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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 par t 5
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 II.

An in\'estigation 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 re\'ealed by the study of approxi­
mately one thousand test specimens of different
metals. solid and plated. exposed under various en­
\'ironml'ntal conditions. The study is being extended
in the light of the findings which ha\'e developed
during the course of the work.

\Vhile the whiskers'normally are not found on
parts such as condenser lea \'es 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 a\'oid 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-ra\' 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.
\Vhile 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
stud-y to determine whether similar growths might
develop on metal surfaces other than cadmium or
zInc.

\Vhile 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 \V orld \Var II. A considerable
\'olume 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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Introduction

l)URING THE early part of 1948 informationwas received at the Bell Telephone Labora­
Luric:, that trouble of an unusual nature had devel­
"peel in some of the chan,nel filters used in the carrier
,:lcphone systems. These filters are essentially net­

.:orks designed to maintain the frequency bands as­
-ig"ned to the various channels in a multi-channel
i r;ln:,mission line. As this maintenance of band is
.-ritical, considerable pains are taken in the fabrica­
; ;<>n of the filters. The fjuartz crystals are sealed
\\'ithin glass envelopes, the associated capacitors
;l!1d inductances carefully shielded and the compon­
,'Ill:' assembled and wired in a room maintained at a
reiative humidity of 40 per cent or less. After wiring,
I he 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
lr<>uble cannot be tolerated. Emergency removal of
the iilter and replacement \vith another unit is re-
(!uired in order to maintain sen·ice. '0

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
tilters were tested subsequent to shipment to the
lahoratories. no source of trouble could be located
and the units were found to operate satisfactorily.
;\iter this had occurred several times, the trouble
was finally traced to the presence of microscopic.
discreet filaments generally perpendicular to the sur­
iace of the metal. which had bridged across critical
spacings between components of the filter. These fil­
aments were sufficientl .••.conductive. of the order of
400 ohms. that low imp~dance paths had been estab­
lished, effectually short-circuiting elements of the
nctwork. Extremely small and fragile, the filaments
\:'ere easily broken or dislodged. thus explaining \vhy
itlters removed from sen'ice frequently were found
to be trouhle free when put under test afte'r ship­
ment. I n Figure 1 is shown one of the filters while
.Figure 2 shows more clearly one of the critical spac­
mgs across which filaments actually bridged. Fig­
~Ire ~. shows a somewhat enlarged vie\v of the bridg­
mg ttlaments in a filter removed from service.

:\ iter the trouble had been traced to the presence
(Ii these filaments. it was rec\\llcd that suppliers 0(-



TABLE I

Metallic Materials Studied

329.

Solid :\Ietal.

:\'ickcl
Copp,,';­
~ilq~r
Zinc
Cadmium
Tin
Solderl
Aluminum i\koa ~S allo\'z
:\llJlI1intllJ1 .\kO;1 :!4S alh..;)'3

Figure 4-Container and specimens as used in study

Electroplated :\Ietal.*

:\ irket
Copner
~ikl'r
Zinc
CadmiulIl
Tin

METAL SURFACES

* E'H'h pJat('d in ~~thkkTle~sc~--.O()O{).j inch .
. 0002 ilH:h.
.lXX),; inch.

1 4.")r.;.. ~n-.);i(:;, Ph ~n1dt'r.
"11.2':";, :\tl1. J{~'l1Iail\(h'r .\i.
l·J.iil';' ('II .. ()',~;,~ln. 1.~Y;';. ;\1,1.:.l{f..·III.lindrt" .\1

TABLE II

Organic Materials Used as Contaminants

ganlc materials as contaminants. Exposures \\'ere
made under se\'eral humidity-temperature combina­
tions, although, to avoid the introduction of addi­
tional variables so oiten associated with accelerated
testing. the greater part oi the study has been car­
ried out at temperatures maintained by equipment
operating under normal conditions. Up to the present
time approximately one thousand specimens have
becn included in this studv.

Experimental

The type oi specimen iound most cOlwenient was
cut irom 1/32 inch mctal qock. % by ly~ inches on
a side, and bent at the center to i0l'l11 a right angle.
Following the desired preparation, the angles were
supported on glass stands and these in tUI'l1 placed
in 1 pint g!ass topped preserve jars. The organic con­
taminant in iinely di\,ided iorm was eOl1tained in a

Phenol Fiht'r.

