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Claim
1. A keypad comprising ih combination:
a rubber overlay having a top surface with a plurality

of protruding portions producing keys, and having a substantially
flat bottorh surface; |

bonded to the bottom surface of the rubber overlay at the

a first adhesive layer having an outer edge portion

periphery thereof:

an actuation layer having a top surface bonded by

the first adhesive layer to the rubber overlay, having a bottom o

surface, and having a plurality of paits of cavities each separated
by an actuating strip thereof, each actuating strip being
substantially aligned with a corresponding key; /

portion bonded to the bottom surface of the actuation layer at the
periphery thereof;

second adhesive layer to the actuation layer, having a bottom

- et

a second adhesive layer having an outer edge

a tactile layer having a top surface bonded by the
/2
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surface, and having a plurality of collapsible resilient domes,
each dome being substantially aligned with a corresponding
actuation Layg}-‘,:é%d key;,

a third adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surface of the tactile layer,;

a shorting layer having a top surface bonded by the
third adhesive layer to the tactile layer, having a bottom surface,
and having a plurality of conductive areas thereon, each
conductive area being substantially aligned with a corresponding
key; and

a fourth adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surtace of the shorting layer;

a circuitry iayer having a top surface banded by the
fourth adhesive layer to the shorting layer, having a bottom
surface, and having a plurality of conductor pairs, each conductor
pair being substantially aligned with a corresponding conductive
area of said shorting layer, whereby depression of a key-apg— Cowses oa

h
. ) coilnpse ,
corresponding actuating strip a corresponding dome to
produce contact between a corresponding conductive area and a ‘;f
conductor pair. u

5. A keypad adapted to be surface mounted to a
substrate, comprising:
a rubber overiay having a top surface with a piurality
of protruding portions producing keys, and having a substantially
flat bottom surface;

a first adhesive layer having an outer edge portion
bonded to the bottom surface of the rubber overlay at the 4
periphery thereof; '

an actuation layer having a top surface bonded by
the first adhesive layer to the rubber overlay, having a bottomn
surface, and having a plurality of pairs of cavities each separated
by an actuating strip thereof, each actuating strip beirig
substantially aligned with a corresponding key;

a second adhesive layer having an outer edge
portion bonded te the bottom surtace of the actuation layer at the
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periphery thereot;

a tactile layer having a top surface bonded by the
second adhasive layer to the actuation layer, having a bottom
surtace, and having a plurality of collapsible resilient domes,
each dome being substantially aligned with a correspo;wdi"ng
actuation dayehand key:

a third adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surface of the tactile layer;

a shorting layer having a top surface bonded by the
third adhesive layer 1o the tactile layer, having a bottom surface,
and having a piurality of conductive areas thereon, each
conductive area being substantially aligned with a corresponding
key;

a fourth adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surtace of the shorting layer,;

a circuitry layer having a top surface bonded by the
fourth adhesive layer to the shorting layer, having a bottom
surface, and having a plurality of conductor pairs, each conductor
pair being substantially aligned with a corresponding conductive

area of said shorting layer, whereby depression of a key apd cowvses o

corresponding actuating strip eouapscs%%&gg?r/re‘spmding dome 10
produce contact between a corresponding conductive area and
conductor pair; and

a fith adhesive layer bonded to the bottom surface
of the circuitry layer for bonding said circuitry layer to the
substrate.
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(57) Abstract

A low-profile rubber keypad (100) with good tactile fell
and illuminability includes a plurality of layers adhesively
bonded to one another. The top layer (102) of the keypad is a
silicone ruber overlay having a plurality of keys (130) protrud-
ing therefrom. The rubber overtay (102) is adhesively bonded to
an actuation layer (106) including a plurality of thin actuating
strips. (140). The actuation layer (106) is adhesively bonded to a
tactile layer (110) including a plurality of collapsible resilient
domes (132). The tactile layer (110) is adhesively bonded to a
- shorting layer (114) including a plurality of conductors (134).
The shorting layer (114) is adhesively bonded to a flex circuit
layer (118) including a plurality of conductors (136).




ey

’§§Vities each substantially aligned with a corresponding
wh
}

This invention solves the above problems and is
designed to provide an improved low-profile rubber keypad
that has good tactile feedback and back illumiaability, a
floating rubber overlay with protruding keys, and has an
adhesive backing for suface mounting thereof as a
component.

