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FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
p-operation on all questions concerning standardization in the electrical and electronic fields!.To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Req
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC‘Publication(s)").
reparation is entrusted to technical committees; any IEC National Committee interested_ in the subject dealf
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with thénternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement’between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as hearly as possible, an internat
bonsensus of opinion on the relevant subjects since each technical, dommittee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made\to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC Natignal' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their natienal and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

FC itself does not provide any attestation of conformity. Independent certification bodies provide confo
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

Il users should ensure that they have the-latest edition of this publication.

o liability shall attach to IEC or its 'directors, employees, servants or agents including individual expertg
embers of its technical committees-and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to theNormative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

FC draws attention™to the possibility that the implementation of this document may involve the use g
atent(s). IEC~takes no position concerning the evidence, validity or applicability of any claimed patent righ
bspect thereof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
ay be required to implement this document. However, implementers are cautioned that this may not repre

w330 —

e lateStrinformation, which may be obtained from the patent database available at https://patents.iec.ch
all-not'be held responsible for identifying any or all such patent rights.

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprjising
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technology. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

91/1957/DTR 91/1967/RVDTR

nbly

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

The language used for the development of this Technical Report is English.


https://iecnorm.com/api/?name=3491aa32a4c067ebe3cf138850a4dc8f

-6 - IEC TR 60068-3-82:2024 © IEC 2024

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the

H +H | 4 At 412 ot 4l <l 4 H TN
Spe LITTO UUCUUTTITTTL. AU UITo UdlLe, 1T UuULTuUTItIicTie wiir UT

e feconfirmed,
e Wwithdrawn, or

° evised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful fordhe correct understanding
of lits contents. Users should therefore print this document using a colour printer.
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ENVIRONMENTAL TESTING -

Part 3-82: Supporting documentation and guidance —
Confirmation of the performance of whisker test method

1 Scope

Thig part of IEC 60068, which is a Technical Report, provides technical background informg
on the whisker test methods from IEC 60068-2-82 and guidance on test selection.

2 |Normative references

The|following documents are referred to in the text in such a way that some-ef all of their con
congtitutes requirements of this document. For dated references, onlythe edition cited app
For| undated references, the latest edition of the referenced document (including
amgndments) applies.

IEC|60068-2-82:2019, Environmental testing — Part 2-82:~\Te'sts — Test XW1: Whisker
methods for components and parts used in electronic assemblies

IEC|61190-1-1, Attachment materials for electronic~assembly — Part 1-1: Requirements
soldering fluxes for high-quality interconnections.in electronics assembly

IEC|62483, Environmental acceptance requirfements for tin whisker susceptibility of tin an
alloy surface finishes on semiconductor devices

1ISO|9454-2:2020, Soft soldering fluxes'— Classification and requirements — Part 2: Performg
requirements

3 [Terms and definitions

For|the purposes of this'’document, the following terms and definitions apply.

ISO| and IEC maintain terminology databases for use in standardization at the folloy
addfesses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO.Online browsing platform: available at https://www.iso.org/obp

tion

tent
ies.
any

test

for

) tin

nce

ving



https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=3491aa32a4c067ebe3cf138850a4dc8f

-8- IEC TR 60068-3-82:2024 © IEC 2024

3.1
whisker
metallic protrusion that grows spontaneously during storage or use

Note 1 to entry: Whiskers typically do not require any electrical field for their growth and are not to be confused
with products of electrochemical migration. Signs of whiskers include:

— striations in growth direction;
— typically no branching;

— typically constant diameters.

Exceptions are known but are rare and can require detailed investigation

For the purposes of this document, whiskers are considered if:
- hey have an aspect ratio (length/width) greater than 2;

- hey have a length of 10 ym or more.

Note|2 to entry: For the purposes of this document, whiskers have the following characteristics:
- hey can be kinked, bent, or twisted; they usually have a uniform cross-sectional shapeg;

- hey may have rings around the circumference of the column.

Note|3 to entry: Whiskers are not to be confused with dendrites, which are fern-like growths on the surface| of a

matgrial, which can be formed as a result of electro(chemical)-migration of @n\ionic species or produced dpring
solidffication.

Note[4 to entry: Whiskers are not to be confused with slivers as generated by mechanical metal procesping.
Whigkers are not to be confused with tubular SnO structures, which may-develop under damp-heat test conditjons.
Theslj structures are hollow and are typically lacking striations occdrring on Sn whiskers.

[SOURCE: IEC 60068-2-82:2019, 3.1]

3.2
termination

solderable element of a component consjsting of the following elements:
— base material;

— underlayer (or underlayer system, if more than one underlayer is present), if any, located
inder the final plating;

— final Sn or Sn alloy finish.
See| Figure 1.

IEC IEC

a) Gull wing termination b) Chip termination

Key
a base material;
b underlayer (or underlayer system, if more than one underlayer is present), if any, located under the final plating;

¢ final tin or tin alloy finish.

Figure 1 — Cross-sectional views of component termination surface finishes
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3.3

ACTE

CT

E mismatch

coefficient of thermal expansion mismatch

coefficient calculated by taking the absolute after subtracting the CTE of the base material from

the

CTE of the surface finish layer:

where

Ct
Cp

Note| 1 to entry: No underlayer system (e.g. Ni, Cu) has any influence on the CTE mismatch.

3.4
me
loa

fit application: stress exerted by the plated through-hole on the press:fit pin), or as a transiti

loa

specimen to the intended use condition (e.g. bending of a connector pin)

Note| 1 to entry: Mechanical load in the context of these test methodsis'not related to external factors, e.g. thg
mechanical loads arising from the mismatch of the coefficients of thermal expansion of the various constituents
particular test specimen upon temperature change.

3.5
cla

3.5

<geheral electronics products> consumer, products, some computer and computer periphe
and|hardware suitable for applications where the major requirement is function of the compl¢
assembly

3.5

<deficated service electropics products> communications equipment, sophisticated busin

ma
uni

Note| 1 to entry: Typically, the end-use environment would not cause failures.

3.5
<hi

performance-on-demand is mandatory; equipment downtime cannot be tolerated, end-
environment can be uncommonly harsh, and the equipment shall function when required, 4

as

is the coefficient of thermal expansion of the surface finish layer;

is the coefficient of thermal expansion of the base material

¢hanical load
d related to the intended mounting/assembly condition of a particular-specimen (e.g. pr

d related to a mechanical process in a trim and form operation*to adapt the shape of|

gsification
.l Level A

.2 LevelB

ghines, and instruments where high performance and extended life is required, and for w
nterrupted service is'desired but not mandatory

.3 LevelC
gh perfarmance electronics products> equipment where continued performance

BSS-
bnal
the

rmo-
of a

als,
pted

ess
hich

or
use
uch

lifensupport systems and other critical systems

Note 1 to entry: The classification of levels A, B and C is based on IEC 61191-1 [1]1.

1

Numbers in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=3491aa32a4c067ebe3cf138850a4dc8f

-10 - IEC TR 60068-3-82:2024 © IEC 2024

4 Whisker growth mechanisms

4.1 General
4.1.1 Sn whiskers
4111 Features of Sn whiskers

Sn whiskers are metallic protrusions, which can grow spontaneously during storage or use from
Sn or Sn alloys. For information on whisker characteristics and their various forms, refer to 3.1
and in I[EC 60068-2-82:2019. They can grow up to millimeters, even centimeters long, which is
long enough to branch over to a neighboring electrical contact. Being metal growths, this|has
often led to short circuit failures and system malfunctions. They are not produced during plating
(e.g| electrochemical effects during galvanic deposition or dendrite growth), but instead dgrow
aftefwards, during storage or use.

4.1.1.2 Sn whiskers growth rate and mechanism

Depending on the conditions, Sn whisker have been observed growing within hours after
deppsition or first found creating a system failure after 10 years in sérvice, which is why they
are |often referred to as spontaneous growths. Sn whiskers were alteady reported as early as
195/1 by Compton [2] including the investigation of other metals/ ©ver the last 70 years many
conjradictory findings have been reported in the literature as Wwell as several whisker thegries
fornped, but still no universal model exists today [3]. However, it is commonly agreed [that
compressive stress in the Sn film is the fundamental driving force behind whisker growth|[4],
[5], making whisker growth a stress relief mechanism faf,the surface finish. Compressive stress
soufces within the film or applied on the film lead 10 stress gradients within the depgsit,
gengrating atomic migration, which promotes .thé transportation of atoms to a whisker
nucleation site. Migration takes place over long-range diffusion [6] throughout the film,
predominately along the grain boundaries, however, also along the surface and interface| As
atoms continue to build-up at a nucleation.site, a whisker, in return, can grow out of the film,
redycing the stress state. In general, all factors that create stress gradients within the film or
promote diffusion increase the whiskering tendency.

