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As the second part of a series of articles describing corrosion behavior of silver, this article presents corrosion
mechanism and failure modes seen for the electronic equipment under corrosive conditions. Inherent electrical
bias associated with electronics application may cause electrolytic corrosion and electrochemical migration when
the surface insulation resistance of dielectrics is reduced because of moisture absorption and condensation. Even a
very thin tarnishing film formed may cause degradation of electrical and electronic performance as well as optical
performance. Galvanic corrosion, corrosion product creep and whisker formation are also described.
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Table 1 Major corrosion failure modes of silver in electronic components and devices

Corrosion failure modes Functional failure

Summary

Tarnish film formation .
increase

Contact resistance .

* Noise & contact failure
e Poor reflectivity

Ag,S: semiconductor
e AgCl: insulator

Photo corrosion .

Contact resistance increase
& contact failure

Corrosion acceleration
*  Photo decomposition of AgCl
to produce metallic Ag

electrochemical migration
circuit

Galvanic corrosion * Bonding degradation & *  Promotion of corrosion &
failure oxidation of coupled
materials
Electrolytic corrosion & e Surface insulation * Leakage current

degradation & short or open | ¢

Very fast migration
e Dendritic formation

Pore corrosion & creep .
corrosion

Insulation degradation & .
short or open circuit

Ag,S:Highest creep rate

Whisker formation J

Short or open circuit .

Ag,S needles & dendrites

99.99

99.9

Cumulative probability distribution (%)

.01 ‘ ‘

0.001 0.01 0.1

1

Corrosion rate (g/m?/year)

10100 1000 10¢

Fig.1 Comparison of indoor corrosion rate cumulative
probability distributions for silver with those for steel,

zinc and copper”
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Table 2 Characteristics of major silver corrosion products by indoor atmospheric corrosion”
Substance Crystal Formula | Color Property Electrical Optical
system property property
Acantile monoclinic | Ag,S Dark brown- Soft n-type absorptive
black Easy to semiconductor
elongate
Chlorargyrite | Cubic AgCl White-grey Hard Insulator Photo
brittle sensitive
Silver Cubic Ag metallic Soft Best conductor | Best
Easy to reflector
elongate
1000
c
E
§ 100 Cu
m]
k. Limit of
H visual
e .
2 10 - detection -
‘g ‘ s ! Ag
[*]
o) n
g
1 | u]
1 10 100 1000
Film thickness (nm)

Fig. 2 Effect of film thickness on contact resistance measured at

100 g normal force®
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Fig. 3 Thick silver sulfide formation on silver plated copper wire
used for a resistor'”
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Fig. 4 A schematic representation of a galvanic cell formation on
two different metals under wet conditions
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Fig.5 Corrosion potentials of different metals and alloys used
for electronics in 10% solder flux solution®”
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Fig.7 A schematic representation of an electrolytic cell formation on two

terminals under wet conditions®”
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Fig. 8 Schematics showing different pathways for leak current
on a printed circuit board surface®”
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Fig. 10 Effect of substrate metal on creep corrosion on gold
plated surface” (0.17 ppm Sg, 100%RH, 40 )
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Fig. 11 Schematics showing a silver sulfide creep pathway in a
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coated QCM in saturated sulfur vapor environment™ (S,
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