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ment has a lamp (5) and a switch (3). A circuit board (7)
contains a light emitting portion (25) of the lamp and a
first and second trace portion (23) of the switch. A con-
tinuous membrane (13) of resilient material extends over
the light emitting portion of the lamp and the first and sec-
ond trace portions of the switch. A light pipe portion (35)
of the lamp, capable of transmitting light from the light
emitting portion of the lamp, is formed in the membrane.
An actuation portion (33) of the switch is also formed in
the membrane. The membrane also contains an elecitri-
cally conductive portion (43) of the switch. When the ac-
tuation portion of the switch is deflected by a user's finger
or other force, the electrically conductive portion of the
switch connecits the first and second trace portions of the
switch. The continuous membrane protects the electrical
equipment from electrostatic discharge and contamina-
tion through the input/output device.
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Description
Field of the Invention

This invention relates to the electronics circuitry
field. More particularly, this invention is an input/output
device with a lamp and a switch having protection
against electrostatic discharge and contamination.

Background of the Invention

Today's electrical equipment commonly contains
one or more input/output devices, such as a keyboard,
display, mouse, panel, etc, to communicate information
to and/or from a user. Often, these input/output devices
contain light emitting diodes that indicate that a particular
function is operational or enabled. The top surface of the
input/output device usually contains holes to allow the
top of these light emitting diodes to poke through or be
flush with the top surface of the input/output device, so
they can be observed by a user. The input/output device
also contains holes to allow switches to poke through or
be flush with the top surface of the input/output device,
so they can be activated by a user.

While it is certainly convenient in many applications
for an input/output device to have light emitting diodes
and switches available for user observation and activa-
tion, this convenience is not without its problems. For ex-
ample, if a user builds up a static charge by rubbing their
feet across a rug, and then touches the light emitting di-
ode, a high voltage electrostatic discharge path from the
user to the electrical equipment can be created through
the light emitting diode. This high voltage electrostatic
discharge path can cause great damage to the electrical
equipment, even to the point of rendering it completely
inoperable. The holes in the top surface of the input out-
put device form another possible high voltage electro-
static discharge path, and can also provide a way for lig-
uid, dirt, bugs, or other undesirable foreign substances
to contaminate or otherwise adversely impact the oper-
ation of the electrical equipment.

French Patent No. 2,517,646, laid-open June 10,
1983 discloses an assembly having an LED exposed at
the surface of the input/output device. As described
above, such a design provides the aforementioned path
for electrostatic discharge from the surface of the in-
put/output device to the underlying circuit board, result-
ing in electrical equipment that is susceptible to damage
from electrostatic discharge.

U.S. Patent No. 5,149,923, September 22, 1992 dis-
closes a backlit keypad for use with compact and porta-
ble cellular telephone systems. A partially translucent
overlay layer of flexible material includes raised keys
backlit by a light source extending through the substrate
on which the keypad is mounted. An electrically conduc-
tive intermediate layer is compressed by the activation
of the overlay layer. This design effectively isolates the
light source from electrostatic discharge, but places the
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light source so far from the upper surface of the keypad
that illumination from the light source would be attenuat-
ed and insufficient to communicate information effective-
ly ina panel. In addition, this keypad is expensive to man-
ufacture.

U.S. Patent No. 4,458,123, July 3, 1984 discloses
an attachment for incorporating discrete electrical com-
ponents, including LEDs, in a switch panel. A pair of
holes is formed in the switch panel and leads from the
LED extend through theses holes and into contact with
the electrical circuit on the substrate of the switch panel.
If the LED is positioned near or exposed at the surface
of the panel, the panel is susceptible to damage from
electrostatic discharge, as described above.

German Patent DE 35 41 776 A1, May 27, 1987 dis-
closes a switch panel with a cover over the underlying
circuit board. The cover does not completely enclose the
LED, which is near the surface of the panel and the LED
and circuit board are thus susceptible to damage from
electrostatic discharge.

European Publication 0 358 885 A1, March 21, 1990
discloses a cover mat for printed circuit boards having
protruding components, such as LEDs. The cover mat is
formed of electrically insulating plastic. Stampings are
formed in the cover mat in the region of the display ele-
ments or LEDs and act as mounting domes, which can
be inserted into passages or apertures of the control pan-
el associated with the LED. These mounting domes
serve to cover the LED and to insulate the LED and the
circuit board to which it is attached from electrostatic dis-
charge. Additionally, button domes are formed in the cov-
er mat and provide switches for the control panel. A sep-
arate actuating element or button is provided to extend
through an aperture in the control panel associated with
the button dome. While this disclosure addresses the
need for insulating LEDs from electrostatic discharge,
the cover mat and control panel assembly are not man-
ufactured easily, because a separate mechanical com-
ponent, in the form of a separate button or actuating el-
ement, is provided to cooperate with the control panel
and button dome or switch member to provide a switch
that can be depressed by the operator. This requires fab-
rication of an element entirely separate from the control
panel, circuit board, cover mat, and switch member
formed therein.