4.1.1.3 The role of this document on Sn whiskers

Althbugh Sn is not the only-“\metal known to whisker, it is the surface finish of focus for [this
technical report, since Sn-whiskers have been the culprit for many system malfunctlons
throughout the past andi\Sn is commonly used in industry due to its beneficial characteristics.
Its Ipw melting temperature (231,9 °C) makes it very attractive for soldering applications anfl its
confact resistance{ corrosion resistance and low cost has made it, in general, one of the nore
favgrable platings.of choice for electronic finishes. The incorporation of lead (Pb) as an alloying
element in Sndis-the most universally successful prevention method against Sn whisker indyced
failyres. However, due to mandated regulations restricting the use of Pb in electronics [7],|[8],
the risk ,ofelectrical shorts due to Sn whisker growth remains. Still to this day whisker grqwth
characteristics, such as propensity, length and rate are unpredictable, and vary from platinlg to
plating*as well as with substrate material. Therefore, it is important to define a set of test$ as
guidelines to be able to compare and assess the whiskering propensity of different surface
finish/substrate combinations in a structured manner. To effectively do this one must first have
an understanding for the basic Sn whisker growth mechanisms.

4.1.2 Sn surface finishes
4.1.21 General

For all practical industry purposes, Sn is plated through galvanic deposition or hot-dip tinning.
Due to the ease using these plating options for Sn and its low material cost, it generally does
not deem appropriate to use other more expensive plating techniques such as chemical or
physical vapor deposition. Sn alloys are also used depending on application. For information
regarding Sn alloys, see also [9].
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4.1.2.2 Galvanic Sn plating

Galvanic Sn plating is often the method of choice since it offers a larger spectrum of plating
possibilities, especially selective plating for other surface finish options on the mating side. The
plating can be applied for different geometries as individual piece parts through barrel or rack
plating, or in a strip format on a plating line. The electrolytes and therefore, their finishes are
mainly divided into two different types: bright or matte. Other than just appearance, the main
differences between the two deposit types are smaller grain size and higher carbon (C) content
for the bright Sn, typically <1 ym and > 1 000 ppm C respectively, whereas matte Sn generally
has an average grain size of a few microns and < 150 ppm C in the finish, as stated in Table 1
of IEC 60068-2-82:2019. Though bright Sn has an excellent cosmetic appearance, the higher
amdunt of co-deposiied C, as a result of the organic brighteners used In the electrolyie, end up
creating a higher internal stress in the Sn finish. Carbon in a Sn deposit can be measured\0sing
diffgrent methods, such as Glow Discharge Optical Emission Spectroscopy [11]~0r) Auger-
eledtron spectroscopy in combination with sputter-depth profiling.

Furthermore, the smaller grain sizes in bright Sn do not help against whisker, growth. Smaller
graips in general lead to more grains on the surface and the probability.for more low irjdex
grains, which make for great whisker nucleation sites. Smaller grains alsouméean additional gfrain
boupdaries, which promotes diffusion and easier acccess to a whisker’ root. For examplg, a
laygr with an average grain size of 1 ym has a 1 000x higher diffdsion rate than a layer with
appfroximately 10 ym grains. An example of grain size and whisker growth from a brigh{ Sn
("SnA" sulfuric acid base) vs. matte Sn finish ("SnC" MSA bask))is given in Figure 2. Herel the
maxXimum whisker lengths are compared after 5 years of \ingubation at room temperature /
relafive humidity (RT/RH) conditions, where the impact on whisker growth from a bright Sn fihish
is clear.

150KV, 14,mm x100k

Bright Sn Matte Sn

a) grain size/orientation

Whisker growth in 5 years in ambinet conditions

= SnA with brightener

—&— SnB (2 to 3 um)
with Matte Sn

~—@— SnC with Matte

= B = SnC with Matte
Sn Ni underlayer

E | E |
10 000 20000 30 000 40 000 50 000
Ageing time (h)

IEC

b) whisker growth between a bright Sn deposit and a matte Sn both approximately 2 ym to 3 ym thick

Figure 2 — Grain size and whisker growth on bright Sn and matte Sn finishes [10]
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Consequently, matte Sn is usually used for electronic finishes to reduce the internal film
stresses and thus, the whisker risk. All galvanic surface finishes discussed throughout the
remainder of this chapter will therefore, be based on matte Sn deposits.

There exist numerous different matte Sn electrolytes available on the market today with the
majority of them using a methanesulfonic acid (MSA) base. In order to achieve a homogeneous
layer thickness throughout the surface and to reduce the redox reaction, different additive
systems and an antioxidant are utilized. The design of the electrolytes can be optimized for
certain plating "purposes" such as complicated geometry, high plating speed, low plating speed,
appearance, plating distribution, etc. To achieve different demanding targets the concentration
of the electrolyte components (e.g.: Sn, MSA _and additives) as well as the plating parameters
can|also be adjusted (e.g.: temperature, current density, and agitation). The whisker propensity
for galvanic Sn platings strongly depend on the electrolyte chemistry, process parameters [and
plating method. Therefore, every component-geometry, plating method, electrolyte @nd sef-up
of pJating parameters requires a specific assessment and qualification.

4.1.2.3 Hot-dip tinning

Due to the low melting point of Sn (231,9 °C), it can be hot-dip plated:Hot-dip plating is| the
immersion of the base material into the molten Sn after the surface has)been first appropridtely
prepared (e.g.: cleaning, fluxing), which means that selective plating/is not an option for tinning.
The|l molten bath can be easily alloyed, often with Ag and/or Cu ahd the temperature typigally
varies between 250 °C and 290 °C depending on alloying elements and process set-up. [It is
broadly used for mechanical components as pre-plated material, but also for various electrpnic
conponents. The resultant surface tends to be smooth and'shiny.

A significant difference between a Sn finish which islhot-dip plated compared to galvanic plated,
especially when regarding whisker growth, is the' intermetallic compound (IMC) formdtion
between Sn and Cu based substrate materials, ‘due to the high temperatures needed for tinning,
see|Figure 3. IMC formation is automatically“present in hot-dip Sn deposits, in the as plated
state, but not in galvanic plated finishes, which are plated at much lower temperatures typigally
between approximately 20 °C to 40 °C depending on the electrolyte. The various IMCs between
Sn and Cu at different temperatures atd their effects on whisker growth are explained bejow,
in 4{2.1.

as-deposited and aged

IMC
+2nd IMC

5 um

~ z i
D - e
By e ' e -

b) an electroplated Sn finish

—_— X PDIC O 0 O O V O O PDE

a Sn surface deposit and Cu based substrate

4.2 Basic Sn whisker mechanisms
4.21 General remarks

As stated in 4.1.1, whiskers grow as a result of compressive stress gradients within the film,
which promote Sn atom migration. In the past, the focus tended to lie mainly on the macroscopic
stress of the Sn finish. However, macroscopic stress is not the only relevant driving force for
whisker formation. In fact, it is the microscopic compressive stress sources, creating
microscopic stress gradients throughout the film, which play a significant role in whisker growth
[12]. If these factors are present within a certain range, whisker growth can be expected.
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The basic stress sources known for generating Sn whisker growth, as well as any combination
of them together, include (in no particular order):

a) irregular IMC growth between Cu and Sn, which can vary between Cu-based substrates;
b) corrosion at the Sn surface and/or at the grain boundaries;

c) coefficient of thermal expansion (CTE) mismatch between base material and Sn surface
finish;
d) compressive external mechanical forces on the Sn finish.

Throughout the following clauses these stresses will be based around galvanic matte Sn
finighes. The individual factors will be discussed in greater detail throughout the following sub-
cladses. It is evident that the Sn grain orientation as well as shape/size directly influence| the
whigkering properties of the deposit. Depending on the system as well as its working jJand
environmental conditions, any of these factors can take precedence over the other when it
comles to whisker growth.

4.2.p IMC growth

Sn and Cu react with one another at ambient room temperature (RT)yconditions, forming an
irregular IMC, CugSng, through Cu diffusion into the Sn grain boundary. This IMC formatign is

accpmpanied by a specific volume increase, resulting in a resjidual compressive stress in[the
depth of the Sn coating where the IMC forms due to the copstraint imposed by the substrate
[13]} Such localized stress sources create stress gradients (compressive stress by the IMC|and
tengile by the surface), resulting in Sn-atom diffusion away from the area where the IMC is
formed. The stress gradients exist vertically in the Sfivlayer towards the surface, as well as
horigzontally in the surface. An illustration of the situation is shown in the following Figure 4 a)
compared to a FIB cut from an actual matte Sn:film deposited on Cu based substrate ir] b),
whdre a whisker is growing out of the surface ditectly in the area of one of the high IMC stregsed
locdtions. The columnar grains seen here are-typical for matte Sn finishes.

