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ABSTRACT

A keypad for a handheld electronic device includes a dome support having a
generally curved top surface, a plurality of domes, a plurality of actuators, and a plurality
of key caps. A flexible printed circuit board is attached to the top of the dome support
and includes a plurality of substantially flat surface portions that are associated with
substantially flat surface portions of the dome support. Each of the plurality of domes is
attached to a respective one of the plurality of substantially flat surface portions of the
flexible printed circuit board and is aligned with a respective one of the plurality of
actuators. Each of the plurality of key caps has a bottom surface that is aligned with a
respective one of the plurality of actuators and substantially parallel to a respective one

of the plurality of substantially flat surface portions of the flexible printed circuit board.
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KEYPAD HAVING A CURVED SHAPE

DESCRIPTION

[001] This disclosure relates generally to keypads for use with handheld
electronic devices and, more particularly, to a keypad with a curved shape.

Background Information

[002] Numerous types of handheld electronic devices are known. Examples of
such handheld electronic devices include, for instance, personal data assistants
(PDAs), handheld computers, two-way pagers, mobile telephones, and the like. Some
handheld electronic devices feature wireless communication capabilities. Other
handheld electronic devices are stand-alone devices that are functional without

communication with other devices.

[003] Handheld electronic devices are generally intended to be portable, and
thus are of a relatively compact configuration. A typical handheld electronic device has
a keypad, which is disposed and supported on or within a housing. The keypad can

have various shapes and designs. For example, the keypad can have a curved shape

so that the keys are easily actuatable by a user of the handheld electronic device.

[004] In conventional handheld electronic devices employing a dome switch key
configuration, the bottom surfaces of key members are parallel to a printed circuit board

(PCB) so that the bottom portions of the actuators are perpendicular to respective axes
of the tops of domes. Keypads having a curved-shaped top profile typically have key
members that are molded so that the thickness of each key member decreases

significantly from a laterally inward edge of the key member to a laterally outer edge of
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the key member. Additionally the key members are arranged so that the thickness of
the laterally outer edge of each of the key members decreases between a center of the
device housing and an edge of the device housing. This can be problematic because
the thin laterally outer edge of the key members can be susceptible to damage.
Additionally, the thin laterally outer edge of some of the key members can cause
molding issues. More particularly, the thickness of some of the key members can be
below the minimum molding thickness.
BRIEF DESCRIPTION OF THE DRAWINGS

[005] The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate several embodiments and, together with the
description, serve to explain the disclosed principles. In the drawings:

[006] Fig. 1 is a front perspective view of a handheld electronic device having an
example of a keypad, consistent with disclosed embodiments;

[007] Fig. 2 i1s a block diagram of the hahdheld electronic device of Fig. 1,
consistent with disclosed embodiments;

[008] Fig. 3 is a bottom end view of the handheld electronic device of Fig. 1,
consistent with disclosed embodiments;

[009] Fig. 4 is an exploded view of a row of the keypad of Fig. 1, consistent with

disclosed embodiments;

[010] Fig. 5 is a section view of the assembled keypad row in the housing of
Fig. 1, consistent with disclosed embodiments; and

[011] Fig. 6 is a partial view of the assembled keypad row of Fig. 5, consistent

with disclosed embodiments.
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DETAILED DESCRIPTION

[012] Reference will now be made in detail to exemplary embodiments, -
examples of which are illustrated throughout the drawings. Wherever possible, the
same reference numbers are used in the drawings and the description to refer to the
same or like parts.

[013] The disclosure generally relates to a handheld electronic device.
Examples of handheld electronic devices include mobile wireless communication
devices such as pagers, mobile phones, mobile smart-phones, wireless organizers,
personal digital assistants, wireless-enabled notebook computers, and any other known
communication device having a keypad. '

[014] An exemplary handheld electronic device 10 is illustrated generally in Fig.
1 and is depicted schematically in Fig. 2. Handheld electronic device 10 includes an
input apparatus 12, an output apparatus 16, and a processor apparatus 14,5a|| of which
are disposed and supported by a housing 18. The input apparatus 12 includes a
keypad 20. Keypad 20 can be a numeric keypad, an alphabetic keypad, an

alphanumeric keypad, a QWERTY keypad, or any other keypad configuration

incorporating one of these layouts or portions thereof. Input apparatus 12 can
additionally include a track ball or optical trackpad, as well as other known input
members. The output apparatus 16 includes a display 22, which can be a non-touch or
a touchscreen display. Output apparatus 16 can additionally include, for instance, one
or more visual outputs such as lights and one or more audible outputs such as a
speaker, as well as other output devices. The processor apparatus 14 includes a

processor 24, such as a microprocessor (UP) or other processor. Processor apparatus
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14 further includes a memory 26. Memory 26 can be any one or more of a variety of
types of internal or external storage media such as, without limitation, RAM, ROM,
EPROM(s), EEPROM(s), and the like that provide a storage register for data storage
such as in the fashion of an internal storage area of a computer, and can be volatile
memory or nonvolatile memory. As a general matter, memory 26 has stored therein a '
number of routines that are executable on processor 24. The processor apparatus 14
receives input signals from the input apparatus 12 and processes output signals sent to
the output apparatus 16.

