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[571 ABSTRACT 
An electrical connector in which conductive rubber 
rods are mounted in a metal substrate covered by a 
nonconductive layer. The rods extend above and below 
the upper and lower surfaces, respectively, of the sub- 
strate for electrically interconnecting conductive traces 
on a pair of electronic components. A method for mak- 
ing the connector is disclosed. 

1 Claim, 7 Drawing Figures 
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METHOD OF MAKING CONDUCTIVE 
ELASTOMER CQNNECTOR 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). 

This is a division, of application Ser. No. 912,381, 
filed June 5, 1978, now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates generally to an electrical con- 

nector and, more particularly, to a conductive elasto- 
mer connector and to the method of making the same. 

U.S. Pat. Nos. 4,050,756 and 4,064,623 to Moore, 
assigned to the assignee of the present application, dis- 
close a conductive elastomer connector and a method 
of making the same of which the present invention 
constitutes an improvement. More specifically, the 
Moore patents disclose a conductive elastomer connec- 
tor comprising a plastic substrate, such as Mylar ori- 
ented polyester, having a plurality of etched holes 
therein, conductive elastomer rods are mounted in the 
holes and are retained therein by the underetch pattern 
which is used by the etched holes. The rods extend 
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above the upper surface and below the lower surface of 
the substrate so that only the rods need be engaged in 
order to provide an electrical conductive path through 30 
the connector. As explained in the Moore patents, such 
connector may be made in extremely small sizes with a 
very close center-to-center spacing of the conductive 
elastomer rods. In accordance with the Moore method, 
a laminate is formed consisting of a plastic substrate 35 
having metal layers on the top and bottom surfaces 
thereof. Aligned holes are formed in the metal layers by 
etching using a standard photo-resist technique. Using 
the two-sided metal etched hole pattern as a template, 
the plastic substrate is then etched to provide holes 40 
therein aligned with the holes in the metal layers. The 
aligned holes are then filled with conductive elastomer 
to form conductive elastomer rods. Thereafter, the 
metal layers are removed from the plastic substrate 
leaving the conductive rods retained in the substrate 45 
which extend above and below the top and bottom 
surfaces thereof. 

As disclosed in the Moore patents, the connector has 
been constructed utilizing a 0.003 inch Mylar substrate 
containing 15,525 conductive elastomer rods of 4-5 mils 50 
in diameter packaged into one square inch using 8 mils 
center-to-center spacing. Making the connector of such 
small size, with a highly dense pattern of conductive 
rods, is difficult and the connector has a few short-com- 
ings. More specifically, it is difficult to fabricate the 55 
substrate with a uniform hole pattern for mounting the 
conductive rods in a connector of the size contemplated 
in the Moore patents. That is to say, it is difficult to etch 
holes of accurate size and location in a plastic or other 
dielectric substrate. As a result, it is difficult to accu- 60 
rately reproduce the hole patterns in dielectric sub- 
strates with very close center-to-center spacing of the 
holes to enable production of a plurality of connectors 
with identical patterns of conductive elastomer rods. 
Also, because of the high coefficient of thermal expan- 65 
sion of a dielectric substrate, the substrate suffers dimen- 
sion drift in response to temperature changes. That is, 
the size of the dielectric substrate will vary in response 

2 
to temperature changes with results in variations in the 
pattern of the conductive elastomer rods with the con- 
sequence that there may be caused misalignment of the 
rods with traces on the mating electronic components 
interconnected by the connector. 

It is the purpose of the present invention to provide a 
novel conductive elastomer connector arrangement and 
method of making the same which overcomes the afore- 
mentioned problems inherent in the prior art connector 
when made in very small sizes. 

SUMMARY O F  THE INVENTION 
According to the present invention, there is provided 

a method of making a conductive elastomer connector 
in which there is provided three metal plates having 
identical patterns of holes therein. A nonconductive 
layer is formed on one of the plates covering the upper 
and lower surfaces thereof and the walls of the holes. 
The plates are stacked with the coated plate disposed 
between the other two plates and with the holes in the 
three plates aligned. The holes are filled with a conduc- 
tive elastomer thereby forming conductive elastomer 
rods in the holes. Thereafter, the outer plates are re- 
moved by etching from the intermediate plate with the 
conductive elastomer rods remaining in the plate 
thereby extending above and below the coating on the 
respective top and bottom surfaces thereof. Thus, the 
method provides a conductive elastomer connector in 
which conductive rods are mounted in a metal plate 
coated with a nonconductive layer thereby overcoming 
the problems inherent in the prior art connectors dis- 
closed in the aforementioned Moore patents. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a conductive elasto- 

mer connector constructed in accordance with the pres- 
ent invention, with a portion of one corner thereof 
broken away to show how a conductive elastomer rod 
is mounted in the substrate of the connector; and 

FIGS. 2 to 7 are fragmentary, perspective sectional 
views illustrating the various steps employed in practic- 
ing the method of the present invention to make the 
connector illustrated in FIG. I. 

