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PREFACE

This publication is a compilation of the papers presented at the 30th
Annual National Relay Conference held at Oklahoma State University April 27
and 28, 1982. This conference is co-sponsored by the National Association of
Relay Manufacturers and the Oklahoma State University School of Electrical

Engineering.

This conference endeavors to provide a forum for the open exchange of
information between relay manufacturers and users and the frank discussion of
their mutual problems with the objective of 1improving the manufacturer's
ability to supply reliable relays to meet the user's requirements and to help
the user properly apply relays.

Papers presented at the conference are screened by a Paper Selection
Committee composed of members from relay users, manufacturers, and educators.
An expanded abstract of each paper 1is evaluated by the committee, and those
meeting certain standards of quality and technical excellence and possessing
the most potential benefit to the relay industry are selected for the program.
The author and his affiliation remain anonymous 1in the selection of the

papers.

Special recognition is hereby made to the authors, for without their
effort in preparing and presenting their papers, this publication would not be
possible.  Our appreciation is also expressed to the staff of the Office of
Engineering Extension for their work in arranging for the facilities and for
supervising the development and sending of the conference publicity. We also
express our appreciation to Professor Dan Lingelbach and the School of
Electrical Engineering who have continually devoted untiring efforts toward
conducting increasingly beneficial conferences each year.

The 31st Annual National Relay Conference is scheduled for April 25, 26
and 27, 1983, at Oklahoma State University.
Copyright 1982 by

The National Association cf Relay
Manufacturers



1981 AWARDS

The National Association of Relay Manufacturers, in recognition of the.outstand-
ing work of the following authors in preparing and presenting their papers,
bestowed the honorary award, "Fellow in the College of Relay Engineers", to them

at the 1981 Conference.

Alan W. Wisniewski*
John A. Buono
W. Scott Andrus
PhotoMetrics, Inc.
Lexington, Massachusetts

“"USE OF SURFACE ANALYSIS IN DIAGNOSING RELAY PROBLEMS"

Steen Bentzen
General Radio, Inc.
West Concord, Massachusetts

Edward F. Sutherland
Relay Testing Services, Inc.
Wolfeboro, New Hampshire

"ENHANCING RELIABILITY
OF DRY REED RELAYS
USED IN AUTOMATIC TEST EQUIPMENT"

B. M. Tieman
Philips Gloeilampenfabrieken N.V.
Heerlen, The Netherlands

“THE CHARACTERISTIC LIFE
OF A DRY REED CONTACT--
THE INFLUENCE OF SWITCHING PHENOMENA"

Takeshi Sasamoto
Haruzo Semda
Tomomi Umemoto
Tetsuo Omamiuda
Nippon Electric Company, Ltd.
Tokyo, Japan

“REED CONTACT FOR
LARGE SURGE CURRENT LOAD"

M. J. Pike-Biegunski
Englehard Industries Division
Englehard Minerals & Chemicals Corp.
Menlo Park, Edison, New Jersey

"EVALUATION OF THE ELECTRICAL
RESISTANCE OF LIGHT DUTY CONTACTS
USING STATISTICAL ANALYSIS*"

*The NARM Charles Schneider Best Paper Award of $500 was awarded to
Alan W. Wisniewski, John A. Buono, and W. Scott Andrus



About the Authors

Session Chairmen

Scandora

Smith

Tony Scandora began his career in the relay industry in 1946 as Sales
Manager in the relay division of Wells Sales, Inc. In 1951, he became
Vice President and General Manager of Relay Sales, Inc., the first ma-
jor distributor of relays.

After a year at C. P. Clare in 1961, he joined with a group that started
Mossman-Elliott Corp. and served as Sales Manager and Chief
Engineer. In 1965, he started United Controls Corp. and specialized in-
the manufacture of telephone type relays.

Since 1968, he has been President and Chief Executive Officer of
Olympic Controls Corp. in Elgin, Illinois, also specializing in telephone
type relays.

He is currently serving as a Director of NARM, and is a member of
IEEE.

Burce R. Smith is Manager of Engineering for the Relay and Millen
Divisions of Electronic Instrument and Specialty Corp., where he is
responsible for the engineering of Solid State and Reed Relays as well
as Millen Inductive Components. Prior to joining E. I. & S. Corp., he
spent over twenty-two years in the semiconductor, thick and thin film
hybrid industries dating back to 1959 with Bendix Semiconductor. Mr.
Smith's experience with solid state relays dates back to 1964 when
employed by Crystalonics, Inc. (now Teledyne Crystalonics).

