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(54) Keypad apparatus and method

(57) Keypad apparatus and methods are described
herein. An example keypad includes a keypad support
(306) having a first surface defining a cavity, and an elec-
trical switch assembly coupled to the keypad support.
The electrical switch includes a printed circuit board (322)
having at least a portion repositioned relative to a second
surface of the printed circuit board (322). The reposi-
tioned portion (328) is located in the cavity and the sec-

ond surface is located on the first surface of the keypad
support (306) when the printed circuit board (322) is cou-
pled to the keypad support (306). The repositioned por-
tion (328) is attached to the second surface of the printed
circuit board (306). A dome switch (324) is aligned with
the repositioned portion (328) of the printed circuit board
(306) and is at least partially positioned in the cavity of
the keypad support (306).
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Description

FIELD OF DISCLOSURE

[0001] The present disclosure relates to mobile devic-
es, including but not limited to, keypad apparatus and
methods.

BACKGROUND

[0002] Electronic devices, including portable electron-
ic devices, have gained widespread use and may provide
a variety of functions including, for example, telephonic,
electronic messaging, and other personal information
manager (PIM) application functions. Portable electronic
devices include, for example, several types of mobile sta-
tions such as simple cellular telephones, smart tele-
phones, wireless personal digital assistants (PDAs), and
laptop computers with wireless 802.11 or Bluetooth ca-
pabilities.
[0003] Often these portable electronic devices include
physical keyboards or keypads to input information. One
benefit of a physical keypad is that it typically provides
tactile feedback to a user. The tactile feedback from the
keypad can be achieved in a variety of ways including
the use of one or more collapsible dome switches asso-
ciated with or corresponding to depressible keys of a key-
pad. To provide tactility, conventional keypads typically
include a flexible or printed circuit board disposed be-
tween collapsible dome switches and a keypad support
or tray (e.g., a housing).
[0004] Additionally, some keypads include a light
source to illuminate the keys of the keypad to facilitate
identification of the keys when using the portable elec-
tronic device in a dark environment with reduced visibility.
A light guide film or panel is often used to deflect, reflect
or channel light from a light source to illuminate the key-
pad. The light guide film is often placed over the dome
switches. Thus, the light guide film typically has a convex
or dome shape to accommodate for the shape or profile
of the dome switches. For example, some conventional
light guide films include a plurality of dome shaped sur-
faces to cover each dome switch of the keypad.
[0005] However, a dome shape light guide film pro-
vides a non-linear path through which light travels. In
some instances, a non-linear light path due to the dome
shape of the light guide film may cause light to be une-
venly distributed, causing hotspots that receive too much
light and dull spots that do not receive enough light to
effectively illuminate the keypad. In some examples, the
dome effect of the light guide film may cause light emitted
from the light source to seep and erroneously highlight
other keys of the keypad, thereby decreasing the effec-
tiveness of the light guide film. Moreover, a light source
having a greater intensity or luminance is often required
due to the dome effect of the light guide film, thereby
requiring more energy to power the light source. Further,
the dome shaped light guide film significantly increases

tactility restricting forces, thereby reducing the tactility of
the keypad.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram of an example portable
electronic device in accordance with the disclosure.
[0007] FIG. 2 is an example portable electronic device
of FIG. 1 implemented with an example keypad described
herein.
[0008] FIG. 3A is an assembly view of the example
keypad of FIGS. 1 and 2.
[0009] FIG. 3B is an exploded view of the example
keypad of FIG. 3A.
[0010] FIG. 4A is a perspective view of an example
printed circuit board described herein of the example key-
pad of FIGS. 1, 2, 3A and 3B.
[0011] FIG 4B is an enlarged view of a portion of the
printed circuit board of FIG. 4A coupled to an example
keypad support described herein.
[0012] FIG. 5 is a partially, enlarged assembly view of
the example keypad described herein showing an exam-
ple light guide film described herein of the example key-
pad coupled to the printed circuit board and the support
of FIG. 4A.
[0013] FIG. 6 is a portion of a row of the example key-
pad of FIGS. 1, 2, 3A, 3B, 4A, 4B, and 5.
[0014] FIG. 7 is an enlarged cross-sectional view of a
key of the keypad of FIG. 6.

