


conventional gold-over-nickel plating. The third one-mem- caused by penetration of a surface film or by removal of
ber set was a reference gold-over-nickel sample. particulate contamination at the beginning of the wipe

phase.

Figure 1. Test strip geometry. a) male 1 x 1 inch (25.4 x
25.4 mm), flat; b) female, sphere, radius 0.25” (6.35 mm).

Table 1. Definition of layers and codes. For each layer,
males and females were prepared and introduced into the
tests in the combinations defined in Table 3.

Figure 2. Typical load-wipe curve,

Tests

Contact properties were determined by the “load-wipe”
method, which measures contact resistance as a function of
two different independent variables, normal force and wipe
length. Reference 3 describes in detail a setup for measur-
ing load-wipe behavior in gold-plated contacts. Resistance
measurements used the 4-wire method with 20-mA and
50-mV open-circuit voltage, permitting measurement of
resistance up to 2500 m W. In the load-wipe method the
contact resistance is monitored continuously, first during
the load phase where the contact normal force is increased
to the desired maximum value and, second, during the wipe
phase as one of the contacts is moved a certain distance,
usually several tenths of a millimeter. This simulates the
contact wipe that takes place during mating of connectors.
A typical load-wipe curve is shown in Figure 2. The left
side of the diagram represents the load phase and the right
side the wipe phase. Each of the two independent vari-
ables, force during the load phase and distance during the
wipe phase, influence the contact resistance. Completely
clean contact surfaces yield curves that change “smoothly”
within each phase as well as at the transition from load to
wipe. (The term smooth is used here in a narrow sense to
exclude curves with random or periodic ripples of major
amplitude.) Contaminated or oxidized surfaces usually
cause random deviations of the contact resistance from a
“smooth” curve. Sharp steps in the load curve indicate
points where a surface film is broken. A drop in the resis-
tance curve at the transition from load to wipe can be

To determine the effects of different environments on con-
tact properties, samples were exposed to the treatments
summarized in Table 2. Exposure to dry heat provides in-
formation on oxidation of the contacts, while thermal shock
tests should reveal potential problems with adhesion of the
brittle coatings as well as the effects of moisture condensa-
tion. Corrosion was tested according to VG 95319 method
A, a German military test which is considered very severe
for the gold thicknesses involved. Its main advantages are
that it saves time and that the results can be compared to a
large reservoir of data accumulated in our laboratory.

Table 2. Summary of treatments to which samples were
exposed.

Because the purpose of this study was to gain information
on advantages and disadvantages of ENPH coatings
quickly, the scope of the program was intentionally kept
small. Therefore, not all possible combinations of contact
pairs were exposed to all tests. Three samples representing
each contact pair resulted in the test program shown in
Table 3.
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Table 3. Test program including definition of sample combinations and flow chart of sample treatment.

RESULTS AND DISCUSSION
A total of 117 load-wipe curves were generated, from which
two sets of contact resistance values were extracted. Be-
cause there were only three samples for each contact pair
and because the variation in contact resistance is some-
times large, mean and standard deviation could be mislead-
ing. Therefore, minima and maxima of contact resistance
measured within each sample and treatment set were se-
lected as criteria. These values are listed in Tables 4 and 5
and summarized graphically in Figure 4. For the load phase
both extrems were taken at 1-N normal force, for the wipe

phase as lower and upper limits of the horizontal envelopes
of the contact resistance.

Table 5. Maxima and minima of contact resistance data dur-
ing the wipe phase. In each cell the upper value represents
the minimum, the lower the maximum value found in each
group of three samples. The header of the table identifies the
combinations A through G according to Table 3.

Table 4. Maxima and minima of contact resistance data at
1-N force, In each cell the upper value represents the mini-
mum, the lower the maximum value found in each group of
three samples. The header of the table identifies the combi-
nations A through G according to Table 3.

Contact resistance of as-received samples without gold
flash is high and spread widely. The high value is caused by
the hardness of the layer. The contact resistance of as-re-
ceived, gold-flashed samples mated against themselves is
low and stable, but higher than that of conventional cobalt-
alloyed gold over sulfamate nickel. This different behavior
is to be expected, agrees with published data, and again
is caused by the very hard nickel-phosphorous layer
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underneath the thin gold flash. Conventional plating has a
thicker layer of gold, which behaves softer than an equiva-
lent layer of nickel phosphorous. In addition, the sulfamate
nickel underneath the thicker gold layer is much softer
than nickel phosphorous. Gold-flashed ENPH mated with
conventional gold-over-nickel plating shows intermediate
values of contact resistance, as maybe expected.

After exposure to the dry heat test, initial contact resis-
tance readings are high for both gold-flashed and unflashed
samples. Because at 1-N normal force the resistance is still
high, the force was increased to 3 N before the wipe phase
was started. For gold-flashed samples this led to a very no-
ticeable reduction of contact resistance. During the very
early part of the wipe phase at 3 N load the commonly ob-
served, normal values were reached. It appears as if, even
on the gold-flashed ENPH, a strong surface film was
formed, which was broken at 3-N force. Repeated mea-
surements made on the same sample at the same spot (Fig-
ure 3) show a decrease of the contact resistance. This may
indicate that the film, once broken, does not form again.

Figure 3. Load-wipe curves taken at the same spot of a sam-
ple after dry-heat test. The sequence of the measurements is
indicated at each curve in the load phase range of the record-
ings.

The presence of a surface film on samples exposed to
155°C for 50 hr was verified by Auger analysis. The film on
unflashed ENPH coatings contained, besides nickel, essen-
tially oxygen and carbon. No phosphorous was found at the
surface. (Auger analysis covers a depth of about 10 atom
layers, only to the very top layer of the film.) To establish
that the absence of phosphorous was not due to lack of sen-
sitivity of the experimental arrangement, enough of the
layer was removed by sputtering to expose the nickel-phos-
phorous layer. After that, nickel and phosphorous were
identified readily. The surface film on gold-flashed samples
again contained carbon and oxygen, but also cobalt and 
nickel. The presence of nickel suggests its diffusion from
the nickel-phosphorous layer through the layer of gold. Af-
ter sputtering away the surface film and part, but not all, of

Figure 4. Graphic representation of Tables 4 and 5, illustrat-
ing levels and ranges of contact resistance for the load and
the wipe phases on samples A through G after exposure to
different treatments. Abbreviations for treatments: 0= as
received, 1 = dry heat (50 hr), 2 = dry heat (100 hr), 3 =
dry heat (150 hrs), 4 = dry heat (200 hr), 5 = thermal
shock, 6 = corrosion.
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