—~ b
>0 ‘ = e>0
p——— .2_! a——r
- an 05
S
j= ag @
[ ‘e L E
e<0 w37 e<0
IR 03
-

| __\\_' Cu out-diffusion zone

Cu-substrate

Cu

IEC IEC

a) .Schematic illustration of the presence of the b) a FIB-cut of Sn on Cu-alloy
stress gradients in the Sn layer due to the
formation of irregular IMC (Cu,Snj)

Figure 4 — Whisker formation in Sn layer [14]

A modulation of the stress distribution will be established because of the certain grain size,
leading to hot spots (intensive source of vacancies) near the surface, creating tensile stress.
Figure 5 shows a FEM simulation of the stress formed due to the irregular CugSng IMC growth

in a 5 ym thick a) and 10 uym thick b) Sn finish [15]. Here the stress flow in a Sn finish can be
clearly seen — from the compressive stress due to the IMC formation to the tensile stress on
the surface — explaining the stress gradients and Sn atom migration to a whisker root near the
surface. From these simulations, it is clear that thicker Sn layers result in smaller stress
gradients and less localized tensile stressed, hot spots at the surface. Instead, the size of the
hot spots are larger and wider, meaning a larger volume where the Sn can be redistributed,
leading to a reduction in whisker lengths and therefore, risk of whisker induced failure as well.
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T — C——

a) 5 upm thick b) 10 pm thick

Figure 5 — Stress gradients in Sn layer [15]

As a result of this irregular RT CugSng IMC growth and its effect on whisker growth, where
thege occur, it is crucial to carry-out ambient whisker tests, as depieted’in 5.1, Figure 2 [and
details described in 6.1 of IEC 60068-2-82:2019. Since whiskers grow as a stress relief
meghanism for the Sn finish, the growth tends to eventually satufate at some point over time.
Different deposits have different saturation tendencies depending on their grain size/orientation,
grain growth/recrystallization, IMC formation, etc. For practical”"comparison of the whiskefring
propensity between Sn finishes, 4 000 h was chosen for* ambient tests as described in
IEC|60068-2-82:2019, 6.1. An example is given in Figure'6. However, this does not guarantee
that|all Sn whisker growth is completed, for examplesréfer to Figure 14.
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Figure 66— An example of whisker growth (length) from approximately 2,5 ym matte Sn
T plated on Cu aged at ambient conditions (RT/RH)

One method to effectively counteract whisker growth due to irregular IMC formation is to
implement a way to redistribute the stress gradients in the Sn layer. The average columnar
grains deposited from typical matte Sn electrolytes cannot redistribute the stress effectively in
the Sn matrix, since diffusion takes place along the grain boundaries. Here equi-axed or
globular grains would be very useful. In fact, before the restrictions on Pb, when SnPb galvanic
platings were utilized, the grains in the SnPb deposits were globular, which helps explain why
SnPb platings did not result in Sn whisker induced failures. However, this is not the natural
tendency for pure matte Sn deposits, but such a structure could be produced by manipulating
the plating parameters and/or adjusting the electrolyte. Figure 7 ¢) shows just such a case
where the Sn deposit was manipulated in lab (beaker glass) into a more globular structure and
compares it to the typical columnar matte Sn a) as well as SnPb b) grain structures [5]. Here
the columnar Sn grains a) and globular Sn grains c) where both deposited from the same
electrolyte. Only the plating parameters were changed.
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a) normal columnar Sn b) SnPb c) cmanipulated globular S
Cwat different time perio
after plating to compare g
growth and IMC formation
time

Figure 7 — Microstructures of different Sn and $SnPb surface finishes [5]

Ambient whisker tests were carried out on all 3 variafions. After 1 year of incubation at RT]|
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XRD, as shown in Figure 8 a), b) and c), along with the stress profile of each as a function of
depth into the finishes through synchrotron measurements d). Positive values correspond to
tensile stress and negative values are compressive. In Figure 8 d) the stress gradients within
the films are modulated, depending on the grain size, and establish a tensile stress on the
surface (source of vacancies), which is in agreement with the FEM simulation discussed above.
However, the columnar finish clearly has the largest stress gradients from interface to surface,
since its stress distribution capabilities are limited compared to the globular grains. The build-
up of compressive stress over time in Figure 8 a), b) and c) is occurring in all finishes, but the
compressive stress is visibly reduced in the SnPb and globular Sn structure, resulting in flatter
stress progressions due to the observed grain growth above.
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Figure 8 — Stress states of different Sn and Sn/Pb surface finishes [5]

Althiough this technique works well and helps.-explain the different mechanisms responsiblg for
whigker growth, manipulation of a galvanic Sn deposit in mass production (e.g.: plating lin¢) is
not realistic.

—

Alternative methods to avoid thécbuilt-up of compressive stress gradients due to irregular
CuglSng growth would be to incetporate a diffusion barrier between the Cu and the Sn to preyent
the JMC from ever forming.(Such a layer can be made using the materials and processes gfven
in Tpble 1.

Table 1 — Materials used for a diffusion barrier along with their typical thickness,
process parameters and quality criteria.

Material Thickness Process parameter
[Hm]
CuzSn IMC 2 0,5 (typical: 0,7) Minimum 1 h at minimum 150 °C

(annealing/Postbake) or
thermodynamic equivalent

(e.g.: 10 min at 180 °C)

Reflow of the Sn layer

Hot-dip tinning

Ni = 0,5 (typical: 1,0 — 2,0) Galvanic plating, dense layer,
high ductility

At higher temperature exposures (2 60 °C) Sn and Cu start forming a second IMC, Cu3Sn,
between the CugSng and Cu-based substrate. Unlike the CugSng compound, the CuzSn grows
much more regular and offers a good barrier layer, which helps prevent the irregular CugSng
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IMC from growing further at RT conditions by blocking the Cu in the substrate from diffusing
into the Sn finish. A post-heat treatment can also help relieve residual stresses in the Sn finish.
A simple schematic is given in Figure 9 a) for illustration purposes along with scanning electron
microscope (SEM) images of FIB cuts in b) post-heat treated (150 °C for 1 h) "specimen |I" on
the left, compared to as plated "specimen I". Specimen | + Il both are both approximately 3 ym
to 4 um of matte Sn plated from the same electrolyte under identical conditions on Cu substrates.

“Specimen II” on the left is post-heat treated. These specimens will be discussed in the following
three figures. As depicted within the FIB cut of the post-heat treated “specimen II” in Figure 9, ,
at higher temperature exposures, there is grain growth, WhICh reduces the number of diffusion

path
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Sn layer can be produced, since at higher temperatures, bulk diffusion comes into-play
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between the post-heat treated specimen compared to as plated is givenJin Figure 10 [16].
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Figure 9 — Effect of post-bake heat treatment on microstructure and stress gradients [16]
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Figure 10 — Stress states of different Sn surface finishe's)[16]

Anofther possibility is melting the Sn finish after plating by running it through a reflow procgss.
Althbugh annealing has been found to have a significant mitigating ‘effect on whisker formgtion
for @ wide range of Sn film thicknesses on various substrate materials [17], [18] (see Figur¢ 10
for ¢gxample), reflowed specimens have been found to not show,any observable whisker grqwth
fronp approximately 3 ym Sn finishes on Cu, even after bending and additional heat aging [[19].
In alddition to a residual stress relief mechanism found,during post-heat treatment, reflow|can
alsg change columnar grain structures to equiaxed inr€gions, resulting in lower grain boundary
diffysion rates [20]. However, when melting Sn, the“surface tension automatically tends to
min{mize its surface area, which can lead to blisters.or even dewetting of the Sn film after reflow,
depgending on multiple variables including the accessible free Sn (i.e. film thickness). Therefpre,
anngaling is still the preferred method for thickér Sn films (minimum 7 ym) and reflow for thinner
deppsits. According to results from [21] after annealing Sn plated electromagnetic relayps at
140(°C for 0,5 h to 3 h, annealing had markedly better Sn mitigating effects on thicker Sn fllms
(approximately 10 ym) compared to thifner (approximately 2 ym).

An additional influential outcome_regarding post-heat treatment/reflow against whisker growth,
is the retardation of crystal .growth after heat treatment [17], also referred to as the pinfing
effert. This has been observéd by tracking Sn crystal reflection spots over time within the ffirst
wedgk of RT exposure wsing 2D x-ray diffraction (XRD) on the samples discussed abgve:
"specimen |" and "specimen II" (as plated Sn and post-heat treated Sn respectively) [22]| By
chapging the frame-fotation, different grains have lattice planes in the reflection. [The
appgarance/disappgarance of reflection spots as well as change in intensity provide evidgnce
of movement and diffusion in the Sn deposit, which promotes whisker growth. Figurel 11.
compares XRD results after a 120 h interval from the post-heat treated specimen as showhn in
Figure 11<a) and the specimen as plated as shown in Figure 11 b). In Figure 11 a) it is clear
that{the ‘microstructure of the post-heat treated specimen is stable, while the as plated speciinen
in Fjgure 11 b) reveals multiple changes in reflection spots before the onset of whisker grqwth
[22].
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Figure 11 — 2D-XRD analysis of Sn surface’finishes [22]

vhisker growth, it is easier to understand why_hot-dip plated finishes do not possess
e whiskering characteristics as galvanic depgsits and therefore, do not require any ¢
-heat treatments for whisker prevention. Since they have already been exposed to hig
peratures during plating, they have thecorresponding developed IMC formation an
ed grains, which mitigate Sn whisker‘growth. Hot-dipped Sn on CuNiSi (copper-nid
on) substrates, for example, do not commonly produce a regular, continuous CuzSn

ier layer in as plated condition. However, they still possess Sn whisker mitigating prope
to the Sn grain pinning from the.heat exposure during deposition. Due to Ni in the subst|
erial, a (Cu,Ni)gSng compoundiis formed instead of CugSng, which moderates the formag

u3Sn (see Figure 12). Nevertheless, it is important to remember, as mentioned above,
rent substrate materials_¢an also affect the whisker propensity.
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Figure 12 — IMC formation of Sn surface finishes

