Keyboard Apparatus TECHN CAL FI ELD This technol ogy rel ates generally to
the field of input systens for electronic devices, and 5 particularly to a
keyboard that is especially well-suited for use in a hand-held nobile
conmuni cati on devi ce. BACKGROUND Hand- hel d nobil e conmuni cati on devi ces
are operated by the use of a keyboard. Exanples of such nobil e devices

i ncl ude cellular tel ephones, wreless personal digital assistants 10
(PDAs), two-way paging devices, and others. The keyboard on the device can
be actuated with the fingers of one or both of the user's hands. SUMVARY
A keyboard apparatus conprises & [ of multi-function keys that
toge%/her bealrop 15 actuation i nﬁ%@gar%\éﬁrpﬂaﬁ%t“ﬁuner als 0-9 and the letters
A-Z. The actuation indicia prefeably defines four rows of characters,
including a first row of characters that include the nunerals 0-9, and
further including second, thirdrp@sshdoueigday ows of characters that
together include the letters A-Z Sumarized differently, the keyboard
appar at Us COTWRIE te8RiFol6gWelatef goibidally tof thifidld ONinj@gstentobdedtionid dagitesaddgon
indicia for the nunerals 0-9 and the letters A-Z The keys in each row are
ver t scalphiiciithg@eri@eboatd @inid BedalySaGhitMEfoDfisedn & RfhdHeRMhdHilleWhi ch the rows
are horizontal, to define circular arrays of keys within the rows of keys.
An i ndepentrnicatfopakuice of the keyboard apparatus is a circular array of at
| east six multi-function keys having triangul ar peripheral shapes pointing
radially inward. ({P BACKGROUND -

| Hand-held mobile communication devices are operated by the use of a keyboard.
Examples of such mobile devices include cellular telephones, wireless personal digital assistants
10 (PDAs), two-way paging devices, and others. The keyboard on the device can be actuated with
the fingers of one or both of the user's hands,
SUMMARY
A keyboard apparatus comprises two rows of multi-function keys that together bear
15  actuation indicia for the numerals 0-9 and the letters A-Z. The actvation indicia prefeably
defines four rows of characters, including a first row of characters that include the mumerals 0-9,
and further including second, third, and fourth rows of characters that together include the letters
A-Z.
Summarized differently, the keyboard apparatus comprises rows of multi-function keys
20  bearing actnation indicia for the numerals 0-9 and the letters A-Z. The keys in each row are
vertically staggered, from the perspective of a top view in which the rows are horizontal, to
define circular arrays of keys within the rows of keys. An independent feature of the keyboard
apparatus is a circular array of at least six multi-function keys having triangular peripheral

shapes pointing radially inward.




1 Anot her independent feature of the keyboard apparatus is a multi-function
key having a triangular peripheral shape and three distinct scall oped
surface portions at its three corners, with the distinct scall oped surface
portions bearing respective actuation indicia. The key has the peripheral
shape of an equilateral triangle with rounded corners. 5 BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a front view of a nobile device with a keyboard.
Fig. 2 is a block diagram schematically showi ng parts of the device of Fig.
1. Fig. 3 is an exploded view of parts of the device of Fig. 1. Fig. 4 is
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of an output @evicé 'S a di'sp iIs preferably a full graphic

LCD. A proc eﬁiﬁ.i 79 a%?o\éj( ﬁﬁgijagi sc%a%@ali)ﬁsh&%’x%aﬂs of the device of Fig. 1.

Fig. 3 is an exploded view of parts of the device of Fig. 1.

Fig. 4 is an exploded view showing enlarged portions of the parts shown in Fig. 3.
10 Fig. 5 is an inverted view of a part that is shown in an upright position in Fig. 4.
Fig, 6 is an enlarged front view of parts shown in Fig. 1.
Fig. 7 is a sectional view taken on line 7-7 of Fig. 6.
Fig. 8 is a sectional view taken on line 8-8 of Fig. 6.
Fig. 9 is an enlarged view of the keyboard shown in Fig, 1.
15 Fig. 10 is a front view of an alternative keyboard for a mobile device,

Fig. 11 is another front view of the keyboard of Fig. 10.




schematically in Fig. 2, is contained within the housing 12. The processing
device 18 controls the operation of the display 16, as well as the overal
operation of the nobile device 10, in response to actuation of the
keyboard 14 by the user. This exanple of a keyboard 14 is defined in part
by a front panel 20 of the housing 12, 10 and in part by a plurality of

mul ti-function keys 22 at the panel 20. The multi-function keys 22 and
their correspondi ng actuation indicia 24 together enable a user to operate
the nobile device 10 in a telephony node, in a text-entry node, or in both

the tel ephony and text-entry n?§§£$§i£§éﬁig§@§ﬂ£§e nobi |l e device 10 is
operative as indicated schemati 28220 addition to the 15
processi ng vice 18, other . ts, of the nobile gev' e .10 al so._ar.e shown
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10  and in part by 2 plurality of multi-function keys 22 at the panel 20. The mulii-function keys 22
and their con’esponding actuation indicia 24 together enable a user to operate the mobile device
10 in a telephony mode, in a text-entry mode, or in both the telephony and text-entry modes.
Operation
The mobile device 10 is operative as indicated schematically in Fig. 2. In addition to the
15 processing device 18, other parts of the mobile device 10 also are shown schematically in Fig. 2.
These include a commumnications subsystem 30; a short-range communications subsystem 32; the
keyboard 14 and the display 16, along with other input/output devices 36, 38, 40 and 42; as well
as memory devices 44, 46 and various other device subsystems 48. The mobile device 10 is
preferably a two-way communication device having voice and data communication capabilities
20  and preferably has the capability to communicate with other computer systems via the Internet.
Operating system sofware executed by the processing device 18 is preferably stored ina
persistent store, such as a flash memory 44, but may be stored in other types of memory devices,

such as a read only memory (ROM) or similar storage element. In addition, system software,




