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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
AEROSPACE AND DEFENCE ELECTRONIC SYSTEMS
CONTAINING LEAD-FREE SOLDER -

Part 2: Mitigation of the deleterious effects of tin

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization f rising
alll national electrotechnical committees (IEC National Commlttees) The bmote
infernational co-operation on all questions concerning standardization in the e is. To
this end and in addition to other activities, IEC publishes International icqtions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides “IEC
Pdblication(s)”). Their preparation is entrusted to technical committees; a ested
in|the subject dealt with may participate in this preparatory wqg non-
governmental organizations liaising with the IEC also partlmpate i losely
with the International Organization for Standardization (ISO)AT ined by
agreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matiers ¢ y@§ possible, an interngtional
copsensus of opinion on the relevant subjects since @ach\teehi vittee has representation from all
interested IEC National Committees

3) IEL Publications have the form of recom ernatiQnal use/ and are accepted by IEC National
Cgmmittees in that sense. While all reasonable effqrt o-ensdre that the technical content ¢f IEC
Pdblications is accurate, IEC cannot be i the way in which they are used or fqr any
misinterpretation by any end user.

4) In|order to promote internatispal uniformit ications
trgnsparently to the maxi gence
between any IEC Publication dted in
th¢ latter

5) IE[ itself does not proyide brmity
aspessment ser r any
sefvices carried ®

6) All users should ensyre that the

7) Ngq liability shall gttas s and
members of its technical andlEC National Committees for any personal injury, property damgge or
other damage of_ak ature tsoever, whether direct or indirect, or for costs (including legal feeq) and
expenses axising © ication, use of, or reliance upon, this IEC Publication or any othgdr IEC
Pyblicat

8) Atjention_is d ative references cited in this publication. Use of the referenced publicatipns is
indispensab ct application of this publication

9) Atfention is\drawn_to the 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.

A PASYs a technical specification not fulfilling the requirements for a standard, but rpade

available 1o the public.

IEC-PAS 62647-2 has been processed by IEC technical committee 107: Process management
for avionics.

The 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
the following document

Draft PAS Report on voting
107/108/PAS 107/116A/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.
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This PAS is based on GEIA-STD-0005-2 and is published as a double logo PAS. GEIA,
Government Electronics and Information Technology Association, has been transformed into
TechAmerica Association.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of
3 years, at the end of which it shall be published as another type of normative document, or
shall be withdrawn.

A bilingual version of this publication may be issued at a later date.

@%
&
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INTRODUCTION

This PAS is intended for use by those procuring, designing, building or repairing electronic
assemblies that will use items with Pb-free tin finishes to document processes they use to
assure performance, reliability, airworthiness, safety, and certifiability of those assemblies. It
provides a framework to communicate and agree on the processes to be used to control and
mitigate the use of Pb-free tin in these applications.

The Aerospace Industries Association (AlA), the Avionics Maintenance Conference (AMC),
and Government Electromcs and Information Technology Assocratron (GEIA) formed a joint
work
docu
and
was
Subg
agree

This
STD{0005-1), GEIA-HB-0005-1 1, GEIA-HB-0005-2 2.
propfpsals, requests for proposals, work statements, con
be uj

research into tin whlisker
isk and reliability. It ddfines
at should be paid to the risk

tin use, and prohibition of tin

This
risk

thred
of tin
use.

Therge
—| Annex A provide i e ihg control levels and performing| risk

assessmendis;
—-| Annex B i
effects of tin ¥

ormation, properties, and potential deletefrious

—| Annex C pfow ) ound on various mitigation methods.
Due ' Areal.an ofential health issues, many constituent materials used ip the
prod efs have come under scrutiny. The European Union (EU) has

enacted ‘ 002/95/EC Restriction of Hazardous Substances (RoHS)| and
2002 S ectrical and Electronic Equipment (WEEE) that restrict or eliminate the
use i ubst ces in a variety of products that are produced after July 2006. Ophe of
the restricted is lead (Pb), which is widely used in electronic solder| and
electronic¢” piece part terminations, and printed wiring boards. While these regulations|may
appe@ardo only affect products for sale in the EU, due to the reduced market share of the

changlng thelr products because their prlmary market |s consumer electronlcs Additionally,
several U.S. states have enacted similar “green” laws, and many Asian electronics
manufacturers have recently announced completely “green” product lines.

The restriction of Pb use has generated a transition by many piece part and board suppliers
from tin-lead (Sn-Pb) surface finishes to pure tin or other Pb-free finishes. Lead-free tin
finishes can be susceptible to the spontaneous growth of crystal structures known as “tin
whiskers” which can cause electrical failures, ranging from parametric deviations to
catastrophic short circuits, and may interfere with sensitive optical surfaces or the movement

1 A future IEC/PAS 62647-21, based on GEIA-HB-0005-1, is in preparation.
2 A future IEC/PAS 62647-22, based on GEIA-HB-0005-2, is in preparation.
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of Micro-ElectroMechanical Systems (MEMS). Though studied and reported for decades, the
mechanism behind their growth is not well understood, and tin whiskers remain a potential
reliability hazard. Furthermore, the growing number of piece parts with pure tin finishes
means there are more opportunities for whiskers to grow and to produce failures.

@%
&
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PROCESS MANAGEMENT FOR AVIONICS -
AEROSPACE AND DEFENCE ELECTRONIC SYSTEMS
CONTAINING LEAD-FREE SOLDER -

Part 2: Mitigation of the deleterious effects of tin

1 Scope

This

This

proclire equipment that may contain Pb-free tin finishes.

For t

2.1

PAS is applicable to Aerospace and High Performance ¢

[erms and definitions

he purposes of this document, the following ter

electronic items that require electrical g

asse}mblies

asse

2.2

bright tin

tin fi

2.3

criti¢

item
meet

2.4

cust
entity
a hig

nish with highier int
contegnt of 0,2 °o,0

mblies

al
or function,
pri
bmer
or organizafierr'that (a) integrates a piece part, soldered assembly, unit, or system
her level system, (b) operates the higher level system, or (c) certifies the system for

For éxample, this may include end item users, integrators, regulatory agencies, opera
S), and subcontractors

PAS establishes processes for documenting the mitigating steps taken tQ reduce the
harmful effects of tin finishes in electronic systems.

vhich

nent
ered

rbon

ility,

into
use.
tors,

original equipment manufacturers

2.5

ener
EDS
meth

2.6
high

gy dispersive (X-ray) spectroscopy

od for material composition analysis

performance system or product

system or product which requires continued high performance or performance on-demand, or
equipment downtime cannot be tolerated, or end-use environment may be uncommonly harsh
and the equipment must function when required, such as life support or other critical systems
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2.7

lead-free

defined as less than 0,1 % by weight of lead in accordance with Waste Electrical and
Electronic Equipment (WEEE) guidelines