If a post-heat treatment or reflow process is not desired, an extra barrier layer can be separately
deposited to prevent RT IMC growth between Sn and Cu. Ni is a great barrier layer for Cu based
substrates in general and the most frequently used for Sn whisker mitigation due to its
effectiveness. Therefore, it is given in Table 1 of the IEC 60068-2-82:2019 as the barrier of
choice.
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Important for the functionality and effectiveness of the diffusion barrier is the existence of a
continuous, closed barrier layer. Therefore, at least 0,5 ym is generally used for the barrier
layer thickness. The difference a barrier layer provides against stress build-up and whisker
growth can be seen and compared to a Sn system without a barrier layer in Figure 13 a) and b)
through high resolution XRD measurements of the stress state in the film systems as well as
whisker growth results after 5 years of RT/RH exposure [12]. Example given here is a Ni barrier
layer. Figure 13 a) shows the stress progression within a Sn film where no barrier layer is
implemented on the left compared to with a Ni barrier layer on the right. With the Ni barrier layer
the stress gradients from interface to surface are minimized and that no compressive stress is
built-up around the interface, which coincides with the whisker results in Figure 13 b) from a
separate test also using Ni as a barrier layer. After 5 years of ambient conditions, the specimen
withl the Ni barrier layer (dotted line) has grown no whiskers, while the specimens witholut a
bartier layer have both produced whiskers > 100 ym long.
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b) Whisker growth from a separate test without and with a Ni barrier

Figure 13 — The compressive stress levels of matte Sn finishes without and
with a Ni barrier and the corresponding whisker growth [12]

An exemplary overview of whisker lengths regarding several of the influencing factors discussed
above is provided in Figure 14. Figure 14 a) compares the influence of base material and bath
supplier (i.e.: Sn electrolyte) on whisker growth after 21 weeks of RT aging with and without an
annealing process of 180 °C for 5 min. It is clear that each electrolyte along with its
corresponding plating parameters has a different whiskering tendency. Here the general effects
of a post-heat treatment ("post bake") can also be seen, especially in combination with a thicker
Sn deposit. Substrate differences can also be observed. Figure 14 b) depicts results from matte
("mSn100", 2 different suppliers) and bright ("bSn100") Sn platings on CuZn30 base material
with and without a Ni barrier layer. The effectiveness of a Ni layer against whisker growth is
evident as well as the whiskering properties between electrolytes from different suppliers.
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Figure 14 — Whisker growth with several factors)and saturation
with a Ni barrier [23], [24]
423 Corrosion
The| reason Sn corrosion is a relevant factor for Whisker growth can be understood, if jone
congiders the increase of volume due to the formation of Sn's oxidation products, SnO [and

Sn(d
calg

IMC
film
dep
oxid
rega
a gl
whig

pbsit instead of at the finish/substrate interface. A simple schematic of
ation/corrosion products forming on the Sn surface and their stress effects in the

obular grain structure is jhelpful to redistribute the resultant stress gradients and re

bker growth.
Redistribution ‘ef tin— low stress gradient No redistribution of tin— high stress gradient
1= T
No Whisker Whisker

IEC

2. The volume increase for the reaction.from Sn to Sn oxide and Sn dioxide has been
ulated by to be about 29 % for SnO and.34 % for SnO, [26]. Similar to RT grain boundary

formation, excess of these oxide products as well as Sn hydroxides penetrating into| the
can create stress sources within the’Sn film, however emanating from the surface of the Sn

dquch
film

rding whisker growth is given in Figure 15. For the same reasons as previously discussed,

quce

Figure 15 — Schematic of corrosion stress in a Sn film and its redistribution capabilities
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In general, Sn is a material with good resistivity against corrosion. Sn creates a very thin, stable
oxide layer in atmospheric conditions of up to approximately 5 nm. The oxide layer is not known
to excessively grow further into or through the Sn finish on its own unless exposed to
temperatures approaching the melting point of Sn (= 200 °C) or to superheated steam or higher
humidity conditions in combination with elevated temperature. In a Sn oxidation investigation
carried-out by Auburn University [27] sputtered Sn films (approximately 2 ym) and bulk Sn were
exposed to various dry heat O, environments ranging from 100 °C-215 °C for different time

intervals starting at 1 h and going to up 40 h, as well as H,O steam at 121 °C for 12 h

(autoclave). The resultant oxide formation was analysed using high resolution X-ray
photoelectron, Auger electron, Rutherford backscattering and Raman scattering spectroscopy.

Only—a—verythin—nativeoxidelaverwasfound for all drv heat O exposures—up-to 450 ° of
4 ’ J J Z Lid L

appfoximately 100 + 50A regardless of aging time. At temperatures = 200 °C (approaching
melfing point of Sn) were the 2 ym Sn films found to be completely penetrated by oxygen, with
increasing oxygen content the longer the exposure time. Whereas no discernible-oxygen was
found in any of the bulk specimens after dry heat O, aging, which can be due tocthe differgnce

in grain structure and vacancy opportunities for oxygen diffusion. However, both bulk Sn|and
sputtered Sn films were found to be oxidized after steam aging. Similar results have also been
observed from galvanic matte Sn after several hours of exposure at 150 ¢€;/where no incrdase
of the Sn oxide layer could be found [28]. It seems evident that for through)oxidation or corrogion
of §n at normal working temperatures (< 130 °C), moisture of some kind is key, especially in
comnbination with elevated temperatures. In two separate studies/from Oberndorff [29] and|Su,
corrosion on galvanic Sn platings after exposure to 60 °C and ,93 %RH was observed. Both
recqrded whisker growth in or directly near the corroded regions.

Dug to the evidence that Sn whisker can grow as a résult of corrosion and since the driying
meghanism behind corrosion is the difference in the )}chemical potential (e.g. between grain
orieptation, type of intermetallic, base material, etc.)\where, as seen in Table 2, Sn is less npble
than most of the used elements in electronic systems (i.e.: Sn is most likely to be oxidized fifst),
whisker corrosion tests are relevant and need.to be investigated.

Table 2 — Standard electricalpotential for selected chemical elements

Oxidant Reductant Potential [V]
Sn + 4H* + 4e” SnH, -1,07
Zn?* + 2¢” Zn -0,762
Ni2* & De° Ni -0,25
Sn2i 2e Sn -0,132
Pb2* + 2e Pb -0,127
SnO + 2H* + 2e” Sn + H,0 -0,10
SnO, + 2H" + 2e” SnO + H,0 -0,09
Snt + 2e” Sn2* +0,15
Cu?* + 2e" Cu +0,34
Cu* +e Cu +0,52
Ag* + e Ag +0,799

In the workframe of the iINEMI project, it was often mentioned that they could observe a clear
lot dependence of the sample with respect to whisker growth [31]. Since Sn whisker growth is
very dependent on grain structure/orientation, which varies between electrolyte, plating
parameters and film thickness, along with the observed grain structure dependence on Sn
oxidation, it is best to consider a deep dive investigation on the relation between the grain
orientation and corrosion propensity of galvanic Sn surface finishes.
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Here Eckold [32] did the first detailed investigation, testing 4 different Sn electrolytes at varying
current densities/film thickness and then analyzing their grain orientation, corrosion propensity
and whisker growth. All Sn finishes were deposited on pure Cu substrates. Directly after plating
the specimens were subjected to a post-heat treatment for 1 h at 150 °C. The grain orientation
was measured using X-ray diffraction for each deposit. Corrosion tests were carried-out through
contamination by immersing the samples for 20 min in a 0,1 M NaCl water solution, followed by
air drying and then aged for 200 h at 80 °C and 80 % RH. Figure 16 shows the grain orientation
results for Figure 16 a) electrolyte 2 and Figure 16 b) electrolyte 3 at various current densities
and film thicknesses.
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b) Grain orientation of Sn deposits from electrolyte 3

Figure 16 — Grain orientation of different Sn surface finishes [32]
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All surfaces showed a similar appearance over the complete tested process window. However,
it is obvious that the grain orientation can be very sensitive and that even for the same
electrolyte, is dependent on the current density as well as plating thickness. In the work from
Eckold, only the current density was varied, everything else was kept constant. But it is
reasonable to imagine that other parameters would also show a similar impact (e.g.: such as
agitation, temperature, concentrations, geometry, plating line set-up, etc.).

The results after the corrosion tests are given in Figure 17 for a) electrolyte 2 and b)
electrolyte 3. Green arrows are indicating the resultant preferred grain orientation regarding
minimum corresponding corroded area, and the red arrows the non-preferred texture correlating
with_the increased corroded area

N
)

Electrolyte 2
(211)/(321)
/52 1 907 Electrolyfe 3
e 85
$ 13- 80 -.—(101)/(112)
© 404
3
61 1 304
3
204
10
2 5 10
Layer thickness (um) 0- : 10 15
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IEC M5 A/dm2 10 A/dm? 15 A/dm2 IEC
a) | Percentage of corroded area after contamination b) “Percentage of corroded area after
and damp heat aging for electrolyte 2 contamination and damp heat aging for

electrolyte 3

F

gure 17 — Percentage of corroded area after contamination and damp heat aging [32]

Elegtrolyte 2 had the best performance with*minimum whisker growth for the Sn plating with
15 gdm and 10 A/dm?, while electrolyte 4tshowed the best performance with minimal whiskers
for the Sn plating with 5 ym and 5 A/dm?, both having main orientations in (321) diredtion
follqwed by the (211). This correlates*well with the corrosion results found in Figure 17 where
the (211) and (321) orientations show the lowest corrosion propensity and the (101) and (112)
have larger corroded regions. dtis apparent that the Sn grain orientation plays a role on|the
corrosion propensity and therefore, related whisker growth. Low indexed grains are showing a
higher whiskering tendency; whereas (321) and (211) have an extremely low tendency for
whisker growth.

