\io\s\
3.1 i \ r\len/gth: The distance between the finish surface and the tip of
the whisk xist if the whisker were straight and perpendicular to the surface.
NOTE| Fortin*wh that bend and change directions, the total axial length can be estimdted by
adding alt of-the straight subdivisions of the whisker. (See Figure 5.)
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3 Terms and definitions (cont’d)

3.2 whisker: A spontaneous columnar or cylindrical filament, usually of monocrystalline

metal, emanating from the surface of a finish. (See Annex C for example pictures
whiskers.)

NOTE 1 For the purpose of this document, whiskers have the following characteristics:
¢ An aspect ratio (length/width) greater than 2
e Can be kinked, bent, or twisted
e Usually have a uniform cross-sectional shape
o Typically consist of a single columnar filament that rarely branches

of tin

hd May i 1avc btl ;dt;Ul S aim Y ti 1T iUI Igti I Uf t: Ic bUiuIIII rdl IUIIIUI I il 1YoS arudlil
of the column
¢ Length of 10 microns or more. Features less than 10 microns

NOTE
materi
solidifit

3.3
area.

3.4 whisker growth: Measurabl
exposure to a whisker test condition fo

3.5 whisker test coupon: A piec f sified size and shape that is plq
dipped with a tin finish for the purpose\of i
growth.

thre—circumference

portant

e of a

during

bupon

ity after

ign and

4 A

4.1 ha \2

Air to chamber(s), capable of cycling from -55 (+0/-10) |°C to
+85(+ 40/-10) °C to +85(+10/-0) °C. The temperature gycling

cham 9 B able o satisfy the cycle conditions defined in Table 4.
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4 Apparatus (cont’d)
4.2 Temperature humidity chambers

Temperature—humidity (T&H) chambers capable of non-condensing 60 +5 °C, 87 +3/-2% RH
and 30 £2 °C, 60 £3% RH environment.

NOTE 1 The elevated temperature—humidity condition of 60 +5 °C, 87 +3/-2% RH is close to the
condensation point. If water condenses on the tin finish during environmental exposure, the
condensed moisture and resulting corrosion may affect the final test results. To prevent condensation
in the T & H chamber, the chamber dry-bulb temperature must exceed the wet-bulb temperature at all
times |
door f
sufficie
on the

lls and
ensed

NOTE
ceiling

NOTE e must
be sulffici e test
samplés. It is recommended that the test samples apd\all sa2mple d (to a
temper: 2 3 rior to

loading them into the T & H test chambef\

NOTE

4.3

Optica n and
capahb If tin
whiskers are g < hat is
able [o move i c i 9 , i ifioned
perpe i i

44

Optica adequate lighting capable of 100X to 300X magnificatiopn and
capah iskers with a minimum axial length of 10 microns, per Annex B. For
tin wh sure ents, the optical system must have a stage that is able to move ir| three
dimensi C , such that whiskers can be positioned perpendicular to the viewing

direction for measurement.

4.5 Scanning electron microscope

Scanning electron microscope (SEM) capable of at least 250X magnification. An SEM fitted
with an X-ray detector is recommended for elemental identification.
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4 Apparatus (cont’d)
4.6 Convection reflow oven (Optional)

A convection reflow system capable of achieving the reflow profiles of Table 3.

5 Sample requirements and optional preconditioning

For specific reqwrements of t|n flnlshes the relevant test condltlons read points, and

duratip For
comp rlng various finishes for whlsker propenS|ty, it is recommended that all th litions
defin < ) for the tin
whisk h test
condit

51 Test samples
Ph.finishes. Spmple
or componenfs, or
pt  be

Any test samples with tin-based finishes may be studied~i
types| may include experimentally plated or ti i
produgtion-plated/finished electronic compon
repregentative of final product because~f pro

5.1.1 | Sample size

The n ; : mount
of surface examined bec s gara any istri range.
Examjnation of large ares \ i [ ild be
detec 3 i ample
or ter < inish lot
exhibif significa isk . srefare, i [ [ stant,
data 2

51.1.