2.8

matte tin

tin finish with lower internal stresses and larger grain sizes typically of 1 um or greater and
carbon content less than 0,050 %

2.9

Pb-free tin

tin de¢fined to be pure tin or any tin alloy with <3 % lead (Pb) content by/weight. Thi eans
that |some Pb-free finishes other than pure tin, such as tin-bismugh & i are
cons|dered to be “tin” for the purposes of this PAS. Many of these f been

assepsed for whiskering behavior

2.10
Pb-free tin finish

Pb-free tin final finishes or underplates either external o bther

hardyare. This includes all , : ted, “encapsulated, or
othefwise not exposed. eCthi hiece
party, and boards. It does not include Pb-free b K ¢ , /8 ials, balls,

or thpse devices where the Pb-free tin fin

2.1
piece part
electronic component that is not normally(disa ' i i i mally

2.12
rewdrk
act pf reproces
proce¢ssing in a
specifications

ivalent
ings or

2.13
repajr
act qf r
complianeg of a

udes

2.14
sub-pontractor
organzatlon W|th|n the glven hlgh rellab|l|ty mdustry, that supplles mamtams repalrs, or
suppk .

systems

2.15

supplier

entity or organization that designs, manufactures, repairs, or maintains a piece part, unit, or
system. For example, this includes original equipment manufacturers (OEMs), repair facilities,
subcontractors, and piece part manufacturers. In some cases, a single organization may be
both a customer and a supplier. They should follow the requirements for suppliers when
addressing their customer’s contracts and should follow the requirements for customers when
flowing down requirements to their lower tier suppliers

2.16
system
one or more units that perform electrical function(s)
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2.17

tin whisker

spontaneous crystal growth that emanates from a tin surface. They may be cylindrical, kinked,
or twisted. Typically they have an aspect ratio (length/width) greater than two, with shorter
growths referred to as nodules or odd-shaped eruptions (OSEs). See Annex B for further
description of tin whiskers and their physical attributes

2.18
unit
one or more assemblies within a chassis to perform electrical function(s)

219

X-ray fluorescence

XRF

methjod for material composition analysis

3 equirements

3.1 Determination of levels

The fpustomer is responsible for determining the coritrol eeking and identify it
in their request for proposal when this PAS is i S o determine the |level
of oVersight and review the program wi i bvels
may [be required for different products. e for
definjing these different levels and theira G S i [ d the
supplier will determine the levels.

The [customer and suppli 3 this
agregment in appropriate<control/docume

Therg will be cases wher 3 ini inati i ication
of mitigation methods. ent
and @ssess the Impa y be
acceptable if technig

3.2

3.21

Each e| for
their high
perfg is it
intended(to- imply that any aerospace or high performance system will be more or|less

reliable, dependlng on the control level that is selected from the above list. Rellabll ty is
s, of
which tin whlsker m|t|gat|on is only one. It |s expected that, whatever IeveI of mitigation
category is used, the system reliability will be assured by the totality of all the methods
available to the producer and user of the system.

There are many aspects to tin whisker control. For the purposes of this PAS, the activities
have been grouped into four categories:

— documentation of uses of Pb-free tin;

— detecting and controlling Pb-free tin introduction;

— tin whisker risk mitigation;

— tests and analyses of tin whisker risk and mitigation effectiveness.
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If only Level 2, with no sub-level, is identified in a control document, the default level shall be
assumed to be Level 2A.

3.2.2 Control Level 1 requirements
3.2.21 Requirements for documentation of uses of Pb-free tin

There are no requirements. The supplier should provide general information regarding types
of platings, finishes, and solder used and plans for process controls on those processes in
accordance with 3.3.1. If the supplier is unable to determine some materials, this shall be
stated.

3.2.2.2 Requirements for detecting and controlling Pb-free tin fini oduction

No rgquirements.

3.2.23 Requirements for tin whisker risk mitigation

No requirements.

3.2.24 Requirements for tests and analyses of
effectiveness

itigation

No requirements.

3.2.3 Control Level 2A requirements

3.2.31

Therg are no supplier ¢require . i should provide general informjation
regafding types of platings : d and plans for process controls on fhose
procésses in accorda [ B3 ' JuppHer is unable to determine some mateyials,
this ghall be state:

The ¢ustomer is responsibie isting. any applications where Pb-free tin is not allowed.

3.2.3.2 ent ecting and controlling Pb-free tin finish introduction

3.2.3.3

The suppliershalbhprovide descriptions of any mitigation methods assumed to be in use fdr the
tests| and™ analyses in 3.2.3.4. The supplier shall provide descriptions of any mitigation
meagufes taken for hardware.

The customer is responsible for defining any mitigation measures that are required or
disallowed.

3.2.34 Requirements for tests and analyses of tin whisker risk and mitigation
effectiveness

The supplier shall provide an analysis addressing the risk of tin whiskers in accordance with
3.3.4. This analysis is expected regardless of whether mitigations are applied. If no
mitigations are applied, the analysis should demonstrate why they are not needed. If
mitigations are applied, the analysis should demonstrate that they are effective.

For Level 2A, these analyses may be performed at the process level. For example, the
analysis might address all devices with a particular mitigation technique employed.
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3.2

3.5 Exceptions

Specific piece parts, soldered assemblies, units, or applications may be required to meet a
higher level of control. These requirements shall be specified in contractual documents.

3.2
3.2

For

4 Control Level 2B requirements

4.1 General

Level 2B hardware, these control plans may cover families of piece part types or

appllcatlons Separate assessments and control plans for each |nd|V|duaI |tem are not

3.2.4.

and
Lin in
st of
ance
is shall Bbe stated.

is not allowed.

in finish introduction

on a sample basis, inclyiding
accordance with 3.3.2.1.

The |[customer is res ible itigation measures that are requirgd or

disallowed.

The $upplier shall i ef iti g measures contractually required by the customer.

Itis 1 y tha 3 piitigation measures in accordance with 3.3.3 be reqpired

If a

pecific_risk algqrithm or other method for evaluation measure is required, the custoner is

responsible*for describing them in the request for proposal. The customer is also resporisible

for communicating any documentation review or oversight requirements to the supplier.

The supplier shall have documentation covering the following elements:

the mitigation measures taken for each family of piece parts or applications of Pb-free tin
finish in the product;

the tests or analyses performed for each family of piece parts or applications using Pb-
free tin finishes, to determine risk of whisker growth in accordance with 3.3.4;

if there are other uses of Pb-free tin outside the families, the mitigation measures taken
for each piece part or application of Pb-free tin finish in the product outside the families;

if there are other uses of Pb-free tin outside the families, the tests and analyses performed
for each of these piece parts or applications to determine risk of whisker growth in
accordance with 3.3.4;
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provide the risk assessment and mitigation measures to the customer for their review, as
requested or required by customer.