According to one aspect of the present invention
there is provided a keypad comprising in combination:

a rubber overlay having a top surface with a
plurality of protruding portions producing keys, and
having a substantially flat bottom surface;

a first adhesive layer having an outer edge portion
bonded to the bottom surface of the rubber overlay at the
periphery thereof;

an actuation layer having a top surface bonded by
the first adhesive layer to the rubber overlay, having a
bottom surface, and having a plurality of pairs of
cavities each separated by an actuating strip thereof,
each actuating strip being substantially aligned with a
corresponding key;

a second adhesive layer having an outer edge portion
bonded to the bottom surface of the actuation layer at the
periphery thereof;

a tactile layer having a top surface bonded by the
second adhesive layer to the actuation layer, naving a
bottom surface, and having a plurality of collapsible
resilient domes, each dome being substantially aligned
with a corresponding actuation strip and key;

a third adhesive layer having a plurality of
cavities each substantially aligned with a corresponding
key and being bonded to the bottom surface of the tactile
layer;

a shorting layer having a top surface bonded by the
third adhesive layer to the tactile layer, having a bottom
surface, and having a plurality of conductive areas
thereon, each <¢onductive area being substantially aligned
with a corresponding key; and

a fourth adhesive layer having a plurality of
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key and being bonded to the bottom surface of the shorting
layer;

a circuitry layer having a top surface bonded by the
fourth adhesive layer to the shorting layer, having a
bottom surface, and having a plurality of conductor pairs,
each conductor pair being substantially aligned with a
corresponding conductive area of said shorting laver,
whereby depression of a key causes a corresponding
actuating strip to cellapse a corresponding dome to
produce contact between a corresponding conductive area
and a conductor pair.

According to another aspect of the present invention
there is provided a keypad adapted to be surface mounted
to a substrate, comprising:

d rubber overlay having a top surface with a
plurality of protruding portions producing keys, and
having a substantially flat bottem surface;

a first adhesive layer having an outer edge portion
bonded to the bottom surface of the rubber overlay at the
periphery thereof;

an actuation layer having a top surface bonded by
the first adhesive layer to the rubber overlay, having a

bottom surface, and having a plurality of pairs of

cavities each separated by an actuating strip thereof,
each actuating strip being substartially aligned with a
corresponding key;

a second adhesive layetr having an outer edge portion
bonded to the bottom surface of the actuation layer at the
periphery thereof;

a tactile layer having a top surface bonded by the
second adhesive layer to the actuation layer, having a
bottom surface, and having a plurality of collapsible
resilient domes, each dome being substantially aligned
with a corresponding actuation strip and key;

@ third adhesive layer having a plurality of
cavities each substantially alighed with a corresponding
key and being bonded to the bottom surface of the tactile
layer;

a shorting layer having a top surface bonded by the
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third adhesive layer to the tactile layer, having a bottom
surface, and having a plurality of conductive areas
thereon, each conductive area being substantially aligned
with a corresponding key;

a fourth adhesive layer having a plurality of
cavities each substanially aligned with a corres»onding
key and being bonded to the bottom surface of the shorting
layer;

a circuitry layer having a top surface bonded by the

10 fourth adhesive layer to the shorting layer, having a
bottom surface, and having a plurality of conductor pairs,
each conductor pair being substantially aligned with a
... corresponding conductive area of said shorting layer,
whereby depression of a key cCauses a corresponding
actuating strip to collapse a corresponding dome to