For r , etc,
regarl prQ st six
samples, h\test gondition at each inspection read out, are required to atfain a
meaningful detectio der to
obtai Components should have completed all

Table 1 may be used to reduce the number of termlnatlons that are recommended for
inspection.
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5.1.1

Sample size (cont’d)

5.1.1.2 Test coupons

Copyright © 2005, JEDEC; 2006, IEC

For comparison purposes, if using coupons, a total inspection area of at least 75 mm? on at
least 3 coupons is required for each test condition. For small coupons, it is recommended
that there be sufficient coupons so that the total area inspected adds up to a minimum of 75
mm2, as described in Table 1.

Table 1 — Details on the number of test samples and terminations required for

comparison of screening inspection data. The number of terminations required for
inspection depends on the tin-finished area of each termimnation.
Minimum Minimu Mi imunI Total
Ti Minimum Total i Nurber of
in . -
Sample Finished Number Inspection spegtion
Type Area ! of Area fpr r sllfor
Samples Screening reening
Inspection Inspectjon %
Couppns | <25 mm? 3 75 mm? 75 mm? =+
sides of sQupon (Plated area on
7 top and 2 sides
G of coupon)
Couppns > 25 mm? 3 > 7 2 \Fo{and two 3
sidesup to a
(\ total of 25 mm?
Compohents | <0.85 m& \6 ;}r)n Top and 2-3 96
sides of
Q termination
Compopents 2&{3}} 2 6 >\{5 mm? Top and 2-3 75 mm? +
sides of (Plated area on
<\ termination top and 243 sides
of termirjation)
NOTE|1 i ) ah@r detailed definition of the plated/finished area for inspection].
NOTE(2 inatigns, more than one inspection area may exist on the same termination.
The game 6.¢ onents or 3 coupons for each test condition may be evaluated|at all
sequgntial_read outs, including the final readout. Hence, to study a single finigh, 18
componént or 9 coupon samples are required to complete the three test conditions.
Alternatively, the test may be started with sufficient test samples to inspect 6 different

component or 3 coupon samples at each read out. In this case, the number of test samples
required will be a minimum of 18 component or 9 coupon samples times the number of read
out points during the test. (For example, if a finish is studied in temperature cycling for 2000
cycles with read outs performed at 500, 1000, 1500, and 2000 cycles, then 24 component
samples are required just for this test condition.) If a more accurate determination of growth
kinetics is needed, it is recommended that the same test samples be used for each
sequential read out instead of using re-populated samples.
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5.1

Test samples (cont’d)

5.1.2 Optional test sample preconditioning

Page 7

Table 2 lists optional test sample preconditioning treatments that are recommended prior to
all subsequent Sn whisker growth tests. If the test method described in this standard is used
as part of a tin finish qualification, then the user and supplier must agree on the precondition
requirements before commencement of testing.

Table 2 — Optional Preconditioning Treatments for Tin Whisker Test Samples

Preconditioning

Condjtion | Temperature ' ..‘Erma. rrote Use ?ﬂiﬂeli\nes
xposure
Exposure
Normal ambient under
A None
exposure ge.
Room temperature -plating or
storage for a o re to high
B minimum of 4 3015 ;336?,/ CRH ;l>erature
weeks after the Tou tions C
finish is applied () A
B
Sn-Pb Inte‘\(ja%i?'\ét for whisker growth jafter
C Temperature erm osure to Sn-Pb SMT agsembly
Preconditioning temperatures (backward compatibility).
Pb-fre }tended to test for whisker growth jafter
D ermal exposure to Pb-free SMT gssembly

Temperatu
Preconow

temperatures (Pb-free compatibility

).

5.1.2.

Test 9
criteri
tempg
recon
sample
comp
board).