3.25 Control Level 2C requirements

3.2.5.1 General

For Level 2C hardware, separate assessments and mitigation plans are required for each
instance of Pb-free tin finish use. For example, instead of one assessment and mitigation plan
covering all tin-plated capacitors, each capacitor type and application must be reviewed and
approved, even if the same strategy is applied to each situation.

3.2.5.2 Requirements for documentation of uses of Pb-free tin

The supplier shall avoid use of Pb-free tin whenever possible. The supglie use
of Ph-free tin finishes without prior written permission of the custoptt ide the
custd S iewed and
appr

The rs in
acco

3.2.53

The with
3.3.2

For ¢ one
part

3.2.54

The |customer is~responsible d or
disallowed in thust forpropg

The $upplier shal

3.2.55 eq Ui asts and analyses of tin whisker risk and mitigation

The fusto responsibte for describing the risk algorithm or other methods for evalugting
mitigf i if applicable. The customer is|also
resp punicating any documentation review or oversight requirements t¢ the
supplier.

The supptiershatthrave documentation covering the foftowing efements:

the mitigation measures taken for each piece part or application of Pb-free tin finish in the
product;

the tests and analyses performed for each piece part or application using Pb-free tin
finishes, to determine risk of whisker growth in accordance with 3.3.4;

provide the risk assessment and mitigation measures to the customer for their review, as
requested or required by customer.

3.2.6 Control Level 3 requirements

3.2.6.1 Requirements for documentation of uses of Pb-free tin

The supplier shall not allow use of Pb-free tin finish.
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The supplier shall provide a plan for passing the requirement to lower level suppliers per
3.3.1.4.

The supplier shall maintain records of their monitoring of materials in their product.

3.2.6.2 Requirements for detecting and controlling Pb-free tin finish introduction

The supplier shall monitor the material in their product per 3.3.2.2.

3.2.6.3 Requirements for mitigation of tin whisker risk and mitigation effectiveness

Not gpplicable, as Pb-free tin finish is not allowed.

3.2.64 Requirements for tests and analyses of tin whisker risk ¢
effectiveness

Not gpplicable, as Pb-free tin finish is not allowed.

3.3 | Implementation requirements

3.3.1 Documentation of uses of Pb-free tin
3.3.111 Documenting general materials and-praces S PA)
Docymentation of general materials dnd pro i and
soldgrs used in the products and the g or

installation of products with Pb-free tin fimi used
for different applications, the applic sses

tion -and, t »
should be listed. Although kevels 1 any 20t i , the
supp| imi te’ hot ppohibit the use of Pb-free tin finish

ES in
some

3.3.1. ) S Pbxfree tin)finishes by family (applies to Level 2B)

Docd ge tin finishes shall include a list of each famjly of
piecs hich surfaces are tin, and a description of the {inish
comy i fpi arts pMight include multiple part numbers of a particular type of
piecs 4 plencapacitors or it might include all piece parts from a particular
supplier. @ er~shalNals® provide a list of what applications will include piece parts
from [an

3.3.1. Documenting specific uses of Pb-free tin finishes (applies to Level 2B and

Docymeéntation of specific uses of Pb-free tin finishes shall include a list of each individual
pieca_part with a Ph-free tin-finished surface and a description of the finish compaosition, dnd a

list of what applications will include that piece part.

3.3.1.4 Flowing requirements to lower level suppliers (applies to Level 2B, Level 2C,
and Level 3)

Requirements for tin whisker control, analysis, and mitigation are applicable to all purchased
and subcontracted elements and materials for the program. This may require flowing down
these requirements to lower level supplier or performing extensive analysis of purchased
material. The supplier should be prepared to document how they addressed the risk from
purchased equipment if requested or required by the customer.
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3.3.2 Detecting and controlling Pb-free tin finish introduction
3.3.21 Sample monitoring plans (applies to Level 2B and Level 2C)

A monitoring plan, including method of test and sampling scheme, should be agreed to by the
customer and the supplier for Level 2B and shall be agreed for Level 2C.

For Level 2B, the monitoring plan and sampling scheme should focus on critical hardware
where Pb-free tin usage approvals have not been obtained.

For critical hardware following Level 2C where Pb-free tin usage approvals have not been
obtaijned, the monitoring plan described in 3.3.2Z.2 should be used.

Some testing methods and their limitations are described in the Annex

3.3.2.2 Lot monitoring requirements (applies to Level 3)

A lo{ screening program is required for all items with metallic fimi 8¢ It contalining
metallic finishes shall be tested by a method agreed to in wfi k gmer, at leas} one
sample per lot or batch received, unless otherwise specifi N6 . A minimgym of
3 % Pb by weight is required. Some testing method i limitations” are described in
Clauge C.1.

Custpmer may allow an exception for itoping : cification defines all finishes
as gold with no Pb-free tin finishes and a W i thle device shows it to be gold-

3.3. 2 applies to Level 2B, Level 2C)
3.3.31 General

Sinc¢ the failure mechlanisms \i qwth are not fully understood, no single methjod is
an agsurance agéd i irall. apphications, environments, and lifetimes. The methpd or
methjods used sha i

Many mitigation been proposed in the literature and are summarized in Clause

C.2. |Additiona be-found in JP002. Recommended mitigations, and some
information ¢n Cci ere they might be most useful, are presented below. The
categories.i i st représent four independent approaches; multiple actions taken in
one cat 3 39t cohgsidered separate mitigations. Other mitigations methods mgy be

applied butdoctientatiQrregarding their effectiveness shall be provided.

The pelection of the-appropriate mitigation techniques will depend on the assessment df the
application’ and data regarding the mitigation strategies. The discussion of risk assessments
provided”in Clause A.3, may help in selecting appropriate mitigation combinations. gtome
combinations of mitigations may be more effective and make more sense than others. The
combination for a particular application should be carefully evaluated to make sure that the
mitigations will successfully work together to reduce the risk of whiskers.

3.3.3.2 Design to reduce whisker impact

Although design for reduced whisker impact could include several areas, such as piece part
selection and process changes, for the purposes of this PAS it means board design to reduce
the chance of whiskers causing shorts even if the whisker has grown. Design mitigations
could include the spacing of surfaces on which a whisker could bridge and cause shorts and
the use of physical barriers.

Empirical studies over the past several decades have shown the distribution of lengths and
density of tin whisker population can span wide ranges. For example, many tin finishes
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seemingly may never grow whiskers while others may grow large numbers of whiskers in
excess of several millimetres in length. In extremely rare cases maximum lengths on the order
of 10 mm have been documented. Intuitively, the risk of tin whisker induced shorting
decreases as the minimum shorting distances in the circuit design increase. More information
on whisker growth rates and lengths is provided in the informative Annex B.

