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Presentation Contents

ÁIntroduction ïwhat are tin and zinc whiskers?

ÁA historical perspective of tin whiskers 

including investigations of whisker formation 

on electrodeposited Sn-Mn coatings

ÁZinc whisker formation

ÁWHISKERMIT research programme

ÁWhat does the future hold for the whisker 

phenomenon?
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An Introduction to Metal Whisker Growth
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Metal Whisker Failures
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Electrical Shorting Phenomena 

Part A Part B

Fig.1 - Two mutually-isolated parts of 

one electrical circuit

Electroplated Tin 

coating

substrate

Short circuiting
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Whiskers from a Historical Perspective

www.airforce.forces.gc.ca/.../liberator-eng.asp

S.C.Britton,óSpontaneous growth 
of whiskers on tin coatings: 20 
years of observationô, Transactions 
of the Institute of Metal Finishing, 
52, 95-102, 1974.

ÅElectrodeposited tin coatings on 
brass should be applied over an 
undercoat of nickel or copper
ÅRefrain from using bright tin
ÅTin electroplated coatings should 
be at least 8 ɛm if not flow melted
ÅHeat treat tin coatings after 
electroplating
ÅAvoid corrosion in storage and 
service environment
ÅHot dipped or flow melted coatings 
less problematic for whiskers
ÅSn-Pb coatings of over 8 ɛm are 
safer
ÅAvoid local pressure
ÅImmunity from whiskers from 
Sn(65%)-Ni alloy
ÅThick layers of resin effective as 
insulating barrier
ÅRemoval of whiskers by vacuum 
system

Cadmium electroplated leaves in capacitors in 
Consolidated Liberator bomber radios.  Whisker 
growth resulted in shorting between plates.
Reported in H.L.Cobb, óCadmium Whiskersô. Monthly Rev. 
Am. Electroplaters Soc., 33 (28), 28-30, Jan 1946.

Whisker growth on intermetallic 

phases in Sn-3.8Ag-0.7Cu-1.0Ce/Er/Y 

solder joints. ïYaowu Shi and Hu Hao, 

The Beijing University of Technology

http://nepp.nasa.gov/whisker/other_whisker/SAC/Hao-whiskers-SAC-Ce-Er-Y-solder-01.JPG
http://nepp.nasa.gov/whisker/other_whisker/SAC/Hao-whiskers-SAC-Ce-Er-Y-solder-06.JPG
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Issues Helping the Occurrence of Tin Whiskers

C.Minter, DMSMS Conf., Charlotte, USA, 

10-13th July 2006.

ÅMiniaturisation in          

electronics ïwhiskers 

can bridge components 

and tracks

ÅLower voltages ï

whiskers can sustain 

currents

ÅEnvironmental 

legislation ïEU RoHS 

directive, pure tin often 

the first finish to replace 

Sn-Pb
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Conformal Coatings ïTin Whisker Mitigation?

Á Conformal (insulating) coatings

- Uralane (polyurethane)

- Urethane acrylic

- Silicone

- Acrylic

- Parylene

Source : Lead-free from One NASA 

Perspective, Lead-free Summit,

ACI Philadelphia, PA, July 13, 2005

óMole runsô

T.A.Woodrow and E.A.Ledbury, IPC/JEDEC 8th 

International Conference on Lead-Free Electronic

Components and Assemblies, San Jose, CA, April 18-20, 

2005
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Tin Whisker Growth on Sn-Mn Electrodeposits

0 days
17 hrs

7 days 28 days
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The Occurrence of Zinc Whiskers
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Other Examples of Zinc Whisker Growth

ÁSugarito, Christie and Richards ïTrans. Inst. 

Met. Fin 62, 92 (1984)

ÁDowns and Francis ïzinc whisker growth on 

rotary switches ïMet. Fin. 23 (1994)

ÁLahtinen and Gustafsson ïzinc whisker 

growth on hot-dip galvanised coatings ïJ. 

Appl. Surf. Fin. 2, 15 (2007).

ÁZinc dendrites (!) ï

www.dairiki.org/HammondWiki/ZincDendrites
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Fig.2 ïFEGSEM image 

of the cross section of 

bright acid zinc 

electrodeposit which 

follows equiaxed grain 

morphology

Microstructural Study of Electrodeposits 

Acid Zn: Equiaxed grains

Equiaxed grain 

structure
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Fig.3 ïFEGSEM image of the 

cross section of bright alkaline 

zinc electrodeposit which follows 

columnar grain morphology

Microstructual Study of Electrodeposits 

Alkaline Zn: Columnar grains

Columnar grain 

structure
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Microstructual Study of Electrodeposits 

Fig.7 ïFEGSEM image of the cross section of bright alkaline Zn-Ni electrodeposit

Alkaline Zn-Ni: ñHybrid: equiaxed & columnar ò

VS.

ñHybridò
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Microstructual Study of Electrodeposits 

Sample type Electrodeposit 

grain structure

Whisker morphology Whisker growth 

density (number

per mm2)

Acid Zn

&

(nodular)         (odd-shaped)

30+

Alkaline Zn

&

(filamentary)    (odd-shaped)

25+

Alkaline Zn-Ni Hybrid 

(equiaxed & 

columnar)

No whiskers 

100ÁC heat-treatment for 24hrs

Table 1 ïSummary of microstructure and heat-treatment induced whisker behaviour of three types of electrodeposits
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Figure 14 ïFEGSEM image of a whisker growing 

from a blister on the slope region of a bent sample 

which had previously been electroplated with 

bright acid zinc and heat treated as 50ÁC for 24 h

Effect of Surface Blistering 

Figure 15 ïSEM image showing a whisker 

growing from a surface blister (bright acid zinc 

electrodeposits heat treated at 100ÁC for 24 h)

10 µm
20 µm
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Effect of Surface Blistering 

Figure 6 ïSEM image of an 

odd-shaped whisker growing 

from the slope region of a bent 

sample electroplated with 

bright acid zinc and heat 

treated at 100ÁC for 24 hours

30 µm30 µm
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Trivalent and Hexavalent Chromium Conversion Coatings

Trivalent chromium conversion 

coatings on acid electroplated 

zinc

Hexavalent chromium conversion 

coatings on alkaline electroplated zinc