( Optiona@

process.

s For components with leads, the orientation
bnent skall be\n the “live bug” configuration (i.e., leads down touching the car

profile
Lirface

it is
Id the
bf the
rier or
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5.1 Test samples (cont’d)

Table 3 — Optional Preconditioning Reflow Profiles [

Profile Feature Sn-Pb Profile Pb-Free Profile
Average ramp-up rate 3 °C/second max. 3 °C/second max.
(Tsmax to Tpeak)
Preheat:

- Temperature Min (TSmin) 100 °C 150 °C

- Temperature Max (TSmax) 150 °C 200 °C

- Time (TSmin t0 TSmax) (ts) 60—120 seconds 60—120 seconds
Time maintained above:

- Temperature (T.) 183 °C 2T °C

- Time (t)) 60—-120 seconds —120 segonds
Lead pr Solder Joint Temperature (Tpeak) 200-220 °C ! \ 24&2\60 0?3\[ !
Average ramp-down Rate (Tpeak 10 TSmax) 6 °C/second max~\ B\"\G(seéqnﬁvrﬁe X.
Time P5°C to Peak Temperature 6 minutes max.\ 8\minutes may.

NOTE[1 All temperatures refer to lead or solder joint temp atm ponents or the gurface

tempefature for coupons.

NOTE|2 Maximum temperature of 220 °C ensures tha i 3 elied (i.e., melting point of
pure gn is 232 °C).

NOTE[3 Minimum temperature of 245 °C.enstes.that

Temperature —>

€ Time 25°C to Peak

Time =

Figure 1 — Optional Preconditioning Reflow Profile.
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6 Whisker inspection, length measurement and test conditions

The whisker inspection procedure includes three parts: (1) the initial pre-test inspection, (2)
the screening inspection, and (3) the detailed inspection. The initial inspection should be
performed once before the test samples are exposed to any test condition. The screening
inspection should be performed at each read out. If whiskers are detected in the screening
inspection, then the detailed inspection should be performed at that read-out. The whisker
inspections can be performed using either an SEM or a validated optical system meeting the
conditions as outlined in Annex B.

6.1 Handiing

When| handling test samples, care must be taken to avoid contact wi ich may
result|in the detachment of whiskers. For SEM inspection, a cond attach
the tept sample to the SEM work holder to prevent charging is recommegnded; if the
same|test samples will be inspected at each read out and thegt return he test condition
for funther exposure, conductive sputter coating, such as C NUS osited
to aid| SEM inspection. If the test samples will not be ref , then a
condyctive coating may be used to reduce sample chargir

6.2 General inspection instructions

The screening (clause 7.5) and detai
inspegtion for whisker patterns and relati pmple
featurps or between whiskers and uired)
featurps which deviate from the original, ides 0en , i those
featurps that occur as a r g of the
plateq surface.

During inspection p attenti : [ ion, spurface
scratdhes, tool [ , : [ earing
operations, heat™affésted : ' - i Huring
asse : & Speci i [ [ iti uld be
recorg 8 bS are

taken and/or

irregu

urs in
5 that

Anne
areas
€Xpos

6.3

Prior to any test condition exposure, an initial optical or SEM inspection should be conducted
and documented to determine if whiskers are present. The same procedure used for the
screening inspection, described in clause 7.5, shall be followed.
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6

6.4

Whisker inspection, length measurement and test conditions (cont’d)

Test conditions

Copyright © 2005, JEDEC; 2006, IEC

Test conditions used for assessing tin whisker growth are listed in Table 4. These test
conditions represent a minimum set of conditions that shall be used to assess the propensity

for tin

whisker growth on any given tin finish under study.

Table 4 — Tin Whisker Test Conditions

R dati 11, [2], [3]
Ref. = . ecommendations
st Conditions p P
Stress L)Lp_e__spec_ e —I-ns-peeﬂen——M-rn-llnum
Intervals Durgtion
Min Temperature
-55 to -40 (+0/-10) °C Q