0., produce contact between a corresponding conductive area
and conductor pair; and

a fifth adhesive layer bonded to the bottom surface
of the circuitry layer for bonding said circuitry layer to
20 the substrate.

oo, The following description refers in more detail to 4
' the various features of the keypad of the present
*es* ¢ invention. To facilitate an understanding of the
“:..: invention, reference is made in the deséription to the '$

accompanying drawings where the keypad is illustrated in a
« + preferred embodiment. It is to be understood that the
keypad of the present invention is not 1limited to the

:.'f preferred embodiment as illustrated in the drawings. Y
o et Figure 1 1is an exploded perspective view of a -
30 low-profile rubber keypad embodying the present invention, &

Figure 2 is a partial cross-sectional view of a
single key 130 of the low-profile rubber keypad in Figure
1 taken along lines A-A.
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IMPROVED LOW-PROFILE, RUBBER KEYPAD

Background-etthe-lnvontion—

The present invention is generally related to telephone
keypads and more particularly to an improved low-profile, rubber
keypad for use in cellular portable telephones.

Prior arnt low-profile keypads are available that have good
tactile feedback but typically do not allow back illumination
through the interconnect and switching circuitry. in order to
provide for back illumination and good tactile feedback, a high-
profile keypad incorporating plunger type actuator keys or self-
tactile rubber keypads i required. Back illumination through such
high-profile keypads is not possible since the keys incorporate a

carbon conductor or a metallic popple, both of which are opaque.

This problem has been solved in part by using a separate
lightpipe (see U.S. patent no. 4,124,879) or a thick rubber pad as
a lightpipe (see U.S. patent no. 4,636,533) to distribute the
required iliumination to the keys of the keypad. For the foregoing
reasons, there is a need for an improved low-profile keypad that
has good tactile feedback and back illuminability.

35

This invention solves\the above problems and is designed

to provide an improved low-profile rubber keypad that has good
tactile feedback and back illuminability, a floating rubber overlay

PCT/US89/04157
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rubber keypad embodying the prg
5 Figure 2 is a partial
of the low-profile rubbe

sent invention.
o§s-sectional view of a single key 130
keypad in Figure 1 taken along lines A-A.
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10 In Figure 1, there is illustrated an exploded perspective
view of a low-profile rubber keypad 100 embodying the present
invention. Keypad 100 may be advantageously utilized in a
cellular portable telephone as the user entry device. According to
a feature of the present invention, keypad 100 is adhesive backed

15 to facilitate mounting on a surface of the ceilular portable
telephione.

Referring to Figure 2, there is illustrated a partial cross-

sectional view of the low-profile rubber keypad 100 in Figure 1
taken along lines A-A. In the preferred embodiment, keypad 100

20  includes a plurality of layers 102-120 which are adhesively .
attached to one another. All layers 102-120 of keypad 100 have
been designed to be clear or transiucent such that rubber overiay
102 may be back illuminated form a light source by means of
diffuser plate 122,

25 Referring to Figures 1 and 2, the top layer of keypad 100 is
a silicone rubber overlay 102 having a top surface with a plurality
of protruding keys and a flat bottom surface. Other materials may
be used for overlay 102, such as, for example, an embossed
polyester sheet for reduction in the thickness of keypad 100.

30 Rubber overlay includes a 0.030 inch thick flat backing with 0.015
inch thick protruding keys molided therato (overall thickness of
0.045 inch). Rubber overlay 102 is bonded to actuation layer 106
by a 0.002 inch thick silicone rubber adhesive layer 104, which
has the same physical éonfiguratibn as the actuation layer 106.

35 Actuation layer 106 is 0.005 inch thick and comprised of a die-cut
polyester sheet which has been formed such that thin actuating
strips 140, approximately 0.060 inch wide will lay over the top of

3.’? 74?“;\ each embossed dome 132 on the tactile layer 110. Actuation
52 28]
! »
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tayer 106 is bonded to the tactile layer 110 by adhesive layer 108
at the periphery thereof and in an area that separates the two
sizes of keys on rubber overlay 102. The thickness of adhesive
layer 108 is 0.007 inches. The required thickness for rubber
overlay 102 with good tactile feel is reduced by using actuating
strips 140 over the embossed polyester domes 132.

