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Statement of Problem
 Components are being plated with 

pure tin and assembled with Pb-free 
solders.

 Whisker growth mechanisms are unclear, so robust mitigation methods are needed.

 Tin whiskers can create electrical shorts that can cause systems to fail catastrophically.

•Sn whiskers 
produced a metal 
vapor arc that 
destroyed this relay 
in a satellite.

(www.nepp.nasa.gov)

(George & Pecht, Microelectronics  
Reliability, 2013).

•Sn whiskers 
found on 
connector pins 
in Toyota 
vehicles.

Tin can grow whiskers.
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Polymer coatings are a current mitigation method

 Protrusion caused by a whisker 
growing beneath the coating. 

 Improved coating materials could greatly impede whisker growth.

 Unfilled epoxy coatings have been evaluated at Sandia for tin whisker 
mitigation of components in long-term storage.

 Whiskers can penetrate the epoxy.
 Whisker penetrations were observed 

after 5 years. 



Scale bar=50 m

Multilayer (MgF2-coated Ni, Al, 
or Al/Ni)
• Similar orientation in the 

polymer as type I platelets.
• Electrically insulating.
• Mohs hardness of MgF2=6, 

Ni=4, Sn=1.5.

Ni (Type II)
• Oriented at arbitrary 

angles in the polymer.

Scale bar=10 m

Ni leafing (Type I)
• Oriented in a continuous 

layer at the polymer 
surface, parallel to the 
coated surface.

Approach:  Fill polymers with platelet-shaped particles

 Platelets have a larger cross section than spheres at a given loading, so a whisker is 
more likely to hit a platelet than penetrate the polymer, and platelets can be much 
larger than the whisker diameter.
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Types of platelets used



Platelets in nature enable tough, impenetrable composites
 Fracture toughness of shells and penetration resistance of the toucan 

beak are due to layered platelets.

Abalone Shell Toucan Beak
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Layered platelets in a polymeric (protein) matrix
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 Our challenge is to produce coatings that are hard enough to resist penetration 
by tin whiskers, yet are non-brittle.



• Epoxy + platelets
• Silicone + platelets
• Ni film (500 nm)
• Epoxy
• Silicone

• Ambient storage
• Temperature-humidity (60oC, 93% RH)
• Temperature cycling (-55 to 85oC)

• SEM/EDAX
• Dielectric and thermal 

properties

Test samples: Coatings:

Aging conditions:

Analysis:

uncoated coated

Electroplated Sn/Cu

Experimental details

transistor capacitor

Components with tin-plated leads



Preliminary studies of Ni films on Sn 

Control Sample: Whiskers tens of 
microns long appeared after 3 months.

 Tin whiskers did not penetrate Ni films.
 Ni platelet-filled epoxy was investigated next.

Electroplated Sn films on Cu

20 m

Cu

Ni (1 m)

Sn (1-2 m)
Ni (500 nm)

Cu

Sn (1-2 m)
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Ni coated with Sn then Ni over-coated  (500nm)

Ni grains

Ni plated sample: No whiskers after 3.5 years at 
ambient, or after 500 temperature cycles (-55 to 125oC), 
and 1,000 cycles (-55 to 85oC).  



Whiskers have not penetrated Ni platelet-filled epoxy

Control Sample: Whiskers tens of 
microns long appeared after 3 months.

No whiskers after 4 years at ambient!

 Platelet coatings based on glassy epoxy and rubbery silicone have proven equally 
effective at blocking whiskers on components. 

Coat with Ni type II platelet-filled and unfilled 
epoxy.

Electroplated Sn films on Cu

Cu

Sn (1-2 m)
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Temperature cycling studies:  Ni leafing (type I) platelets

 Higher magnification SEM image of the coating.

 Platelets aligned parallel to the transistor surface.

 SEM image of a transistor that is coated with 
4 vol.% Ni leafing platelets in epoxy.
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Ni

epoxy

 Cross section of a 
coated transistor lead.

 Good platelet alignment 
at the coating surface. 

 No whiskers observed after 1,500 cycles, -55 to 85oC.

Platelets

Sn 
grains

Platelets



-55 to 85oC.

Temperature cycling studies:  MgF2-coated Ni platelets

Epoxy-coated capacitor Silicone-coated capacitor

 Tin whiskers penetrate the unfilled epoxy and 
unfilled silicone after 500 cycles.
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 Whiskers on uncoated 
capacitor after 1,500 cycles. 

Uncoated capacitor

Coat with MgF2/Ni/MgF2 or 
MgF2/Al/Ni/Al/MgF2 platelet-filled epoxy 
or silicone.

No whiskers after 1,500 cycles.



Temperature cycling studies:  MgF2-coated Al platelets
-55 to 85oC.

 Whiskers observed on uncoated 
leads after only 200 cycles.

 No whiskers observed on coated 
leads after 1,500 cycles.

MgF2/Al platelets

Coated lead

Top of 
device

 Tests used Sn-Pb soldered 
components on circuit boards.



Temperature-humidity studies of platelet composite coatings

 In contrast, platelet composite coatings containing Ni (types I & II) or MgF2-
coated platelets have resisted penetration under these conditions.

Uncoated transistor lead Epoxy-coated lead

Abundant whisker growth is evident. Whiskers about to penetrate epoxy.

4,000 hours at 60oC and 93% relative humidity
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Evaluation of platelet composite coatings by CALCE

500 hours at 85oC and 85% relative humidity
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 Brass and copper test coupons, half of each coupon was left uncoated.  

 Epoxy with 2 vol.% Ni leafing (type I) 
platelets.

 No whiskers on coated surface.  

 Whiskers observed on uncoated surface.  
















