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"If you can look into the seeds of time,
And say which grain will grow and which will not, 

Speak then to me"
--William Shakespeare

Macbeth (act 1, scene 3, line 60)

Note: 104 whiskers/cm2 = “high whisker density”

Assume grain size = 1um2 (for ease of calculation)
1cm2 = 108 um2 108 grains per cm21cm2 = 108 um2    108 grains per cm2

Thus, (104 whiskers/cm2) * (1cm2 /108 grains) =

1 whisker for every 10,000 grains
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BackgroundBackground
• This listing is NOT all-encompassing

Exhaustive literature search was NOT performed– Exhaustive literature search was NOT performed
– Many more examples are known, but due to time constraints were not compiled 

herein
– Permission to distribute some known examples has often been denied

• For example In 2006/2007 Munson & Handwerker reported a case of tin whiskerFor example, In 2006/2007 Munson & Handwerker reported a case of tin whisker 
induced shorting where whiskers grew out of SAC305 (or maybe SAC405) solder joints.  
The Mfr of the assembly later requested distribution of photographs be curtailed.

• Later in 2008, Handwerker publicly presented images from this experience

Purpose:• Purpose:
– Show that tin whiskers can/have been documented on a variety of 

Sn-based alloys
– To facilitate discussions about whether or not to prohibit various Sn alloy 

coatingscoatings 

• Purpose is NOT:
– To imply that whisker growth mechanism is understood
– To imply that the alloys shown herein are always prone to whisker formationTo imply that the alloys shown herein are always prone to whisker formation
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Whiskers from Sn-Ag-X Based AlloysWhiskers from Sn Ag X Based Alloys



“Tin Whisker and Surface Defect Formation on Electroplated Films and Reflowed Joints”
C.A. Handwerker/Purdue University

CALCE Symposium on Part Reprocessing, Tin Whisker Mitigation, and Assembly Rework/Repair
November 12, 2008
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Tin Whiskers on hot dipped SAC305
surface mount resistor termination after 500 hrs 
@85C/85%RH + 500 T-cycles -55C to +125C@85C/85%RH + 500 T cycles 55C to +125C

Peter Bush/SUNY Buffalo
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Whiskers from SnAg Eutectic Solder
Anonymous

• small diameter pure copper 
transformer wire is wrapped around a 
cupronickel pin and then soldered in 
place using SN 96 eutectic tin-silverplace using SN 96 eutectic tin silver 
solder.

• unit was exposed to unusually high 
temperatures over an extended period 
of time as a result of system failureof time as a result of system failure 
unrelated to these whiskers
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Whiskers from SnAg Eutectic Solder

• Product being tested for• Product being tested for 
“Down Hole Oil” Application. 
Uses Sn96 High Temp Solder
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3 months storage at 52°C/98%RH3 months storage at 52 C/98%RH

9



Whiskers from Sn-Cu Alloy SystemsWhiskers from Sn Cu Alloy Systems



SWATCH Petition to EU TAC for RoHS Exemption
January 2006
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Tin Whiskers on SnCu electrodepositTin Whiskers on SnCu electrodeposit
Proc. 2002 AESF SUR/FIN Conference
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Whiskers from Sn Alloys with 
Rare Earth ElementsRare Earth Elements 

(Cerium, Lanthanum, Erbium, Yttrium)



Sn-6.6Lu alloy with Sn Whiskers
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Whiskers in Sn3Ag0.5Cu1.0Ce Solder Ballss e s S 3 g0 5Cu 0Ce So de a s
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Whiskers in Sn3Ag0.5Cu0.5Ce Solder Balls
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http://nepp.nasa.gov/whisker/other_whisker/SAC/index.htm
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Whiskers from Sn-Bi based 
Alloy Systems



The Use of Tin/Bismuth Plating for Tin Whisker 
Mitigation on Fabricated Mechanical Parts

David Hillman Sue Margheim Eric StrawDavid Hillman, Sue Margheim, Eric Straw
Rockwell Collins

CALCE Part Reprocessing, Tin Whisker Mitigation,
and Assembly Rework/Repair Symposium

November 2008

Bi content reported to be <0.3%
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Whiskers from Sn-Sb based 
Alloy Systems



Metallized Film Capacitor –
Disassembly of ~3.5 year old capacitor

0 5 mm Long Tin Whisker on Metal End Spray0.5-mm Long Tin Whisker on Metal End Spray
Source: NASA Goddard Space Flight Center Code 562

Metal End Spray is Predominantly Sn with Cu, Pb and possibly Sb in single digit % 21



Tin Whiskers on Sn-Sb based Metal End Spray
of a Plastic Film Capacitor -- Anonymous
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“Whiskers” or some other crystalline formations?
on Sn95Sb5 solder joints after 200°C Storage Test

Source: Phil Hinton 2002Source: Phil Hinton 2002
The solder used was Sn95Sb5 
(MP 235oC), the unit was place 
in an oven at 200oC and held 
for 200 hours The componentsfor 200 hours. The components 
were supposedly nickel tin 
plated gull wing, discrete 
resistors, capacitors of the 1206 
size, connectors etc. The 
boards were polyimide with a 
final finish of electrolytic nickel 
(200microinches), palladium (8 
microinches) and gold (6 
microinches). The “whiskers”microinches). The whiskers  
grew from the leads, and from 
the solder in large continuous 
patches that looked like a a field 
of crabgrass. Even the solder 
on the Ni/Pd/A lands on theon the Ni/Pd/Au lands on the 
board grew whiskers. 
Also in the test were assemblies 
soldered with 
Pb85Sb10Sn5. This solder did 
not grow whiskers, but the leads 
did. 
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Whiskers from Au-Sn Alloy SystemsWhiskers from Au Sn Alloy Systems



Au-Sn Whiskers
AnonymousAnonymous

• These alloy whiskers growing 
from AuSn solder. Some 
whiskers were pulled off the 
surface with carbon tape in 

d t fi thorder to confirm the 
composition without the solder 
in the background. The 
whisker composition is Au Niwhisker composition is Au, Ni, 
Cu and Sn. In the SEM 
images, the dark surface area 
is Sn rich and the light areasis Sn rich and the light areas 
are Au rich.
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Whiskers from Sn-Al Alloy Systems
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Tin whiskers on Sn50Al50Tin whiskers on Sn50Al50
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Whiskers from Sn-Mn Alloy Systems
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Tin Whiskers on Sn-Mn Electrodeposits
(~40%Mn by weight)
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Whiskers from Sn-Pb Alloy Systems
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SnPb Whiskers Formed on 
Sn63Pb37 Reflowed Die AttachSn63Pb37 Reflowed Die Attach

NASA Goddard Space Flight Center Code 562
• GaAs Laser Diode Array 

attached to Cu-W heatsink 
using Sn63Pb37 solder

C t d iti d i• Current densities during 
operation ~10^5 Amps/sq.cm

• Shunting distance < 5• Shunting distance < 5 
microns

These whiskers are comprised ofThese whiskers are comprised of 
Sn-rich And Pb-rich regions

http://nepp.nasa.gov/whisker/reference/tech_papers/Leidecker2003-SnPb-whiskers-on-laser-diode-array.pdf
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Sn-Pb Whiskers from Sn-Pb Coated Ceramic Chip 
Capacitor Terminations after Extensive T-CycleCapacitor Terminations after Extensive T Cycle

Source:  R. Wagner/Kemet

These whiskers are comprised of 
Sn-rich And Pb-rich regions
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