Tactile layer 110 of keypad 100 includes a plurality of
collapsible resilient domes 132 each opposite a corresponding
key 130 and is bonded to the shorting layer 114 by adhesive layer
112 substantially over their entire adjacent surfaces except for
areas corresponding to each dome 132. The thickness of
adhesive layer 112 is 0.007 inches. Shorting layer 114 includes
on its bottom surface a plurality of conductors 134 (shown in
dashed lines in Figure 1) substantially opposite corresponding
keys 130 and is bonded to flex ¢ircuit layer 118 by adhesive layer
116 substantially over their entire adjacent surfaces except for
areas corresponding to each dome. 132 of tactile layer 110.
Adhesive layer 116 is identical to adhesive layer 112. Flex circuit
layer 118 includes on its top surface a plurality of conductors 136
(see representdtive conductor pair shown in Figure 1)
substantially opposite corresponding conductors 134 and is
bonded to double-sided adhesive layer 120 substantially over
their entire adjacent surfaces for attaching keypad 100 to a
substrate, such as, for example, the cellular telephone housing or
a circuit board. In the preferred embodiment, keypad 100 is
attached to a diffuser plate 122 coupled to a light source for back
ilfluminating keys 130.

The operation of keypad 100 occurs when the operator's
finger depresses a rubber key 130. The force from the operator's
finger is effectively concentrated on actuating strip 140 of the
actuation layer 106 beneath the key 130. The actuating strip 140
depresses a corresponding dome 132 on tactile layer 110. Dome
132 on the tactile layer 110 then collapses which results in a
switch closure, i.e. electrical continuity between conductors 136
on flex circuit layer 118 by way of dne or more conductors 134 on
shorting layer 114. The configuration of adhesive layers 104, 108,
112 and 116 prevents early contact between conductors 134 and
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136, excessive preload of polyester domes 132, and together with
holes 150 aides in the venting of air within keypad 100.

According to a feature of the present invention, rubber
overlay 102, adhesive layer 104 and actuation layer 106
essentially float above tactile layer 110 since adhesive layer 108
is disposed between actuation layer 106 and tactile layer 110 only
at the perimeter of keypad 100 and between the two sizes of keys
130. By floating rubber overlay 102, adhesive layer 104 and
actuation tayer 106, the air volume between actuation layer 106
and tactile layer 110 does not unduely increase the force
necessary to depress keys 130. The tactile feel or keys 130 and
the air volume between actuation layer 106 and tactile layer 110
is further controlled by means of holes 150. Hole 150 intersect the
air passages e.g. 160 and 162 in adhesive layers 112 and 116.
One hole 150 has been provided for each of the rows of keys 130,
which are interconnected by corresponding air passages e.g. 160
and 162 in adhesive layers 112 and 116. In the preferred
embodiment, four holes 150 are used for the larger twelve digits,
and two holes 150 are used for the smaller eight function keys.

The backlighting of keypad 100 cccurs when light from
diffuser plate 122 washes the back of flex circuit layer 118. Since
all layers 102-120 are clear or translucent, light from ditfuser plate
is dispersed throughout keypad 100. Conductors 134 on flex
circuit layer 118 and the conductors 136 on shorting layer 114 are
gold and silver, respectively. Conductors 134 and 136 are
relatively thin (0.30 mm in width) and separated by a space
approximately twice their width. Canductors 136 on flex circuit
layer 118 are arranged perpendicular {o conductors 134 on
shorting layer 114. The resulting cross-hatch pattern ot
conductors 134 and 136 causes good light dispersion. The light
from diffuser plate 122 is further scattered by the embossed tactile
domes 132,

Applications of keypad 100 in harsh environments are
limited primarily by the environmental characteristics of embossed
polyester domes 132 on tactile layer 110. In the preferred
embodiment, embossed polyestet domes 132 are capable of
withstanding 85 degrees Centigrade and 85-90% relative
humidity for a minimum of 130 hours. Domes 132 and thus

&
\
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keypad 100 can also withstand thermal shock cycling of -40
degrees Centigrade to +85 degrees Centigrade. If keypad 100 is
vented into a water and dust resistant housing, keypad 100 will
likewise be water and dust resistant. Keypad 100 is expected to
have lifetime of at least one million actuations minimum.