Mr. Smith attended Rutgers University, New Brunswick, N. J. and
completed his E. E. studies at Newark College of Engineering in
Neward, N. J. The author of numerous articles on solid state switching,
an author at the 28th. and 29th. NARM conferences and a contributing
author to a number of books on solid state devices. He also lectured ex-
tensively in the Middle East, Europe, U. K., Canada and the United
States.

Harkness

Lorenz

STRESS RELAXATION OF BERYLLIUM COPPER STRIP IN
BENDING
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ment, Brush Wellman, Incorporated, 17876 St. Clair Avenue,
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John received a BS degree in Electrical Engineering from Northwestern
University in 1942. Upon graduating, he joined Guardian Electric
Manufacturing Company, in Chicago, Illinois, becoming Chief
Engineer in 1957. From 1968 to 1976 he was Director of Engineering
for Littel-Fuse, Inc., in Des Plaines, Illinois. From 1976 to 1979 he was
Product Development Supervisor for the Eaton Corporation in Carol
Stream, Illinois. John rejoined Guardian in 1979 as Chief Relay
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Jerome V. Bell, Sr. received his B.S. degree in chemistry from the Ohio
State University in 1949. He published two papers on infra red spec-
troscopy, and was co-inventor of six patented chromizing processes.

In 1963 he founded a specialty heat treating company known today as
the Metals Technology Corporation, Addison, Illinois.
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CORROSION OF ELECTRICAL CONTACT MATERIALS

S. P. Sharma
Bell Telephone Laboratories, Incorporated
6200 East Broad Street

Columbus, Ohio

Abstract

Most electrical contacts employ a
precious metal layer over a base metal as
the contact material. Exposure of the base
metal due to wear or diffusion through the
precious metal layer and its subsequent
reaction with the environment may result in
the formation of a tarnish film in the
contact area; this film may cause high
Contact Resistance (CR). In indoor low
Relative Humidity (RH) ambients, the films
are primarily oxides of base metals with
small amounts of chlorides and sulfides; no
pore or creep corrosion is.observed in low
RH ambients. The absence of pore and creep
corrosion is due to the passivity of the
oxide film.

Precious metals like Pd and Ag and
their alloys may form tarnish films in high
RH ambients. These films are chlorides of
Pd on Pd and PdAg alloys and may result in
high CR. Relative humidity plays a
significant role in the tarnishing behavior
of Pd and its alloys.

Adsorption isotherms as a function of
RH on various materials show that less than
a monolayer of water is adsorbed at RH < 20
percent but more than a few monolayers of
water are adsorbed at RH > 60 percent.
Pollutants present in the atmosphere react
rapidly with the materials in the presence
of few monolayers of water.

Introduction

Various electrical contacts used in the
electronics industry (e.g., in separable
connectors), employ a precious metal layer
over a base metal substrate as the contact

matetial.1 The purpose of the precious metal
is to eliminate or reduce the tarnishing of
the contact surface. Traditionally, gold
plating has been used as the contact
material. Exposure of the base metal due to
wear processes or diffusion through the gold
layer and its subsequent reaction with the
environment may result in forming a tarnish
film in the contact area; this film may

43213

cause high contact resistance. This
situation is different compared to various
other industries where thick adherent films
which protect the metal may be beneficial
and only very thick corrosion films which
cause the loss of material, are considered
detrimental. 1In the electrical contact
8ndustry, films of the order of few hundred

A thick can cause high Contact Resistance
(CR). Consequently, the study of corrosion
or tarnishing of electrical contacts
requires the fundamental understanding of
the material and environmental interactions
in the beginning stages. The purpose of
this report is to describe the present
understanding of the environmental
interactions with materials employed in the
contact industry.

