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Introduction

Much of the communication equipment used in the
Bell System is protected from atmospheric attack by
means of a finish coating of electrodeposited metal. Some
seven years ago electrically conducting filaments were
found protruding from the zinc plated surfaces of com-
ponents in certain apparatus and causing circuit trouble.
The occurrence of such filaments was not limited to one
type of unit nor to one lot of zinc electroplate. Close
examination of equipment fabricated over different periods
revealed the presence of similar filaments on other zinc
plated surfaces.

The trouble-making particles were metallic-looking,
highly-reflecting discrete filaments, approximately 1-2
microns (40-80 millionths of an inch) in diameter, and
so easily flexed that they were moved by the slightest
current of air. Projecting from the metal surface of a
bracket in the channel frequency filter shown in Figure 1
are some of the filaments which actually extended to
the post of a capacitor 3/16 of an inch away. As a result,
what was intended to be an insulating spacing between
parts in an electrical circuit had become instead a con-
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Fig. 1—Channel Frequency Filter. Pencil indicates gap

bridged by filaments
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ducting path as shown in Figure 2. The phenomenon is
thus similar to that reported by Cobb' in 1946 who
referred to trouble experienced in the radio industry with
cadmium plated air capacitors short-circuited by filaments
between adjacent plates. At that time, the presence of
such filaments generally was attributed to factors in the
plating technique. It was decided to study the phenom-
enon more fully in controlled laboratory experiments to
determine the prevalence of filamentary or “whisker”
growth and the conditions conducive to its occurrence.
Growths on Electroplate

A typical group of specimens, the supporting rack and
the type of container used in most of the studies are shown
in Figure 3. An early finding, that metal whiskers such
as those in Figure 4, form on tin as well as on zinc and
cadmium plated parts within a few months after electro-
plating, resulted in the inclusion in the study of most of
the common metals. These were electroplated under a
variety of conditions to obtain coatings of different char-
acteristics. Specimens were exposed at temperatures
ranging from —40° C to 150° C and at several relative
humidities.

While differences in exposure time were required,
whiskers developed on susceptible metals regardless of the
method of plating. Most of the work has been done with
tin, but enough observations have been made on zinc
and cadmium as well to indicate that whisker growth is
largely independent of the following variables:

1) Type of plating bath, acid or alkaline, with or without
additives, or made up with high-purity chemicals.

2) Prior cleaning treatment, whether chemical, abrasive,
or omitted, and whether rinsed thoroughly or incom-
pletely.

3) Post-plating treatment, whether plating bath residues
were left on the specimens or scrupulously removed.

4) Plating current density—low, high or continuously
varied.

5) Fusion (in the case of tin plate) or, conversely, abrasion
of the plated metal.

Fig. 9—Capacitor grounded by metal filament approxi-
mately 3 16 inch long
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Fig. 3—Type of Specimen and Container Used in Study.

Specimens 114 inches x Y4 inch x 1 /32 inch

Fig. 4—Tin Whiskers on Tin Plated Steel. Specimen 114

inches long

Fig. 5—Whisker Growth as Affected by Substrate.

mens Y% inch wide
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Fig. 6—Whisker Growth on Tinned 22 Ga Copper Wire

It was found that the character of the specimen surface
and the thickness of coating affected whisker growth but
only in degree. (Three types of deposit had been applied:
a ‘“flash’ coating of 0.00001 inch, a “nominal”’ coating of
0.0001 inch and a “heavy” coating of 0.0005 inch.) The
effect of coating thickness also was studied by means of
wedge-shaped deposits applied to long specimens by
electrodeposition during gradual immersion into or with-
drawal from the plating bath. Although whiskers de-
veloped on all thicknesses of electroplate the greatest
growths were found on the thin coatings. In line with
these findings, it has been noted that after shearing a
plated specimen, whiskers often develop in considerable
number both at the interface between coating and sub-
strate and on exposed base metal surface over which the
coating has been smeared.

The substrate metal itself influences whisker growth,
as is shown by the two identical brass brackets in Figure
5. The left-hand bracket was tin plated directly. The
right-hand bracket was first iron plated and then tin
plated. After an exposure of two years, there
was a heavy growth of whiskers on tin over iron
and practically none on tin over brass. Similar decrease
in whisker growth resulted when tin was plated over
gold, copper or other copper alloys. Although reduced,
growth was not entirely prevented, as can be seen in
Figure 6 which shows some very short whiskers on the
surface of tinned copper wire. The variation in whisker
growth on electrodeposits over different substrate metals
may be associated with the specific basis metal, differences
in thermal expansivity between the two metals, the degree
of crystallographic coherence between substrate and
coatings, or may be due merely to differences in the
physical character of the substrate surface. Causes for
the variations in growth are being studied.

Whisker growths are not confined to the metals cad-
mium, zinc and tin. Even some alloy coatings, such as
tin-zinc and tin-cadmium occasionally used on electrical
components, develop whiskers. The tin-nickel coating
now being applied to a limited extent has not been in
test long enough to be iudged as to its whisker growth
tendencies. Although perhaps of less general interest,
whiskers have been found on electrodeposited antimony.

Growths on Other Finishes and on Bulk Metal

Whisker growths are not limited to electroplate. Hot-
dipped, sprayed and evaporated metals have developed
whiskers. In addition, the substrate need not be metallic.
This was demonstrated by the growth of whiskers on tin
films evaporated onto paper and onto freshly cleaved
mica.
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