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(57] ABSTRACT

A membrane switch has a substrate and a plurality of
first conductors formed on the substrate. A flexible
membrane having a plurality of second conductors
formed thereon is positioned relative to the substrate by
a spacer which may be adhesively secured to both mem-
brane and substrate. There are openings in the spacer In
register with aligned first and second conductors. The
membrane is caused to move toward the substrate
through an opening to cause contact between the
aligned first and second conductors in response {0 pres-
sure upon the exterior of the membrane. There are vent
passage means interconnecting the spacer openings,
which vent passage means may be open to the atmo-
sphere.

17 Claims, 4 Drawing Figures
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MEMBRANE SWITCH WITH MEANS FOR
PREVENTING CONTAMINATION OF THE
INTERIOR THEREOF

Matter enclosed in heavy brackeis [ J appears in the
“original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

SUMMARY OF THE INVENTION

The present invention relates to membrane switches
using silver conductors and in particular to a means for
impeding migration of the silver between conductors.

One purpose is a membrane switch in which silver
may be silk screened, printed or painted, in conductive
paths, on spaced surfaces of the switch, and wherein the
switch is essentially sealed from outside contamination
except for a vent passage of substantial length, suitable
for equalizing internal and external pressures, which
vent passage also interconnects the chambers within the
switch where the switching action takes place.

Another purpose is a switch of the type described in
which migration of silver between conductors 1s sub-
stantially impeded by retarding moisture film formation
upon the surface of the switch assembly.

Another purpose is a switch of the type described 1n
which pressure equalization between interior and exte-
rior portions of the switch is provided with a minimum
of air exchange, thereby retarding the admission of
contamination into the interior of the switch.

Another purpose is a membrane switch in which the
silver conductors are substantially buried in a resin,
used for adhesive purposes, to impede silver migration.

Another purpose is a membrane switch in which the
switch is substantially or totally sealed, thereby pre-
venting contamination moisture from reaching the inte-
rior of the switch, but at the same time providing means
for internal and external pressure equalization.

Other purposes will appear in the ensuing specifica-
tion, drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated diagrammatically in the
following drawings wherein:

FIG. 1is a diagrammatic top view of a switch of the
type described,

FIG. 2 is an enlarged section along plane 2—2 of
FIG. 1, -

'FIG. 3 is a section, similar to FIG. 2, but showing a
modified form of switch, and

FIG. 4 is a diagrammatic top view showing a further
form of switch.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention concerns membrane switches
of the type generally shown in my prior U.S. Pat. Nos.
3,988,551 and 4,017,697, as well as several similar pa-
tents relating to the same subject matter. With the intro-
duction of microprocessors and other sophisticated
relatively inexpensive electronics, switching functions
can now be reduced to the opening and closing of
contacts, permitting a simplified and more rehable
switch construction. The membrane switch disclosed
herein is specifically directed to this concept wherein
there is only an opening and closure of a switch contact
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with more sophisticated switching functions being car-
ried on by the auxiliary electronics.

One method of making an economical membrane
switch uses conductors which are painted, printed or
silk screened onto one or more adjacent surfaces, cus-
tomarily the supporting substrate and the movable
membrane. In this connection, although the present
application will disclose a membrane switch in which
the supporting substrate is also a flexible membrane, it
should be understood that the principles disclosed
herein are equally applicable to a membrane switch in
which the substrate is rigid. Because of its high electri-
cal conductivity, silver is a very desirable conductive

. metal which may be painted, printed or silk screened

onto a surface. Other metals of the non-noble type ei-
ther do not normally remain conductive after they have
been painted on a supporting surface, or are poor con-
ductors. Silver, on the other hand, remains conductive
but has the serious drawback that the silver particles
tend to migrate from the anode to the cathode and
ultimately a high impedance short may be formed be-
tween normally separate conductors or elements. The
present invention is particularly directed to means for
impeding the formation of such a high impedance short
to the point where whatever silver migration does take
place does not affect the useful life of the switch.

The phenomenon of silver migration has long been
known and has been extensively documented in numer-
ous publications over the last 30 years. Essentially, mi-
gration takes place where there is a potential difference
between spaced silver conductors and there is sufficient
humidity, normally a continuous moisture film, to per-
mit the metal silver to be ionized to positive silver ions.
Normally, the following chemical reaction takes place:

2AG+ +20H~ —2AG(OH)—AG20 + H;0

In essence, the metallic silver is changed to a silver
hydroxide which is soluble in water. Silver then depos-
its in the vicinity of the cathode due to the voltage
potential. The migration is from the anode to the cath-
ode, but the dendrites that are formed grow from the
cathode toward the anode. In the case of an alternating
potential, the dendrites will be formed from both con-
ductors toward each other.