[015] Housing 18, which can be fabricated from plastic, metal, or the like, can be
molded to have one or more curved surfaces. In particular, housing 18 can be made
with one or more curved surfaces to better fit the user's hand, and create a distinctive
and identifiable shape. Fig. 3 is a bottom end view of handheld electronic device 10
shown in .Fig. 1. In the illustrated embodiment, a front face 28 of housing 138 is
substantially convex. Keypad 20 is shaped to match the shape of front face 28 of
housing 18. In an exemplary embodiment, keypad 20 has'a generally convex shape. In
this manner, key caps 30 of keypad 20 are easily actuable by a usér of handheld
electronic device 10. Although Fig. 1 illustrates that keypad‘20 has key caps 30
arranged in rows that extend substantially parallel to the top and bottom of housing 18,
it should be understood that, in some embodiments, rows of key caps may extend
substantially perpendicular to the top and bottom of housing 18.

[016] Fig. 4 is an exploded view of a cross-section of a row of keypad 20.
Keypad 20 is an assembly of multiple componénts including key caps 30, a sheet 36, a

light guide 40, a dome sheet 42, a plurality of domes 44, a flexible printed circuit board



CA 02772749 2012-03-28

(FPCB) 49, and a dome support 48. Although Fig. 4 illustrates that each of sheet 36,
light guide 40, dome sheet 42, FPCB 49, and dome support 48 corresponds with a
single row of key caps 30 of keypad 20, it should be understood that each of sheet 36,
light guide 40, dome sheet 42, FPCB 49, and dome support 48 is associated With all of
the key caps 30 of keypad 20. In some embodiments, however, multiple dome supports
may be provided with a separate dome support corresponding with each row or column
of domes 44 and key caps 30.

[017] As illustrated in Fig. 4, keypad 14 has a plurality of individual key caps 30.
Key caps 30 are comprised of a relatively rigid material, such as hard resin or another
relatively rigid material. In some embodiments, key caps 30 are comprised of a

polycarbonate type hard resin.

[018] Key caps 30 can each have substantially the same thickness and size. In
the embodiment shown in the drawings, each of the key caps 30 has a thickness (")
that is substantially uniform in a plane that extends substantially perpendicular to front
face 28 of housing 18. In addition, each of the key caps 30 has substantially the same

thickness along its entire extent (e.g., in multiple planes substantially perpendicular to

front face 28 of housing 18 and substantially parallel to the top and bottom of housing
18, and in multiple planes substantially perpendicular to the front face 28 and
substantially perpendicular to the top and bottom of housing 18), although some
variation is possible. The uniformity does not limit the key caps from having an
ergonomic top profile (a profile added on top of the key caps) for easy operation by the

user of handheld electronic device 10. Key caps 30 can also have sizes that have

some variations. In the exemplary embodiment shown in the drawings, each of key
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caps 30 has an outer perimeter defining a shape that is substantially rectangular in a
plane parallel to front face 28 of housing 18 and perpendicular to a thickness direction
of each key cap 30. It is contemplated that each key cap 30 can have an outer
perimeter defining a shape that is substantially square, substantially circular,
substantially oval, or any other shape in a plane parallel to front face 28 of housing 18
and perpendicular to a thickness direction of each key cap 30.

[019] Key caps 30 each include a top engagement surface 32 engageable by a
user of handheld electronic device 10. In the depicted embodiment, engagement
surface 32 is planar; however, it is to be understood that engagement surface 32 can
have any shape or configuration that provides good tactile feel to the user of handheld
electronic device 10. It is contemplated that one or more objects may appear on
engagement surfaces 32 of key caps 30. The objects include, for example and without
limitation, characters, letters, strokes, ideograms, digits, and the like.