DETAILED DESCRIPTION

[0015] Example keypad apparatus and methods de-
scribed herein significantly increase the luminance effec-
tiveness of a keypad and significantly improve the keypad
tactility. An example keypad described herein can be
used to implement a portable electronic device such as,
for example, a cellular device.
[0016] In general, an example keypad described here-
in employs a light guide film and/or a dome sheet carrier
having relatively planar profiles, thereby substantially
eliminating or removing a dome effect (e.g., a convex
shape or hump) of the light guide film or panel and/or the
dome sheet carrier. Removing the dome effect from a
light guide film and/or a dome sheet carrier significantly
improves the efficiency of the light guide film to diffuse,
reflect or channel light from a light source toward a key
of the keypad. As a result, an example light guide film
significantly improves the luminance effectiveness of the
keypad, thereby decreasing the amount of energy re-
quired to power a light source. For example, improving
the luminance enables use of a light source having a
lower intensity (e.g., wattage output). In turn, a light
source with a lower intensity significantly improves the
battery life of the portable electronic device. Additionally
or alternatively, a substantially planar light guide film
and/or dome sheet carrier provides a more substantially
compact or flat keypad assembly resulting in a keypad
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assembly having a low profile or relatively small dimen-
sional envelope.
[0017] Further, a substantially planar light guide film
significantly reduces tactility restricting forces, thereby
improving the tactility of the keypad. To provide tactile
feedback and generate an electrical signal when a key
of the keypad is activated, the keypad employs an elec-
trical switch. An example electrical switch described
herein includes one or more collapsible dome switches
associated with or corresponding to depressible keys of
a keypad and contacts of a printed circuit board. For ex-
ample, the dome switch collapses toward the contact of
the printed circuit board to generate an electrical signal
when a key is activated.
[0018] For the purpose of enabling use of a substan-
tially planar light guide film, at least a portion of an ex-
ample printed circuit board described herein is positioned
or nested in a cavity or recessed well of a keypad support
or housing. In particular, an example printed circuit board
described herein includes at least one tab or portion that
is movable or repositionable relative to a first or substan-
tially planar surface or panel of the printed circuit board.
In this manner, the repositioned portion can be located
in the cavity of the tray and the panel or relatively planar
surface can be located on a first or upper surface of the
tray when the printed circuit board is coupled to the tray.
[0019] For example, an example printed circuit board
may include a plurality of tabs corresponding to each key
of a keypad. The tabs are integrally formed with, or per-
manently attached to, the panel of the printed circuit
board and are supported by hinges, which enable the
tabs to be positioned in an offset relationship relative to
the panel of the printed circuit board. Each of the tabs
supports a contact of the electrical switch corresponding
to one of the respective keys. Thus, a contact of the print-
ed circuit board is positioned in the cavity while the panel
of the printed circuit board engages the first or upper
surface of the tray.
[0020] Additionally, the dome switch is also at least
partially positioned or nested within the cavity of the tray
such that the dome switch provides a low profile. Such
a configuration enables use of a light guide film and/or a
dome sheet carrier to have a relatively planar profile or
flat surface relative to the keypad support and/or the print-
ed circuit board. In other words, unlike conventional key-
pad assemblies which often include a curved surface or
dome shape to accommodate for a dome switch, exam-
ple light guide films described herein do not have dome
or curved profiles or shapes because the dome switch
and/or the contact of the printed circuit board are at least
partially positioned or lowered within a cavity of the tray.
As a result, example light guide films described herein
provide a relatively straight light travel path, thereby im-
proving the luminance of the keypad apparatus and, thus,
decreasing the amount of light required to illuminate the
keypad apparatus.
[0021] For simplicity and clarity of illustration, refer-
ence numerals may be repeated among the figures to

indicate corresponding or analogous elements. Numer-
ous details are set forth to provide an understanding of
the embodiments described herein. The embodiments
may be practiced without these details. In other instanc-
es, well-known methods, procedures, and components
have not been described in detail to avoid obscuring the
examples described. The description is not to be consid-
ered as limited to the scope of the examples described
herein.
[0022] The disclosure generally relates to electronic
devices such as, for example, a portable electronic de-
vice in the examples described herein. Examples of port-
able electronic devices include mobile, or handheld, wire-
less communication devices such as pagers, cellular
phones, cellular smart-phones, wireless organizers, per-
sonal digital assistants, wirelessly enabled notebook
computers, and so forth. The portable electronic device
may also be a portable electronic device without wireless
communication capabilities, such as a handheld elec-
tronic game device, digital photograph album, digital
camera, or other device.
[0023] A block diagram of an example of a portable
electronic device 100 is shown in FIG.1. The portable
electronic device 100 includes multiple components,
such as a processor 102 that controls the overall opera-
tion of the portable electronic device 100. Communica-
tion functions, including data and voice communications,
are performed through a communication subsystem 104.
Data received by the portable electronic device 100 is
decompressed and decrypted by a decoder 106. The
communication subsystem 104 receives messages from
and sends messages to a wireless network 150. The
wireless network 150 may be any type of wireless net-
work, including, but not limited to, data wireless networks,
voice wireless networks, and networks that support both
voice and data communications. A power source 142,
such as one or more rechargeable batteries or a port to
an external power supply, powers the portable electronic
device 100.
[0024] The processor 102 interacts with other compo-
nents, such as Random Access Memory (RAM) 108,
memory 110, a keypad 112, a keypad backlight system
114, a display 116, an auxiliary input/output (I/O) sub-
system 118, a data port 120, a speaker 122, a micro-
phone 124, short-range communications 126, and other
device subsystems 128. User-interaction with a graphical
user interface is performed through the display 116. In-
formation, such as text, characters, symbols, images,
icons, and other items that may be displayed or rendered
on a portable electronic device, is presented on the dis-
play 116 via the processor 102.
[0025] To identify a subscriber for network access, the
portable electronic device 100 uses a Subscriber Identity
Module or a Removable User Identity Module (SIM/
RUIM) card 138 for communication with a network, such
as the wireless network 150. Alternatively, user identifi-
cation information may be programmed into memory 110.
[0026] The portable electronic device 100 includes an
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operating system 146 and software programs or compo-
nents 148 that are executed by the processor 102 and
are typically stored in a persistent, updatable store such
as the memory 110. Additional applications or programs
may be loaded onto the portable electronic device 100
through the wireless network 150, the auxiliary I/O sub-
system 118, the data port 120, the short-range commu-
nications subsystem 126, or any other suitable subsys-
tem 128.
[0027] A received signal such as a text message, an
e-mail message, or web page download is processed by
the communication subsystem 104 and input to the proc-
essor 102. The processor 102 processes the received
signal for output to the display 116 and/or to the auxiliary
I/O subsystem 118. A subscriber may generate data
items, for example e-mail messages, which may be trans-
mitted over the wireless network 150 through the com-
munication subsystem 104. For voice communications,
the overall operation of the portable electronic device 100
is similar. The speaker 122 outputs audible information
converted from electrical signals, and the microphone
124 converts audible information into electrical signals
for processing.
[0028] FIG. 2 is a perspective view of the portable elec-
tronic device 100 of FIG. 1. In the example of FIG. 2, the
portable electric device 100 is a handheld communication
device or mobile phone. As mentioned above, the elec-
tronic device may be a data and/or voice-enabled hand-
held device that may be used to send and receive a mes-
sage, a voice communication, a textual entry, etc. Refer-
ring to FIG. 2, the electronic device 100 includes a hous-
ing 202 that encloses the electronic or mobile compo-
nents described above in connection with FIG. 1. For
example, the housing 202 encloses the microprocessor
102, the display 116, the keypad 112, the speaker 122,
the microphone 124, etc. The housing 202 may include
a front cover or lid 204 that couples to a frame or base
206 to capture the electronic components within the
housing 202. The housing 202 of the illustrated example
can be held in one hand by a user of the electronic device
100 during data (e.g., text) and/or voice communications.
[0029] In the example of FIG. 2, the display 116 is lo-
cated adjacent or above the keypad 112. To provide a
user input and accommodate textual inputs to the elec-
tronic device 100, the keypad 112 includes a plurality of
keys or key switch assemblies 210. The keys 210 enable
character inputs including alphabetical and/or numeric
entries to allow text and/or numeric entry for various func-
tions. For example, the keypad 112 may be QWERTY
style keypad or any other suitable type keypads.
[0030] Further, the keypad 112 of the illustrated exam-
ple includes an auxiliary input 212 that provides a cursor
or navigation tool. In addition to being used as a cursor
or navigation tool, the auxiliary input 212 can act as an
actuator when the auxiliary input 212 is depressed like a
button. The auxiliary input 212 may be a trackpad, a track-
ball, a touch pad, etc. Although in this example the aux-
iliary input 212 is disposed between the display 116 and

