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(54) Keypad for a handheld electronic device with a light guide

(57)  An improved piano-style keypad comprises a
light guide and a key sheet, with the light guide retaining
the key sheet on a substrate, such as a printed circuit
board of a handheld electronic device. The keypad is
advantageously configured to enable key caps of the key-
pad to be adhered to key bodies of the keypad in a fashion
that provides long-term reliability while still providing keys
that can readily be actuated and that provide tactile feed-
back thatis desirable to the user. Akeypad (4) for a hand-
held electronic device (6) that comprises a light source
(28), the keypad comprising: a key sheet (20) comprising
a base (32) and a number of key bodies (36), at least
some of the key bodies each being disposed on the base
and being movable between an unactuated position and
an actuated position, the key body in the actuated posi-
tion being structured to complete a circuit of the handheld
electronic device, at least a portion of the key sheet being
translucent; and a light guide (16) comprising a frame
(78) and a number of supports (80), characterized in that
at least a portion of the frame is disposed adjacent at
least a portion of the base, at least some of the supports
engaging the base, at least a portion of the light guide
being translucent and being structured to transmit light
between the light source and the key sheet.
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Description

BACKGROUND

Field

[0001] Thedisclosedand claimed conceptrelates gen-
erally to keypads for handheld electronic devices and,

more particularly, to a lighted piano-style keypad.

Background Information

[0002] Numeroustypes of handheld electronic devices
are known. Examples of such handheld electronic devic-
esinclude, forinstance, personal data assistants (PDASs),
handheld computers, two-way pagers, cellular tele-
phones, and the like. Many handheld electronic devices
also feature a wireless communication capability, al-
though many such handheld electronic devices are
stand-alone devices that are functional without commu-
nication with other devices.

[0003] Suchhandheld electronic devices are generally
intended to be portable, and thus are of a relatively com-
pact configuration. Piano-style keypads typically provide
keys that have very little space therebetween and derive
their name from the keys of a piano, which typically are
disposed very closely adjacent one another with an ex-
tremely small space therebetween. Piano-style keypads
provide relatively greater numbers of usable keys in rel-
atively smaller spaces compared with conventionally-
spaced keypads due to the very close spacing of the keys
of a piano-style keypad. While such piano-style keypads
have been generally effective for their intended purpos-
es, such piano-style keypads have not been without lim-
itation.

[0004] Piano-style keypads typically comprise a
number of key bodies disposed on a resilient web, and
further comprise key caps adhered to the key bodies.
The webis deflectable to allow a key body to be translated
slightly toward a handheld electronic device when a key
is being actuated. While the key bodies are typically
spaced apart from one another on the web, the key caps
that are adhered to the key bodies typically are disposed
very close to one another with minimal space therebe-
tween, thus providing the "piano-style" aspect to the key-
pad.

[0005] A number of competing factors typically bear
upon the ultimate design of a piano-style keypad. For
instance, in order to provide long term reliability of the
key caps adhered to the key bodies, each key body typ-
ically must have an exterior surface with at least about
fifteen square millimeters of adherable area for adhering
of the key capsto the key bodies. Additionally, the portion
of the resilient web that is peripheral to a key body and
that is deflectable when a key body is being translated
toward the handheld electronic device desirably has a
radial length, i.e., a length in a direction pointed away
from the key body in the plane of the web, of at least 0.6
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millimeters. Such a length has been determined to pro-
vide long term reliability while allowing the key bodies to
be easily actuated and to provide a desirable tactile re-
sponse during such actuation.