[020] Key caps 30 each include a bottom surface 34 opposite engagement
surface 32. Fig. 4 illustrates thé bottom surface 34 as being planar, but other shapes
are possible. Each bottom surface 34 is aligned with a respective one of a plurality of
actuators 38 and a respective one of the plurality of domes 44. In an assembled
keypad 20, bottom surfaces 34 of the key caps 30, along a row of key caps 30, define a
generally convex curved shape, as shown in Figs. 4 and 5. Along a row of key caps 30,

engagement surfaces 32 of key caps 30 define a generally convex curved shape in the
embodiment shown in Figs. 4 and 5, which has planar engagement surfaces 32.
[021] Sheet 36, which may be a key mat, is positioned under key caps 30.

Sheet 36 can be provided either as a separate sheet or integrated with bottom surfaces
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34 of key caps 30. Sheet 36 includes the plurality of actuators 38 having an
arrangement that corresponds to the arrangement of key caps 30. Sheet 36 and
actuators 38 can be formed of a relatively flexible and elastic material, such as
thermoplastic elastomeric material or another relatively flexible and elastic material.

[022] Each actuator 38 is aligned with a respective one of the plurality of key
caps 30 and is directed away from a bottom surface 34 of the respective one of the
plurality of key caps 30 towards a respective one of the plurality of domes 44.
Depressing or pushing engagement surface 32 of one of the key caps 30 causes inward
movement of a corresponding actuator 38 towards a corresponding dome 44.

[023] Light guide 40 is positioned under sheet 36. Light guide 40 is configured
to transmit light from one or more light sources, e.g., one or more LEDs (not shown) to
key caps 30 to provide illumination of the key caps.

[024] Domes 44 are aligned with actuators 38. Each dome 44 is generally a
thin, compressible, electric contact formed of a metal alloy. Domes 44 are held in place
by a dome sheet 42 having an adhesive on a side facing the domes 44. The number of
domes 44 is preferably equal to the number of key caps 30, such that each key cap 30
. is associated with a single dome 44.

[025] Dome support 48 is positioned under domes 44. Dome support 48 has a
generally curved top surface 47 and a generally curved bottom surface 51. The
generally curved top surface 47 includes a plurality of substantially flat surface portions
50. FPCB 49 is attached to top surface 47 of dome support 48 by an adhesive or

bonding agent and conforms to top surface 47 of dome support 48, as shown In Figs. 5

and 6. After FPCB 49 is adhered to top surface 47, FPCB 49 has a plurality of
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substantially flat surface portions 46 that are associated with (e.g., substantially aligned
with) substantially flat surface portions 50 of dome support 48. Substantially flat surface
portions 46 of FPCB 49 and substantially flat surface portions 50 of dome support 48
are substantially flat relative to the generally curved bottom surface 51 of dome support
48. Each dome 44 is attached to a respective one of the plurality of substaﬁtially flat
surface portions 46 of FPCB 49. When a key cap 30 is depressed, an actuator 38
associated with the depressed key cap is moved downward and a bottom portion of the
actuator 38 applies a force to the top of the respective dome 44 through light guide 40
and dome sheet 42. Compression of dome 44 against dome support 48 causes dome
44 to close a circuit of handheld electronic device 10 to provide an input to the
processor apparatus 14.

[026] As illustrated in Figs. 5 and 6, dome support 48 has a generally curved
shape in a plane that is substantially perpendicular to front face 28 of housing 18. In an
exemplary embodiment, dome support 48 defines a generally convex shape. Each
dome 44 is disposed on a respective one of the plurality of substantially flat surface

portions 46 of FPCB 49, which is attached to dome support 48. Each dome 44 is

aligned with a respective one of the plurality of key caps 30, so that a respective
actuator 38 associated with the key cap 30 is above dome 44. Bottom surfaces 34 of
key caps 30 are substantially parallel to substantially flat surface portions 46 of FPCB
49. Bottom surfaces 34 of key caps 30 are thus arranged to form a generally curved
shape that matches the generally curved shape of dome support 48. Light guide 40 and
dome sheet 42 are located between key caps 30 and dome support 48 and are

configured to conform to the shape of dome support 48, when keypad 20 is in an
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assembled state. Front face 28 of housing 18 includes arched support structures 54
that hold keypad 20 so that keypad 20 matches the profile of housing 18. As illustrated
in Figs. 5 and 6, arched support structures 54 are part of housing 18 in a unitary
housing structure. It is contemplated, however, that arched support structures 54 may
be separate pieces that are received and retained in housing 18.

[027] In some embodiments, keypad 20 may further include a metal sheet 56
(Fig. 6) configured to provide structural support to keypad 20. In some embodiments,
metal sheet 56 overlays sheet 36 and defines a plurality of holes that receive key caps
30. Metal sheet 56 compresses sheet 36, light guide 40, and dome sheet 42 against
dome support 48. Metal sheet 56 can be coupled to housing to secure keypad 20 to
housing 18. In some embodiments, metal sheet 56 may snap into housing 18.