From this work, it is“clear that each electrolyte and chosen plating parameters have their pwn
characteristic,like 'a fingerprint, which are not visible under standard SEM or test methods. This
supports the-inequation Sn # Sn, which is important to understand for the selection of the fight
eleqgtrolyte_for'a given plating line. Ideally, it is desirable that the electrolytes are developed|fand
charactérized with respect to their ending deposited grain structure, however this is not common
prag¢tices nor so realistic in mass production industry, which is just another reason why
standardizedcorrosion testing s importantanmdas beenendorsed for over a decade:

The classic humidity exposure for whisker tests has come to be well established as 85 % RH.
Figure 18 shows Sn whisker results after approximately 140 days at 21 °C in various highly
controlled humidity environments ranging from approximately 33 % to 98 % RH using saturated
aqueous salt solutions [27]. In order to study the effects of humidity alone and avoid other
influencing factors such as chemistry from the electrolyte and IMC formation between film and
substrate, thin Sn films (approximately 0,15 ym) were sputter deposited onto Si wafers. It is
clear the humidity has a significant impact on the whisker growth with a maximum whisker
propensity found at 85 % RH. The experiments were also carried-out on brass (Cu63/Zn36)
substrates, where similar results were observed, with maximum whisker densities at 85 % RH.
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Corfosion tests in the IEC 60068-2-82:2019 can be found in Table 3 using damp heat exposjre;
1090 h at (85%3)°C/(85+5) % RH,
(5543) °C/(85%5) % RH was commonly used with typical ‘exposure times between 2 000(h —
4 000h depending on reference (e.g.: IEC 60068-2-82,” JEDEC Standard No.201A [45]).
Figure 18 compares whisker results of approximately/8,ym Sn platings on Cu based substrates
fronp multiple different suppliers/plating lines aftet)damp heat exposure at 55 °C/85 % [RH.
verqus 85 °C and 85 % RH, all with a Sn whisker mitigation countermeasure of a post-heat
treatment or Ni underlayer.

Table 3 — Overview of Sn whisker results using different testing conditions

for

the qualificationl/0f new products.

Previopsly

Whiskers > 50 ym
Plating 1000°h 4000 h 2000 h
85 °C,(85 % RH 55 °C, 85 % RH 55 °C, 85 % RH
1 12 0 0
2 24 0 0
3 29 0 0
4 35 0 0
5 1 0 0
6 0 0 0
7 0 0 0
8 0 0 O
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Table 4 — Overview of Sn whisker results using different components

Whi
cled
of 5

fromp a non-whisker prone plating, even when the test.duration was 2-4x longer than the
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Ang
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4.2.4

The
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plat

Fig
base
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Whiskers > 50 ym
Component 1000 h 4000 h
type 85 °C, 85 % RH 55 °C, 85 % RH

A 3,6 0

A 10,4 0

B 0,3 0

B 1 0

C 0 0

D 0 0

D 0 0

E 0,2 0
NOTE The numbers in the table are the number of whiskers
over 50 microns long divided by the number of components
investigated.

r picture of the whisker propensity for a given Sn finish. Tests conducted with a tempera
5 °C at a humidity of 85 % RH were not capable of distinguishing a whisker prone pl3

ition of a test conducted with a temperature of 85,°C at a humidity of 85 % RH. The
Hition using a temperature of 85 °C at a humidity of 85 % RH. is more sensitive regar
whiskering propensity of a plating or component and comes with the advantage of shg
ng time. From the results it is evident that platings 1-4 in Table 3 have a higher whiske
ency compared to 5-8, similar to componénts A and B in Table 4 compared to C or D.

ther attribute which is known to be @ble to play a significant role on Sn corrosion is the
Lx for soldering. For further details regarding flux and its influence on Sn corrosion/whi
vth, refer to 4.2.5.3.

temperature cycling, test addresses the risk of whisker growth being generated by
imulation of intéermal compression stresses. These originate from mismatches in
ficient of therma) expansion (CTE) between the base materials and the materials useq

ng.

re 19_shows the whisker growth during temperature cycling tests due to the differencs
e material. Table 5 shows the maximum whisker lengths generated during this test and

sker testing by 85 °C at a humidity of 85 % RH is undoubtedly superior in order to obtjtin a

Coefficient of Thermal Expansion (CTE) mismatch — Temperature cycling test
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rences between the CTE of the base material and the CTE of Sn (ACTE). The
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These results indicate that increased whisker growth is experienced when the CTE difference
between the base material and the Sn plating is higher. These results justify the allowance in
IEC 60068-2-82:2019, 3.3 and Figure 2 (Selection of test method), for temperature cycle testing

tob

e exempted when the ACTE is less than 8 x 10-6/K.
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Figure 19 — Frequency and length of whiskers @fter a thermal cycling test

Table 5 — Relationship between base material CTE, ACTE to Sn
and the maximum whisker length.after thermal cycle testing

Base material CTE of base material ACTE to Sn Maximum of whisker length afte
300 cycles, —40 °C to 85 °C,
10 min dwells
(1078/K) (10°8/K) (microns)
Sn 2659

Cu 16,8 10,1 Cu/Cu under layer 0

Cu/Ni under layer 18,75
Ni 13 13,9

CGeramic capacitor 10 (9~11) 16,9 Ceramic capacitor 12
SPC 10,8 16,1 SPC 32,5

42 allpy 5 21,9 42 alloy 30

Different test conditions were compared to show that the failure mechanisms during ambient
ageing and thermal cycling tests are diiferent. Figure 19 shows the results of a thermal cycling
test on various base material samples.

Whiskers grew on Sn platings on copper substrates with a copper underlayer when stored at
30 °C and 85 % RH. On the other hand, no whiskers were observed at 30 °C and 85 % RH
storage for Cu substrates with a Ni underlayer.

For the ceramic-based components, whiskers grow after a heat cycle. This is due to the higher
Delta CTE for the Sn plating on ceramic base materials than for Sn plating on Cu base materials.
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Figure 20 — Comparison max. whisker length with several base materials
and combining environment {25]

Figure 20 and Figure 21 show a comparison of whisker lengths generated in an ambient
experiment and in a study (fundamental) combining.€nvironmental stresses. The sample ysed
was| a copper base material plated with 10 ym of Sn sulfate plating. In the fundamental study,
to mimic the use of electronic devices in the field, the test specimens were subjected to
isothermal ageing at 30 °C 85 % RH (4 000_h); followed by thermal cycling of 500 cycles of
-40|°C to 85 °C with 30 min dwells, thensambient and vacuum ageing, followed by thefmal
cycling of 2 000 cycles of =40 °C to 85 °C\with 10 min dwells. In the fundamental study whisker
growth was only observed during the stress of thermal cycling. This indicates that under m{xed
environmental conditions, whisker growth is mainly dependent on thermal cycling. Therefore, it
is important to consider the use environment when considering how accelerated whisker tedting
is uhdertaken.
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Relation stress on whisker growth
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Figure 21 — Comparison of whisker growth in an ambiént experiment and a basic
experiment combining environmental stresses [25]

letermine acceleration factors associated with thermal cycling, a comparative experin
rom 20 °C to 85 °C (A65 °C);

rom —10 °C to 85 °C (A95 °C);
rom —40 °C to 85 °C (A125 °C).

hane sulfonic acid (MSA) bath. Sn plating on Alloy42 substrates were used for investigg

nent

tion

n in

as this combination exhibited a\large CTE mismatch between the plating and the substrate]
The| distribution of whisker*growth on FeNi (Alloy42) base material at 300 cycles is show|
Figyre 22.
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Figure 22 — Distribution of whisker length grown on FeNi (Alloy42)
base material after 300 cycles
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Figure 23 shows the average whisker length over a longer timeframe for the three thermal

cycles (20 °C to 85 °C (A65 °C), =10 °C to 85 °C (A95 °C) and —40 °C to 85 °C (A125 °C)).

Figure 24 shows an example of the relationship between the number of cycles for whisker
growth to reach a certain whisker length and each condition from estimates.

As a result, the acceleration coefficient of this test on Alloy42 is explained as follows:

whe

n

Ad

In this case, the expansion coefficient of base material influences the‘acceleration coeffig

of W

The

In(n)——28ln( \+222
LY

re

is the number of cycles;
is the range between lower and upper temperature.

hisker growth.

selection of an acceleration coefficient for this test method is based on Alloy42,

termination material with the lowest CTE.
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Figure 23 — Whisker growth on FeNi (Alloy42) base material for thermal cycling
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Figure 24 — A relationship of A9 and number of cycles
for whisker growth on FeNi (Alloy 42) base material fo-reach 100 ym

4.2.5 Influential process factors
4.2.5.1 General

Thig subclause discusses various production/assembly processes and their effect on whisker
growth.

4.2.5.2 External mechanical forces
4.2.5.2.1 General

The|use of external forces is in many: cases unavoidable (e.g.: bending of leads, mountingg of
heasinks and other mechanical parts, press-fit connections, etc.). Nevertheless, when it comes
to whisker growth, it is important-to distinguish between the different types. Some are crit|cal,
some are not, and some are depending on the situation. Confusion is often existing becduse
extgrnal forces are associated with stress, which in turn is related to whisker growth. Howejver,
to generate whisker growth, sufficient stress in the Sn layer, typically close to the yield limit,
withl the corresponding* stress gradients (£ 50 MPa/pm [12]), is required. This means, [that
plagtic deformation_of the Sn alone does not grow whiskers.