The spacing requirements are left to the discretion of the customer and supplier, as different
applications may be tolerant of different levels of risk.

Placement of a physical barrier can prevent whiskers from growing from one conductive
surface to another. Because whiskers can grow through oils, greases and softer lacquers,
care|must be taken in selecting the material of the barrier; the harder materials are fuch
morg effective, provided they remain intact. While a barrier may prevent a whisker"grqwing
from|one conductive surface to another, it cannot mitigate the risks/as ith [free-
floating whiskers unless a combination of barriers fully encase the tin4

3.3.3.3 Select lower risk Pb-free tin finishes

Althdugh all tin finishes (including those with >3 % Pb conten v N iskers,
some finishes have greater risk than others. Selection of a~matte i i ickel
underplate, or a Pb-free tin alloy with nickel underp risk
finishes than bright tin or tin finishes over copper. Iny bther
lowef risk finishes is under review in the Ilterat e bNics
Manufacturing Initiative (iNEMI) may hg

Therg are also an increasing number of supyplis i t are
warranted against whiskers. Use of thése finishe ication
envin

If thi itigati S i e i\documentation supporting selected finish

perfg

ents are considered to be in the category of lower

For t
ini ide reflow, fusing, or annealing at the piece part or

risk

boar impact of these processes is provided in C.2.2.4 and
C.2.2.5.

3.3.3.

As sf in tt finition,\if all Pb-free tin finishes on the device have been replaced thrpugh
replati ipping then the device is no longer considered to be tin-finighed.
Howegver, i ne tin-finished surfaces have been reworked, then the actiong are

cons|dered<to be mitigations. For example, if tin-finished leads are solder dipped in Sn-Ph, but
the dipping does not reach the piece part body, the dipping is only a mitigation and not p full
replacement. If there are tin-finished surfaces that cannot be reworked because of
encapsulation, then the replacement of exposed Pb-free tin finishes is only a mitigation.

Replacement of finish may lead to suppliers no longer guaranteeing the performance of piece
parts. Therefore, some analysis and possibly qualification of the re-processed piece parts
may be needed to verify that they will function as intended. It is recommended that customers
require objective evidence that the functionality of the piece part has not been compromised
by the aftermarket processing. This is an area of active research, and several groups are
working on best practices to avoid damaging the piece parts.

3.3.3.5 Conformal coat

The use of conformal coating does not eliminate the potential for whisker failure entirely;
however, it is a mitigating measure. For most coatings, tin whiskers have been shown to
eventually grow through thin coatings. Although there is believed to be low risk of a whisker
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penetrating the coating of an adjacent surface, whiskers could still short to other uncoated
surfaces in the area. For some piece part types, it is difficult to entirely encapsulate the
individual interconnects so there remains a direct path for shorting due to whisker growth.
Other drawbacks include bubbles between tightly spaced leads and connector mating pin
overspray contamination. Coating materials and processes should also be carefully reviewed
to ensure their compatibility with the hardware design and application. For example,
excessively thick coatings and/or mismatches of coefficients of thermal expansion may reduce
life expectancy of solder joints or crack piece parts.

It is recommended that an assessment of the conformal coating process be performed to
assure that coverage and thickness are adequate and consistent. It is also recommended that
the donformar coat process be regularly evaluated an lable
for clistomer review.

3.3. Methods for analysis and evaluation of tests and mitigatic

risk and mitigation effectiveness
3.3.4.1 General

The |customer and supplier should evaluate their produd sphcatiens, and environments
and evaluate how test data and mitigation strategy appti S itj

3.3.4.

Analyses of application tolerance mighi\i ipti of spacing distances versus
distripbution of whisker sizes and examination of barrier locations or
confermal coat coverage, gr Failure

shorfs, plasma events, and psssib nicalNdysfunction.
Tole i in whiskers have no impact or that there is $ome
level e i } act, the supplier and customer should evaluate those

risks

In s@
desig

Ive a discussion of the overall reliability model of unit
e application has adequate margin, a redundancy,| or a
main for a probability of whiskers without impacting misgsion
perfa : ¢ case that field data on particular tin-finished piece pafts in
simil - ists, and can be used to support a low risk of whisker impact.

3.3.4. alyses of whisker propensity tests

Althqugh(the mechanisms for tin whisker growth are still unknown, there are several test
methiods’ ,being used by suppliers in the industry. Industry standard tests do provide a

com ab-mathad -and caomoarabla_data
o TreTtToCt—aTrTa— o oTTparaorcoatas

Many piece part suppliers are involved with developing tin whisker test methods and finish
qualification methods. Some examples include JESD22-A121 “Test Method for Measuring
Whisker Growth on Tin and Tin Alloy Surface Finishes” and JESD201 “Environmental
Acceptance Requirements for Tin Whisker Susceptibility of Tin and Tin Alloy Surface
Finishes.” Tests typically include aged samples being put through thermal cycling, humidity,
high temperature, and ambient testing. Acceptable test results alone should be considered
adequate only for Level 2A hardware.

If qualification or other test data is included, the analysis should include a discussion of why
the test was representative and how the results were generalized to the application
environment and product life length. Note that, until the fundamental mechanisms of tin
whisker growth are understood and acceleration factors established, customers with
environmental exposures longer than the test length should be cautious about extrapolating
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the test results too extensively. This is particularly true for systems with greater than 20 or 30
years of storage and mission life, harsh temperature cycle environments, or harsh humidity
environments. Even tests that show whisker growth rate slowing should be applied with
caution as periods of dormancy have been observed on whiskers.

3.3.4.4 Analyses of field data

Suppliers’ field data of historic reliability on hardware using tin piece parts may provide insight
into the risk of tin whiskers. Historic failure databases of these tin piece parts in these
applications might include some tin whisker failures, if failures were possible, but their cause
may not have been traced to a whisker.

Howlaver care must be taken in extrapolating field data results. Differe ing procesgses,
from|different suppliers, may have different propensities to whiskering ingyRumber of
piecg parts with Pb-free tin finishes means there are more opportunjt
and {o produce failures. The similarity of the field data to future use
analysis taking this approach.

3.3.4.5 Other analysis issues

Analyses should also discuss any applied mitigation
feature, criteria for appropriate spacing and barri . If lowet risk
finishes have been selected, the finishes sho a or
referp i i vted. omesPb-free tin finishes |have

has a mitigating

been aining Pb-free tin finlshes
and did not damage the dgvice.
Conf the coating type, data| and

referp at limiting whisker growth, and any

meas

Anal nsus
on 3 hese
evall

Unli rage
cond lon
perio frorg

this
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Annex A
(informative)

Guidance on control levels, risk assessment,
and mitigation evaluation

A.1 Introduction

The [deferminaiion of the suitability of the use of Pb-free tin musi be performed, oh an
appli ation -by-application basis. Unfortunately, the current state of our understanding gf the

tin

Poteptial applications of high reliability electronic systems ¢ ad" systems
wherg no failures can be accepted for very long periods of\i ften-e ing 20 yeafs, to
systgms where it is necessary to be single failure tolg ANt st hekessdary to mitigatg the
effects of single failures utilizing multiple technrque in i cy and field support
actiops. A guiding prlncrpal should be that it ¢ ible vave a single channel

ctronic systems, multiple
provisions and techniques are i€ation specific religbility
and availability. These principles app ori in whiskers as well as pther
failule mechanisms that have long been-evnsids isk and reliability assessments.