[0006] Some previous keypads have provided a light
guide and key bodies formed as a single component that
is molded in a multi-step process. The light guide would
be formed from a light-transmitting material, such as a
clear plastic. The light guide would then be positioned in
a mold, and uncured resilient material would be poured
into the mold in contact with the light guide. The resilient
material would cure, thus providing resilient structures
and key bodies molded to the light guide. However, the
size of the resilient structures was limited by the size of
the light guide. That is, for a given space, the larger the
light guide was, the relatively smaller would be the resil-
ient structures and key bodies molded to the light guide.
[0007] Asthe number of piano-style keys within agiven
area increases, the adherable surface area of the key
bodies and/or the radial length of the web peripheral to
the key bodies must decrease, but can only be decreased
to a certain extent and cannot be smaller than the afore-
mentioned dimensions. As such, piano-style keypads of
aparticular size could have only a limited number of keys.
It thus would be desirable to provide an improved piano-
style keypad that overcomes or atleast partially alleviates
such limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A further understanding of the disclosed and
claimed concepts can be gained from the following De-
scription when read in conjunction with the accompany-
ing drawings in which:

[0009] Fig. 1 is an exploded perspective view of an
improved keypad in accordance with the disclosed and
claimed concept;

[0010] Fig. 1A is a schematic view of an exemplary
handheld electronic device incorporating the improved
keypad of Fig. 1;

[0011] Fig. 2 is another exploded perspective view of
the keypad of Fig. 1;

[0012] Fig. 3is a perspective view of the keypad,;
[0013] Fig.4isanother perspective view of the keypad;
[0014] Fig. 5is a perspective view a portion of the key-
pad;

[0015] Fig. 6is a sectional view as taken along line 6-6
of Fig. 4;

[0016] Fig. 7is a sectional view as taken along line 7-7
of Fig. 4;

[0017] Fig. 8 is an enlarged view of the encircled por-
tion of Fig. 7;

[0018] Fig.9is aview similar to Fig. 8, except showing

a key of the keypad in an actuated position.
[0019] Similar numerals refer to similar parts through-
out the specification.
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DESCRIPTION

[0020] Animproved keypad 4 is depicted generally, in
whole orin part, in Figs. 1 and 2-9. The improved keypad
4is a piano-style keypad that can be employed in a hand-
held electronic device 6, such as is depicted schemati-
cally in Fig. 1A. The exemplary handheld electronic de-
vice 6 comprises an input apparatus 8, a processor ap-
paratus 10, and an output apparatus 12. The keypad 4
is a component of the input apparatus 8. The processor
apparatus 10 is structured to receive input from the input
apparatus 8 and to provide output to the output apparatus
12.

[0021] As can be understood from Fig. 1, the keypad
4 comprises a light guide 16 and a key sheet 20. In the
exemplary depicted embodiment of the keypad 4, the
light guide 16 mounts the key sheet 20 to a substrate 24,
such as a printed circuit board of the handheld electric
device 6. At least a portion of the key sheet 20 is trans-
lucent, as is at least a portion of the light guide 16. As
employed herein, the expression "translucent" and vari-
ations thereof shall refer broadly to a quality that permits
the passage of lightand may include a transparent quality
wherein light is transmitted without appreciable scatter-
ing so that it does not meaningfully alter light waves
traveling therethrough. The light guide 16 is configured
to transmit light from a light source, such as a number of
LEDs 28 on the substrate 24, to the key sheet 20 to pro-
vide illumination of the keys 42 (Fig. 4) of the keypad 4.
As employed herein, the expression "a number of* and
variations thereof shall refer broadly to any nonzero
quantity including a quantity of one.

[0022] AscanbefurtherseenfromFig. 1,the key sheet
20 comprises aresilient base 32 upon which are disposed
a number of key bodies 36. The key sheet 20 additionally
includes a number of key caps 40. Each key body 36 has
a mounting surface 44 that is substantially planar, for
example, and the key caps 40 are adhered to the mount-
ing surfaces 44. As employed herein, the expression "ad-
hered" and variations thereof shall refer broadly to a sit-
uation in which two solids are fastened together such as
by the use of glue, cement, other adhesive, or through
to use of a fusion or other joining process, and between
which an adhesive bond or other fusion bond has been
created. A key body 36 and a key cap 40 together form
a key 42 (Fig. 4) of the keypad 4. The keypad 4 is ad-
vantageously configured such that each mounting sur-
face 44 has an adherable area of at least fifteen square
millimeters. In the present exemplary embodiment, the
mounting surfaces 44 generally each have an adherable
area of at least about twenty square millimeters.