For|examples Figure 25 shows an imprint in a Sn film due to the external mechanical force
applied on'the surface by a test needle, along with FIB cuts carried-out directly in the plastigally
defgrmed region compared to its neighboring area [33]. It only took a few seconds to creatd the
imprigt which then resulted in the onset of whisker growth in the areas around the indenfion,
but Retdirecthy—intheplastically—defermedregien —Fheplastic-defermationitsel-is—aetdally
a stress reduction for the Sn. However, the compressive stress gradients produced in the
surrounding region, generate new grains (nucleation sites), as seen in the FIB-cut taken in
region "1", and material transport for whisker eruptions.
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newly formed grains 6\
imprint OQ
Pt layer (protection during FIB cutting) Q

N\,
ure 25 — FIB and SEM images of the impf\i&in the Sn film due to a probe needle ||

%
external force which caused in the 'rﬁ&int was only applied on the Sn plating for a
bnds, resulting in short whiskers a length of approximately 10 uym. This situg
natically changes if the externall lied forced remains for longer time periods, as ca

case for overmolded Sn pl t@ connectors depicted in Figure 26 [24]. The continy
pressive stress on the Sn plating due to the shrinkage of the plastic molding creates
pressive stress gradient \ e free Sn area, where whiskers can grow out. Over time, 2
stress gradients are re(l}ed, the whisker growth will stop.

.
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Figure 26 — Whisker growing between to connector pins as a result of the externally

applied stressed from the plastic overmold [24]

An overview of further various processes where an external mechanical force is applied on the
Sn deposit along with their general impact on whisker growth is provided in Table 6.
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Table 6 — Overview of situations where an external mechanical force is applied
to the Sn surface finish and their impact on whisker growth

Situation / process Example / Description Critical point Impact on whiskering
propensity
Trim and Form (T&F) Singulation and punching of | Open Cu can lead to a local | middle (Corrosion)
a pin after plating electrochemical element
and enhance corrosion
Clamping, press-fit, Continuous pressure on the | Small grain size is more high
IDC Sn layer by another critical (promotes diffusion),
component coating thickness
Bending Bending of a pin with It is possible that cracks in Low
certain curvature the whisker-mitigating layer
occur. In such cases,
cracks can eventually be
filled with Sn =» See
'Brushing'.
Gripding To achieve a smooth Original grains are enlarged | low,
surface, especially for wires | due to plastic deformation
after galvanic plating during grinding (> 30 ym)
= whisker mitigation
Brushing - After plating without post- Cross contamination middle
processing Cracked IMC / Ni can lead | high
- After forming plated to direct contact between
terminals Sn + Cu = IMCsstréss
Forlone-time processes like bending or grinding, nowhisker risk generally is induced. Howeyver,
if cracks in the whisker mitigating barrier layer between Sn and Cu (e.g.: Ni or purposely formed
IMQ) occur and then are filled with Sn, resultingrin direct contact between Sn and Cu bgsed
substrate, then RT IMC growth can lead toywhisker formation (4.2.2). On the other hand,
situgtions where pressure is constantly applied on the Sn surface, whisker growth has t¢ be
expected. For a deeper understanding ofithe impact factor on whisker growth due to diffefent
medhanic forces, a low risk and highericisk process will be discussed in further detail: bending
due|to the often misconception regarding whisker risk and press-fit due the unavoidable rigk in
such a connection.
4.2.6.2.2 Bending process
Bending is a typical external mechanical stress process for pins in electronic components or
eledtromechanical cannectors, which is often associated with whisker growth. This is a common
mis¢onception.
Figdre 27 a)presents a pin, which has been bended during trim and form [23]. It is frequgntly
assumedthat at the location of the deformation a high whisker propensity will exist. Howejver,
no Whiskers are observed in this area. This can be better understood when considering| the
grain\size / boundaries of the Sn after deformation. For this purpose, the Sn was etched away,
revealing the underlying RT (grain boundary) IMC formation and grain siZze. The actual grains

after forming are approximately 30 um in diameter, as seen on the lower right in Figure 27 a),
compared to the typical diameter of 3 ym to 5 ym for galvanic matt Sn platings without external
mechanical stress, shown in b). Consequently, the amount of IMC growth is reduced by a factor
of approximately 100. Less irregular IMC growth means lower compressive stress gradients and
as a result, no whisker growth is observed.
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Figure 27 - SQatmg surfaces and IMC structures after bending
gly Trim and Form and without bending [23]

another persp@ptwe consider a pin which is plated on all sides with Sn. The typ
ness of a p, is usually in the range of approximately 1 mm with a Sn plating thickn
of approximately 3 ym. When bending the pin to a radius R, the concave
ssed, whereas the convex side will be stretched. The stress of the Sn laye
side can be calculated according to Stoney's equation. To reach the yield lim
ding radius of 2 000 mm would be required. If the bending radius is smaller, pla
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r on
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%; tion will take Inlqm:, rpdlming the stress_In real nlnlnlir‘qtinnq the hpnding radius

S in

the range of approximately 5 mm, meaning plastic deformation of the concave side of the pin.
The whisker driving force comes, however, from the stress gradients, which for such a Sn layer
is < 0,02 MPa/um. This is more than a factor of 2 500 below the characteristic threshold for
whisker growth.

Therefore, Sn whisker growth is not related to the bending process of the pin by itself [4]. In the
cases where whisker growth is observed in the bending area, the reason for the whisker growth
is due to other underlying effects. A primary example is damage, in the form of cracking, of the
whisker mitigating barrier layer (e.g.: Ni or IMC) between Sn and Cu. If this occurs, Sn can
obtain direct contact with the Cu based alloy material, meaning whisker growth is not only likely,
but can lead to whisker lengths up to a few mm long.
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Hence, it is important to assess all manufacturing and subsequent handling process steps to
ensure that any whisker mitigating countermeasures are not destroyed.

4.2.5.2.3 Press fit technology

In compliant press-fit connections, a pin is pressed into a plated through hole (PTH) smaller in
diameter than the pin depicted in Figure 28. This means that any standard intrinsic stresses
inherent in a Sn film are now coupled also with permanent external stress, which generates
extreme stress gradients within the Sn film. Depending on pin size, geometry and base material
properties (e.g. elasticity) as well as the PCB layout and PTH diameter, the compliant radial
forces can easily vary to well over 100 N. Consequently, the unique and advantageous
characteristics of press-pin, consisting of just a one-step press-in process, creating both|the
essential electrical and mechanical properties, will always come with the unavoidable challgnge
of whisker growth.

Press-in direction

Stress gradients

(\ \."\\
Press-fit pin
—EE)
Compliant "_'—’
design .
Surface finish B —
PTH (e.g.: Sn + Ni barrier layer) \

Mechanical stress

Figure 28 — Schematic representation of a press-fit connection [35]

As the high normal forces and_résultant stress gradients after mating are the dominating
inflyential factors generating.‘whisker growth in press-fit connections, it is logical that|the
whisgker test prescribed in the IEC 60068-2-82:2019, 6.5 (or IPC-9797 [37]) is simply carried-
out |on pressed-in pins,_at RT conditions. Due to the immediate continual large extefrnal
medghanical stress, whisker growth is promptly initiated after press-in and therefore, a total jtest
duration of 2 000 hris-sufficient to assess the whiskering propensity of the contact.

—

A simulation afithe stress distribution and corresponding stress gradients in a press-fit zone is
givgn in Figure 29 a) and b) respectively along with an example of Sn whisker growth dirgctly
out pf a high stress gradient region between pin/PTH in c¢) [34]. In the simulation, comprespsive
stregs/gradients as high as > 300 MPa/degree were found, demonstrating the initial condition
of a|press-fit connection after insertion and why whisker growth is to be expected. Through guch
simulations, the corresponding stress regions and gradients in different press-fit zones / PTH
connections can be compared and pin properties accordingly optimized as a countermeasure
against whisker growth.
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b) Corresponding stress gradients
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c) An example of Sn whisker growth from a press-fit zone

Figure 29 — A simulation of the stress distribution and
corresponding stress gradients in a press-fit zone [34]
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The other principle whisker countermeasure for press-fit lies on the pin's finish.

Due to the roles a surface finish plays in the reliability of a press-fit connection, the importance
of one is clear:

e reduction of friction for the press-in process results in reduced insertion forces and PCB
deformation;
e oxidation/corrosion protection for substrate material;

e desired cold welding connection for high reliably press-fit connections.

Though the surface finish provides the source for whiskering material, the pin's layer sydtem
can|also be modified to help reduce the growth of long, high-aspect ratio Sn whiskers [further
than just a Ni barrier layer.