J lard Rubher .
L3cqlll'r ....

.... , . " .~-li-~~-~:~'~l~);-~~;)~:~~~:'~:'~I'~-~-;;:(~~~;';~.;;;~'IYII~cd for
terminal ~trip~ and otl1l'r t'!t'ctrical equipment.

" .. " .\n an..'to ..hutyratl' t1Iatl'rial~ 1I~t'<I Inr telr'phone
j iland~t't~,

Plexigla ..•...... ,.! :\ methyl IIH'thanyla~e product lI:':l'd Idr 1U,l1C!S

I and ~lIppOr!S lor electrical p;m~.
\·arni:;.hl'd l'amhrk ~1l'('dng'l .:\ cotton fahric imprt'gnatl'd with an ok0re",it1~

j Oil:' \'~rlli~h an~1 baked, lJ~l'd as an ill~tllatingi t'o\'l'rtnc lor wIre.
. 1 .-\ hig:h sulfur \'ukanizl'd rllhbn.. i :\ [f':,in-modifieo c('lJlIlo:':e nitrak lacqller used as

i a finish un \'ariol!:' types of comt1lullications

-- -=~=:,c.~-~,~~~=~:.~=:.~J~~_=~(~~~~-I~.:~~-_:~_-~~:_~_~~~~_~.~~:=,,~_~~~__._..,

>,hort that they were hardly 'distinguishable from
irregularities in the metal surface, while others had
deyeloped to a 1ength of over Ys of an inch. The di­
:ttl1eter appeared to be nearly uniform from base to
lip, later found to be approximate1y 2 microns (80 x
10-6 inches). That they were not cylinders was
,hnwn ,,;hen an indiyidual fiber was rotated on its

!ungitttdinal axis and illuminated by a narrow light
heam. Distinct facets revealed themselves with al­
:.t:rnate reflections and extinctions.

Some of the fibers were removed and tested for sol­
.:!)ility. \Vater and yarious types of organic solvents
II ere found to have no efiect. The \vhiskers did dis­
.,h·e in an aqueous 5 per cent hydrochloric acid

,,>!ution and completely disintegrated when exposed
,] situ to vapors of hydrochloric acid.

Examined under ultra violet light there was no
,dication of fluorescence, nor was there any evi­

"'nce of charring- when an incandescent platinum
'\ ire was brought close to an individual fiber. In­
"ead, the heat cOI1\'erted the latter to a white ash.
\ probe brought near a fiber caused deflection over
: l'IJnsicierable arc. Application of a potential of ap­
;.r"ximately 10 yolts or more caused the indiyidual
:'iI,er to disappear.

The iirst filter units examined and found to ha\'e

.,\hiskers present had been in service approximately
i year. In these the steel details had been zinc plated
II>a thickness of 0.0002 inches. Shortlv aiter, it \vas
"'lIncl that whiskers had developed i;1 units which
h:ld not been in service. but had been stored for
;, period oi 8-9 months. Eyidently an electrical po­
IVIltia! cliiierence was not necessarv ior whisker
:..:rl>\\·th as had been sug-gested whe;1 trouble first
'!en'loped.

.\s pricn' to this time whisker g-rowths had been
;,,'IJciatcd chidly with cadmium plated pans. the
'!lIestiun arose as to whether the zinc coating- con­
tained cadmium. :\bo it \vas known that m'ercury
\I':lS sometimes used as an additiun agent in zinc
phting baths to impn1\'e the appearance oi the de­
iJ{lsit. ;\nalyses indicit_ted that there \\'as no men,:ur\'
;llId less than 0.03 per eent cadmium present in th'e
\.'(Iating'.