the keys 210, the auxiliary input 212 may be disposed
on any surface of the housing 202 such as, for example,
a side surface 214. In this example, the electronic device
100 also includes action keys 216 adjacent the auxiliary
input 212. For example, the action keys 216 may include
an on/off button or call end button, a call send button, a
menu button, an escape key, etc.
[0031] A user interacts with the electronic device 100
via the keys 210, the auxiliary input 212 and/or the func-
tion keys 216 of the keypad 112 to choose commands,
execute application programs, and perform other func-
tions by selecting menu items or icons. Additionally or
alternatively, in other examples, the electronic device 100
may include a touch screen display. In combination with
the keypad 112, a user may interact with the electronic
device 100 via the touch screen display to choose com-
mands, execute application programs, and perform other
functions by selecting menu items or icons by contacting
or touching the icon or image via the touch screen. Fur-
ther, in other examples, the auxiliary input 212 and the
function keys 216 may be disposed on an upper housing
of an electric device that moves relative to a lower hous-
ing of the electric device, where the keypad 212 is dis-
posed within the lower housing and the display 116 or
touch-sensitive display is disposed within the upper
housing (not shown).
[0032] FIG. 3A illustrates a perspective, assembly
view of the example keypad 112 of FIGS. 1 and 2. FIG.
3B illustrates an exploded view of the example keypad
of FIGS. 1 and 2. Referring to FIGS. 3A and 3B, the key-
pad 112 is a backlit keypad that is illuminated via the
keypad backlight system 114 of FIG. 1. In particular, the
keys 210 are illuminated to facilitate identification of the
keys 210 when using the portable electronic device 100
in a dark environment with reduced visibility.
[0033] As most clearly shown in FIG. 3B, the keypad
112 of the illustrated example includes an actuator as-
sembly 302 positioned above or over an electrical switch
304. The actuator assembly 302 is operatively coupled
to the electrical switch 304 and interacts with the electrical
switch 304 to generate an electrical signal when a user
depresses one of the respective keys 210. To support
the actuator assembly 302 and the electrical switch 304,
the keypad 112 includes a keypad support or tray 306.
[0034] The actuator assembly 302 of the illustrated ex-
ample includes a plurality of keycaps 308 and a keyweb
or rubber pad 310. In this example, each of the keycaps
308 corresponds to respective ones of the keys 210
shown in FIG. 2. To enable backlighting of the keys 210
or keycaps 308, at least some of the keycaps 308 include
a transparent or translucent region to enable light to emit
therethrough and an opaque region to restrict or impede
light from being emitted therethrough. For example, al-
though not shown, the keycaps 308 include indicia or
graphics representing different (e.g., alphanumeric)
character inputs. The graphic portion or indicia of the
keycaps 308 may be composed of a transparent or trans-
lucent material or layer (or a semi-transparent or semi-
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translucent material) and a non-graphic portion of the
keycaps 308 may be composed of an opaque material
or layer. For example, to provide the translucent region,
indicia on the keycaps 308 may be formed by removing
(e.g., via laser etching) an outer layer of opaque material
to expose a translucent material underneath the opaque
layer. The keycaps 308 are composed of a relatively thin
molded plastic or composite material and the transparent
regions may be white, clear and/or any other color(s).
[0035] In the illustrated example, the keyweb 310 is a
rubber layer that includes a plurality of plungers, actua-
tors or dome shaped members 314 that are interconnect-
ed via a rubber sheet 316. In the illustrated example,
each actuator 314 protrudes from a surface 318 of the
rubber sheet 316, and each actuator 314 is associated
with respective ones of the keycaps 308. However, in
other examples, at least some of the actuators 314 may
be associated with two or more keycaps 308 or keys 210.
The keyweb 310 may be composed of an opaque and/or
translucent material such as, for example, rubber or sil-
icone or any other suitable material(s), and may be
formed as a unitary sheet or structure via, for example,
vacuum molding or any other suitable manufacturing
process(es). Alternatively, in some examples, the key-
caps 308 and the keyweb 310 may be integrally formed
as a unitary piece or structure.
[0036] The electrical switch 304 of the illustrated ex-
ample includes a dome sheet 320 that is positioned
above a printed circuit board 322 (e.g., a flexible printed
circuit board). The dome sheet 320 includes a plurality
of dome switches 324 that protrude away from the dome
sheet 320 toward the printed circuit board 322. As shown
in FIG. 3B, the number of dome switches 324 corre-
sponds to the number of actuators 314 or keys 210, such
that each key 210 is associated with a single dome switch
324. The dome switches 324 are provided in a grid pat-
tern and are spaced (e.g., evenly, unevenly, etc.) relative
to one another and are aligned with the respective ones
of the actuators 314 and the keycaps 308. Alternatively,
more than one key 210 may be associated with each
dome switch 324 and a predictive text or other software
program or hardware may be utilized to determine the
desired text. In those examples, the dome switches 324
may be offset relative to the actuators 314 and/or the
keycaps 308.
[0037] In the illustrated example, the dome switches
324 are elastically deflectable between a relaxed position
and a deflected position. In this example, the domes are
metal springs composed of, for example, a thin plate-like
metallic material and are formed into a dome-like shape
and act as a conductor. Each of the dome switches 324
may be formed by a tact spring having elasticity that
snaps when pressed to provide a tactile feedback to a
user. In this example, the dome switches 324 are inte-
grally formed with the dome sheet 320. A dome sheet
carrier 326 (e.g., a thin film) is disposed over the dome
sheet 320 and the dome switches 324. The dome sheet
carrier 326 may be, for example, polyester or plastic ma-