Dur|ng press-in the pin's surface finish is smeared, with some of the material -being scrapped-
off and relocated, typically accumulating along the periphery of pin/PTH interface as well gs in
regipns near the press-in side (Figure 30 a)) as a result of the directional friction forces working
agalnst the press-in movement. Granted the smearing and plastic defermation of the finigh is
impprtant for the contact physics mechanisms in the pin / PTH interface, it also createg an
excess of Sn whiskering material, that is directly squeezed betwegh‘the pin/PTH in high stfess
gradient regions, as shown in Figure 30 b). This explains why“the majority of protruding
whigkers are usually observed growing in the PTH or fromy the mating side of the pregs-fit
confact compared to out the pin's tip side (as seen in Figure:29).

Press-in direction

& s

Sn accumulation
along press-in tracks

w1 EHT=2000kV Signal A = NTS BSD
WD = 10.0 mm

=T

IEC IEC

a) Gontact grooves in-the' PCB hole from pressing-in with b) a cross-section of a Sn plated pin with Ni
the corresponding accumulation of Sn underlayer pressed into an iSn PCB,
demonstrating accumulation of Sn betwgen

plated pin / PTH interface

Figure 30 — Contact grooves in the PCB hole from press-in operation

|~ and cross-section of a Sn plated pin with Ni underlayer [35]

To reduce this effect, a thinner Sn finish is useful to minimize the build-up of Sn directly in
highly stressed locations. This exception is unique to press-fit, since typically a thicker Sn film
is generally used against whisker growth in other applications where such effects do not occur,
as previously discussed.
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Further surface finish modifications include the use of a Sn-alloy deposit instead of pure Sn.
Here is an exception where SnPb is currently still sometimes used, however, due to the
progression of continually stricter regulations on Pb, this is fading out more and more. The most
common alternative Sn-alloy being used instead of SnPb is AgSn, with the incorporation of a
Ni barrier layer. The goal here to form a AgSn IMC (mainly Ag;Sn) so that there is no free Sn

left to potentially whisker. This can be accomplished in two ways: depositing a multi-layer
system, meaning Sn and Ag separately, followed-up with a post-heat treatment or through the
co-deposition of Sn and Ag concurrently from one electrolyte, with favor and common practice
lying on the latter method due to simplicity, time and energy.
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racteristics whenever dealing with press-fit connectors. Even metals, which have never b
brved to grow whiskers in the practice, can still whisker under the_extraordinary condit
ress-fit. For further information on such film systems, please refer'to the available litera
.. [36]) or directly contact the plating suppliers. Figure 31 displays representative FIB-
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Figure 31 — Focused=ion beam investigations of different surface finishes [36]

Lgh the primary.'whisker growth transpires from the mechanically pressed compliant g
h, whiskers can-also grow from the initial Sn plated Cu vias on immersion Sn (iSn) P
to irregularsRT IMC formation especially in combination with the existing stress gradi
ted afterpininsertion. To reduce the whiskering propensity of iSn platings, a small am
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ure 32 — Whisker growth from an iSn with Ag additive (for whisker mitigation) pla
via after 1 000 h at 85 °C / 85 % RH aging

2x reflow process specified in the IEC 60068-2-82:2019 (5.5.1).-before press-in grg
pborts in this matter. As with all preconditioning measures in the)standard, it is require
align testing with the custom practice for each application\Since press-fit compon

PCB to be exposed to 2x reflow before press-fit pins are ingerted. As a result, an IMC ba
r between the immersion Sn finish and Cu via is developed, hindering further irregulaf
growth over time, which in turn reduces the whisker risk. Furthermore, since the iSn fil
approximately 0,5 ym to 1,3 um thick, it also leaves little remaining free Sn in the PTH
bkers to from and due to the pinning effect, it mitigates diffusion within the film.

4.2.5.3 Soldering
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Figure 33 — Pure Sn plated pin after Pb-free reflow process usilagl/’
solder paste under serial production conditions (b/
4
There is often the misconception that preexisting whiskers, which have QR over time on|the
shelf, will melt away during reflow assembly. However, this is not n%% sarily the case. [The
melfing of whiskers has been observed, as shown in Figure 34, t@t_ ly after 3x reflow pt a
maX. temperature profile (40 s at 260 °C) [23]. &

. IEC

Fi @ 34 — Sn plating after 3x reflow (40 s at 260 °C) [23]
&

The solderi;gi&y, on the other hand, can play a crucial with respect to whisker growth [[38],

[39]} Rare elements especially have been observed to increase the whiskering properjsity
[40]f Thi s mainly on corrosion of the solder due to differences in the electrochenjical
potégnti the rare earth elements and their IMCs.

AN

Corrosion characteristic of Pb-free Sn-Ag based alloys has been investigated, including the
usage of potentiodynamic polarization curves measurements [41]. Commonly used SAC solders,
such as SAC305 (3 % Ag, 0.5 % Cu and remainder Sn) and SAC407 are comparable in respect
to whisker growth, with the longest observed whisker at 90 ym after temperature cycling
(1 000 TC; —40 °C/85 °C).
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Out of all the variables involved in the soldering process, flux is known to be the most relevant
factor for whisker growth, due to the impact their residues have on corrosion induced whiskering
on the Sn finish of the component. For this reason, several different flux systems were tested
in order to assess their influence on whisker growth [43]. The investigations were carried-out in
such a way, so that only corrosion induced whisker growth could be considered and all the other
influencing whisker mechanisms excluded. Therefore, a 10 cm diameter Si-wafer was used with
a sputtered 20 nm adhesion layer of Ti, followed by a 20 nm Ni layer, which then has no negative
impact on the expected whisker growth. Finally, a 5 um matte Sn finish was galvanically
deposited using a classic MSA based electrolyte and rinsed with DI water, in correspondence
to a standard serial production plating. The exact electrolyte and plating parameters for this
study were specifically chosen based on previous tests, which showed an inherent whiskering
propensity under the existence of compressive stress gradients induced by the corrosion of|Sn.
The| different fluxes where then dispensed on the Sn finish in separate regions of the ‘wafer
using a 250 um tip needle, followed-up by reflowing the entire Si wafer. Paste flux wasJapglied
in rpws and liquid flux as drops on the surface, comparable to a typical SMD process. [The
varipus tested fluxed are summarized in Table 7.

Table 7 — Overview of the tested fluxes for their impact on the whisker growth

Name of flux Flux type Whisker > 100 pm Remark
1 ROL1 4 High<activated, clean
2 ROLO 68 No clean
3 ROLO 48 No clean
4 ROLO 63 No clean
5 ROLO 26 No clean
6 ROL1 4 High activated, clean
7 No flux 4 Cross contamination

The|wafer was then exposed to damp_heat cycling: 85 °C / 85 % RH for 1 000 h. The resulting
appparance of the surface after aging due to the different fluxes is given in Figure 35. |t is
obvious the behavior of the individual flux systems differ and therefore, also the corrofion
indyced whiskering propensity,

\J
an ST
~ Reference \
#
i f
' ‘e |
,‘!

\2:

NOTE A cross contamination by other fluxes could not be 100 % excluded [43].

Figure 35 — Appearance of the Sn surface due to the various flux systems and their
corresponding residues after reflow (min. Profile) and 85 °C/85 % RH exposure
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A detailed investigation of the whisker growth was performed using a scanning electron
microscope, as depicted in Figure 36. In total, whisker growth from an area of 875 mm?2 was
documented in order to create a statistical data set for the assessment. Figure 37 summarizes
the observed whisker growth for a ROLO, ROL1 and no flux sample as reference (numbers 4, 1
and 7 respectively from Table 7).

JEG,

Figure 36 — Representative whisker growth near areas where flux residue is located

Wafer Il #4

Wafer Il #1 Wafer Il reference
5 24 ————
®Whisker 30-50 pm/mm2 5 ‘= Whisker 30-50 pm/ni
|45 Ty ©WWhisker S0-100 “""’“’“:]Z 0 Whisker 504007 pm/mm? & 17 :x:iij{igfgg’:‘,ﬁ,’,ﬂ:z
L s ©WWhisker100-200 i & 0 Whiskef 100:200 pm/mm? £ 15 o Whisker 100-200 pm/mjn?
E @ Whisker >200 pm/mm e 19 B Whisker>200 pm/mm? £ ! & Whisker >200 pmimm2
£ 35 £ (Z P £ 13
>
gL z 14 g
s |25 2 g 01
] ) D o7
= 2 T 00 g
% |15 % 5 05
v K] <
=31 S 04 z 03
0,51 | 0,1 —
0,1 -0 * -0 30-50 50-100100-200 >200
30-50 50-100100-200 >200 ) 30-50 50-100100-200>200 o2 -
Whisker length (um Whisker length (um isker length (m
gth (um) EC gth (um) IEC IEC
a) ROLO b) ROL1 (higher activated flux) c) no flux as reference

Figure'37 — Whisker density with no flux and several flux types

Mosdt of the whisker growth was observed near the areas where residue and resulting corrogion
products aftenaging where located on the surface, as seen in Figure 36, with some whiskers
growing directly in the residue regions as well. The higher activated, ROL1, flux is showing
slightly ‘higher whisker densities compared to the reference, no flux, sample for whiskers
< 1Q0\pm long. However, for whisker growth > 100 um, the samples show similar whiskelring
tendencies, where only 4 whiskers were observed for both, as given in Table 7. Whereas the
corrosion induced whisker growth from the standard, ROLO, flux is a factor of 3x higher
compared to the higher activated flux, with 63 whiskers observed < 100 ym. Due to impact flux
has on corrosion induced whiskering, the preconditioning required in Table 2 of the
IEC 60068-2-82:2019, using a standard ROLO flux system, is critical to assess the whisker risk
in the different assembly processes for surface mount and through-hole soldered components.