DESCRIPTION O F  THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1 of the drawings in detail, 
there is illustrated the electrical connector of the pres- 
ent invention, generally designated BO. The connector 
comprises a flat substrate 12 having a plurality of open- 
ings 14 therethrough which extend from the upper sur- 
face 16 to the lower surface 18 of the substrate. Conduc- 
tive elastomer rods 20 are mounted in the holes 84. The 
rods extend above the upper surface 16 and below the 
lower surface 18 of the substrate. 

In contrast to the connector disclosed in the afore- 
mentioned Moore patents which utilizes a dielectric 
substrate, the substrate 12 of the present invention con- 
sists of a metal plate 22 having holes 24 therethrough. A 
nonconductive layer 25 is applied to the plate 22 cover- 
ing its upper and lower surfaces and the walls of the 
holes 24. The coated holes 24 in the plate 22 correspond 
to the holes 14 in the substrate 12 illustrated in FIG. I. 

The metal plate 22 may be formed of a relatively rigid 
material if used as a part of an alignment structure in an 
electrical interconnection arrangement. Alternatively, 
the plate may be in the form of a flexible or semi-flexible 
metal sheet, and may be used as a compliant member in 
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complex shape factors or where control of electrical 
contact by camber or thickness variations are necessary. 
Accordingly, the term “plate” as used in this descrip- 
tion and in the claims appended hereto is intended to 
include both rigid metal plates and plates or sheets of 
metal which are resilient or flexible. By way of example 
only, the metal plate may be formed of copper, alumi- 
num or nickel. The nonconductive layer may be a plas- 
tic coating, such as an epoxy resin. If desired, the metal 
plate 22 may be pre-oxidized to improve the adhesion of 
the plastic coating thereon and the integrity of the coat- 
ing. As a further alternative, the substrate 12 may con- 
sist of a metal plate which is oxidized to provide the 
nonconductive layer 25. For example, when the plate 22 
is formed of nickel, the oxide of nickel is tightly bound 
to the base metal and provides an effective insulation 
coating for the metal substrate. A copper plate provided 
with an oxide film would also provide an effective sub- 
strate for the present invention. Obviously, other metals 
and nonconductive materials may be used to practice 
the present invention. 

The term “conductive elastomer” utilized in the spec- 
ification and the claims appended hereto is intended to 
mean either a compressible nonconductive elastomer 
filled with conductive particles, which becomes electri- 
cally conductive when compressed, or also an elasto- 
mer which is sufficiently loaded with conductive parti- 
cles that it is electrically conductive even without com- 
pression. Suitable conductive fillers for use in the elasto- 
mer are disclosed in the aforementioned Moore patents, 
and the prior art patent referred to therein. 

Reference is now made to FIGS. 2 to 7 of the draw- 
ings which illustrate the steps utilized in making the 
connector 10 of the present invention. First the metal 
plate 22 is etched, using standard photo-resist tech- 
niques, to produce the holes 24. Two other plates, desig- 
nated 22a and 226 in FIG. 4, may be made at the same 
time that the plate 22 is formed which are etched to 
provide holes 2 4 ~  and 246, respectively, which are ar- 
ranged in patterns identical to the pattern of the holes 24 
in plate 22. 

As seen in FIG. 3, the plate 22 is coated with a non- 
conductive layer 25, such as by diluting an epoxy resin 
and spraying the diluted resin in a very thin film over all 
the exposed surfaces of the plate 22. The resin film is 
allowed to cure by drying or heating, thus providing 
the completed substrate 12. Thereafter, the bottom sur- 
face of the plate 22a and the upper surface of the plate 
226 are sprayed with a thin film of the same epoxy resin. 
The plates 2% and 226 are dried to cause the solvent in 
the epoxy resin solution to evaporate. 

Thereafter, the plates 22a and 226 are stacked with 
the substrate 12 disposed therebetween in the manner 
illustrated in FIG. 4, with the plates disposed so that the 
identical hole patterns therein are aligned. The stacked 
plates are then mounted in a press and compressed and 
cured to produce a laminate, generally designated 26. 