terial (e.g. Mylar®) or any other transparent or semi-trans-
parent resinous film.
[0038] As described in greater detail below in connec-
tion with FIG. 4, at least a portion of the printed circuit
board 322 is repositionable relative to a first or relatively
planar surface or panel 330 of the printed circuit board
322. As shown in FIG. 3B, the printed circuit board 322
includes one or more tabs or repositioned portions 328
that are repositioned or relocated (e.g., hang) relative to
the upper, substantially planar surface or panel 330 of
the printed circuit board 322. As shown in FIG. 3B, the
number of tabs 328 corresponds to the number of dome
switches 324 such that each tab 328 is associated with
a single dome switch 324. Although not shown in FIG.
3B for clarity, the printed circuit board 322 includes a
plurality of traces that electrically couple a contact mem-
ber or a flex disposed on each tab 328 and the processor
102. An example trace of the printed circuit board 322 is
described below in connection with FIG. 4B.
[0039] As noted above, the tray 306 supports the print-
ed circuit board 322. The tray 306 has one or more pock-
ets, recessed wells or cavities 332 formed in a first or
upper surface 334 (e.g., a front surface) of the tray 306.
When the printed circuit board 322 is coupled to the tray
306, each of the tabs 328 of the printed circuit board 322
is at least partially disposed, encased, surrounded, nest-
ed or otherwise positioned in the respective ones of the
cavities 332. In other words, the tabs 328 are repositioned
relative to the panel 330 so that the tabs 328 are located
in the respective cavities 332 and the panel 330 is located
on the upper surface 334 of the tray 306 when the printed
circuit board 322 is coupled to the tray 306. The tray 306
of the illustrated example is a uniform structure that may
be composed of plastic, magnesium, metal or any suit-
able material. In other examples, the tray 306 may be a
printed circuit board. An adhesive 336 (e.g., an adhesive
sheet) may be employed to couple or retain the printed
circuit board 322 and the tray 306. For example, the ad-
hesive 336 may be an adhesive film that is disposed be-
tween the printed circuit board 322 and the tray 306.
[0040] To provide a backlighting to the keypad 112,
the electrical switch 304 includes a light source 338. The
light source 338 may be mounted (e.g., surface mounted)
to the panel 330 of the printed circuit board 322. In this
example, the light source 338 includes one or more light
emitting diodes 340 ("LEDs") that are side mounted on
the printed circuit board 322. In this particular example,
the LEDs 340 are mounted adjacent a peripheral edge
342 of the printed circuit board 322 such that the dome
sheet 320 does not interfere or block light emitted by the
LEDs 340 when the dome sheet 320 is coupled to the
printed circuit board 322. In some examples, the dome
sheet 320 is dimensioned so that there is a space or gap
between a peripheral edge 344 of the dome sheet 320
and the LEDs 340 when the dome sheet 320 is coupled
to the printed circuit board 322. In other examples, the
dome sheet 320 may include an aperture to receive the
light source 338.
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[0041] To diffuse, reflect or channel light emitted by
the light source 338 to the keycaps 308, the keypad 122
employs a light guide film 346. The light guide film 346
is a relatively thin backlighting member or panel that dif-
fuses and/or redistributes light from the light source 338.
In the illustrated example, the light guide film 346 is dis-
posed between the keyweb 310 and the dome sheet 320
and is in direct optical communication with the light
source 338. Unlike conventional light guide films, the light
guide film 346 of the illustrated example has a generally
planar or flat profile or shape. In other words, the light
guide film 346 does not have a dome shape or profile to
accommodate the dome switches 324, thereby improv-
ing luminance by providing a substantially straight and/or
a more efficient travel path for the light emitted by the
light source 338.
[0042] To further increase the effectiveness or efficien-
cy of light transmission, a surface of the light guide film
346 in communication with the light source 338 may in-
clude a reflective pattern. For example, the reflective pat-
tern may include a non-smooth, angled or uneven pat-
tern. Additionally, the reflective pattern may vary across
different portions of the light guide film 346. For example,
a reflective pattern provided below the keys 210 that are
relatively close to the light source 338 may have a differ-
ent density or size (e.g., a lower density) than a density
or size (e.g., a higher density) of a reflective pattern pro-
vided below the keys 210 relatively remote from the light
source 338. In this manner, the reflective patterns provide
a more uniform distribution of light regardless of the dis-
tance (e.g., a lateral or horizontal distance) between the
keys 210 and the light source 338.
[0043] In addition to providing light diffusing character-
istics, the light guide film 346 has elasticity to flex, bend
or deflect in the region corresponding to a respective key
210 that is activated. Further, the light guide film 346
restores to its original state upon release of the key 210.
The light guide film 346 may be composed of a transpar-
ent or semi-transparent material having low hardness,
high elastic strain such as, for example, acrylic, polycar-
bonate, polyethylene (PET), silicone or any other suitable
flexible material(s) that channel or diffuse light emitted
from the light source 338. The light guide film 346 may
be formed via injection molding or any other suitable man-
ufacturing process(es).
[0044] FIG. 4A illustrates the example printed circuit
board 322 of FIGS. 3A and 3B. FIG. 4B is an enlarged
view of a portion of the example printed circuit board 322
of FIG. 4A. As shown in FIG. 4A, each tab or repositioned
portion 328 is flexibly or hingably coupled or joined to the
panel 330 of the printed circuit board 322. As shown, a
strip or hinge 402 attaches (e.g., permanently attaches)
the tabs 328 to the panel 330 of the printed circuit board
322. In this example, the tabs 328 and the hinges 402
are integrally formed with the panel 330 of the printed
circuit board 322 as a uniform piece or structure. Although
the tabs 328 are attached to the panel 330 of the printed
circuit board 322, the tabs 328 can be moved or reposi-

