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Introduction

I\URING THE early part of 1948 information

was received at the Bell Telephone Labora-
tories that trouble of an unusual nature had devel-
“med in some of the channel filters used in the carrier
-a:‘lcphoue systems. These filters are essentially net-
orks designed to maintain the frequency bands as-
signed to the various channels in a multi-channel
iransmission line. As this maintenance of band is
critical, considerable pains are taken in the fabrica-
vion of the filters. The quartz crystals are sealed
within glass envelopes, the associated capacitors
«nd inductances carefully shielded and the compon-
ents assembled and wired in a room maintained at a
reiative humidity of 40 per cent or less. After wiring,
the assembly is placed in a steel can and the whole
hermetically sealed with solder.

Electrical failure of a filter directly affects the op-
eration of a transmission channel and this type of
trouble cannot be tolerated. Emergency removal of
the filter and replacement with another unit is re-
quired in order to maintain service. v

Following removal, the filter is sent to the Quality
Assurance group of the Laboratories for examina-
tion as to the cause of failure. Frequently when such
filters were tested subsequent to shipment to the
laboratories, no source of trouble could be located
and the units were found to operate satisfactorily.
After this had occurred several times, the trouble
was finally traced to the presence of microscopic,
discreet filaments generally perpendicular to the sur-
face of the metal, which had bridged across critical
spacings between components of the filter. These fil-
aments were sufficiently conductive, of the order of
400 ohms, that low impedance paths had been estab-
lished, effectually short-circuiting elements of the
network. Extremely small and fragile, the filaments
were casily broken or dislodged, thus explaining why
filters removed from service frequently were found
to be trouble free when put under test after ship-
ment. In Figure 1 is shown one of the filters while
Figure 2 shows more clearly one of the critical spac-
imgs across which filaments actually bridged. Fig-
ure 3 shows a somewhat enlarged view of the bridg-
ing filaments in a filter removed from service.

‘:\t'ter the trouble had been traced to the presence
of these filaments, it was recalled that suppliers oc-
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Abstract

Filamentary growths have been found on metal sur-
faces of some of the parts used in telephone com-
munications equipment, particularly on parts
shielded from free circulation of air. The growths are
of the same character as those known as “whiskers”
and which developed between the leaves of cadmium
plated variable air condensers, causing considerable
trouble in military equipment during the early part
of World War IIL

An investigation has been under way in an attempt
to determine the mechanism of growth of the whis-
kers, found not only on cadmium plated parts but
also on other metals. This paper summarizes the
findings to date as revealed by the study of approxi-
mately one thousand test specimens of different
metals, solid and plated, exposed under various en-
vironmental conditions. The study is being extended
in the light of the findings which have developed
during the course of the work.

While the whiskers normally are not found on
parts such as condenser leaves for some time, often
months, after being electroplated, it is possible, by
increasing the ambient temperature, to so accelerate
their growth that they will develop in a matter of
weeks. So as to avoid the introduction of additional
variables which so often attend accelerated methods
of test, the greater part of the present work is being
carried out at temperatures attained by equipment
operating under normal exposure conditions.

The effects of humidity and the presence of vari-
ous organic materials, different film thicknesses and
methods of application, surface preparation and sup-
plementary treatments, chemical and physical prop-
erties and X-ray studies of structure are discussed
in the paper.

casionally had had trouble with the development of
filamentary growths known as “whiskers” between
the cadmium plated leaves of variable air condensers.
While this phenomenon was known to exist in the
case of cadmium plated metal, the filter parts referred
to had been zinc plated. Nevertheless, the growths
appeared to be of the same type and it was decided

* to study their mode of formation and extend the
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study to determine whether similar growths might
develop on metal surfaces other than cadmium or
zince. ;
While the work has not been completed it was
decided to publish the preliminary results of the
study in the light of the present world situation.
These “whisker” growths on cadmium plated con-
densers caused trouble in military equipment dur-
ing the early part of World War II. A considerable
volume of material for the Armed Forces, suscep-
tible to this type of growth, is now being maintained
in standby condition and must function without ques-
tion or delay should a crisis develop. Furthermore,
as a large quantity of military material is presently
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