The growth of the dendrite in silver migration can be
extremely rapid under conditions of sufficiently high
applied voltage and substantial humidity. At times only
a few minutes or even seconds are necessary t0 com-
plete a short between two spaced conductors when the
spacing is small.

Although silver has been in substantial use in elec-
tronics for a long period of time, the problem of silver
migration has not been of a nature as to eliminate silver
as a conductor. In television normally the heat of the
various components eliminates any moisture. In other
areas the component may normally have a short useful
life and is designed to be replaced after a period of time.
However, in membrane switches of the type which
must have a life permitting several million operating
cycles and which will be in use for several years, silver
migration can be a problem. The present invention rec-
ognizes the fact of silver migration, but provides means
for impeding such migration to the point where it will
not affect the useful life of the switch. Thus, although
there may be migration, it will take such a sufficient
period of time that it will not materially affect the life of
the switch in its particular application.
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Various solutions have been presented to prevent.

silver migration. There have been previous attempts to
seal the entire switch construction so as to prevent
moisture from forming inside the switch in the area of
the silver conductors. However, such prior sealing at-
tempts were not always practical as the plastic films
used in the switch construction will, over a period of
time, transfer the exterior humidity to the interior due
to their permeability. For example, 0.005-inch thick
Mylar at 38° C. will transmit water vapor at the rate of
0.3 grams per 100 square inches of surface area exposed
per 24 hours, and hydrogen sulfide at the rate of 4 cubic
centimeters per 100 square inches of surface area ex-
posed per 24 hours per atmosphere of pressure. In addi-
tion, such a seal created other problems, specifically
changes in atmospheric pressure which caused the force
required to actuate the switch to vary substantially from
the time of manufacture and during application, de-
pending upon barometric pressure and local atmo-
spheric conditions.

The present invention overcomes both of the above
drawbacks in a switch which may be substantially or
completely sealed. The moisture problem is overcome
by initially ensuring that the substrate and membrane
material are so selected, handled and treated as to pre-
vent a moisture film forming thereon. In addition, the
size, shape and arrangement of the interior spaces of the
switch are so formed as to prevent the accumulation of
droplets of moisture or moisture paths of a sufficient
size to create the continuous moisture film between
stlver conductors which is necessary for the rapid pro-
gression of silver migration. Pressure equalization is
provided through the use of a tortuous labyrinthine
passage connecting all of the chambers or spaced within
the switch to the atmosphere with the result that at no
time during operation of the switch is the volume of air
moved sufficient to provide an mterchange between
exterior and interior air in the areas of the silver con-
ductors. In the alternative, there may be a completely
scaled construction in which the interior spaces are
connected by a long, tortuous path of substantial length,
which path may be connected to a chamber, separate
and apart from the switch, which can accommodate
changes in interior pressure brought about by switch
operation.

In FIGS. 1 and 2 the diagrammatic illustration of a
membrane switch includes a substrate 10 which may be
flexible. A spacer 12, having a series of spaced openings
14, is secured by an adhesive layer 16 to the substrate 10
and is secured by a second adhesive layer 18 to a flexible
transparent membrane 20. The adhesive and membranes
may be formed of conventional matenals.

Looking specifically at FIG. 1, a series of first con-
ductors 22 may be painted or otherwise applied to the
substrate 10 and may be formed of silver. Each of these
conductors may have individual conductive leads, simi-
larly formed of silver, indicated at 24, which may termi-
nate at a common point adjacent to one area of the
substrate 10, although such arrangement is not shown
herein. Normally, the conductive leads will terminate
or end in a tail which extends outwardly from the sub-

strate and is used to connect the switch to the auxiliary
electronics.

In like manner, silver conductors 26 are formed on
the underside of membrane 20 and each of the conduc-
tors 26 may have conductive leads 28, formed of silver,
which again may terminate at a common point on the
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membrane 20. Such conductive leads may terminate in
a conventional tail.

Because the silver conductors 22 and 26 will be quite
thin, for example between 0.025 and 0.050 inch 1in width,
it is desirable to have a greater area for contact to en-
sure a good electrical connection. Thus, each of the
conductors 22 may have a spot 30 formed thereon. The
spots 30 may be formed of carbon or a similar non-
migrating material which has an electrical conductivity
lower than silver. The spots are in register or alignment
with similar conductive spots 32 formed upon conduc-
tors 26. The conductive spots 30 and 32 may, for exam-
ple, have a diameter of 0.3 to 0.4 inch, assuming that
openings 14 each have a diameter of approximately 0.5
inch. The spots or conductive areas may be painted
upon the silver conductors after the conductors have
first been applied to the substrate and membrane. In
addition, the spot material, since it covers the silver,
may retard the migration of the silver in the covered
areas. The same is true for those areas of silver covered
by adhesive. The resinous adhesive material provides a
substantial impediment to migration.