4254 Welding

For the lead wire that is the external terminal of the Al electrolytic capacitor, a part made by
butt-welding a Sn plated steel wire (hereinafter CP wire) and an Al wire (hereinafter tab) is used.
Sn whiskers may occur in this area.
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Whisker growth and welding are not directly correlated. The welding of Sn plated Cu-alloys is
not causing a whisker growth, since the Cu and Sn are forming an IMC, the remaining Sn is not
forming whisker afterwards. The same is valid for welding of Fe alloy. The Fe or Cu material
can form intermetallic compound with the other materials during the welding process. The
solidification takes place in a certain sequence following the melting temperature. First Fe, Cu,
Al and Sn.

This situation changes if one of the welding counterparts is out of an Al-alloy in combination
with the presence of Sn. During the welding process the base material is heating up until the
melting point is reached, in order to create a form-closed durable connection. The Sn whiskers
in this weld are grown when the Sn phase becomes a three-dimensional network structure in
the [alloy region of AI-Sn, and it is considered that the residual stress inside the weld lis| the
driv|ng force for growth (see Figure 38).

Tab
terminal

IEC

The whisker has a length of.approximately 150 ym.

Figure 38 — Sn whisker growth at the area with Al welding point

The| solid Alis{causing a compressive stress due to the shrinkage on the entrapped Sn. This
situation is\similar to that of a tube of toothpaste. The compressive stress will create very [fast
(in §everal\weeks) very long whisker, up to several mm long. Whisker growth is initiated dirgctly
after the. completion of the welding process and is typically completed within a time period [of a

f wooke dononds nrnni-rnnhurn Aand |r\r\n| Qn Aunhﬂhnhnn m thao waldina inint
ew lweeks—depending—on—microsts and—tocal-Sn—distribution—in—the—welding—jeint{see

Figure 39 [42]). Considering the local microstructure, comprising the Sn coated wire and the
intermixing of Al with Sn, Figure 2 in IEC 60068-2-82: 2019 applies. This results in the following
applicable tests: Damp heat, temperature cycling as well as the ambient test.

As a method of mitigating these Sn whiskers, it has been confirmed that Sn whiskers are grown
when the solidification conditions are water-cooled, but not when the furnace is cooled. From
this, it is known that slowing down the cooling rate at the time of solidification and forming Sn
as a large colony has an effect of mitigations Sn whiskers.
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Figuire 39 — Feature of formation area of Sn whisker welding point
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desirable as acceleration factors for this environmental condition are unknown.
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5.1.2 Preconditioning of test specimen intended for press-fit applications

During and after press fit processing, mechanical stresses can affect the Sn layer and cause
internal stresses. This is largely independent from the base material or underlayer platings. To
simulate this stress, the samples need to be inserted into a standard printed board. Care needs
to be taken to choose the appropriate hole size, similar to that used for the termination during
manufacturing. Small differences in the hole size can have a large impact on the stress levels
in the Sn layer. To eliminate internal stress in the test circuit board, that otherwise can affect
the test results, a heat treatment of the board before the press-in operation is essential. A
common pre-heat treatment for printed boards is a reflow process, which needs to be applied
twice, to replicate a typical process flow consisting of double-sided reflow followed by the press-
in operation. See 4.Z2.5.Z.3 for more information.

5.1.8 Preconditioning of test specimen intended for mechanical loads otherthan
press fit

Dur|ng manufacturing or further processing, terminations can be subjected)to mechanical
progesses (like bending, stamping etc.) that can either affect internal stresses in the Sn layer
(which normally has no effect to whisker growth, see 4.2.5.2 and 4.2.5.2.2)\or negatively impact
whisker mitigation measures (e.g. by cracking of Ni underlayers or otherwise creating direct
conjact of the Sn finish layer with the base material, thereby 'bypassing’ a Cu diffusion barrjer),
morg explanations see 4.2.5.2.2. To simulate this stress, samples.need to be subjected to| the
expected stresses that occur during processing. Because of (the large variety of procesging
conditions and sample geometries, a standardisation of thist€st is not possible. It is therefore
the responsibility of the supplier to select appropriate load:conditions to simulate the expe¢ted
progessing conditions. An overview of typical process/situations and their whisker risk gjves
Table 6 in 4.2.5.2.

51.4 Preconditioning of test specimen intended for soldering / welding

As mentioned in 5.1.3, it is clear that any mechanical loads arising during processing havg to
be flaken into account. Parts to be used for testing therefore need to be in the finished sfate,
with all forming operations completed>, 1 the intended mechanical loads in the custonjer's
progess are known, these loads need\to be applied to the samples. If the customer's progess
isn'{ known and a forming operation during assembly is likely, bending of the terminals i$ an
alternative solution. A single behd of 90 °during assembly is usual. Terminations that are| not
pliable are not subjected to_the-bending pre-conditioning.

and|exposure time conditions define the thermal energy imparted to the parts. As a result, tHese
thermmal exposures affect the growth of IMCs, not only in terms of thickness but also in their
conposition. As.mentioned in 4.2.2., the type of IMC has a large impact on whisker growth] On
the lother hand;-only partly molden surfaces with remaining original Sn grains carry a high
whigker risk,.as discussed in 4.2.5.3. Hence, for parts intended for reflow processing, a suitable
reflow profile within the limits of the test conditions, needs to be carefully selected according to
IEC|60068-2-58:2019, test Td1. The standard offers different reflow profiles in terms of geak

temperatures and expaosure times For the most cases a profile from pracess temperalture

group 3 (Solder alloy Sn-Ag-Cu) is applicable.

Addfitionally, soldering.or. welding results in thermal exposure for the parts. The temper?;[ure

For parts intended for through-hole assembly, dipping to a depth of at least 4 mm, but to a
maximum depth of 50 % of the length of the termination in a solder bath is recommended.
Temperature and flux per IEC 60068-2-20 is used.

As welding is not a standard process, the relevant specification has to give appropriate
information on the thermal excursions likely to be experienced.
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As shown in 4.2.5.3, the type of flux applied in the soldering process has a large impact to
whisker growth, whereby ROL1 (activated) has not the most effect to whisker growth, comparing
to type ROLO (non-activated). As it is impossible to test with all fluxes available in the
marketplace, an ROLO type flux according IEC 61190-1-1 or 1SO 9454-2 in solder paste form
or as a flux for dipping is usually used.

5.2 Ambient test
5.2.1 General

The ambient test addresses the diffusion process of copper into the Sn layer during service life.
Copper and Sn form an CugSng intermetallic compound (IMC) that grows in the Sn matrix,along

the [grain boundaries. The mechanism is explained in 4.2.2. As a result, the IMC |exerts
compressive pressures on the Sn grains and causes whisker growth.

Thig whisker growth mechanism is relevant for all plating combinations, in whiech” Cu diffusion
can| occur. For these combinations, the test is mandatory, as stated./inh Figure 23 of
IEC|60068-2-82:2019. Exceptions are described in Table 1, which also gives is a collection of

mitigation measures. The intention of these measures is to:

a) inhibit copper diffusion or
b) force the growth of favourable IMC or

c) spread the compressive stress over a thicker Sn layer.

To a): Inhibition of copper diffusion can be achieved by use of a nickel interlayer. Typical layer
thicknesses in the range of (2 + 0,5) um can reliably festrict Cu diffusion. Thinner Ni layers|are
possible, if the plating process delivers good plating quality (pore-free layers with an gven
thickness). Care should be taken with surfaces intended for forming processes. The nickel layer
has|to be ductile enough to allow these processés to be undertaken without cracks forming in
the Ni interlayer.

To Bp): As mentioned in 4.2.2, heat treatments like solder reflow or annealing, forces the grqwth
of the Cu3Sn IMC, which forms an ‘even layer between substrate and Sn plating. This layer

preyents or decelerates copper diffusion in the Sn grain boundaries, which is the main regson
for compressive stresses in the,;Sn layer. Acceptable and effective heat treatments are reflow
or hot-dip plating and for thicker layers, annealing below the melting point of Sn is preferred,
seelalso c).

To ¢): For thick layers-of Sn, there is a greater opportunity to reduce stress in the Sn layer|due
to the larger volume-of tin present. Sn is a ductile and comparative soft material, and therefore
there are goodychances for stress relaxation to occur. For thicker layers (> = 7 ym), annedling
belgw melting,point of Sn is sufficient. Reflow can here result in dewetting.

If omeof-the exceptions in IEC 60068-2-82: 2019, Table 1 is applicable, the ambient test|can
be gmitted.

5.2.2 Test severity

A standard laboratory environment of (25 £ 10) °C and (50 + 25) % RH for storage is sufficient
as explained in 5.1.1. No acceleration factor known in the range of this condition. Concerning
the storage time, it can be assumed that the risk of later whisker growth is low, if no whiskers
have been observed after 4 000 h of storage at ambient conditions. As the IMC thickens,
whisker growth will normally slow down as Cu diffusion is decelerated due to the extensive IMC
growth. This of course depends on Sn-plating thickness and microstructure including plating
quality (content of organic contaminants) and also the type of plating.


https://iecnorm.com/api/?name=3491aa32a4c067ebe3cf138850a4dc8f
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