Corrosion Mechanisms

The corrosion mechanisms operative in
thin precious metal platings on base metals
can be classified into several
subcategories.

a. Pore corrosion - In pore corrosion, the
corrosion of base metals at the bottom of a

pore in the plating takes place.2'3'4'5 This
mechanism may be important in thin porous
platings in severe ambients. The corrosion
products mushroom out of the pores and
spread on to the plated surfaces causing
high CR. An example of pore corrosion is
shown in Figure 1, where two precious
metals, Pd and 60Pd40Ag over Ni over a Cu
alloy (CDA 725), were exposed to high
concentration of Cl2 at high Relative

Humidity (RH). Severe pore corrosion is
seen on these samples,

b. Creep Corrosion - If a base metal is in
lateral contact with a precious metal layer,
the corrosion of the exposed base metal
takes place and some of the corrosion
products migrate over the precious metal
surface and may cause high CR in the contact
region. This migration of corrosion

6,7

products is called creep corrosion.
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Figure 2 hows this type of corrosion on a
gold inlay in lateral contact with CDA 725
in three ambients containing high

concentrations of st' Clz, and C12+st in

high relative humidities.

c. Corrosion of Impurities - There may be
certain impurities incorporated in the
precious metal layer, such as Co and K,

etc., coming from the plating bath.a’g’lo
Oxidation of these impurities may cause a
surface film and cause high CR.

d. Substrate Corrosion - Diffusion of
substrate material through the precious
metal layer may take place (for example, Cu
through Au) if the operating temperatures

Au Inlay

Cl,+H,S

Smm

Effect of Three Ambients on 50y Inch Gold Inlay (80 RH)
Figure 2

are high enough.ll'lz'13 The subsequent
oxidation of the substrate material may
cause a resistive surface film.

e. Corrosion of Wear Induced Exposed Base
Metals - If the contact surfaces are mated
and unmated several times or a switch is
operated several times, wear through of the
plating may take place and the base metal
may be exposed to the atmosphere and
tarnish. This may also cause high CR.

In all of these mechanisms, the
atmospheric corrosion of the base metal is
responsible for the degradation of the
contact performance.

f. Corrosion of Contact Material - In
certain cases, materials other than gold are
employed as the contact finish in electrical
contacts; for example, silver and Pd and
their alloys. Silver may tarnish and may
form silver sulfide and chloride

'films.“'ls'16 Pd and its alloys may also
form PdCl2 film in certain high RH

environments.l7’18




In a field studies program conducted at
Bell Telephone Labs, it has been determined
that the films which form on base metals in
indoor sites are primarily oxides together
with small amounts of chlorides and

In most indoor sites, pore and

creep corrosion are not observed.lg'20 The
reason for the absence of pore and creep
corrosion is that most of the indoor sites
have low relative humidities (less than 55
percent) and at these low relative
humidities the films which form

sulfides.10

(predominantly oxides) do not creep.6’7 The
sulfides and chlorides are the migrating
films. Oxides act as passive films against

sulfidation and chlorination of the base

metal surfaces.7’21'22 However, if the RH is
high, the oxides no longer act as passive
films and pore and creep corrosion may take

place.21'22 This may be especially true in
nonair-conditioned sites or outdoor sites.

The major constituents of the
atmosphere are oxygen, nitrogen, and water
vapor. There are small amounts of oxides of
nitrogen, sulfur dioxide, st, elemental

sulfur, Clz, chlorine containing compounds

and particulates. Hydrogen sulfide, sulfur
dioxide and chlorine (including chlorides)
in the presence of high RH are the most
corrosive reactants of the atmosphere. The
concentration of these gases in telephone

central offices is in the few ppb range23 as
shown in Figure 3; however, these small
concentrations can cause significant
corrosion problems in the presence of high
RH.

Experimental Techniques

In understanding the tarnishing of
electrical contacts, the measurement of
contact resistance by the four wire probe
has been used extensively by various

investigators.24 This technique is a
sensitive measure of the presence of films
on the contact surface and is a quantity of
real interest in electrical contacts.
However, this technique sheds no light on
the thickness, chemical and elemental
identification, and the film morphology.
Auger electron spectroscopy (AES) and ESCA
are utilized for chemical and elemental
identification; SEM is used for the film
morphology, and AES with sputter back
profiling and cathodic reduction are used
for film thickness measurements. The quartz
crystal microbalance coupled with a
permeation tube apparatus is used to measure

the kinetics of film growth.le’22 The

materials of interest are vacuum deposited
on an AT cut quartz crystal. If the

material corrodes, the crystal gains weight
and its frequency decreases. By measuring
the change in frequency, the extent of the
corrosion can be determined. For one Hertz

change in frequency, the crystal gains

1.77x10~8 gms of weight. The details of the
quartz crystal microbalance in corrosion

¢ 22
research are given elsewhere.
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Passivity of Oxide Films on Base Metals

As mentioned earlier, in field studies
conducted at Bell Labs, no creep or pore
corrosion has been observed on connector
products and base metal coupons plated with

gold and exposed in indoor ambients.lg’20
While the relative humidity in indoor sites

generally remains low (<55 percent),23 there
are instances when the RH could be higher.