Summary of the Invention

An input/output device for electrical equipment has
alamp and a switch. A circuit board contains a light emit-
ting portion of the lamp and a first and second trace por-
tion of the switch. A continuous membrane of resilient
material extends over the light emitting portion of the
lamp and the first and second trace portions of the
switch. A light pipe portion of the lamp, capable of trans-
mitting light from the light emitting portion of the lamp, is
formed in the membrane. An actuation portion of the
switch is also formed in the membrane. The membrane
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also contains an electrically conductive portion of the
switch. When the actuation portion of the switch is de-
flected by a user's finger or other force, the electrically
conductive portion of the switch connects the first and
second trace portions of the switch. The continuous
membrane protects the electrical equipment from elec-
trostatic discharge and contamination through the in-
put/output device.

Description of the Drawings

Fig. 1 shows an isometric view of the input/output
device of the preferred embodiment of the invention.

Fig. 2 shows a rotated and exploded view of the in-
put/output device of the preferred embodiment of the in-
vention.

Fig. 3 shows a fragmentary section view, taken
along line A-A of Fig. 1, of the lamps and switches of the
input/output device of the preferred embodiment of the
invention.

Fig. 4 shows an enlarged view, taken along line B-B
of Fig. 3, of a lamp and a switch of the input/output device
of the preferred embodiment of the invention.

Fig. 5 shows how the input/output device of the pre-
ferred embodiment is manufactured.

Detailed Description of the Preferred Embodiment

Fig. 1 shows an input/output device accordingtothe
preferred embodiment of the present invention. For pur-
poses of this invention, the term "input/output device"
shall mean any keyboard, keypad, display, panel,
mouse, or other device capable of communicating infor-
mation to and from a user. In the preferred embodiment,
the input/output device is shown as panel 1. Panel 1 is
preferably a portion of electrocardiograph 100, although
it could be a portion of other types of electronic equip-
ment, such as a computer, audio equipment, video
equipment, instrumentation, etc, and still fall within the
spiritand scope of the invention. Panel 1 includes at least
one switch 3 and at least one lamp 5.

Fig. 2 is arotated and exploded view of the input/out-
put device according to the preferred embodiment of the
invention. Panel 1 contains overlay 29, frame 27, mem-
brane 13, and circuit board 7. Circuit board 7 contains
light emitting portion 25 of lamp 5. In the preferred em-
bodiment, light emitting portion 25 is a light emitting di-
ode, although other light emitting devices, such as fluo-
rescent or electro-luminescent devices, could be used
and still fall within the spirit and scope of the invention.
Circuit board 7 also contains tabs 15 and trace portions
23 of switch 3, and optionally contains other compo-
nents, connectors, wires, traces, efc.

Membrane 13 is formed over the upper surface of
circuit board 7 and continuously extends over at least
light emitting portion 25 and trace portions 23. Mem-
brane 13 is preferably formed of a resilient, flexible, at
least partially translucent material with electrically insu-
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lative properties, such as silicone rubber. Membrane 13
contains light pipe portion 35 of lamp 5, and actuation
portion 33 of switch 3. Membrane 13 also contains elec-
trically conductive portion 43 of switch 3, but this portion
is hidden from view in Fig. 2 by actuation portion 33.
Those skilled in the art will appreciate that electrically
conductive portion 43 is not made of the same material
as the rest of membrane 13, but instead is made of a
conductive elastimer or other conductive material. In the
preferred embodiment, the remainder of membrane 13
is translucent or transparent, although those skilled inthe
art will appreciate that only light pipe portion 35 needs to
be translucent or transparent, so that light can be trans-
mitted from light emitting portion 25 up to the surface of
panel 1.

Membrane 13 is secured to circuit board 7 by en-
gagement of a plurality of posts 17 formed integrally with
and depending from membrane 13 and interference fit
into corresponding apertures 19 in circuit board 7.

Membrane 13 serves to seal circuit board 7 and the
components carried thereon against contamination and
to insulate them against electrostatic discharge from an
operator's fingers or other objects contacting panel 1,
switch 3, or lamp 5.

Circuit board 7 and membrane 13 are secured to
frame 27 by engagement between tabs 15 in circuit
board 7 and retaining snaps 58 in frame 27, thereby cap-
turing membrane 13 in between. Light pipe portion 35
and actuation portion 33 of membrane 13 go through ap-
ertures 55 and 53, respectively, in frame 27. Overlay 29
is secured to frame 27 by engagement between tabs 66
in overlay 29 and slots 56 in frame 27. Light pipe portion
35 and actuation portion 33 of membrane 13 go through
apertures 65 and 63, respectively, in overlay 29. In the
preferred embodiment, overlay 29 contains textual infor-
mation 69 describing the function of various switches
and/or lights on panel 1. Overlay 29 is preferably local-
ized for a particular country and language, and is easily
affixable to frame 27. This provides the flexibility of hav-
ing overlay 29, containing textual information 69 written
in a specific language, added to the remainder of panel
1 very late in the manufacturing process, or even in the
field. A first alternate embodiment has been contemplat-
ed where textual information is either not required or is
written directly on frame 27 or on light pipe portion 35 or
actuation portion 33 of membrane 13. In this embodi-
ment, panel 1 does not contain overlay 29. A second al-
ternate embodiment has been contemplated where tex-
tual information is either not required or is written directly
on membrane 13. In this embodiment, panel 1 does not
contain overlay 29 or frame 27. Overlay 29 can also be
easily removed by the user for cleaning with convention-
al soap and water.