tioned relative to the panel 330 of the printed circuit board
322. More specifically, the hinge 402 enables the tabs
328 of the printed circuit board 322 to bend, flex or oth-
erwise move relative to the panel 330 such that the tabs
328 can be repositioned or offset relative to the panel
330 of the printed circuit board 322. In this manner, the
tabs 328 may be depressed or lowered in the cavities
332 of the tray 306.
[0045] To form the tabs 328 and the hinge 402, a por-
tion of material of the panel 330 about a partial perimeter
or edge (e.g., adjacent or up to the hinge 402) of the tab
328 is removed from the panel 330 of the printed circuit
board 322. For example, after the printed circuit board
322 is formed (e.g., formed with traces and conductive
contacts), the printed circuit board 322 may undergo a
secondary manufacturing operation or process(es) to
form the tabs 328. For example, to form the tabs 328,
the panel 330 may be punched, cut by a laser, etc., to
partially remove a portion of the material adjacent a par-
tial peripheral edge or perimeter of each of the tabs 328.
When the tabs 328 are punched or otherwise formed via
any other suitable manufacturing process(es), partial
openings 413 are formed in the panel 330 of printed cir-
cuit board 322 when the tabs 328 are repositioned or
moved relative to the panel 330. In other words, the tabs
328 occupied the partial openings 413 of the panel 330
prior to moving or repositioning the tabs 328 relative to
the panel 330.
[0046] As shown, the tabs 328 have a partial or semi-
circular shape or profile. However, in other examples,
the tabs 328 may have a partial square shape or any
other suitable shape or profile. In yet other examples, the
printed circuit board 322 may include one large tab (e.g.,
a rectangular tab) having a plurality of contacts corre-
sponding to respective ones of the dome switches 324
(FIG. 3B). Also, as shown in FIG. 4A, the printed circuit
board 322 includes an electrical switch or sensor 404
associated with the auxiliary input 212 of FIG. 2.
[0047] Also, referring to FIG. 4B, each of the tabs 328
includes or supports an electrical conductive contact 406
(e.g., an electrode) that is coupled to the processor 102
via a trace 408. Although not shown in FIG.4B, the dome
switch 324 is positioned or aligned on the tab 328 such
that an outer peripheral edge or surface of the dome
switch 324 engages an outer contact 410, which is cou-
pled to the processor 102 via a trace 414. Both of the
traces 408 and 414 are provided along the hinge 402.
[0048] FIG. 5 is an enlarged view of the tab 328 of FIG.
4B, but showing a partial cutaway view of the light guide
film 346 coupled to the dome sheet 320, which is coupled
to the printed circuit board 322. For clarity, the dome
switch 324 associated with the tab 328 of the illustrated
example of FIG. 5 is not shown in FIG. 5. When coupled
to the printed circuit board 322, the light guide film 346
and the dome sheet carrier 326 are substantially flat or
parallel relative to the panel 330 of the printed circuit
board 322 and/or the upper surface 334 of the tray 306.
In this manner, the electrical switch 304 (e.g., the dome
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switch 324 and the tab 328) provides a low profile or
dimensional envelope.
[0049] FIG. 6 is a cross-sectional view of a partial row
600 of the example keypad 122 taken along line 6-6 of
FIG. 2. To assemble the keypad 112, the adhesive 336
is applied (e.g., uniformly) to the upper surface 334 of
the tray 306. To secure the tabs 328 of the printed circuit
board 322 to the tray 306, the adhesive 336 is also po-
sitioned within the cavities 332 of the tray 306. The panel
330 of the printed circuit board 322 is adhered or coupled
to the upper surface 334 of tray 306 and the tabs 328 are
repositioned relative to the panel 330 of the printed circuit
board 322 so that the tabs 328 are depressed or nested
or otherwise positioned in the cavities 332 while the panel
330 is positioned on the upper surface 334 of the tray
306. When coupled to the tray 306, the hinges 402 keep
the tabs 328 joined or connected to the panel 330 of the
printed circuit board 322.
[0050] The dome sheet 320 is then coupled to the pan-
el 330 of the printed circuit board 322 such that the dome
switches 324 are at least partially lowered or nested with-
in the respective cavities 332 of the tray 306. The dome
switches 324 are positioned above or on top of the tabs
328 so that a conductive contact surface 602 (e.g., an
apex) of the dome switch 324 is aligned relative to the
conductive contact 406 of the respective tabs 328. In
some examples, the contact surface 602 of the dome
switch 324 may be implemented with a contact member
or electrode. As shown, when the dome sheet 320 is
coupled to the printed circuit board 322 and the tray 306,
a first or upper surface 606 of the dome sheet carrier 326
is relatively planar or parallel with the panel 330 of the
printed circuit board 322 because the dome switches 324
protrude from a lower surface 604 of the dome sheet 320
and are at least partially disposed in the respective cav-
ities 332. An adhesive or other fastener(s) may be em-
ployed to secure the dome sheet 320 to the panel 330
of the printed circuit board 322.
[0051] The light guide film 346 is then coupled to the
upper surface 606 of the dome sheet carrier 326. Also,
because the dome switches 324 are at least partially dis-
posed within the cavities 332, the light guide film 346 also
has a relatively flat or planar profile when assembled with
the keypad 112. The keyweb 310 is coupled to an upper
surface 608 of the light guide film 346 such that a cylin-
drically-shaped plunger 610 of each of the actuators 314
engages the upper surface 608 of the light guide film 346.
Thus, the light guide film 346 operatively couples the ac-
tuator assembly 302 to the electrical switch 304. The key-
caps 308 are positioned or aligned with respective ones
of the plungers 610.
[0052] When assembled with the housing 202, each
of the keycaps 308 is positioned within an opening 612
of the front cover 204 and projects from a front surface
614 of the front cover 204. Further, the front cover 204
engages a lip or flange 616 of the keycaps 308 to retain
the keycaps 308 aligned within the housing 202 and the
respective plungers 610.