The absence of pore or creep corrosion was

attributed to the passivity of oxide films
which grow on base metals, i.e., Cuzo and

NiO. An oxide film grows on the exposed
base metals and this naturally grown oxide
inhibits the growth of sulfide films on the
base metals. In addition, it is seen that
the major constituent of the film on base
metals in most indoor sites is the oxide
with only small amounts of chlorides and

22

sulfides.14 The passivity of oxide may also
explain this observation. Experiments have
been conducted in the lab to prove this
hypothesis.

Samples of electron beam evaporated
copper on AT-cut quartz crystals were
prepared. Some of these samplesowere

preheated in air to produce ~225A of oxide



and others were heated in pyre oxygen

ambient to produce ~300-400A of oxide.

These samples were exposed to varying
relative humidities and known concentrations
of pollutant gases in an apparatus shown
schematically in Figure 4. A measured
amount of dry air flows over a permeation
tube containing the pollutant and kept at
constant temperature. The pollutant
diffuses out from the tube at a constant
rate. Part of the air flows through a
bubbler and is mixed with dry air to produce
high or low RH air. By mixing
appropriately, we can have air with
different levels of pollutants and different
RH. The samples are suspended in a reaction
chamber and the growth rate of the film is
monitored by recording the frequency change
as a function of time with the help of a
computer through a suitable interface.

Figure 5 shows the growth rate of the
film as a function of time when the

preoxidized Cu samples22 and bare Cu samples
are exposed to high concentrations (~5 ppm)

of st. It is seen that on preoxidized Cu

samples, very little sulfide film forms at
low RH as seen in curve A; on bare Cu, the

growth rate is linear with time at 0 percent
RH (curve B). Thus an oxide film prevents
the sulfidation of Cu at low RH. Curve D
represents the growth of Cuzs on bare Cu at

80 percent RH. The initial growth rate is
~4 times the growth rate at 0 percent RH on
bare Cu. At the same RH of 80 percent, the
oxidized Cu shows the growth rate of film to
be slightly lower than on bare Cu. Thus, at
high RH, Cuzo does not completely protect Cu

from sulfidation. The adsorption of water
plays a dominant role in destroying the
passivity of Cuzo at high RH. This

experiment demonstrates that if there are
oxides on the surface, further sulfidation
is reduced and consequently pore and creep
corrosion are not as significant, especially
at low RH.

Corrosion of Pd Based Materials

Due to the high price of gold,
alternate materials to replace gold in
contact applications have attracted
attention by several investigators.
Palladium and Pd-Ag alloys have been
mentioned in the literature to be quite
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stable from an atmospheric corrosion point
of view. 1In order to determine if these
materials can be used in electrical contact
applications, a field study program was
initiated at Bell Labs to expose these

materials in different field sites.2> The
samples investigated included Pd, 60Pd40Ag
(R156) and 40Pd60Ag. These samples were
brought back to the lab and were measured
for CR increase, film thickness and film
chemistry. The CR results have been

reported earlier by Antler.25 It was found

that Pd and R156 alloy have a reasonable CR
behavior in air-conditioned (controlled)
ambients. These materials develop high CR
in uncontrolled (high RH) ambients coupled
with chlorine containing species in the air.
The chemistry of the film developed on these

samples was analyzed by ESCA.17 Figure 6
shows ESCA spectra obtained from a Pd sample
exposed in one of the uncontrolled indoor
ambients. The Pd line occurs at 338.1 eV
and the chlorine line at 198.4 eV. The
shift of the Pd line by 3 eV from its
elemental position of 335 eV suggests that
Pd is chemically bonded to other elements,
most probably to chlorine in PdCl2 form.