Temperature JESD22- Max Temperature Al 1 Lvcles

Cycling A104 +85 (+10/-0) °C, > i

air to air; 5 t010 minute sogk;
~3 cycles/hour 3\ \

Ambient X
Temperature / 30 +2 °C and 60 #3% RH 1D@4>ours 3000 hours

Humidity

Stprage AL
Temperature / o o

Hufnidity 60 +52€an 3/-2% R 1000 hours 3000 hours

Storage (N
NOTE|1 Recommended i i W durations are based on experimentgl data
and arg given to make dats i asis(. test durations (cycles/hour) are not spedified in
this test method.
NOTE|2 Some @' * ests\that there is an incubation time during which whisKers do
not appear. This ipce i , on lead finish, thickness of the finish and supstrate
charagteristics. If {est\d ioR S ort, whiskers will not be observed.
NOTE|3 Fof qua ead finishes, test duration and inspection intervals will be defineq in the
qualifi¢at by the’ supplier and user.
6.5
The dcreéning inspéection shall be performed for all samples at each read out following
exposure-to any test condition. The intent is to efficiently inspect the entire sample

population and identity those leads, terminations, or coupon areas that contain whiskers for

furthe

r detailed inspection.
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6.5 Screening inspection (cont’d)
6.5.1 Components

A minimum of 96 terminations from a minimum of 6 components must be inspected using
either an optical system meeting the requirements of Annex B or an SEM. For components
with large (20.85 mm2) terminations, refer to Table 1 to decrease the number of terminations
to be inspected. If the screening inspection is performed with an optical system, a minimum
magnification of 50X is required. For whisker verification, a higher magnification is
recommended. If the screening inspection is performed with an SEM, a minimum
magnification of 250X is required. If whiskers are not detected during the screening
inspecftion then a detailed inspection is not required at that read poi whiskels are

detecled during the screening inspection, then a minimum of 18 areas. that aeart have
the longest tin whiskers shall be identified for detailed inspection. components,
these[18 areas will consist of 3 terminations from each of the 6 t& af were
screened. However, for components with large plated terminatiens, iplevinsSpection|areas
may he identified on the same termination. i i 0.85
mm?.| All of the 18 identified areas shall be evaluateg’in. ax i tailed
inspection procedure in clause 7.6.

6.5.2 | Coupons

A mirlimum of 3 coupons shall be jnsp 1\ viti ing the
requirements of Annex B or an SEM\On j 3 , ini of 25
mm? $hall be screened, including at leas [feast 3 mm in total length. For
small |coupons, more coupons shaII be sc S R that the total area screenef is a
minimum of 75 mm?2. i issperformed with an optical system, a
minimum magnification of 50X g ired. . Rer'whisker verification, a higher magnification is
recomimended. If the ing~_inspetti ig performed with an SEM, a migimum
magnlfication of 250} ired hiskers are not detected during the scrgening
inspection, the bai inspecti required at that read point. If whiskels are
detected during the'sereening i ioM, then a minimum of three areas of 1.7 mm? on) each
coupgn that appea 3 in whiskers shall be identified for detailed inspgction.
Theseq ea < e shall be evaluated following the detailed inspection
procegdure in g

6.6

The detailech< ion” shall be performed on terminations or areas identified |n the
screening inspecti If whiskers are not observed in the screening inspection th¢n the
detail¢d/inspection is not required. For test samples that exhibit whiskers, 3 terminatipns or
three [areas per sample and a minimum of 6 components or 3 coupons shall be inspected.

More test samples or inspection areas may be required if there are fewer than 3 leads or
terminations per sample. A scanning electron microscope or a validated optical system (see
Annex B) shall be used for the detailed inspection. For SEM inspections, a minimum
magnification of 250X shall be used and for optical systems a minimum magnification of 50X
shall be used. For the axial whisker length measurements themselves, a magnification
higher or lower than that used for inspection may be required, such that the whisker being
measured approximately fills the field of view at the selected magnification. Whisker length
measurements should be made approximately perpendicular to the viewing direction for SEM
and optical microscopy.
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6.6 Detailed inspection (cont’d)
6.6.1 Components with leads

A minimum of 18 leads on a minimum of 6 components shall be inspected. The top, 2 sides,
and bends of each identified lead shall be inspected as depicted in Figure 2. If leads are
round then the surface that is the top %2 of the diameter should be inspected. Whiskers on
the two sides may be easier to identify and measure if the component is mounted upside
down in the “dead bug” position. For each inspected lead, the maximum whisker length shall
be recorded as described in clause 7.7. The whisker density shall also be recorded for one
lead identified as having the greatest number of whiskers following the protocol outlined in
clause 7.7.3.2.