[0053] FIG. 7 is an enlarged view of a key 210 of the
example keypad 122 of FIG. 6. In operation, the key 210
moves between an actuated position (not shown) to ac-
tivate the electrical switch 304 and generate an electrical
signal and a non-actuated position in which the electrical
switch 304 is deactivated. The plunger 610 of the keyweb
310 provides stiffness to hold the keycap 308 in position
when the key 210 is not pressed or actuated. On the
other hand, a user can exert downward force on the key-
cap 308 to depress the key 210 with relative ease. The
force required to press the key 210 is large enough that
the person can feel a resistance to the pressure of their
finger on the keys 210.
[0054] To activate the key 210, a user depresses the
keycap 308 to provide data input to the electronic device
100. In particular, the electrical switch 304 generates an
output signal that is received by the processor 102 when
the key 210 is depressed by a user. For example, when
a user presses the keycap 308, the plunger 610 moves
toward the tray 306. The plunger 610 presses against
the upper surface 608 of the light guide film 346 to cause
the light guide film 346 to deflect, flex or bend toward the
dome switch 324 to press or deflect the dome switch 324.
In turn, the dome switch 324 collapses toward the tab
328. The contact surface 602 of the dome switch 324
engages the conductive contact 406 of the tab 328 of the
printed circuit board 322 thereby closing an electrical cir-
cuit and generating an electrical signal that is received
or detected by the processor 102.
[0055] When a user releases the keycap 308 to deac-
tivate the key 210, the rubber plunger 610 returns to its
original position or state. The light guide film 346 returns
to its original state and releases the dome switch 324.
The dome switch 324 also snaps back to its original or
dome shaped position as shown in FIG. 7. The dome
switch 324 provides a tactile feedback (e.g., a force) to
the user when the dome switch 324 snaps back to its
original position.
[0056] Additionally or alternatively, to provide back-
lighting to the keypad 112, the light source 338 emits a
light (e.g., a white light, a colored light, etc.). The light
emitted by the light source 338 is in direct optical com-
munication with a lower surface 702 of the light guide film
346. The light travels through and/or is reflected, diffused,
guided or channeled through the lower surface 702 of
the light guide film 346. The lower surface 702 of the light
guide film 346 may include a reflective pattern to more
evenly distribute or diffuse the light across the keypad
112. Light leakage between the light guide film 346 and
the printed circuit board 322 is substantially eliminated
because there is no gap between the light guide film 346
and the printed circuit board 322. Instead, the light guide
film 346 diffuses or reflects light emitted by the light
source 338 between the lower surface 702 and the upper
surface 608 and toward the keycap 308. The light diffused
by the light guide film 346 then passes through the key-
web 310 (e.g., the plunger 610) and to the keycap 308,
thereby illuminating the keypad 112 so that the electronic
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device 100 can be used in dark locations.
[0057] The light guide film 346 provides a relatively
small restrictive light travel path because both the re-
spective upper and lower surfaces 608 and 702 of the
light guide film are relatively flat, thereby creating a sub-
stantially straight and efficient travel path for the light. As
a result, the light guide film 346 diffuses light with greater
efficiency and effectiveness compared to a conventional
light guide film that is implemented with curved surfaces
to accommodate a dome switch. Thus, the light guide
film 346 diffuses light more effectively and/or efficiently.
[0058] As a result, the light guide film 346 of the illus-
trated example significantly improves the luminance of
the keypad 112, thereby decreasing the amount of en-
ergy required to power the light source 338 because a
light source having a lower intensity (e.g., wattage output)
can be used. Using a lower intensity light provides a pow-
er saving. Additionally or alternatively, the light source
338 may be implemented with a fewer number of LEDs
340.
[0059] Furthermore, the relatively flat light guide film
346 significantly reduces tactility restricting forces, there-
by improving the tactility feedback of the keys 210. Ad-
ditionally or alternatively, providing a substantially flat
light guide film 346 (and at least partially nesting the dome
switches 324 within the cavities 332) provides a more
compact keypad 112 having a low profile or relatively
small dimensional envelope.
[0060] The methods described herein may be carried
out by software executed, for example, by the processor
102. Coding of software for carrying out such a method
is within the scope of a person of ordinary skill in the art
given the present description. A computer-readable me-
dium having computer-readable code may be executed
by at least one processor of the portable electronic device
100 to perform the methods described herein.
[0061] The present disclosure may be embodied in
other specific forms without departing from its spirit or
essential characteristics. The described embodiments
are to be considered in all respects only as illustrative
and not restrictive. The scope of the disclosure is, there-
fore, indicated by the appended claims rather than by the
foregoing description. All changes that come within the
meaning and range of equivalency of the claims are to
be embraced within their scope.