The switch construction of FIGS. 1 and 2 will be
sealed, except for an atmospheric vent passages de-
scribed herein. The seal will be essentially created dur-
ing the process of lamination in the formation of the
switch itself. The membrane and substrate are adhe-
sively secured to the spacer by means of the described
adhesive, which will effectively seal the interior spaces
14 from the atmosphere. As indicated above, in prior
switch constructions such a seal created difficulties in
that exterior moisture can be transferred to the switch
interior and the interior of the switch, particularly in the
spaces 14, underwent certain changes in atmospheric
pressure which affected the operating capabilities of the
switch. As to the moisture problem, the interior of both
the substrate and membrane will be appropriately
treated, handled and selected, such that the surface 1s
substantially impervious to the formation of a moisture
film thereupon. Although moisture may reach the inte-
rior due to the permeability of the substrate and mem-
brane, proper care of the interior surfaces will prevent
the moisture from spreading from droplets to a cnntmu-
ous film.

As to changes in atmospheric pressure, each of spaces
14 is connected by a small vent passage formed 1n the
adhesive layer 18 to a common tortuous vent passage of
substantial length and having a generally labyrinthine
configuration. Note particularly FIG. 1. The individual
lead-in passages for each space 14 are indicated at 36
and such passages are each connected to the main vent
passage 38 which, as illustrated, has a substantial length,
matenally greater than that of the length of the switch.

Passage 38 terminates, as at 39, at the edge of mem-
brane 20 so that it, in effect, is vented to atmosphere.
Passages 36 and 38 are formed in the adhesive by careful
application of the adhesive during the switch manufac-
turing process, for example by painting of silk screen-
ing. There may be a similar and i1dentical or perhaps
different combination of passages in the adhesive layer
16 connecting the spacer 12 to substrate 10. In some
applications there may be only vent passages in one
adhesive layer, whereas in other switch applications it
may be desirable to have vent passages in both adhesive
layers. In addition, the passages in the membrane and
substrate may be interconnected by space 14.

The vent passage provides pressure equalization be-
tween the interior and exterior of the switch. However,
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in operation of the switch, when the membrane is

moved toward the substrate to close the contacts, the

volume of air which actually is moved within the com-
bined space of all of the areas 14 and passages 36 and 38,
does not permit the entrance of outside contaminant-
laden air into spaces 14. For example, assuming vent
passage 38 has a width of 0.100 inch and a height of
0.001 inch, the operation of a switch through a spacer
opening of 0.5 inch will only move a seven-inch air
column. There is no pumping action in that no air is
pumped into the interior space 14. The vent passage
does, however, provide for pressure equalization and
hence, the pressure inside of the switch will always be
the same as that of the surrounding atmosphere to per-
mit the switch to be operated in its normal manner. The
passages 36 and 38 may be of very small size, as what is
important is to provide pressure equalization and to
effectively restrict or prevent the introduction of exte-
rior dust, dirt and contaminants into the interior. Such
foreign material, if it reaches the switch interior, will
reduce or eliminate the ability of the interior surfaces to
prevent the formation of a moisture film.

In addition to the described pressure equalization,
passages 36 and 38 being of extremely small size, and in
like manner the spaces or chambers or areas 14 being
similarly of small size, such size and shape of the de-
scribed areas will inhibit the formation of droplets of
sufficient size to provide a moisture film upon the silver
conductors. Without a moisture film, there will be no
silver migration. The moisture film is necessary for
silver migration, and the size and shape of the described
areas prevents the formation of droplets which in turn
would create the moisture film necessary for migration.

In the construction of FIG. 3, a second substrate 40
has been added in juxtaposed relation with substrate 10.
substrate 40 could be placed against the membrane, as
both the membrane and substrate are flexible, but as
shown herein, substrate 40 is positioned against sub-
strate 10. An adhesive layer 42 is used to attach sub-
strate 10 to substrate 40, and a chamber 44 is formed in
a space in which no adhesive is present. Chamber 44 in
turn is connected by a passage 46 to one of the spaces 14
and, as described in connection with FIGS. 1 and 2, all
of the spaces 14 are interconnected by the described
tortuous or labyrinthine passage. The switch construc-
tion of FIG. 3 will be totally sealed and there will be no

vent passage such as indicated at 39. Space of chamber
44, which as shown in cross section has an approximate