[0023] Each key body 36 has an actuator 48 (Figs. 2
and 3) protruding therefrom opposite the mounting sur-
face 44. Each key body 36 is movable between an un-
actuated position, such as is depicted generally in Fig.
8, and an actuated position, such as is depicted generally
inFig. 9. Inthe actuated position, the actuator 48 engages
a dome 52 that is disposed on the substrate 24, and as
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a result completes an electrical circuit of the handheld
electronic device 6. The closing of such a circuit can pro-
vide, for example, aninput to the processor apparatus 10.
[0024] As can be understood from Figs 2 and 3, the
base 32 comprises a web 56 and a leg network 60. The
key bodies 36 can generally be said to be disposed on
the web 56. The leg network 60 protrudes from the web
56 and is engaged with the substrate 24. As can be un-
derstood from Figs 8 and 9, the portion of the web 56
that is peripheral to any given key is movable between
an undeflected position, such as is depicted generally in
Fig. 8, and a deflected position, such as is depicted gen-
erally in Fig. 9, when the given key body 36 is moved
between its unactuated and actuated positions. The por-
tion of the web 56 peripheral to a given key body 36 is in
an undeflected position when the key body 36 is in an
unactuated position, such as depicted generally in Fig.
8, and such portion of the web 56 is in a deflected position
when the given key body 36 is in an actuated position,
such as is depicted generally in Fig. 9.

[0025] The leg network 60 comprises a plurality of legs
64 and a plurality of islands 68. The legs 64 extend be-
tween the islands and generally each are formed to in-
clude a notch 72 that allows the passage of air from the
region between a specific key body 36 and the substrate
24 when the specific key body 36 is moved toward the
actuated position.

[0026] The islands 68 generally each have a hole 76
formed therein that serves as a receptacle for a support
structure of the light guide 16. The islands 68 are of a
cross section in a plane transverse to the plane of the
substrate 24 that is relatively larger than a similarly ori-
ented cross sectional area of a leg 64. The islands 68
advantageously resist the deformation of the portions of
the web 56 adjacent a particular key body 36 when the
particular key body 36 is moved between the unactuated
and actuated positions.

[0027] The light guide 16 includes a frame 78, a
number of supports 80, and a humber of retention mem-
bers 88. The frame 78 has a number of openings 90
formed therein. The key bodies 36 are disposed within
the openings 90. The supports 80 are in the form of pins
that protrude from the frame 78 in a direction indicated
by the axis 92 in Fig. 2. The supports are receivable in
the holes 76, as indicated above, to provide support to
the key sheet 20 and to resist movement of the key sheet
20 in directions transverse to the axis 92.

[0028] The supports 80 in the exemplary depicted em-
bodiment, as can be seen in Fig. 2, are of two types.
Specifically, the supports 80 include a number of first
supports 82 that are of a generally cylindrical configura-
tion and a number of second supports 84 that are gen-
erally of afrusto-conic, i.e., truncated cone, configuration.
The first supports 82 are receivable with an interference
fitin the holes 76. The second supports 84 are receivable
in the hole 76 with a generally clearance fit. The first
supports 82 provide a relatively greater degree of support
tothe key sheet 20 than the second supports 84, although
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the number of first supports 82 is limited in order to limit
the force required to assemble the keypad 4.

[0029] Each retention member 88 comprises a shank
86 protruding from the frame 78 and a latch 94 disposed
at a free end of the shank 86. The shanks 86, and thus
the retention members 88, protrude from the same face
of the frame 78 as the supports 80 and extend from the
frame 78 along the axis 92.