Claims

1. A keypad assembly comprising:

a keypad support having a first surface defining
a cavity; and
an electrical switch coupled to the keypad sup-
port, the electrical switch comprising:

a printed circuit board having at least a por-
tion repositioned relative to a second sur-

face of the printed circuit board, the reposi-
tioned portion being located in the cavity
and the second surface being located on
the first surface of the keypad support when
the printed circuit board is coupled to the
keypad support, the repositioned portion
being attached to the second surface of the
printed circuit board; and
a dome switch aligned with the repositioned
portion of the printed circuit board and at
least partially positioned in the cavity of the
keypad support.

2. The keypad assembly of claim 1, wherein a partial
opening is formed in the second surface of the print-
ed circuit board when the repositioned portion is
moved relative to the second surface.

3. The keypad assembly of claim 2, wherein the repo-
sitioned portion occupied the partial opening of the
second surface prior to moving the repositioned por-
tion relative to the second surface.

4. The keypad assembly of claim 1, further comprising
a light guide film coupled to the electrical switch, the
light guide film having a substantially planar shape
or profile and in direct optical communication with a
light source of the mobile device.

5. The keypad assembly of claim 4, further comprising
an actuator assembly operatively coupled to the
electrical switch via the light guide film, wherein the
actuator assembly interacts with the electrical switch
to generate an electrical signal when a user depress-
es a key associated with the electrical switch.

6. The keypad assembly of claim 5, wherein the actu-
ator assembly comprises a keyweb having a plunger
that directly engages a third surface of the light guide
film.

7. The keypad assembly of claim 4 further including a
keyweb having a plunger, wherein the plunger de-
flects the light guide film toward the dome switch to
activate the electrical switch when a keycap associ-
ated with the electrical switch is depressed.

8. The keypad assembly of claim 1, wherein the first
surface comprises an upper surface of the keypad
support and the second surface comprises a sub-
stantially planar surface of the printed circuit board.

9. A keypad assembly comprising:

a printed circuit board to be coupled to a tray of
the keypad assembly, the printed circuit board
having a tab that is flexibly coupled to a panel
of the printed circuit board such that the tab may
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be positioned in an offset relationship relative to
the panel of the printed circuit board, the tab
being integrally formed with the panel of the
printed circuit board, and wherein the tab sup-
ports a conductive contact of the printed circuit
board.