In summary, a unique low-profile multi-layer rubber keypad
has been described which has good tactile feedback and back
illuminability, Tactile feedback of the keypad is enhanced by
floating the rubber overiay on which protruding keys are formed.
The novel keypad is back illuminated through the layers thereof
including the intervening switching and circuitry layers. The
keypad of the present invention may be advantageously utilized in
any applications where small size, backlighting, and good tactile
feel are desired.
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1. A keypad comprising in combination:
a rubber overlay having a top surface with a plurality
5 of protruding portions producing keys, and having a substantially
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fiat bottom surface;

a first adhesive layer having an outer edge portion
bonded to the bottom surface of the rubber overlay at the
periphery thereof,;

an actuation layer having a top surface bonded by
the first adhesive layer to the rubber overlay, having a bottom
surface, and having a plurality of pairs of cavities each separated
by an actuating strip thereof, each actuating strip being
substantially aligned with a corresponding key;

a second adhesive layer having an outer edge
portion bonded to the bottom surface of the actuation layer at the
periphery thereof;

a tactile layer having a top surface bonded by the
second adhesive layer to the actuation layer, having a bottom
surface, and having a plurality of collapsible resilient domes,
each dome being substantially aligned with a corresponding
actuation Jaygi}ié%d key;

a third adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surface of the tactile layer;

a shorting layer having a top surface bonded by the
third adhesive layer to the tactile layer, having a bottom surface,
and having a plurality of conductive areas thereon, each
conductive area being substantially aligned with a corresponding
key; and

a fourth adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surtace of the shorting layer;

a circuitry layer having a top surface bonded by the
fourth adhesive layer to the shorting layet, having a bottom
surface, and having & plurality of conductor pairs, each conductor
pair being substantially aligned with a corresponding conductive
area of said shorting layer, whereby depression of a key-ane~ Cowses o
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corresponding actuating strip a corresponding dome to

produce contact between a corraspondinig conductive area and a
conductor pair.

s
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2.  The keypad according to claim 1, wherein said first
adhesive layer further includes a plurality of pairs of cavities each
separated by an actuating strip thereof, each actuating strip of the
first adhesive layer being substantially aligned with an actuating
strip of the actuation layer.

3 The keypad according to claim 1, wherein said
circuitry layer is adhesive backed.

4. The keypad according to claim 1, wherein said
tactile layer, shorting layer and circuitry layer further include at
least one venting hole therebetween.

-
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5. A keypad adapted to be surface mounted to a
substrate, comprising:
' a rubber overtay having a top surface with a piurality
of protruding portions producing keys, and having a substantially
5 flat bottom surface;

a first adhesive layer having an outer edge portion
bonded to the bottom surface of the rubber overlay at the
periphery thereof;

an actuation layer having a top surface bonded by

10 the first adhesive layer to the rubber overlay, having a bottom
surface, and having a plurality of pairs of cavities each separated
by an actuating strip thereof, each actuating strip being
substantially aligned with a corresponding key:;

a second adhesive layer having an outer edge

15 portion bonded to the bottom surface of the actuation layer at the
periphery thereof;

a tactile layer having a top surface bonded by the
second adhesive layer to the actuation layer, having a bottom
surface, and having a plurality of collapsible resifient domes

20 each dome bemg substantially aligned with a corresponding
actuation - layef[\and key;

a third adhesive layer having a plurality of cavities
each substantially aligned with a corresponding key and being
bonded to the bottom surface of the tactile layer;