size the same as space 14, will in actuality be substan-
tially larger, as it will extend beyond the boundaries of
the round space 14 in the plane perpendicular to the
paper of the drawing. Chamber 44 will function as an
accumulator, as it can accomodate changes in pressure
caused by operation of the switch. During switch oper-
ation, the size of chamber 44 permits movement of small
amounts of air within the overall connecting passage
configuration to the point. where movement of the
" membrane is not inhibited during switch operation. The
switch of FIG. 3 is completely sealed. Moisture accu-
mulation will be inhibited by treatment of the interior
surfaces of the switch, as in the construction of FIGS. 1
and 2. Changes in atmospheric pressure are ac-
comodated by means of the chamber 44 formed be-
tween the first and second substrates.
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passage 52 which is similar to passage 38 in the FIGS. 1
and 2 construction. In all other respects the construc-
tions are the same. There are variations of this arrange-
ment in that smaller groups of spaces 14 may be inter-
connected with one of each such group connected to
the main vent passage. Also, it is within the scope of the
invention to both interconnect the spaces 14, as shown
in FIG. 4, in addition to connecting each space 14 with
the main vent passage, as in FIG. L.

Whereas the preferred form of the invention has been
shown and described herein, it should be realized that
there may be many modifications, substitutions and
alterations thereto.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. In a membrane switch, a substrate, a plurality of
first conductors formed on said substrate, a flexible
membrane, a plurality of second conductors formed on
said membrane, a spacer positioned between said sub-
strate and membrane, openings in said spacer in register
with aligned first and second conductors, said mem-
brane moving toward said substrate through an opening
to cause contact between aligned first and second con-
ductors in response to pressure upon the exterior of said
membrane, and vent passage means interconnecting
said spacer openings, said vent passage means including
a main labyrinth passage and secondary passages con-
necting each spacer opening with said main passage.

2. The switch of claim 1 further characterized in that
said vent passage means is positioned between said
spacer and said substrate.

3. The switch of claim 1 further characterized in that
said vent passage means is positioned between said
spacer and said membrane.

4. The switch of claim 1 further characterized in that
said spacer is adhesively secured to said substrate and
membrane, said vent passage means being formed in the
adhesive securing said spacer to said substrate.

§. The switch of claim 1 further characterized tn that
said spacer is adhesively secured to said substrate and
membrane, said vent passage means being formed in the
adhesive securing said spacer to said membrane.

6. The switch of claim 1 further characterized in that
said vent passage means is open to atmosphere.

7. The switch of claim 6 further characterized in that

" said vent passage means extends a substantial distance,

50

53

The construction of F1G. 4 is identical with that of 65

FIGS. 1 and 2 except that each of the spaces 14 are
interconnected together by passages 50. The end space
of each row of spaces 14 is connected to a main vent

materially greater than the distance needed to only
interconnect said spacer openings.

8. The switch of claim 1 further characterized in that
at least one of said first and second conductor areas is
formed of silver.

9. The switch of claim 1 further characterized in that
both said first and second conductors are formed of
stlver.

10. The switch of claim 1 further characterized by
and including a second substrate positioned adjacent
either said substrate or said membrane, a chamber
formed by said second substrate and passage means
formed in either the substrate or the membrane to
which the second substrate is attached, said passage
means connecting said chamber and said vent passage
means.

11. The switch of claim 10 further characterized n
that said second substrate is adhesively attached to ei-
ther said substrate or said membrane, said chamber
being formed by the adhesive, said second substrate and
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either the substrate or the membrane to which it

1S at-
tached. | |

12. The switch of claim 1 further characterized in that

said vent passage means connects each opening with an
adjacent opening. | |
13. In a membrane switch, a substrate, first conductor
means formed on said substrate, a flexible membrane,
second conductor means formed on said membrane, a
spacer positioned between said substrate and membrane,

openings in said spacer in register with aligned portions of 10

said first and second conductor means, said membrane
moving toward said substrate through an opening to cause
contact between aligned first and second conductor means
in response to pressure upon the exterior of said membrane,
a second substrate positioned adjacent either said substrate
or said membrane, sealed from atmosphere chamber
means formed between and bounded by said second sub-
strate and the adjacent membrane or substrate, and vent
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passage means connecting said spacer openings with said
chamber means.

I4. The switch of claim 13 further characterized in that
said vent passage means interconnects said spacer openings.

15. The switch of claim 13 further characiterized in that
said vent passage means includes a passage between an
opening and said chamber means.

16. The switch of claim 13 further characterized in that
said spacer is adhesively secured to said membrane and
substrate, said vent passage means being formed in the
adhesive securing said spacer.

17. The switch of claim 13 further characterized in that
said sealed from atmosphere chamber means includes a
chamber, said vent passage means for connecting said
spacer openings with said chamber Include an opening in
either the adjacent membrane or substrate.

b ® = % .
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