Fig. 3 shows a fragmentary section view, taken
along line A-A of Fig. 1, of the lamps and switches of the
input/output device of the preferred embodiment of the
invention, and Fig. 4 shows an enlarged view taken along
line B-B of Fig. 3. Referring now to Fig. 4, the operation
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of lamp 5 and switch 3 will now be discussed. When suf-
ficient current is applied to light emitting portion 25 of
lamp 5, light (preferably visible light, but optionally infra-
red or other non-visible light) emanates from light emit-
ting portion 25. This light is transmitted through light pipe
portion 25, thereby enunciating information to a user, ei-
ther visibly or via detection by an infrared receiver.

Fig. 4 shows switch 3in an open position, since elec-
trically conductive portion 43 is not in contact with trace
portions 23. When actuation portion 33 of switch 3 is de-
flected downwardly by a user or other force, air pocket
21 is compressed, and electrically conductive portion 43
contacts trace portions 23. This contact between electri-
cally conductive portion 43 and trace portions 23 com-
pletes the circuit between trace portions 23.

Fig. 5 shows how the input/output device of the pre-
ferred embodiment is manufactured. Circuit board 7 is
manufactured/populated in a conventional manner in
step 210. Steps 220-240 manufacture membrane 13 in
the following manner. Conductive elastimer used to
make portions 43 of switch 3 is placed in nest areas in
the membrane mold in step 220. An insulating elastimer,
such as silicone rubber, is then placed in the membrane
mold in step 230. When the membrane mold is heated
in step 240, the conductive elastimer chemically and me-
chanically bonds with the insulating elastimer. The insu-
lating elastimer forms light pipe portion 35, actuation por-
tion 33, posts 17, and the remainder of membrane 13.

Membrane 13 is attached to circuit board 7 in step
250 by fitting posts 17 into apertures 19 (Fig. 2). Frame
27 is manufactured conventionally using resin transfer
techniques in step 260. Frame 27 is attached to mem-
brane 13 and circuit board 7 in step 270 by inserting tabs
15 in circuit board 7 into retaining snaps 58 in frame 27.
Light pipe portion 35 and actuation portion 33 of mem-
brane 13 are inserted through apertures 55 and 53, re-
spectively, inframe 27. Overlay is manufactured conven-
tionally using resin transfer techniques in step 280. Over-
lay 29 is secured to frame 27 in step 290 by engagement
between tabs 66 in overlay 29 and slots 56 in frame 27.
Light pipe portion 35 and actuation portion 33 of mem-
brane 13 go through apertures 65 and 63, respectively,
in overlay 29.

Claims

1. An input/output device (1) having a lamp (5) and a
switch (3), comprising:
a circuit board (7) containing a light emitting portion
(25) of said lamp and a first and a second trace por-
tion (23) of said switch;
a continuous membrane (13) of resilient material
extending over said light emitting portion of said
lamp and said first and second trace portions of said
switch;
a light pipe portion (35) of said lamp formed in said
membrane, said light pipe portion capable of trans-

10

15

20

25

30

35

40

45

50

55

10.

mitting light from said light emitting portion of said
lamp;

an actuation portion (33) of said switch formed in
said membrane; and

an electrically conductive portion (43) of said switch
formed in the membrane, said electrically conduc-
tive portion of said switch capable of connecting said
first and second trace portions of said switch when
said actuation portion of said switch is deflected.

The input/output device of claim 1, wherein said con-
tinuous membrane is silicone rubber.

The input/output device of claim 1, wherein said con-
tinuous membrane is translucent.

The input/output device of claim 1, wherein said con-
tinuous membrane is transparent.

The input/output device of claim 1, wherein said light
emitting portion of said lamp is a light emitting diode.

The input/output device of claim 1, wherein said light
emitting portion of said lamp is an electro-lumines-
cent device.

The input/output device of claim 1, further compris-
ing:

a frame (27) extending over said continuous mem-
brane, said frame having a first aperture (55) for said
light pipe portion and a second aperture (53) for said
actuation portion.

The input/output device of claim 7, further compris-
ing:
anoverlay (29) extending over said frame, said over-
lay having a third aperture (65) for said light pipe por-
tion and a fourth aperture (63) for said actuation por-
tion.

The input/output device of claim 1, wherein said
input/output device is usable to operate electronic
equipment.

The electronic equipment of claim 9, wherein said
electronic equipment is an electrocardiograph (100).
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MANUFACTURE.,POPULATE
CIRCUIT BOARD

——210

PLACE CONDUCTIVE ELASTIMER
IN NEST AREAS IN MEMBRANE MOLD

——220

PLACE INSULATING ELASTIMER
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——230

HEAT MEMBRANE MOLD

——240

ATTACH MEMBRANE
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——250
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——260

ATTACH MEMBRANE AND
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Fig.5
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