October, 1951

Preliminary Work

.\t this time an attempt was made tu develop
\\'hisker g-ro\\'ths in the laboratory. :\s it was no\\'
evident that these g-rowths could de\'elop on both
"admiu!11 and zinc plated parts, it was decided to
include in the study a iew other commonly used
liletals. :'1 etal specimens were plated and iastl'ned
II> pieces ui phenol iiher. This last was used be­
,';[use organic material in the iorm ni insulation and
:l1ounting strips had heen present in the aiiected iil­
lers. The assemhlies, in g-Iass containers. were m;\in­
I:lined at 9~ degrees Fahrenheit at a relati\'C humidity
"i 90 per cent. \\'hen 'examined aiter three months
it was iound that numerous whiskers had de\'c1oped
lIot only on cadmium and zinc plated ~pecit1lcns out
:tlsu on jiarts plated with tin.

It was then decided to expand the prog-ram stil!
lurther to include hoth solid metals and electroplated
l'IJating-s in a range oi thicknesses. \\'ith \'arious or-
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Figure I-Quartz crystal filter, Steel can in background.

Figure 2-Gap across which filaments actually bridged

iJeing manufactured. much of it emhodying electrical
circuits. some thuught \\'ill ha"e to he gi,'en to the
design and the finishes of the metal cumponents in
nrder to a,'oid conditions fa,'orable to the grO\\"th
of these whiskers. Complete failure uf a piece of
equipment could result 1Jecause of a lnw impedance
(.r short circuit caused IJY the presence uf these fila­
mentary growths at a critical point in a circuit.

Published Data

,\ctually there is very little informatiun in the lit­
erature concerning these "\\'hisker~~" other than an
article by Cobb.' This problem docs not cuncern the
filmy white nr musaic-like gruwths sometimes fuund

un cadmium ur zinc surfaces. nur a type uf "blister­
ing" which de\"l'lop~ on such surian's and is (1t-scril)ed

by Bowerman." This is specifically pninted c,ut since
a numl.er uf l'ul.Iished articles and pri\'ate cummuni­
catiuns to which reicrence was made arc CfJncerned

with th,·s(· aspccts nf tIlt" corrosion prohlem and not \\·ith
tIll" filanlt'ntary growths of the tYPl' discussed herein.

I t is true that SCJllle of the treatises un chemistry.
such as that ()f ;"1ellur.:: mentiun filamentary grO\\·ths
1!Il metals, e.g .. un sih'er in the presence uf sulfur.

Jmt such growths arc produced unly under excep­

tional cunditiuns ui en\,irlJnment or temperature.
I.iebhafsky' rclers tn needles which sometime furlll

1>11 \'acuulll tube leads during the annealing prucess.
I f ere again this is under \'Cry specific conditions and
is a result of oxidati')l1 at ;In e1c\'ated temperature.

Vol. 7

Figure 3-Close-up of whisker bridging gap between condenser post and
mounting plate before and after application of voltage

Schenck. Fricke and Brinkman:' refer to "hair cr,\',­

tals" which they uhsen·ed. hut these were formed
\\'hen metals such as copper ur sih'er were heat.:d

with the corresponding meta1 sulfides.
Kiplinger'; describes a method uf gn)\\'ing m('lal

crystals frum a sulutiun of the metal salt. in p;lr­
ticular tin crystals gr5-'\\'n fru!ll a tin chloride s(dll­
liun, J-!u\\'t'\'er. it \\'as found that this procedure dc­
\'eloped crystals which were much coarser thall the
\\'hiskers and \\'ere quite unlike them in appearan'.'t'.

Description of the "Whiskers"

The whiskers whuse presence ;uh'ersely affec,,:d
the ('peratiun uf the fille!> and which were ITSJ" 'll­
sihil' fur the present study. h:ld dn'eloped un ('"Id
rulled steel parts which had ])een zinc plated. \\'1 ik
nut "isil>1c ",hen casually examined. illuminatic,n \\ ;th
an intense light beam disclosed the presence of

numerous strungly reflecting filaments on the m(·::d
surfaces in questi(ITl, Examination at a magnifical<ln
of 20. diameters ren.'aled the discreet n:lture oi he

iil:tments. They ",ere quite iil'xihle and Tlloved in he
slightest air current. \\"hi1e in general indi,'idu:l; ii­

I'ns h:td de\"l·lupl.'d perpendicul:lr to the plane of he
metal surface. there "'ere also r:tdi:lting c1ustn- of
fihers at \'arious poinb.

The length varied. smne of the ",hiskers j,cin., "I)




