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Fig. 1 - Relay contact springe
Magnification 1.25X.

Fig., 2 - Tin whiskers on relay contact spring.
Magnification 13X.



















Fig. 6 - Sapphire whiskers at grain boundaries
of cast aluminum - copper alioy.
Whisker thickness: 10-30 xm
. (400-1200 microinches)
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CHAPTER IIIX

PROPERTIES OF TIN WHISKERS

Tin whiskers are single crystals commonly 1-2 am (40-80
microinches) in diameter, but can vary from 0.05 to 5.8 mm
(2-240 microinches). Lengths up to 9 mm (3/8 in,) have
ibeen reporteds’lé(Fig. 7). Whiskers are usually straight,
_but a change in the direction of growth can occur and the
growth can be in the form of kinks and spirals (Figs. 8-10).
15
Tin whiskers may be solid, perforated or hollow . They
are tetragonal in section and it was found that the<001>
and<:101;>crystallographic axes are whisker growth directions .
The external surfaces of the whiskers often have styiations
extending longitudinally along the length., These do not
appear to have crystallographic origin and it was shown
that some of the deeper striations were boundaries between

14
- two whiskers growing together

Tin whiskers can grow in a relatively short period. Whiskers
have been observed to grow in periods varying from days to
Years., It has bpen reported that individual whiskers grew
750 am (1/32 in) in a months. The rate of growth was not
always constant. After a whisker hés reached a certain

length, its growth usually becomes slower and then ceases

completely.






Fige 9 -~ Change in directiog during
tin whisker growth®.
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FACTORS INFLUENCING WHISKER GROWTH

The results of many experiments into the factors affecting
crystal growth are summarized as a background to selecting
methods of controlling whisker growth in industrial applica-
tions. The most important factors which were found to affect
the growth of tin whiskers serve as titles for the following

subsections,

One difficulty encountered in setting out the summary was

the conflicting findings from similar studies by different
authors., For example, some specimens developed whiskers of
various lengths, growth densities and incubation periods

while others prepared identically by other researchers did not
produce any whiskers. The non-uniformity of results is pro-
bably due to minor variations in specimen preparation which
were not considered to be important and hence not noted, for
example, slight differences in substrate conditions, or in

operation of cleaning or plating baths.

5.1 Temperature

The ambient temperature shows marked effect on the rate of
whisker growth. The optimum temperature for tin has been

determined to be 52°C (125°F). Whisker growth decreases









25

The minimum incubation period and the maximum rate of whisker
growth was found on tin coated brass and zinc. The rate of

whisker growth on tin coatings plated on brass is more than
24
that on tin coated to steel ,

Whiskers developed on tin coatings applied to a copper under-
, 5,19,23,25
coating plated on a brass substrate prior to tinning

Slight whisker formation was observed on tin plated onto a
5
gold undercoating on brass . No whiskers were observed on tin
' 25
coatings applied to tin-nickel undercoatings on brass . Tin

plated onto an iron undercoating on brass produced heavy
15,19
whiskers .

It was observed that tin applied to a copper undercoating on
1,23,25
a steel substrate developed whiskers o No whiskers

wvere found on tin coatings applied to either a silver or a
23,24 A
gold undercoating on steel « It was determined that no

whiskers were formed in the case of a nickel undercoating
23
on steel , but other experiments with the same undercoating
‘ 24 .
revealed the presence of tin whiskers . An iron under-

coating on steel did not give rise to whiskers on the tin
24

surface , A tin plated duraluminum substrate with a zinc

or copper undercoating developed whiskers, but did not with

24
a nickel undercoating .,

The susceptibility of tin coatings to whisker growth has

some parallel with the extent to which they diffuse with the
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It was found that the plating solutions used to produce
tin-alloy deposits wexre not practical to operate in pro-
duction and tight controls were required to maintain the

proper concentrations of the poisoning metals.

It has been shown that tin-lead deposits containing 40

percént lead have a higher incubation time than tin deposit324.
Even though some whiskers were reported on tin-lead coatings
containing 30 percent lead at room temperatures, their

maximum length of approximately 50 mm (2,000 microinches)

means that they are of much less consequence than those on

28
pure tin « Another investigation carried out on various

tin-lead alloy compositionsl4determined the absence of whiskers
after 4.5 years on 20 and 40 percent lead alloy deposits,

Some nodule-like structures or rounded protruberances were
observed on 0.5 and 5 percent lead alloy deposits,.the maxi-
mum length obtained on the 5 percent lead specimen was about
10 mm (400 microinches). The same nodule-like structures were
found on one percent lead alloy deposit and their maximum

28
length was about 7.5-~10 mm (300-400 microinches) .

Whisker formation on tin-lead alioys of various concentrations
is limited to an extended nodular growth from the surface
of the deposit and are rather curved than straight. Moreover

the tin-lead plating process is easily carried out and can be

10-12
adjusted to the desired alloy composition o« The most
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conclude that the baking operation as a means to control
whisker growth is not suitable for bright tin deposits

plated from proprietary sulfate baths.

The effectiveness of the heat treatment of tin plated parts
with a copper undercoating for retarding whisker growth23’24
is pértly due to the formation of an interdiffusion layer of
coﬁper and tin after annealing at a temperature of 191°C
(375°F). It was also determined that substantial thickness
of the diffusion layer did not form in a reasonable time at

31
temperature below 150°C (300°F) .

As shown in Figs. 17 and 18, there are three distinet layers:
brass, copper and tin prior to annealing. In Fig. 19, after
annealing, a copper-tin diffusion laYer is formed. In Fig.

26, after annealing, no copper zone was left since the

copper and tin had interdiffused.ahd zinc had diffused from

the brass into the copper-tin layer. The interesting fact

in this figure is that a copper-tin alloy of various concentra-

tions is formed after annealing.

Annealing of tin plated parts is'thus a method of retarding
the formation of whiskers but has by no means eliminated their
growth, The retardation effect of annealing supports the
theory that internal stresses in the deposits have a major

funeétion in the mechanism of whisker growth.
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Tin

Diffusion
layer

Fig. 19 - Cross-section of tin plated onto a copper
undgrcoating on brass aiter annealing at
191% (375°F) for 4 hr in nitrogen3l,






JFig. 21 ~ Square U-shaped channels under stresses
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CHAPTER VII

CONTROLLING TIN WHISKERS

The recommendations on the measures to be taken to reduce or

minimize the hazards associated with tin whisker growth are

presented below:

i)

ii)

iii)

iv)

v)

vi)

The maintenance of a low temperature and a low relative

humidity will reduce, although not entirely prevent,

2,5,19
the growth of whiskers. ° ' .

A minimum thickness of 5 mm (200 microinches) for elec-

troplated tin coatings will give reduced internal
30

stresses which cause thin coatings to be prone to
1,5,23,24

" whisker formation .

Bare steel substrates are preferable to brass and copper
substrates or undercoatings, on which tin deposits are
more susceptible to grow whiskerszs’as.

Co-deposition of lead in the tin deposit at various alloy
concentrations will prevent the formation of tin whiskers
or reducé their growth to a degree that would eliminate
any hazards of short—circuiting.14’28.

Stress-relief of tin deposits by annealing at a tempe-
rature between 191°C (375°F) and 218°C (425°F) for 4 hr
in an inert atmosphere will result in a definite retarda-
tion in whisker formation and a decrease in their growth

23,30
density .

Fusion of tin deposits after eleciroplating will result

2,29
in a reduction in whisker growth due to stress relieving ’









Fig, 24 - Tin whiskers collected by the pressure-
vacuum technique.
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