[028] Assembly of the disclosed dome support 48, FPCB 49, plurality of domes
44, dome sheet 42, sheet 36, and key caps 30 provide a keypad 20 having a curved
shape so that key caps 30 are easily actuatable by the user. Since bottom surfaces 34
of key caps 30 are arranged to match the generally curved shape of dome support 48,

key caps 30 can be formed (e.g., molded) in any shape and configuration that is

resistant to damage by wear associated with continued use. Key caps 30 can also be
formed to meet minimum thickness requirements during a manufacturing process.

Furthermore, the alignment of bottom surfaces 34 of key caps 30 and plurality of

substantially flat surface portions 46 of FPCB 49 allows each of the plurality of domes
44 to be aligned with a respective one of the plurality of actuators 38 and fully contact
the FPCB 49. In this manner, actuation of key caps 30 of the disclosed keypad 20

provides good tactile feel for users of the handheld electronic device 10.
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[029] While specific embodiments have been described in detalil, it will be
appreciated by those skilled in the art that various modifications and alternatives to

those details could be developed in light of the overall teachings of the disclosure.

10
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WHAT IS CLAIMED |S:

1. A keypad for a handheld electronic device, comprising:

a dome support having a generally curved top surface including a plurality of
substantially flat surface portions and a generally curved bottom surface, wherein the
substantially flat surface portions are substantially flat relative to the generally curved bottom
surface of the dome support;

a flexible printed circuit board attached to the top surface of the dome support and
having a plurality of substantially flat surface portions that are associated with the substantially
flat surface portions of the top surface of the dome support;

a plurality of domes, each of the plurality of domes being disposed on a respective one
of the plurality of substantially flat surface portions of the flexible printed circuit board;

a plurality of actuators, each of the plurality of actuators being aligned with a respective
one of the plurality of domes; and

a plurality of key caps, each of the plurality of key caps having a bottom surface that is
aligned with a respective one of a plurality of actuators and parallel to a respective one of the

plurality of substantially flat surface portions of the flexible printed circuit board.

2. The keypad of claim 1, wherein the bottom surfaces of the plurality of key caps are

arranged to conform to the curved shape of the top surface of the dome support.

3. The keypad of claim 1, further comprising a dome sheet and a light guide, wherein the
dome sheet and the light guide are located between the plurality of key caps and the dome
support and are configured to conform to the generally curved shape of the top surface of the

dome support.

11
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4. The keypad of claim 1, wherein the dome support has a convex shape.

5. The keypad of claim 1, further comprising:

a sheet attached to the bottom surface of each of the plurality of key caps, the sheet
comprising the plurality of actuators, each of the plurality of actuators directing away from the
bottom surface of a respective one of the plurality of key caps, wherein each of the plurality of
actuators is perpendicular to a respective one of the plurality of domes, and

wherein the bottom surfaces of the plurality of key caps are arranged to conform to the

generally curved shape of the top surface of the dome support.

6. The keypad of claim 5, wherein each of the plurality of actuators is perpendicular to

the bottom surface of a respective one of the plurality of key caps.

7. The keypad of claim 5, wherein each of the plurality of domes is attached to a
respective one of the plurality of substantially flat surface portions of the flexible printed circuit

board.

8. The keypad of claim 7, wherein the bottom surfaces of the plurality of key caps are

arranged to conform to the generaily curved shape of the top surface of the dome support.

9. The keypad of claim 5, wherein the plurality of key caps are uniformly spaced.

10. The keypad of claim 5, wherein the thickness of each of the plurality of key caps Is

uniform along an entire extent of each of the key caps.

12
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11. A handheld electronic device comprising:

a housing;

a processor apparatus disposed in the housing, the processor apparatus including a
processor and a memory;

an output apparatus supported by the housing, the output apparatus structured to
receive signal from the processor apparatus and provide output;

an input apparatus supported by the housing, the input apparatus structured to provide

input to the processor apparatus, the input apparatus including the keypad of claim 1, the

keypad having a curved shape, wherein the bottom surfaces of the plurality of key caps are
arranged to define a generally curved shape, and further wherein each of the plurality of key

caps has a substantially uniform thickness.

12. The device of claim 11, wherein the keypad further includes a metal sheet

configured to provide support to the keypad.

13. The device of claim 12, wherein the metal sheet is configured to snap into the

housing.
14. The device of claim 11, wherein the keypad has a generally convex

shape so that each of the plurality of key caps are actuable by a user of the handheld electronic

device.

13
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