Top

Figun : i adrand the top, 2 sideg, and
6.6.2

A min there
are fe must
be ing Juiren 8 terminations. The top and 3 sides of each
identified termin as depicted in Figure 3. For each inspected
termir j - . The
whisk patest

numb

Figure 3 — A schematic drawing depicting a leadless component and the top and 3
sides of the terminations that should be inspected.
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6.6 Detailed inspection (cont’d)
6.6.3 Coupons

A minimum of 9 areas on a minimum of 3 coupons shall be inspected. Each area shall be a
minimum of 1.7 mm? and should have been identified during the screening inspection. An
example of inspection areas is depicted in Figure 4. For each inspected area, the maximum
whisker length shall be recorded as described in clause 7.7. The whisker density shall also
be recorded for one area identified as having the greatest number of whiskers following the
protocol outlined in clause 7.7.3.2.

Test
Coupon —¥

Figure 4. A schematic drawing dep areas

identified for inspection.

6.7 Recording procedure
(Refer to Tin Whisker Tests Sta
6.7.1 | General jnfor
The factors Iisg> .

behavior. All appficab

W Table E.1, are known or believed to influence whisker
yation s

6.7.2 2 ) Scree g inspection
For com U ber of components screened per test condition and the numpber of
leads |or terminations scrgened per component must be recorded. In addition, the number of

leads inations with whiskers identified must be recorded. (For example, 6
compopnentstand 96 leads were screened and 14 leads exhibited whiskers). For codipons,
the nlimber of coupons and the inspection area per coupon that were screened miist be
recoraed.
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6.7 Recording procedure (cont’d)
6.7.3 Recording of detailed inspection

The number of leads, terminations, or inspection areas evaluated in the detailed inspection
per test condition must be recorded. An example format for recording the information is
shown in Annex E, Table E.2. For each lead, termination, or coupon area that is inspected
during the detailed inspection, the maximum axial whisker length must be recorded. The
whisker density shall also be recorded for the one lead, termination, or coupon area
exhibiting the greatest number of whiskers. For qualification, refer to the appropriate
document for requirements.

6.7.3. Total axial whisker length

Recond the maximum whisker length measured on each lead, te
during the detailed inspection. Axial whisker lengt
terminjation/electroplate surface to the whisker tip. For tin whiske
directions, the total axial length may be estimated by adding~all fte i
a whigker. In Figure 5, there are two examples that depictesti [

when fthe whisker is segmented.
Whisker total
Whisker axial length

X =A+|B+C+D
total axial

length
=A+B

Figurg % s i e estimation of axial whisker length that is made

6.7.3.

In the| st g insSpection, one lead or termination for components or one inspection area
for co A\ ' ified as having approximately the greatest number of whiskers. For
this ome lead;.termination, or coupon area, a whisker density range shall be determined using
the following procedure. For most components, whiskers shall be counted on the entire top
and s|des’of the lead or termination. The number of whiskers shall be recorded along with
the amount of surface area that was inspected. Counting may be stopped when the total
number of whiskers counted in the inspected surface area exceeds 45 whiskers. The total
number of whiskers counted per lead, termination, or coupon area shall be used to classify
the whisker density range, according to Table 5.

NOTE: The whisker density range has not been correlated with whisker length. However, the chance
of a whisker causing a failure may depend on the whisker density. Therefore, reporting of whisker
density range may help to improve the understanding of how whisker density correlates (if at all) with
maximum whisker length.
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6.7 Recording procedure (cont’d)

Page 15

Table 5 — Whisker density ranges that can be determined based on the number of
whiskers observed per lead, termination, or coupon area.