The ratio of Cl to Pd, by taking into
account the sensitivity factors, is found to
be 2.0, further confirming this conclusion.
We also find that the oxygen line in the
spectra is associated with (OH). It seems
that PdCl2 is in the hydrated form

(PdCl2 2H20) .
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Figure 7 shows the results on 60Pd40Ag
alloy exposed in the same ambient for the

same amount of time.l7 In these spectra, the
Pd peak can be deconvolved to yield two
peaks, one at 338 ev and another at 335 eV.
By quantitative calculation, it is
determined that ~52 percent of the surface
has PdCl2 film. Comparing this sample with

the Pd sample, it is seen that an alloy of

60 percent Pd 40 percent Ag is better than

pure Pd from an atmospheric corrosion point
of view.

In order to understand the formation of
PdCl2 on Pd, an experimental study was

conducted where Pd coated quartz crystals
were exposed to Cl2 and HC1l containing air

at different RH.18 The frequency change was
converted to the weight gain due to
tarnishing. Figure 8 shows the results of
such an experiment. Some of the weight gain
on the crystal is due to physical adsorption
of H20 and not due to the film formation.

If this physically adsorbed water on the
surface is excluded, the following picture
emerges from this experiment. For HC1
exposure even at high concentrations in the
ppm range, no significant film forms on Pd

at high RH. At RH < 60 percent, Cl2

reaction with Pd proceeds slowly. At RH
~80 percent, the reaction with Cl2 proceeds

at a high rate and almost linearly with
time.

The effect of RH on the tarnishing of
Pd by Cl2 is very striking. If P4 is

exposed to 1.8 ppm Cl2 for 24 hours at

various RH and the thickness of the film is
plotted as a function of RH, it is seen that
very little PdCl2 film forms on the surface

(Figure 9) for RH < 60 petcent.18 However,

at RH > 60 percent, the film formation
proceeds rapidly. These results have been
confirmed by other techniques such as ESCA.
RH of 60 percent can be termed as critical
RH. The same kind of behavior is seen on
other materials.

In other experiments, it has been shown
that Pd does not react with salt in the
presence of high RH. A model on the
atmospheric corrosion of Pd and its alloys
has been postulated to account for the field
and the experimental results. It is felt
that salts and other dust particles act as
nucleation sites where water condensation



may take place at RH much less than 100
percent. The reaction of chlorine
containing compounds takes place at these
nucleation sites. PdCl2 is hygroscopic and
adsorbs two molecules of H20 and further
reaction takes place laterally until the
entire surface is covered with PdCl2 film,

These films are thin but may be a cause of
concern for use in the electrical contacts
in uncontrolled indoor ambients.

Adsorption Isotherms - Corrosion Versus RH

In order to understand the basic
corrosion mechanisms, one of the most
important variables is RH. The corrosion
depends upon the amount of water vapor

adsorbed on a metal surface.26 The amount of
adsorbed water increases with increasing RH.
Utilizing the quartz crystal microbalance,
the adsorption isotherms for various
materials have been measured at different

temperatures.27’28'29 Figure 10 shows the
weight gain (water adsorption) on a gold
surface at different temperatures as a
function of relative humidity (or relative
vapor pressure). It is interesting to note
that the amount of adsorbed water plotted as
a function of RH does not change

significgntly with temperature in the range
of 15-60 C.

similar adsorption isotherms have been
obtained for different materials by other

investiqators.30 The amount of water in
monolayers as a function of RH for a NiFe
alloy, Fe, Ni, Au, stainless steel and Co

has been measured by Phipps, et al.30 No
great differences in adsorption isotherms
are seen from one metal to the other. It is
seen that ~1 monolayer of water is adsorbed
at ~25 percent RH. At RH > 60 percent more
than 2 monolayers of water are adsorbed on
all materials. These adsorption isotherms
have been fitted to the BET isotherm model
and the heats of water adsorption on various
materials have been calculated by different

investigators.27'28’29'30 These heats of
adsorption on Au, Cu, Cuzo, Fe, Co, Ni, NiO,

Pt and Sn vary between 11.5 and ~13
Kcal/mole. The heat of vaporization of
water is 10.5 Kcal/mole. The heats of
adsorption on various materials, therefore,
do not differ significantly from the heat of
vaporization. These results suggest that
once water adsorbs on a metal surface,
subsequent adsorption does not have a strong
preference for the exposed metal surface and
may equally condense on the water film.
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