25 ‘a shorting layer having a top surface bonded by the
third adhesive layer to the tactile layer, having a bottom surface,
and having a plurality of conductive areas thereon, each
conductive area being substantially aligned with a corresponding i
key; :

30 a fourth adhesive layer having a plurality of cavities ¢
each substantially aligned with a corresponding key and being
bonded to the bottom surface of the shorting layer;

a circuitry layer having a top surface bonded by the
fourth adhesive layer to the shorting layer, having a bottom

35 surface, and having a plurality of conductor pairs, each conductor
pair being substantially aligned with a correspanding conductive
area of said shorting layer, whereby depressuon of a key apd covies o
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produce contact betwyeen a corresponding conductive area and
conductor pair; and
a fifth adhesive layer bonded to the bottom surface
of the circuitry layer for bonding said circuitry layer to the
5 substrate.
L
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6. The keypad according to claim 5, wherein said first
adhesive layer further includes a plurality of pairs of
cavities each separated by an actuating strip thereof,
each actuating strip of the first adhesive layer being
substantially aligned with an actuating strip of the
actuation layer.

7. The keypad according to claim 5, wherein said
tactile layer, shorting layer and circuitry layer further
include at least one venting hole therebetween.

8. A keypad according to claims 1 or 5 substantially as
hereinbefore described with reference to what is shown in
the accompanying drawings.

Dated: 21 November 1990

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:

MOTOROLA, INC. - ) égmx
f)ouulif%:gﬁﬁt
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g fe‘lm.gzgegumem but published on or after the international X* document of particular -elevarice the claimer “a
9 cannot bhe consigered novel of cannot be co”s - bl
"L d?‘curr’nent ;vrgch may trrow doubts on prionty claim(s) or involve &n inventive steo
which s cited to estabbish the gublication date of anather Yy -
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"G document referring to an oral disciosure use, exmbition or document 15 comBined with ane or mare othae § 3
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“F* document published prior to the internationdl filing date but 10 the art
|ater than the prionty date ¢liimed ‘&' document meémber ¢f the same patent fafmiy
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FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET

A UsS, A, 4,596,905 (FOWLER) 24 June 1986 4, 7
(Note vent passages 34 of layers 22, 26
in Fig. 4).

a US, A, 4,314,116 (GORDON) 02 February 1982 1-3, 5, 6
(Note peripheral spacer 18 in Figs.
1 and 2).

v D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE '

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the fellowing reasons:

1.[] Claim numbers . because they relate to subject matter !“'notfequired to be searched by this Authonty, namely:

2 D Claim numbers . because they refate to parts of the international application that do not comply with the presciibed require-
ments to such an extent that ng meaningful international search can be carried out !4, specifically:

4 - .
3 D.‘ Claim numbers, because they are dependent claims not drafted in accordance with the second and third sentences of
PCT Rule 6.4{a).

VI.D OBSERVATIONS WHERE UNITY OF INVENTION 1S LACKING 2

This International Searching Authority f6und multiple inventions in this infernational application as follows:

!.D As all required additional search fees were limély paid by the apglicant, this international gearch report covers all searchable clasms
of the intefnational application.

'Z.D As only some of the required additional search fees were timel; paid by the applicant, this:intérnational search report covers only
those claims of the international application for which fees were paid, specifically ciaims:

G-D No required additional search fees were tiniely paid by-the applicant. Consequently, this international search report is restricted to
the invention first mentioned in the claims; it i13: covered by ¢laim numbers:

4 As all searchdtite claims cocld be sedrcfied wathout effaet ustitying af addtional fe®, the Iaterndtignal Searening Ay rorfy g &
ifvité payment ¢t any additiohal fee,

Remark on Protest
ﬁ The additional searé fees were dccompaniéd by applicant's protest

3

[ o srotest atcompanied the payment of additionat seareh fees,
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