Maximum Whisker
Density Range

Total Number of Whiskers per
Lead, Termination, or
Inspected Coupon Area

Lead, Termination, or
Coupon Inspection Area

Low < 10 whiskers (mm?)
tedtfamm =245 WHiSKeTs /.Qm’
High > 45 whiskers <* r:f‘\)\
9 A (e

S

\s\)
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Annex A Process Flow for Sn-whisker Testing

Sample Selection
Table 1

v

Precondition
Table 2
(Optional)
|

\ 4

Initial Pretest Inspection
Clause 7.3

A 4

Sn-whisker Testi
Table 4

Screenin t|
(All sel ct les p r int)
us S

\ 4

W%

ORI !
xke)r Density Measurement
(One or.area idéentified with greatest number of whiskers)
Table 5
N\

{ Record Results }

Clause 7.7

No Testing

Combplete?
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Annex B Validation of optical microscopy equipment

Validation of the capability of optical equipment which is used for screening inspection and/or
whisker length measurement is required.

The capability of the optical inspection equipment and the associated optical process must
be validated per clauses B.1, B.2, and B.3 using reference samples inspected and
characterized by an SEM. This validation process ensures that the optical equipment and
the attendant inspection process can detect whiskers and result in an accurate assessment
of the whisker lengths and densities.

The spme optical equment can be used for the two different tasks (scre nmg i spect| bNn per
‘ 5e the
equip nent must be validated independently per clauses B.1, B 2 ad\B.3.
If the [optical inspection equipment or the optical measureme; et the
requirements in clauses B.1, B.2, or B.3, the optical syste ida pst for
the relevant intended purpose. In this case the optical e < ing, the lighting,
magnlfication, and/or viewing angle may be adjusted Jatign procedure regeated
for th¢ new configuration. A system need only b ida i is a change |in the

optical equipment or the inspection process.

NOTE|1 “Optical equipment” is the cok i i i j~System, sample retentipn and
maniptlation fixtures and lighting.

NOTE| 2 As an inspection tool, inocular
microgcopes, and are requirgd for the sc de is in
depth perception. Stereomicro oes h sepa opti . i eption
and three-dimensional W i orking
distanges and relatively ction.

Capabil@r

B.1

The capability of the < ed for whisker screening inspection shall be verified by
followjng the screeni ecti [ . [ ope is
required for ¢ gen acti . ini [ i $ must
be detectable ‘

To veyify thi pabili [ i inati areas

that have whiske ength
(see Note(1); and tert terminations or coupon areas without whiskers greater than 10 mjicrons

in lengthd The latter will be referred to as being “without whiskers.” The optical system shall
then mmmmm-mmmmWskers

and the ten that do not have whiskers. The system passes if the following criterion is met:
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B.1

8

Capability of whisker detection (cont’d)

Copyright © 2005, JEDEC; 2006, IEC

1) In all cases, the correct distinction is made between terminals or coupon areas with
whiskers from those without.

If whiskers of 10 to 20 microns are detected in the SEM but not with the optical
microscope, then validation of the optical system for whisker detection capability has

fai

led.

The measurements taken to validate the optical system and the results of the validation
process should be documented for reference.

NOTE[1 A sample with whiskers having lengths of 10 to 20 microns can frg ted by
performing 500 to 1000 thermal cycles, as defined in Table 4, on a matté-ti i in|sh. If
neede:F, a sample with a low density of whiskers can frequently b 8 ng an
isothefmal aging using matte-tin over Cu, as defined in Table 4, for 3000 to
NOTE[2 Test samples identified as containing areas both wit , with
time during storage, nucleate and grow new whiskers or iskers.
Therefore, reference samples identified and characterized fo ild not
be usdd at a later time for additional optical system validafi ain re-
charadterized by SEM inspection, and found to still meet the test sam equire i for the
detectjon-capability process
NOTE([3 Capturing a low magnification can be
used 3gs an aid for finding and identifying the exact™ either
opticallor SEM techniques.
B.2 | Capability of whis
The cppability of the gptical’s dated
by comparison of opt| aI lyieast to Rose made with an SEM This comparisom shall
be made on sa The
minimum numberg vidual
whiskers measured ns of
meastred lengt met:
1) FQqr the 'same pptical
syistem differg Dr any
pdrtictlar
ThHe measurements taken to validate the optical system and the results of the validation
prpcess’should be documented for reference.
NOTE 1 A sample with whiskers having lengths of 10 to 50 microns can frequently be created by

performing 1000 to 2000 thermal cycles, as defined in Table 4, on a matte-tin plating or finish.