[0030] The light guide 16 additionally has a number of
recesses 96 formed therein and within which the light
sources 28 are disposed when the keypad 4 is in an as-
sembled condition, such as is depicted generally in Figs.
4 and 6. As can be further be seen in Fig. 4, the key caps
40 are closely spaced, meaning that the space between
adjacent key caps 40 is very small when compared with
the dimensions of each key cap 40, and typically will be
no more than about ten percent of a given dimension of
a key cap 40, for example, it being noted that the spacing
between the key caps 40 depicted in Fig. 4 is greatly
exaggerated.

[0031] Thelatches 94 engage an underside of the sub-
strate 24, i.e., a surface of the substrate 24 opposite that
on which the domes 52 are disposed. The engagement
of the latches 94 of the light guide 16 with the substrate
24 retains the key sheet 20 mounted to the substrate 24
and disposed generally between the frame 78 and the
substrate 24. More particularly, the base 32 is generally
interposed between the frame 78 and the substrate 24.
As indicated above, the supports 80 of the light guide 16
received in the holes 76 provide support to the key sheet
20 and resist movement of the key sheet 20 in directions
transverse to the axis 92. The light guide 16 thus retains
the key sheet 20 on the substrate 24 and transmits light
from the light sources 28 to the key sheet 20.

[0032] As can be understood from Fig. 9, the portions
of the web 56 that are peripheral to a particular key body
36 have a radial distance between the key body 36 and
the leg network 60 that is at least 0.6 millimeters, as is
indicated by the dimension 98. Such a dimension 98 al-
lows for easy actuation of the key bodies 36, desirable
tactile feedback to the user, and long-term reliability.
[0033] As can be further understood from Figs 8 and
9, leg network 60 is disposed generally between the web
56 and the substrate 24. Moreover, it can be seen that
the frame 78 is disposed generally between the key caps
40 and the web 56.

[0034] Many of the key bodies 36 are configured such
that the mounting surface 44 thereof, such as are depict-
ed generally in Fig. 5, generally each have gross dimen-
sions of roughly 4.0 millimeters by 5.0 millimeters, there-
by enabling the mounting surface 44 to have an adher-
able area of about 20.0 millimeters. As can be understood
from Fig. 6, the supports 80 engage the web 56 and also
engage the substrate 24.

[0035] The improved keypad 4 is thus configured in a
fashion whereby the light guide generally does not serve
as a limiting factor in the design of the keypad, which
permits a relatively large number of keys 42 to be pro-
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vided in a relatively small area. For instance, the keypad
4 could be a full QWERTY, QWERTZ, AZERTY, etc.,
keypad on a handheld electronic device, such as the
handheld electronic device 6, without the handheld elec-
tronic device being of an undesirably large size. The im-
proved keypad 4 additionally provides a key sheet 20
that is supported by a light guide 16, which resists unin-
tended movement or slumping of the key sheet 20, and
which further contributes to the ability of the keypad 4 to
provide a large number of keys 42. The islands 68 ad-
vantageously resist unintended closing of circuits of the
handheld electronic device 6, and thus resists unintend-
ed input to the processor apparatus 10, by mechanically
isolating a portion of the web 56 from moving toward its
deflected position when an adjacent key body 36 is
moved to its actuated position.

[0036] Thus there has been provided a keypad for a
handheld electronic device that comprises a light source,
the keypad comprising: a key sheet comprising a base
and a number of key bodies, at least some of the key
bodies each being disposed on the base and being mov-
able between an unactuated position and an actuated
position, the key body in the actuated position being
structured to complete a circuit of the handheld electronic
device, at least a portion of the key sheet being translu-
cent; and a light guide, at least a portion of the light guide
being translucent and being structured to transmit light
betweenthe light source and the key sheet, the light guide
comprising a frame and a number of supports, at least a
portion of the frame being disposed adjacent at least a
portion of the base, at least some of the supports each
engaging the base.

