TIN WHISKERS ON LEAD-FREE PRINTED CIRCUIT BOARD AFTER FINISHING
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Introduction - technological background
Tin whiskers are posing a substantial problem for electronic assemblies. Especially with introduction of surface mount technologies in the 80th the distances between the components have shortened and structures on assemblies have
become so cloth to each other, that whiskers are able to excite dangerous short circuits.
Nowadays the usual small outline components have pitch measures of 1.25 mm, so called 'flat packs', partially only of 0.5 mm. The insulating distances between neighboured wires are sometimes less than 0.2 mm. Whiskers on tin
coatings have a growing rate up to 0.3 nm/s and can attain a length of some millimetres [Kle-98]. However the intensive growth occurs only for alloys with more than 70 % tin, therefore this problem was solved by using of corresponding
alloys. Till 2006 the eutectic tin-lead-alloy with 37 % Pb was regarded as a standard solder, without dispose of whisker growing.
Since 2006 the European environmental legislation RoHS has come into effect, which bans the use of lead in electronic assemblies. An increasing implementation of solders containing high percentage of tin like SnAg3.5, SnCu1,
SnAg3.5Cu0.5 or pure tin takes place. Comparable initiatives like RoHS have also caused a prohibition of lead in Japan, Korea or China, so that it has become a global phenomenon. Therefore the whisker problem is topical again.
The aim of our contribution is to be a sign of the threat of whisker growth on lead-free solder and give a demonstration of this.

Material and methods
A printed circuit board coated with lead-free HASL
and cold assembled by press-fit technology was
analysed. The investigations were made by use of
SEM (FESEM SUPRA 25, Zeiss, Germany) and EDX (Xflash + Quantax, Bruker AXS, Germany).
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Fig.1: Connect assembly on printed circuit board cold
assembled by press-fit technology.
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Fig.2-6: SEM-pictures of whiskers found in several regions of
the connect assembly pictured in fig. 1. The whiskers are
growing out of the mechanical stress region around the pin
pressed in the lead-free solder coated pad. (several
magnifications, see µ-bar)
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norm. C Atom. C Fehler
[Gew.-%] [At.-%]
[%]
-------------------------------------------Sn 50 L-Serie 103820
65.74
27.64
2.6
Cu 29 K-Serie 10835
16.06
12.62
1.0
C 6 K-Serie
4206
4.02
16.73
1.0
Ni 28 K-Serie
441
0.52
0.45
0.3
O 8 K-Serie
1534
13.65
42.57
5.4
-------------------------------------------Summe:
100.00 100.00
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[%]
------------------------------------------Ni 28 K-Serie 72852
95.07
94.56
2.5
Cu 29 K-Serie 2394
3.97
3.64
0.2
S 16 K-Serie 1028
0.51
0.92
0.1
P 15 K-Serie
792
0.46
0.87
0.1
------------------------------------------Summe:
100.00 100.00
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Fig. 7a-c: SEM pictures of whisker growth
in three magnifications (see µ-bar). EDXanalysis for the three regions seen in figure
7a are assigned above and to the right:
pad, pin and wear friction caused by
mechanical stress due to the press-fit
technology. As you can see the solder of the
pad coating is mainly composed of Sn (66
w%) and Cu (16 w%). The pin mainly
consists of Ni (95 w%) and some Cu (4
w%). The wear friction around the pin
contains 38 w% Sn and also Cu and Ni.
The EDX-analysis of the whisker shown in
fig 7c in high magnification (below) shows
that it mainly consists of Sn (85 w%).
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------------------------------------------Sn 50 L-Serie 23376
38.02
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100.00 100.00
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Results and discussion
The so called hot air solder levelling (HASL) coating with molten solder is
the most popular surface finish today. This is also due to the very good
solder ability, storability and low costs of HASL surface finish. The leadfree variant of HASL very often consists of a SnCuNi alloy with more than
98 % tin. Usually it is assumed, that lead-free HASL has no risk of whisker
growing [Nih-05], but this is only true for whiskers caused by thermal or
self induced stress.
For externally caused mechanical stress, which is inevitable for the pressfit technology, a whisker growing is also possible for lead-free HASL. But
in particular the press-fit technology becomes more important because
of the lead prohibition. Especially for plugs, which are very sensitive
against the increasing soldering temperatures for lead-free solders, the
cold assembling with press-fit technology is a reasonable alternative.
The hard pins of the plugs will be pressed into to the soft coated
undersized holes of the printed circuit board. Even this combination of
lead-free HASL and press-fit technology causes a higher risk of whisker
growth due to the high local mechanical stress.
Our pictures show a printed board connected through, coated with leadfree HASL and cold assembled by press-fit technology. The Tin-Whiskers
grow out of the mechanical stress region between the pin pressed in and
the lead-free solder and have a diameter of about 4 µm. The length of the
whiskers is sufficient to cause a break on printed circuit boards. By EDX
analysis it could be shown that the material of the whiskers is rather pure
tin.

Conclusions
We could show that Tin-Whiskers can outgrow from the mechanical
stress range between pressed in pin and lead-free solder coated on a
printed circuit board. That is the combination of lead-free HASL and
press-fit technology causes a very high risk of whisker growth due to the
high local mechanical stress. The length of the whiskers is sufficient to
cause breaks on printed circuit boards.
An alternative to this problematic combination could be either the
soldering of plugs made of heat resistant materials or the application of
tin-free coatings on the printed circuit boards like “immersion silver”
[Han-99]. Certainly both solutions will cause additional costs.
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