A.2 | Level determinag

Therg are three basic|le : Qn tinfinishes, some controls on tin finishes) and
prohibition of tin finishes. Lewek 2, e controls on tin finishes, has three sub-levels] The
diffe;lences bet & \ay seem subtle, but the differences were carefully
established to aNow xii different program types. Full requirements are

provided in the no
summary of requq

His PAS, but it may be helpful to review the follqwing
heh sglecting a program’s level.
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Table A.1 — Summary of control level

—19—

requirements

Documentation of tin Detection and control Mitigation Risk analysis
use
Level 1 Supplier: general None None None
information on finishes
used
Level 2A Supplier: general None None. However, | At the process level:
information on finishes if mitigation analyses showing
used methods were application tolerance to
assumed for the | whiskers, OR analyses
purpases of of tests to demanstrate
Customer: list of any analyses, the i
applications where tin is supplier shall ield
not allowed report those
assumed
mitigationg~ be met
tions
Level 2B Supplier: list of families of | It is recommended that At@'l"y level:
tin-finished piece parts the supplier and customer nalys€s showing
and categories of develop a sampling plan application toler@nce to
applications where they for confirming material iskers, OR anplyses
would like to use tin received. of tests to demopstrate
propensity of
whiskering, OR flield
Customer: list of any data analysis
applications where tin is demonstrating
not allowed requirements will be
met. Some indiv{dual
uses may need o be
analyzed at the |nstance
level.
Level RC Supplier: list of At least two At the instance Ipvel:
instances of purextin i mitigation analyses showinjg
methods are application tolergince to
required. whiskers, OR anjlyses
Custorfier: list of any of tests to demofstrate
appls ere tirkis propensity of |
not allowe whiskering, OR field
tical piece parts, data analysis
assemblies or systems, demonstrating
tie plan should include requirements will be
sampling at least one part met.
per lot of all piece parts
not approved for tin.
Level 3 & E‘NQ&H: L dQcumeNytation At least one sample per None. Not None. Not applidable.
f lotNgcreen results lot of all items containing applicable. No No tin is to be uged so

metallic finishes must be
tested by a method
agreed to by the customer
and supplier.

tin is to be used,
so no mitigation
is required.

no risk analysis
required.

2]
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As part of the determination of which tin whisker control level is appropriate for a specific
application, factors to be evaluated could include the following:

what techniques are currently utilized to achieve acceptable failures levels for identical or
similar applications?

are these techniques sufficiently effective to assure that tin whiskers will not be an issue?

some customers and suppliers may have been utilizing electronic piece parts with Pb-free
tin finishes in safety critical applications for many years and this experience may help
inform decisions about future Pb-free tin use. Does field data exist for the types of
enwronments for the appllcatlon in quest|on’? Is the data on plece parts, soldered

tegy,
and

ed if

igable

the
jacent
r-to-
, pften
of the whisker in the manner of a fuse element. Fof low
applications, plasma events may result from the shorting.

isker
grows~in_one\location, becomes dislodged, and is transported to another location
where-it bridges between two conductors creating a short circuit. (This fgilure
meéchanism has been widely reported to have been induced by zinc whiskers.)

c) "Whiskers that become loose within an assembly that is highly sensitive to
contamination can pose a variety of risks, depending upon the system including:
disruption of optics, disruption of micromechanical function, blockage of extremely
small orifices, etc.

d) Whiskers that grow from the surfaces of RF waveguides into the region of space where
the RF fields are propagating can affect the performance of the device, without
necessarily contacting a second surface.

The performance of these assessments must take into account the various factors that affect
the risk of occurrence of these tin whisker-induced failures. There are five principal factors
that must be considered in assessing such risks. These are the following.

Factor 1: The propensity of the Pb-free tin surface in question to grow whiskers of a given

length, in a given abundance, in a given time frame.
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Fact

Fact

Factor 4:

Different coatings of Pb-free tin will produce whiskers of various densities and
length distributions [77, 78]. In general, shorter whiskers are more numerous than
longer whiskers. Various mitigation techniques are applied with the goal of
producing low densities of whisker growths that do not include long whiskers. The
intent of testing methods for whisker growth, such as JESD-201, is to verify that
coatings do not produce long whiskers. Care must be taken when performing a
risk assessment to be sure that assumptions on whisker length and densities can
reasonably be applied to the Pb-free tin coating under consideration. One area of
concern is that whisker growth data and testing is typically performed at the piece
part level, but the risk must be assessed after higher-level assembly.
Manufacturing processes at the OEM that induce stress into the surface (lead

Dr 2:

farratino—I, aharina $ matina bandlioa Ao oo o o\ oo inara oo th
LASARERELRAS BT reaa OII(AIIIIH, CORHEEtor mracrTty, rartdarty UUIII(AHU, TToT / |||uy Herease e

propensity for whisker formation.

Whisker growth has been reported to occur over a wide ates.
Whisker growth kinetics are typically described as oc 8_phases:
latency, growth, and saturation. Growth rates from 0,0 r lhave

been reported. Latency periods have been reported ears
as a
, an

may
short
The principal factors for ggnsi A 1i tors,

Whiskers must be sufficigath 3 % i i risk.
Therefore, the size.
Conductor spagi ility of

are
owth
(s in
it is
r|ers
taking compound materials, etc.) may reasonably be

isker penetration. Barriers that are soft or thin (confgrmal
lacquer, etc.) may not be completely effective in preventing

L
sed as barrlers their ability to stop whlsker penetratlon needs tp be

of whiskers to break off and to migrate to a different location im the
systemywhere they could create electrical shorts or act as general contamifants
in especially sensitive assemblies.

Although there is a significant body of experience related to fajlures inducdd by

migrating zinc whiskers, there is much less data regarding failures due to
migrating tin whiskers. Because of the small scale for tin whiskers, shock and
vibration excitation will be far less efficient than fluid flow or electrostatic
excitation to produce whisker motion. The risk associated with creating electrical
shorts will relate to the conductor spacing within the assembly as related to the
length of the whiskers that have formed. In this case the conductor spacing of
highest concern would be the smallest spacing found within the assembly that
contains the Pb-free tin coated surface.

The vulnerability of the system to suffer performance degradation due to electrical
shorts such as might be created by tin whiskers.