10. The keypad assembly of claim 9, wherein the tray
defines a cavity formed in a first surface of the tray.

11. The keypad assembly of claim 10, wherein when the
printed circuit board is coupled to the tray, the tab is
positioned in the cavity of the tray and the panel of
the printed circuit board is coupled to the first surface
of the tray.

12. The keypad assembly of claim 9, further comprising
a dome switch at least partially disposed in the cavity
and substantially aligned with the tab.

13. The keypad assembly of claim 12, wherein the dome
switch is coupled to a dome sheet and a dome sheet
carrier.

14. The keypad assembly of claim 13, wherein the dome
sheet carrier engages the panel of the printed circuit
board when the dome switch is disposed in the cav-
ity, and wherein the dome sheet carrier is substan-
tially planar.

15. The keypad assembly of claim 14, further comprising
a light guide film disposed above the dome switch
carrier, wherein the light guide film is substantially
planar.

16. The keypad assembly of claim 15, further comprising
a light source in optical communication with the light
guide film, wherein the light guide film deflects or
channels the light emitted by the light source toward
a keycap of the keypad assembly to illuminate the
keypad assembly.

17. The keypad assembly of claim 9, wherein the printed
circuit board comprises a plurality of tabs.

18. A method for assembling a keypad, the method com-
prising:

providing a flexible printed circuit board having
at least one trace and at least one conductive
contact disposed on a relatively planar surface;
forming a tab in the planar surface of the flexible
printed circuit board, wherein the tab supports
the conductive contact;
repositioning the tab of the flexible printed circuit
board in an offset relationship relative to the pla-
nar surface of the flexible printed circuit board;
and

locating the repositioned tab in a cavity of a tray
and locating the planar surface on an upper sur-
face of the tray, wherein the cavity is formed in
the upper surface of the tray.

19. A method of claim 18, wherein forming the tab of the
flexible printed circuit board comprises removing a
portion of material from the relatively planar surface
about a partial perimeter of the tab after the flexible
printed circuit board is formed.

20. A method of claim 19, wherein removing a portion
of material from the planar surface comprises punch-
ing the planar surface of the flexible printed circuit
board.

Amended claims in accordance with Rule 137(2)
EPC.

1. A keypad (306) assembly (112) comprising:

a keypad support having a first surface and a
cavity (332); and
an electrical switch (304) coupled to the keypad
support, the electrical switch comprising:

a flexible printed circuit board (322) having
at least a portion repositioned relative to a
second surface of the printed circuit board,
the repositioned portion being located in the
cavity and the second surface being located
on the first surface of the keypad support
when the printed circuit board is coupled to
the keypad support, the repositioned por-
tion being attached to the second surface
of the printed circuit board; and
a dome switch (324) aligned with the repo-
sitioned portion of the printed circuit board
and at least partially positioned in the cavity
of the keypad support.

2. The keypad assembly (112) of claim 1, wherein a
partial opening is formed in the second surface of
the printed circuit board (322) when the repositioned
portion is moved relative to the second surface.

3. The keypad assembly (112) of claim 2, wherein
the repositioned portion occupied the partial opening
of the second surface prior to moving the reposi-
tioned portion relative to the second surface.

4. The keypad assembly (112) of claim 1, further
comprising a light guide film coupled to the electrical
switch, the light guide film (346) having a substan-
tially planar shape or profile and in direct optical com-
munication with a light source (338) of the mobile
device.
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5. The keypad assembly (112) of claim 4, further
comprising an actuator assembly (302) operatively
coupled to the electrical switch (304) via the light
guide film (346), wherein the actuator assembly in-
teracts with the electrical switch to generate an elec-
trical signal when a user depresses a key (210) as-
sociated with the electrical switch.

6. The keypad assembly (112) of claim 5, wherein
the actuator assembly (302) comprises a keyweb
(310) having a plunger (314) that directly engages a
third surface of the light guide film (346).

7. The keypad assembly (112) of claim 4 further in-
cluding a keyweb (310) having a plunger (314),
wherein the plunger deflects the light guide film (346)
toward the dome switch (324) to activate the electri-
cal switch (304) when a keycap (308) associated with
the electrical switch is depressed.

8. The keypad assembly (112) of claim 1, wherein
the first surface comprises an upper surface of the
keypad support (306) and the second surface com-
prises a substantially planar surface of the printed
circuit board (322).

9. A method for assembling a keypad (112), the
method comprising:

providing a flexible printed circuit board (322)
having at least one trace and at least one con-
ductive contact disposed on a relatively planar
surface;
forming a tab (328) in the planar surface of the
flexible printed circuit board, wherein the tab
supports the conductive contact;
repositioning the tab of the flexible printed circuit
board in an offset relationship relative to the pla-
nar surface of the flexible printed circuit board;
and
locating the repositioned tab in a cavity (332) of
a tray (306) and locating the planar surface on
an upper surface of the tray, wherein the cavity
is formed in the upper surface of the tray.

10. A method of claim 9, wherein forming the tab
(328) of the flexible printed circuit board (322) com-
prises removing a portion of material from the rela-
tively planar surface about a partial perimeter of the
tab after the flexible printed circuit board is formed.

11. A method of claim 10, wherein removing a portion
of material from the planar surface comprises punch-
ing the planar surface of the flexible printed circuit
board (322).
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