NOTE 2 Reference samples used for whisker length as well as density measurements could, with
time during storage, nucleate and grow new whiskers or continue to grow existing whiskers.
Therefore, reference samples identified and characterized for the whisker length/density capability
should not be used at a later time for additional optical system validations unless all samples are once
again re-characterized by SEM inspection.
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Annex B Validation of optical microscopy equipment (cont’d)
B.3  Capability of whisker density measurement

The capability of the optical system to accurately measure the density of whiskers shall be
validated by comparison of optical measurements to those made with an SEM. This
comparison shall be made on six separate samples with whiskers ranging from 10 to 50
microns in length; refer to Note 1 of clause B.2. Preferably, at least one sample will have a
high density of whiskers and at least one sample will have a low density of whiskers,
according to Table 5. The six samples can be six separate terminations on one electronic
component, six separate terminations from multiple different electronic components, or can
be si® different areas on one or more coupons. The samples used for-validating-whisker
densify measurement capability can be the same as those used fo i ength
measlrement capability, clause B.2. For each sample, the number hi r than
10 migrons in length shall be measured with both systems withig \g| area.
The optical system passes if the following criterion is met:

1) ThHe whisker density measured with the optical systerr sured

with an SEM.

The measurements taken to validate the optica dation

prpcess should be documented for referenc

L
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Annex C Tin Whisker Images

A collection of scanning electron microscope images are presented in the annex that
exemplifies the appearance of tin whiskers.

Tin whisker filaments. . & — TS
- a corisistent crogs section.

Faish

Kind hiskers growing from a nodule.

Lo 2000 2pm 13000

Branched tin whiskers on bright tin (rare). Whisker initiating from a hillock.
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Annex C Tin Whisker Images (cont’d)

[ IR T B N T B S |
SO TZ50 =3 00K ZE( 4T 7220002 1AL O

e

inked wH oR _odd-skaped eruptions.

Tin whisker with rings.



https://iecnorm.com/api/?name=4f3ca6787b7deec1b5f0b44499991f8e

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Apparatus
	4.1 Temperature cycling chambers
	4.2 Temperature humidity chambers
	4.3 Optical stereomicroscope
	4.4 Optical microscope
	4.5 Scanning electron microscope
	4.6 Convection reflow oven

	5 Sample requirements and optional preconditioning
	5.1 Test samples

	6 Whisker inspection, length measurement and test conditions
	6.1 Handling
	6.2 General inspection instructions
	6.3 Initial pretest inspection
	6.4 Test conditions
	6.5 Screening inspection
	6.6 Detailed inspection
	6.7 Recording procedure

	Annexes
	Annex A   Process Flow for Sn-whisker Testing
	Annex B   Validation of optical microscopy equipment
	Annex C   Tin Whisker Images
	Annex D   Non-Whisker Surface Formations
	Annex E   Tin Whisker Test Standard Report Formats
	Annex F   Examples of Whiskers in Areas of Corrosion

	Figures
	Figure 1 — Optional Preconditioning Reflow Profile
	Figure 2 — A schematic diagram depicting a component lead and the top, 2 sides, and bends of the lead that should be inspected
	Figure 3 — A schematic drawing depicting a leadless component and the top and 3 sides of the terminations that should be inspected
	Figure 4 — A schematic drawing depicting one possible coupon and three 1.7 mm2 areas identified for inspection
	Figure 5 — Two examples depicting the estimation of axial whisker length that is made by adding all of the straight subdivisions or segments of a whisker

	Tables
	Table 1 — Details on the number of test samples and terminations required for comparison of screening inspection data. The number of terminations required for inspection depends on the tin-finished area of each termination
	Table 2 — Optional Preconditioning Treatments for Tin Whisker Test Samples
	Table 3 — Optional Preconditioning Reflow Profiles
	Table 4 — Tin Whisker Test Conditions
	Table 5 — Whisker density ranges that can be determined based on the number of whiskers observed per lead, termination, or coupon area
	Table E.1 — General Information
	Table E.2 — Detailed Whisker Information