Whisker-induced shorts can either be transient, due to whisker fusing, or
persistent. The amount of current conducted by whisker, and for how long, will
depend upon the applied voltage, length of the whisker in the air pressure [8, 23,
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35]. A determination that a particular whisker-induced short will be transient (e.g.,
due to whisker fusing or melting) does not generally provide sufficient justification
to conclude that system-level dysfunction will not result.

The vulnerability of the system to suffer performance degradation to the presence
of whiskers as general contamination.

Considerations here apply to extremely sensitive systems where very high degree
of cleanliness is required for reliable functionality. Such systems would normally
be assembled using clean room controls. Examples of these include optical,
micromechanical, and some fluidic systems. In this case assessment of the
anticipated whisker growth should be compared to be system limits for

The

jetailed contributors to these factors are discussed in reference [7

contamination to determine whether the anticinated arowth could nr uce
Lud ~J Ll

contamination of a size and quantity that could affect system perfermance.

It is r will
fuse that
any f{ hture
of whi

The bility
for a such
as IS s for
risk 3

There

First|approach: cord
Secand approach: nder
Thirg approach:QDeelop P cern
In pr

An € shold
could ness
of 140 fn isker
risks nitigation level 2B hardware." (Arbitrary example, not intended ps a

recommendation

Exa
[75].

ples-of algorithms for use in calculating a risk metric are described in reference [74] and
Useérs may consider applying these existing algorithms without modification, modifying

them to suit specific needs, or using them as a basis for the development of new algorithms.
(The algorithms described in these references are available for use in the public domain,
without restriction.)
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B.1

Annex B
(informative)

Technical guide on tin whiskers

Common tin whisker attributes

The following paragraphs prowde an overwew of some of the observed characteristics of tin

whisl

9,1

a, 19., 20, 23, 25, 27, 28, 30, 33, 35, 43, 68].

o Yariable: rates from 0,03 mm/
rates
such
may

and
[33].
spite

f the

p

Density-of growths: Although whisker densities up to 10*/cm? have been observed| this
measurement also varies greatly in the literature [8]. Variation may be due tp an
inconsistent definition of what length should be counted [30] or to differences i the

Q

MpPressive siresses In the Pb-iree tin or subsiraie layers [8]. EXperiments also have
recorded changes in whisker density from both radiation [34] and plating thickness [29].

Current-carrying capacity: Under normal atmospheric conditions, the capacity typically
measures between 10 mA and 32 mA [23, 35]. However, capacities as high as 75 mA
have been observed [8]. The capacity depends on the thickness of the whisker and on the
environment. Because air can provide cooling which might lead to higher current capacity,
lower current capacity might be expected in a vacuum or low-pressure environment. Here
the dangers of fusing a whisker in a low-pressure environment should again be noted. In a
low-pressure environment, under certain voltage and current conditions, the vaporizing of
the tin may initiate a plasma that can conduct hundreds of amps. The plasma may
continue until all the available tin from surrounding areas is consumed or the supply
current is interrupted [8].

Mechanical strength: Their crystalline structure makes tin whiskers surprisingly strong in
the axial direction. High forces in vibration and mechanical tests may be needed to
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damage or break free whiskers [35]. These experimental results may not match all
experiences, however, as there are known examples of whiskers detaching and creating
short circuits or jamming mechanical mechanisms [8]. Shear strengths may be lower,
particularly in long whiskers [8].

B.2 Tin whisker growth mechanisms

The mechanisms by which tin whiskers grow have been studied since the 1950s. From the
earliest papers, research agrees that the growth occurs at the base of the whisker, not the tip
[30]. The exact mechanism of tin whisker growth is not understood. Many researchers
cont . oo o

Many factors can contribute to these stresses and the formation of #hj ative
importance of the factors has not been determined. A list of whatk appes | most

tors

) o ore
is formation than does rhatte
hteprers. Tin with smaller grain

izel T43]. Platlngs between p um

be - i ss of process or brlghtness that are
fu

o | : diffuse into the tin. The intermetpllics
fq 9 3t€ compressive stresses.

. echanical loading: [ S ming of nuts or screws can introduce locglized

echanical BSS. ing can also lead to whisker growth. These
echanical leads sker formation, although experimental results jhave

been mixed [5,78

ither
ation

5s at

B.3 | Environmental factors

There is a great deal of uncertainty regarding environmental factors that might affect whisker
formation. To date, there are no accepted test methods for evaluating whisker propensity, so
determination of causal relationships has been difficult. Much of the experimental data
compiled to date has produced somewhat contradictory findings regarding which factors
accelerate (or retard) whisker growth [1, 2, 3, 8, 10, 16, 19, 25, 49].

e Temperature: Elevated temperature increases diffusion and formation of intermetallics, so
it might accelerate whisker formation. However, high temperatures can also relieve
internal stresses. There is a growing consensus that temperatures of approximately 50 °C
may be optimal for tin whisker formation (the recrystalization temperature of tin is 51 °C —
52 °C), but whiskers can grow well, and some experiments report faster, at room
temperature (22 °C to 25 °C). There may be a maximum temperature for whisker
formation, perhaps above 150 °C [20], but a lower bound on formation temperature has
not been found as whiskers have been observed to grow at temperatures as low as —40 °C

8].
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e Barometric pressure: Pressure seems to have little effect on whisker growth. Whiskers
have been observed to grow in both earth-based atmospheric pressures and low-pressure
(vacuum) environments [8, 20]. Some theories have been proposed that oxidation may
contribute to whisker growth [48], but because whiskers have been shown to grow under
low-pressure (oxygen starved) conditions, it is clear that oxidation is not required for
whiskers to form.

e Humidity and moisture: Experiments examining the effects of humidity have been
inconclusive. Some results have shown increased growth rate in high humidity (85 % -
95 % RH), but others show no change [8, 20, 50, 61].

. Thermal cycllng There is also no consensus on whether temperature cyclmg affects tin

: eXP Sty ye 4 have
e the
elow
cling

here
ever,

56].
bther

equential environments: While no extensive
of multiple environments to represent actuz
) e of these effects [4| 60].

ized \that prec¢onditioning of finishes does ledd to
s.addressed in JESD22-A121 and
include exposure to mtlltiple
sment of tin whisker growth should

e@lif cycle environments, $ome
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Annex C
(informative)

Technical guide on detection methods, mitigation methods,
and methods for limiting impact of tin

C.1  Methods of detecting tin

C.1. General

Subdlause 3.3.2 requires monitoring of products for Pb-free tin finishes i sents
somg¢ common methods used for such detection. These method oped
specifically to identify pure tin and can also identify other mate zinc,
cadmium, copper, and lead-free solder materials.