[0037] In a further embodiment, there is provided a
keypad for a handheld electronic device that comprises
a light source, the keypad comprising: a key sheet com-
prising a base and a number of key bodies, at least some
of the key bodies each being disposed on the base and
being movable between an unactuated position and an
actuated position, the key body in the actuated position
being structured to complete a circuit of the handheld
electronic device, atleast a portion of the key sheet being
translucent; and a light guide, at least a portion of the
light guide being translucent and being structured to
transmit light between the light source and the key sheet,
the key sheet further comprising a number of key caps,
at least some of the key caps each being adhered to a
key body; and atleast a portion of the light guide overlying
at least a portion of the base. In this embodiment, the
light guide may have a number of openings formed there-
in, at least some of the key bodies each being disposed
within an opening. The light guide may comprise a frame
and a number of supports, the openings being formed in
the frame, at least a portion of the frame being disposed
between the base and the key caps.

[0038] The base may comprise a web and a leg net-
work, the leg network protruding from the web and being
structured to engage a substrate of the handheld elec-
tronic device, a portion of the web peripheral to a partic-
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ular key body being movable between an undeflected
position and a deflected position, the portion of the web
being in the undeflected position when the particular key
body is in the unactuated position, the portion of the web
being in the deflected position when the particular key
body is in the actuated position.

[0039] Inthis embodiment, atleast a portion of the web
may be disposed between the leg network and at least
a portion of the light guide and the portion of the web
peripheralto the particular key body may extend between
the particular key body and at least a portion of the leg
network. For instance, the portion of the web that is mov-
able between the undeflected and deflected positions
may have at least about 0.6 millimeters between the par-
ticular key body and the atleast portion of the leg network.
The key bodies may each have a mounting surface, at
least some of the key caps each being adhered to the
mounting surface of a key body, each mounting surface
having an area of atleast about fifteen square millimeters.
The mounting surfaces may be substantially planar.
[0040] In a further embodiment, there is provided a
keypad for a handheld electronic device that comprises
a light source, the keypad comprising: a key sheet com-
prising a base and a number of key bodies, at least some
of the key bodies each being disposed on the base and
being movable between an unactuated position and an
actuated position, the key body in the actuated position
being structured to complete a circuit of the handheld
electronic device, at least a portion of the key sheet being
translucent; and a light guide, at least a portion of the
light guide being translucent and being structured to
transmit light between the light source and the key sheet,
the keypad further comprising a substrate; the light guide
comprising a frame and a number of retention members,
at least some of the retention members each being en-
gaged with the substrate; and at least a portion of the
key sheet is disposed between at least a portion of the
light guide and at least a portion of the substrate.
[0041] Inthis embodiment, at least some of the reten-
tion members may each comprise a latch thatis engaged
with the substrate. The light guide may further comprise
a number of supports engaged with the key sheet, the
retention members and the supports extending away
from the frame in a common direction. The base may
have a number of holes formed therein, and the supports
are pins received in the holes, the pins resisting move-
ment of the base in a direction transverse to the common
direction. The key sheet may further comprise a number
of key caps, at least some of the key caps each being
adhered to a key body. The frame has a number of open-
ings formed therein, at least some of the key bodies each
being disposed within an opening. At least a portion of
the frame may be disposed between the base and the
key caps.

[0042] While specific embodiments of the disclosed
and claimed concept have been described in detail, it will
be appreciated by those skilled in the art that various
modifications and alternatives to those details could be
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developed in light of the overall teachings of the disclo-
sure. Accordingly, the particular arrangements disclosed
are meant to be illustrative only and not limiting as to the
scope of the disclosed and claimed concept which is to
be given the full breadth of the claims appended and any
and all equivalents thereof.

Claims

1. Akeypad (4) for ahandheld electronic device (6) that
comprises a light source (28), the keypad compris-
ing:

a key sheet (20) comprising a base (32) and a
number of key bodies (36), at least some of the
key bodies each being disposed on the base
and being movable between an unactuated po-
sition and an actuated position, the key body in
the actuated position being structured to com-
plete a circuit of the handheld electronic device,
at least a portion of the key sheet being trans-
lucent; and

a light guide (16) comprising a frame (78) and a
number of supports (80), characterized in that
at least a portion of the frame is disposed adja-
cent at least a portion of the base, at least some
of the supports engaging the base, at least a
portion of the light guide being translucent and
being structured to transmit light between the
light source and the key sheet.