A layer 28 of conductive elastomer, preferably a 
conductor-filled silicone rubber, is then placed on top of 
the laminate 26. The laminate with the conductive layer 
28 is then compressed in a mold, causing some of the 
elastomer to be squeezed into and completely fill the 
openings in the laminate, as seen in FIG. 5. For silicone 
rubber, the mold is preferably heated to about 350” F. 
After the molding operation, the excess flash of the 
layer 28 is removed from the upper surface of the lami- 
nate by the use of a suitable tool, as indicated at 30, thus 
leaving conductive elastomer rods 20 in the laminate 

4 
extending from the upper surface thereof to the lower 
surface. The metal plates 22a, 226 are then etched away, 
leaving the conductive elastomer rods 20 formed in the 
desired pattern within the substrate 12, as seen in FIG. 

As in the connector disclosed in the aforementioned 
Moore patents, the inwardly extending annular ridges 
32 on the underetched holes 24 in plate 22 serve to 
retain the conductive elastomer rods 20 in the substrate. 

A connector in accordance with the present inven- 
tion has been constructed utilizing a 3 mil. thick pre-oxi- 
dized copper plate 22 for the substrate and a high tem- 
perature epoxy resin sold under the designation EC2290 
by 3M Company as the epoxy resin which forms the 

l5 nonconductive layer 25 of the substrate. The epoxy was 
diluted with methylethylketone in a ratio of about 5 to 
1 to provide a relatively thin solution of the epoxy 
which was suitable for spraying a thin film over the 
surface of the copper plate. The copper plate was baked 

2o in an oven at about 400“ F. for approximately one-half 
hour in order to cure the epoxy resin film. The resulting 
film thickness was between 0.1 to 0.2 mil. The plates 
22a, 226 were identical to the copper plate 22. The 
connector contained 16,384 conductive elastomer rods 

25 of 4-5 mils. in diameter packaged into one square inch 
on 200 .micron center-to-center spacing. 

The connector of the invention has the advantage 
over the prior art conductive elastomer connector uti- 

3o lizing a dielectric substrate in that it is easier to repro- 
ducibly fabricate the metal plate 22 with a uniform hole 
pattern so that there is achieved greater dimensional 
accuracy of the size and location of the conductive 
elastomer rods 20 in the connector of the invention. 

35 Further, the substrate 12 of the present invention utiliz- 
ing a metal plate 22 has a substantially lower coefficient 
of thermal expansion than the dielectric substrate in the 
prior art connector so that the present invention sub- 
stantially reduces, if not eliminates, the dimension drift 
problem with variations in temperature inherent in the 
prior art connector. Therefore, the connector of the 
present invention is a more stable structure which mini- 
mizes misalignment of the conductive elastomer rods 20 
with conductive traces on the components which the 

45 connector interconnects. Another, and very important 
advantage of the invention, is the substantial reduction 
in electrical leakage, which normally results in cross 
talk and noise between adjacent conductive elastomer 
rods, which may be achieved in the present invention 

50 by grounding the metal plate 22 of the substrate 12. 
Thus, in the present invention, any electrical leakage 
out of one of the conductive elastomer rods will pass to 
ground via the grounded plate 22 rather than to the next 
adjacent rod. 

While the invention has been described with respect 
to a connector in which the elastomer rods 12 are re- 
tained in the substrate by means of an underetched 
pattern formed in the holes 24 in the plate 22, it will be 
appreciated that the advantageous features of the inven- 

60 tion achieved by the use of the metal plate 22 may also 
be realized by retaining the conductive elastomer rods 
in the holes in the plate by other arrangements, such as 
by providing buttons on the tops and bottoms of the 
rods which engage the top and bottom surfaces, respec- 

65 tively, of the substrate 22. 

5 7. 

10 

55 

What is claimed is: 
1. A method of making a conductive elastomer con- 

nector comprising the steps of: 
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providing three metal plates each having a set of 

holes therein, the holes in said sets being arranged 

in identical patterns; 
5 

the holes in at least one of said plates being formed by 

etching; 

forming a nonconductive layer on said one of said 

plates covering the upper and lower surfaces 

thereof and the walls of said holes; 
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6 
stacking said plates with said one plate disposed be- 

tween the other two plates and with the sets of 
holes in the three plates aligned; 

filling said holes with a conductive elastomer thereby 
forming conductive elastomer rods in said holes; 
and 

removing by etching said other two plates from said 
one plate with said conductive elastomer rods re- 
maining in said plate thereby extending above and 
below the coating on the respective top and bottom 
surfaces thereof. + * + * *  
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