For lLevel 3 hardware in particular, care should also be tak : s on
multiple surfaces of the devices. Magnification should bé ; e the
final |surface may not have covered completely and, 3 3 ; 0 be
analyzed.

C.1.2 X-ray fluorescence (XRF) spe

The most common method for Pb-free\tin det (i is a
non-flestructive material analysis techni \ Ions,
ctric

beyohd lead-free, for many years. lts(elementaryi
effect. The fluorescence radjati a VSIS emitted as a result of the ionizjation
e in the

of inper shell electrons o e“sample under investigation. The energy of this

fluorgscence radiation is shara istic\for~each |element. The intensity distribution of the
radigtion energy (“spect y o stor becomes the foundation for the anglysis
of the chemical c$ i

XRF{analysis can bg analyze all solder alloys, including substrate splder
alloys, ination® inishes, as well as assembly solder alloys used ip the

given application iqi manufacturing and repair. It provides a non-destru¢tive,

non-gontact pies t: etermining elemental concentration of alloys.
Therg Rta d portable detectors available that can produce results in seconds
[51].|Howeyer, 1st/be taken with XRF as sometimes there can be false readings as

matefrial content™of lower plating levels or surrounding areas are averaged into the results.
Therg are techhiques for minimizing these effects, but they may require use of bench-top| XRF
equipment rather than hand-held. Particular equipment should be reviewed to make sure it
has The capability of reviewing layered materials; some equipment can only perform|bulk
mMeasurermerts—and—may—rotbe—appreoprateforreviewingfrish—materal—Smal-—spet size
collimation should also be available. It may be difficult to tell where a hand-held device is
making its measurement for small spots. Misleading measurements are also a possibility if the
measurement surface is not relatively flat. If the surface is not close to flat the data will reflect
back at an angle and miss the detector. When this happens, measurements just represent
noise.

Some of the comparable benefits of XRF over other detection methods are as follows:

o fast
e non-destructive
e less expensive

e user friendly - low skill level is required to operate
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e good for large solid surfaces of one material type

e good for small parts with multiple materials if the XRF has a magnified video capability to
ensure the XRF beam is hitting the area of interest.

Some of the comparable drawbacks of XRF to energy dispersive (X-ray) spectroscopy (EDS)
are as follows:

e plating thickness and part size can affect reading accuracy, unless care is taken in
developing appropriate software and techniques;

e buried materials (i.e. lead inside a part) can be picked up indicating lead is present when

the_actual plated surface is pure tin_unless care s taken in developing appronriate
L Ll 7 Ll 7 rr

spftware and techniques;

o there must be a base-line or expected material. Analysis compare ial fo an
ekpectation. Calibration and software may depend on the accurac ig

e itfmay be difficult to perform on some very large surfaces (partict nJargenechgnical
of structural materials) and on very small samples (<50 um);

e verification of results by EDS may be required and is ¢ iguous
results.

C.1.3

For pituations where XRF results are ambigyo\ S i imits, [it is

recommended that another analysis teChaique; suct hese

tests|take longer than would be practical fora gene bcise

results in confusing situations. Most peop htary

test and they often use EDS to verify

EDS|uses the same physi i a iation i erial;
the fundamental differencedi a ‘ iation i itati f the
sample to be analyzed with & ‘ K-ray

lines| therefore reguirlng e , and is onIy sensmve to 1-2 ym depth.|EDS
also|can be c@
preparation may !

analysis method; however extensive sample

Some of the co 3 S DS over XRF are as follows:
e cppable <of hig b reading (typically the energy resolution is better, more
eleme , and the analysis software is more sophisticated on [EDS

measures~a/surface depth in microns so it is not influenced by underlying base lajyers.
Howeverfor an_analysis beyond the surface, a cross section of the sample is required|

Some of . the comparable drawbacks of EDS to XRF are as follows:

o lower detection efficiency, except for light elements such as O, Mg, Na;

e smaller sample volume results can be influenced by the microstructure, surface
roughness, and surface contamination;

e more expensive;
e longer analysis time;
e needs a skilled operator - interpreter/analyzer;

e Method may be destructive to device.

There may be concerns for both methods for accurately giving a percentage of the element
that is identified. Calibration and technique can lead to variation. The elemental analysis gives
a relative indication of the content of one element vs. the others, but does not give a definitive
percentage, so trying to identify 2 % versus 4 % lead content is not always reliable.
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For Level 3 hardware in particular, care should also be taken to take material readings on
multiple surfaces of the devices. Magnification should be used to look for areas where the
final surface may not have covered completely and any exposed material should also be
analyzed.

C.1.4 Precautions

Proper ESD precautions must be in place when testing ESD sensitive items, unless the tested
item will be scrapped. For moisture sensitive parts, appropriate precautions should be
applied, unless the tested item will be scrapped. There are also opportunities for mechanical
handling damage, such as to leads and seals, as devices are removed from packaging and
testefd:

C.1. General test experiences

and zinc. Out of 17 341 lots scanned, prohibited materials were
[68]. Tin was 76 %, zinc was 12 %, and cadmium was

foundl with tin, the majority of them were found on par
plated per the engineering documentation. They
subcpntractors were found to have prohibited materi
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C.2.7
Cc.2.2.

The mitigation methods described in this section are methods that must be addressed gt the
tlme thc }Jdltb alld |||atc|ia:a dl'c DU:C\Jth. :II SQUINIT LdotTo, cquiva:cllt [Jaltb VV;” bc avd :able
with or without these features. In other cases, parts with these mitigating features may incur
additional costs.

C.2.2.2 Physical barriers

Perhaps the most obvious method to prevent whiskers from shorting out adjacent conductors
is creation of an insulating physical barrier between them. Placement of non-conductive
washers, spacers, staking compound materials, etc. as a physical barrier can prevent
whiskers from growing from one conductive surface to another. Because whiskers can grow
through oils, greases, and the softer lacquers, care must be taken in selecting the material of
the barrier. In this context, the harder or more durable materials (e.g., epoxies) are much
more effective, provided they remain intact [8, 19, 25]. While a barrier may prevent a whisker
growing from one conductive surface to another, it cannot mitigate the risks associated with
free-floating whiskers.
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c.2.2.3 Choice of underplating or substrate material

The formation of intermetallics between the base metal and the Pb-free tin finish may create
stresses that promote tin whisker growth. By controlling the underplate or substrate, the risk
of whiskers may be greatly reduced.