2. The keypad of Claim 1 wherein the key sheet com-
prises a number of receptacles (76), at least some
of the supports each being received in a receptacle.

3. The keypad of Claim 2 wherein the receptacles are
holes formed in the base, and wherein the supports
are first supports (82) that are of a cylindrical config-
uration and second supports (84) that are of a frusto-
conic configuration that protrude from the frame and
that are received in the holes.

4. The keypad of Claim 3 wherein at least some of the

first supports (82) each have an interference fit with
a hole.

5. The keypad of Claim 1 wherein the base comprises
a web (56) and a leg network (60), the leg network
protruding from the web and being structured to en-
gage a substrate (24) of the handheld electronic de-
vice, a portion of the web peripheral to a particular
key body being movable between an undeflected po-
sition and a deflected position, the portion of the web
being in the undeflected position when the particular
key body is in the unactuated position, the portion of
the web being in the deflected position when the par-
ticular key body is in the actuated position.
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The keypad of Claim 5 wherein the leg network com-
prises a plurality of islands (68) structured to engage
the substrate, the islands being structured to resist
movement of a portion of the web peripheral to one
key body toward its deflected position when a portion
of the web peripheral to an adjacent key body moves
toward its deflected position.

The keypad of Claim 6 wherein at least some of the
islands each have a hole (76) formed therein, and
wherein the supports are first supports (82) that are
of a cylindrical configuration and second supports
(84) that are of a frusto-conic configuration that pro-
trude from the frame and that are received in the
holes, at least some of the key bodies being movable
along a direction (92) between the unactuated and
actuated positions, and wherein the supports pro-
trude along the direction from the frame, the supports
resisting movement of the islands transverse to the
direction.

The keypad of Claim 1 wherein the key sheet further
comprises a number of key caps (40), at least some
of the key caps each being adhered to a key body.

The keypad of Claim 8 wherein the light guide frame
has a number of openings (90) formed therein, at
least some of the key bodies each being disposed
within an opening.

The keypad of Claim 8 wherein at least a portion of
the frame is disposed between the base and the key
caps.

The keypad of any of claims 5 or 8 to 10 wherein:

at least a portion of the light guide overlies at
least a portion of the base.

The keypad of Claim 11 when dependent on claim
5 wherein at least a portion of the web is disposed
between the leg network and at least a portion of the
light guide.

The keypad of Claim 12 wherein the portion of the
web peripheral to the particular key body extends
betweenthe particular key body and atleast a portion
of the leg network.

The keypad of Claim 13 wherein the portion of the
web that is movable between the undeflected and
deflected positions has at least 0.6 millimeters be-
tween the particular key body and the at least portion
of the leg network.

The keypad of Claim 14 wherein the key bodies each
have a mounting surface (44), at least some of the
key caps each being adhered to the mounting sur-
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16.

17.

18.

19.

20.

10

face of a key body, each mounting surface having
an area of at least fifteen square millimeters.

The keypad of Claim 14 wherein the mounting sur-
faces are substantially planar.

The keypad of any of Claims 8 to 10 wherein:

the keypad further comprises a substrate (24);
the light guide comprising number of retention
members (88), at least some of the retention
members each being engaged with the sub-
strate; and

atleasta portion of the key sheet being disposed
between at least a portion of the light guide and
at least a portion of the substrate.

The keypad of Claim 17 wherein at least some of the
retention members each comprise a latch (94) that
is engaged with the substrate.

The keypad of Claim 17 wherein the retention mem-
bers extend away from the frame in the common
direction.

The keypad of Claim 19 wherein the base has a
number of holes (76) formed therein, and wherein
the supports are first supports (82) that are of a cy-
lindrical configuration and second supports (84) that
are of a frusto-conic configuration received in the
holes, the supports resisting movement of the base
in a direction transverse to the common direction.
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