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@ Tin Whiskers:

A History of Documented

Electrical System Failures
A Briefing Prepared for the Space Shuttle Program Office

My Fundamental Research
NASA Goddard Tin (and Other Metal) Whisker WWW Site sl o is INCOMPLETE

http://nepp.nasa.gov/whisker
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Metal Whisker Failures

History of Documented
Metal Whisker Failures: 2000s

|Wear™ |Application Industry Failure Cause Whiskers on?
20000 GALAXY VIl (Side 2) Space (Complete Loss) |Tin Whiskers Relays
2000|Missile Program 0" Military Tin Whiskers Terminals
2000)Power Mgmt Modules Industrial Tin Whiskers Connectors
20000 SOLIDARIDAD | (Side 2) Space (Complete Loss) |Tin Whiskers Relays
200 GALAXY HIR (Side 1) Space Tin Whiskers Relays
2001 Hi-Rel Hi-Rel Tin Whiskers Ceramic Chip Caps
2001|Muclear Power Plant Power Tin Whiskers Relays
2001)Space Ground Test Eqpt | Ground Support Zinc Whiskers Bus Rail
2002 DirecTV 3 [Side 1) Space Tin Whiskers Relays
2002} Electric Power Plant Power Tin Whiskers Microcircuit Leads
2002} GPS Receiver Aeronautical Tin Whiskers RF Enclosure
2002)MIL Aerospace MIL Aerospace Tin Whiskers Mounting Hardware (nuts)
2002 Military Aircraft Military Tin Whiskers Relays
2002)Muclear Power Plant Power Tin Whiskers Potentiometer
2003 Commercial Electronics Telecom Tin Whiskers RF Enclosure
200} Missile Program “E” Military Tin Whiskers Connectors
200} Missile Program “F" Military Tin Whiskers Relays
200 Telecom Equipment Telecom Tin Whiskers Cht Breaker
200 Military Military Tin Whiskers Waveguide
2005 Communications Radio (1960s vintage) | Tin Whiskers Transitor TO Package
2005 Millstone Muclear Power  |Power Tin Whiskers Diode {Axial Leads)

Plant

2005 0OPTUS B Space Tin Whiskers Relays
200 Telecom Equipment Telecom Tin Whiskers RF Enclosure
2008y GALAXY HIR (Side 2) Space Tin Whiskers Relays

pril 2006 A History of Tin Whiskers

12

** Numerous Documented Zinc Whisker Events Have Been Excluded From this Chart For Presentation Purposes
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Short circuiting

substrate

Part A Part B

Fig.1 - Two mutually-isolated parts of
one electrical circuit
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Whiskers from a Historical Perspective

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

Cadmium electroplated leaves in capacitors in
Consolidated Liberator bomber radios. Whisker

growth resulted in shorting between plates.
Reported in H.L.Cobb, 6Cadm
Am. Electroplaters Soc., 33 (28), 28-30, Jan 1946.
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S.C.Britton,6 Spont aneou
of whiskers on tin coatings: 20
years of oTasactionat i
of the Institute of Metal Finishing,

52, 95-102, 1974.

AElectrodeposited tin coatings on
brass should be applied over an
undercoat of nickel or copper
ARefrain from using bright tin
ATin electroplated coatings should
be at least 8 em if not flow melted
Adeat treat tin coatings after
electroplating

void corrosion in storage and
service environment
Aot dipped or flow melted coatings
less problematic for whiskers
ASn-Pb coatings of over 8 em are
safer
Advoid local pressure
Ammunity from whiskers from
Sn(65%)-Ni alloy
Arhick layers of resin effective as
insulating barrier
ARemoval of whiskers hy vacuum y
system

/

VWRigkey growth on intermetallic
phases in Sn-3.8Ag-0.7Cu-1.0Ce/Er/Y

solder joints. i Yaowu Shi and Hu Hao,
The Beijing University of Technology
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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

Issues Helping the Occurrence of Tin Whiskers
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C.Minter, DMSMS Conf., Charlotte, USA,

10-13th July 2006.
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Conformal Coatings - Tin Whisker Mitigation?

A Conformal (insulating) coatings Mol e runs @
- Uralane (polyurethane)
- Urethane acrylic
- Silicone

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

International Conference on Lead-Free Electronic Source : _Lead free from One NASA
Components and Assemblies, San Jose, CA, April 18-20, Perspective, Lead-free Summit,
2005 ACI Philadelphia, PA, July 13, 2005
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NASA Goddard Tin (and Other Metal) Whisker WWW Site

http://nepp.nasa.gov/whisker

One Way Zinc Whiskers
May Affect Your Data Systems

/ 5

Whisker Debris Drawn
77 5??7 INTO Equipment
Z y// ff% Causing Short Circuits

/
=

~—" Whisker Debris
Distributed Throughout
Data Center
(thru Perforated Tiles
or Vents)

Whisker Debris is
Recirculated by A/C

Dimensions a 1 Whiskers Grow Beneath
Not to Scale Floor from Zinc-Plated

Aol 2006 Structures (Tiles,

Pedestals, Stringers) 21
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Other Examples of Zinc Whisker Growth

A Sugarito, Christie and Richards i Trans. Inst.
Met. Fin 62, 92 (1984)

A Downs and Francis i zinc whisker growth on
rotary switches 1 Met. Fin. 23 (1994)

A Lahtinen and Gustafsson i zinc whisker
growth on hot-dip galvanised coatings 1 J.
Appl. Surf. Fin. 2, 15 (2007).

A Zinc dendrites (1) T
www.dairiki.org/HammondWiki/ZincDendrites
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Microstructural Study of Electrodeposits

Acid Zn: Equiaxed grains

A

Equiaxed grain
structure

(U )

Fig.21 FEGSEM image
of the cross section of
bright acid zinc
electrodeposit which
follows equiaxed grain

Mag = 20.00 K X |1“i| E/iv-g: 5é0r9r1:*(nv lgir?cnzl lﬁ: Ln:_Seg; Dol SoRpraDIn morphology
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Microstructual Study of Electrodeposits

Alkaline Zn: Columnar grains / \

Columnar grain
structure

{ )

Fig.3 17 FEGSEM image of the
doo- KX [ pan oW GmRolier ous2sapranio cross section of bright alkaline
zinc electrodeposit which follows

columnar grain morphology
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EHT = 5.00 kV Signal A = InLens
WD= 5mm Photo No. = 1565
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Microstructual Study of Electrodeposits
100AC heat-treatment for 24hrs

Sample type Electrodeposit Whisker morphology Whisker growth
grain structure density (number
per mm?2)

Acid Zn 30+
- - *

(nodular) (odd-shaped)

Alkaline Zn ‘ | | | : 25+

(filamentary) (odd-shaped)

Alkaline Zn-Ni Hybrid No whiskers —
(equiaxed &
columnar)

Table 117 Summary of microstructure and heat-treatment induced whisker behaviour of three types of electrodeposits
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EHT = 5.00 kV
WD= 7mm

Signal A = SE2 Date :11 Nov 2009
Photo No. = 8643

Figure 157 SEM image showing a whisker
growing from a surface blister (bright acid zinc
electrodeposits heat treated at 100AC for 24 h)

Figure 1417 FEGSEM 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 50AC for 24 h
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Effect of Surface Blistering

Figure 67 SEM image of an
odd-shaped whisker growing
from the slope region of a bent
sample electroplated with
bright acid zinc and heat
treated at 100AC for 24 hours

30pm
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Trivalent chromium conversion
coatings on acid electroplated
zinc

Hexavalent chromium conversion
coatings on alkaline electroplated zinc
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