The chemistry, thickness, surface finish, grain size, surface cleanliness, and internal stress of
the substrate are all factors that may affect intermetallic compound (IMC) formation and
growth. The diffusion of the materials and the IMC create compressive stresses in the Pb-free
tin finish, particularly along tin grain boundaries. If the stress reaches a critical level, tin may
be extruded from the surface, relieving the stress and creating a whisker [5, 8, 9, 10, 14, 33].

and
have
n tin
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rlickel
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éxperimental
ded for deyices

[36].

pf tin
e tin
also
loys,

b” tin
B, 8].
vithlower internal stresses and larger grain sizes than RQright
sarbon content of 0,005 % to 0,05 % and grain size of 1 um to

finish,
Geng
tin. N
5 uml

Althg 9
the f A ers. One study found whiskers up to 2 mm long on matte tin-plated |steel
[22, |23, .24} Other researchers have suggested that matte tin may be very effegtive,
particularly when combined with other mitigations [8, 9, 14]. The effectiveness of matfe tin
may [be dependent on process controls during plating and the particular environment during
use. Matte tin should be considered an improvement over bright tin, but the specific process
and application should be carefully reviewed before use.

C.2.2.5 Plating process considerations

Several other aspects of the plating process beyond underplate selection and brightness of
finish appear to influence the occurrence of tin whiskers [8, 18, 52, 55]:

e plating baths: process controls on the plating baths can help reduce the risk of whisker
formation. Contamination in the bath creates nuclei for internal stresses promoting whisker
growth. By controlling contamination and refreshing the baths often, these stresses can be
limited. Process control is also recommended for current density, temperature, and plating
speed. Higher current densities, and therefore quicker plating, may be more prone to
greater whiskering [15];
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e hot-tin dipped coating: hot-tin dipped parts should also come from controlled production
lines. Even though the layer of tin during dipping, theoretically, should be less stress
inducing than electroplating, variation in plating thickness and handling damage from
multiple processing steps can introduce stresses [10, 15];

e reflowing, fusing, and annealing: heat treatments have been promising in preventing
whisker formation, but test results are not consistent. It has been hypothesized that
reflowing the tin (taking it above its melting point) or even fusing or annealing it (heating
but not above its melting point) should reduce the risk of whiskers because the high
temperatures involved should help to reduce the internal stresses and increase grain
sizes. The heating should be done in an inert atmosphere and followed by a slow cooling
to minimize stresses reforming. A variety of temperature and time conditions are
récommended in the literature. Although many seem to increase the incubation tilie or
réduce whisker density and length, they have not yet been proven to p vent

hiskers [1, 2, 3, 8, 13, 15, 19, 38, 39, 44, 50, 60, 65, 69, 70];

(anything but low- pressure bars) should be mlnlmlzed or elipdin
C.2.2.6 Tin thickness
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C.2.3 Material and assembly proceg

C.2.31 General
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C.2.3.2 o tin-finished surfaces

Hot golder dipping (Sometimes referred to as HSD) of tin-finished leads and surfaces usjng a
Sn-Pp- based solder WI|| help reduce whisker format|on by rellevmg stress in the tin. The|heat
can i 3 8S 3 ideal
practlces solder d|p of t|n f|n|shed termlnat|ons usmg Sn Pb solder WI|| vrrtuaIIy eI|m|nate
whisker formation by dissolving and replacing the tin-finish with a Sn-Pb alloy. There is also
exploration of using tin-silver-copper (SAC) and other lead-free alloys for solder dipping. It is
unclear how effective these processes will be in reducing the risk of tin whiskers.

Solder dip for whisker mitigation differs from traditional solder dip in that the lead must be
coated over its entire length, right up to the package interface. During hot solder dip, the
piece part undergoes an unavoidable amount of thermal shock. Differential temperatures
during solder dip are significantly greater than those present during typical board-level
assembly. In addition, the fluxes used during the dipping process can be drawn into minor
delamination commonly found in plastic piece parts, which can lead to reliability issues. To
avoid these concerns, the hot solder dip process must be qualified and carefully controlled.
Essential process monitors and controls include: solder thickness, solder composition, solder
pot contamination, hermeticity, delamination, temperature profile, chemical exposure, and
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electrostatic discharge. However, care must be taken that the methods used are adequate
and do not damage the piece part [42].

Because many parts, particularly those with glass-to-metal seals, can be damaged through
thermal shock during the solder dip, solder dipping is most suitable for use on non-electrical
parts or on electronic piece parts that have leads as terminations. However, processes are
being developed for virtually all types of electronic piece parts. Studies evaluating the
suitability of robotic solder dip processes on several common electronic packages and
devices have demonstrated favorable results. If the device cannot be dipped all the way to the
body, the standoff distance, usually between 10 mils and 50 mils, would still be at risk for
whisker growth. There is also a risk of whiskers on any Pb-free tin inside the device that could
not e solder dipped [T, 2, 3, 8].

Cc.2.3.3 Re-plate whisker prone areas

Some manufacturers may be willing to strip the Pb-free tin plate fo ishe std and
re-plate using a suitable alternative plating material such as i and
refinishing is generally not suitable for electronic piece parts, ¢ plied
to a |range of mechanical piece parts. If applied to electyonic sses

should be reviewed to determine the potential for aff
prodyct (e.g., chemical attack on piece part material
common process performed by the metal finishing in

esting e of the original
3]. <Strippingwand replatind is a
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C.2.3.5

If pigce parts with Pbffree tin fini gd, government and industry subject matter

of a conformal coating. Conformal coat reduces
ible tin whisker growth, containing many whlisker
growths within t Qtinghany whiskers from shorting exposed conductors,| and
limiti ¢ the probability of creating a plasma event il low
press use of Conformal coating does not eliminate the potential for
whis i ever. For most coatings, tin whiskers have been shown to

experts strongly recom
the rjsk of whis'
he 203

even n coating and potentially short any other whiskers that |have
grow| 5, 42].

Obvi using conformal coating or foam encapsulation over Pb-free tin finish
are the possible varigbility in the quality and thickness of the coating coverage. Experts jwarn

that when-applying conformal coating to dense assemblies, the coat should not bridge the gap
from| ofie“surface to another, providing a direct path for potential whiskers. Coating|fully
undel= i i i i chip
scale packages (CSPs) may also be difficult. When conformal coating is applied in a spray
process, the coat must be sprayed from several angles to prevent shadow areas created by
high profile piece parts [3, 20].

Experiments using Uralane 5750 conformal coating indicate that the coating reduced the
growth rate, and therefore whisker length, but whiskers still grew and were strong enough to
grow through conformal coating. A NASA-GSFC experiment reported whiskers growing
through 0,25-mil-thick Uralane 5750 after 2,5 years of storage at room ambient. No whiskers
penetrated a 2-mil-thick coat after 3 years [11]. Another experiment showed whiskers growth
under coating. It found penetration on almost every coating tested after almost a year of
ambient storage followed by a year of exposure to 50 °C / 50 % RH. In this experiment,
Parylene C (>1 mil) was the best coating for suppressing whisker growth. A silicone, three
acrylic-urethane hybrid materials, and a straight acrylic were not as effective in suppressing
whisker growth with the acrylic being by far the worst performer. In addition, Parylene C was
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