The processing device 18, in addition to its operating system functions,
enabl es execution 5 of software applications 50A-50N on the device 10. A
predeterm ned set of applications that control basic device operations,
such as data and voi ce conmuni cati ons 50A and 50B, may be installed on the
device 10 during manufacture. In addition, a personal information manager
(PIM application may be installed during manufacture. The PIMis
preferably capable of organizing and nanaging data itens, such as e-mail,
cal endar events, voice nmails, appointnents, 10 and task itenms. The PIM
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items via a wireless network 52. Preferably, the PIM data items are seamlessly integrated,

synchronized and updated via the wireless network 52 with the device user's corresponding data
items stored or associated with a host computer system. An example system and method for
accomplishing these steps is disclosed in "System And Method For Pushing Information From A
15 Host System To A Mobile Device Having A Shared Electronic Address,” U.S. Patent No.
6,219,694, which is owned by the assignee of the present application, and which is incorporated
herein by reference.
Communication functions, including data and voice communications, are performed
through the communication subsystem 30, and possibly through the short-range communications
20 subsystem 32, The communication subsystem 30 includes a receiver 54, a transmitter 56, and
one or more antennas 58 and 60. In addition, the communication subsystem 30 also includes a
processing module, such as a digital signal processor (DSP) 62, and local oscillators (L.Os) 64.

The specific design and implementation of the communication subsystem 30 is dependent upon




Mobit exTM Data TACTM or Ceneral Packet Radi o Service (GPRS) nobile data
communi cation networks and al so designed to operate with any of a variety
of voi ce conmuni cati on networks, 5 such as AWPS, TDVA, CDWVA, PCS, GSM etc.
O her types of data and voice networks, both separate and integrated, may
also be utilized with the.nobile device 10. Network access requirenents
vary dependi ng upon the type of communi cation system For exanple, in the
Mobi t ex and Dat aTAC networ ks, nobile devices are registered on the network
using a uni que personal identification nunber or PIN associated with each
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10  GPRS networks, however, network access is associated with a subscriber or user of a device. A
.GPRS device therefore requires a subscriber identity module, commonly referred to as a SIM
card, in order to operate on a GPRS network.

When required network registration or activation procedures have been completed, the
mobile device 10 may send and receive communication signals over the communication network

15  52. Signals received from the communication network 52 by the antenna 58 are routed to the
receiver 54, which provides for signal amplification, frequency down conversion, filtering,
channet selection, etc., and may also provide analog to digital conversion. Analog-to-digital
conversion of the received signal allows the DSP 62 to perform more complex communication
functions, such as demodulation and decoding. In a similar mauner, sig_nals to be transmitted to

20  the network 52 are processed (e.g. modulated and encoded} by therDSP 62 and are then provided
to the transmitter 56 for digital to analog conversion, frequency up conversion, filtering,
amplification and transmission to the communication network 52 (or networks) via the antenna

58.




receiver 54 and the transmtter 56. For exanple, gains applied to

comuni cation signals in the receiver 54 and transmtter 56 nay be
adaptively controlled through automatic gain control algorithns

i npl emented in the DSP 62. 5 In a data communi cati on node, a received
signal, such as a text nessage or web page download, is processed by the
comuni cati on subsystem 30 and is input to the processing device 18. The
received signal is then further processed by the processing device 18 for
an output to the display 16, or alternatively to sone other auxiliary 1/0
devi ce 36. ch as
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10 VO device 36, such as a touchpad, a rocker switch, a thumb-wheel, or some other type of input
device. The composed data iterns may then be transmitted over the communication network 52
via the communication subsystem 30.
In a voice communication mode, overall operation of the device is substantially similar to
the data communication mode, except that received signals are output to a speaker 40, and
15  signals for transmission are generated by a microphone 42. Alternative voice or audio /O
subsystems, such as a voice message recording subsystem, may also be implemented on the
device 10. In addition, the display 16 may also be utilized in voice communication mode, for
example to display the identity of a calling party, the duration of a voice call, or other voice call
related information.
20 The short-range communications subsystem 32 enables. communication between the

mobile device 10 and other proximate systems or devices, which need not necessarily be similar

devices. For example, the short-range communications subsystem 32 may include an infrared




provi de for comrunication with simlarly-enabled systens and devi ces. The
nobi | e device 10 may al so include a predictive text conputer programthat
is used in conjunction with the keyboard 14. A predictive text conputer
program may, for exanple, be 5 used to predict a conplete word or phrase
fromone or nore keystrokes. If the predictive text conputer program does
not successfully predict a desired word or phrase, then text-entry
characters may be entered nore conpletely, albeit nore slowy, by selecting
the appropriate characters on the keys 22. Keyboard Structure 10 The

internal, structure of the keyboard 14 is_jllu ated iin Fig. . This
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! Kevboard Structure

10 The internal structure of the keyboard 14 is illustrated in Fig. 3. This includes a molded
plastic sheet 80 that defines the keys 22, an underlying chassis 82 that supports the keys 22, and
a dome actuator panel 84 beneath the chassis 82. The dome actuator panel 84 overlies a printed
circuit board (PCB) 86.
The keys 22 are formed as raised portions of the molded plastic sheet 80 that project
15  upward from a thin planar base portion 90. Every key 22 has the same size and shape. Each key
22 on the sheet 80 thus has the configuration of the individual key 22 that is shown in enlarged
detail in Figs. 4-8.
Three side walls 92 of the key 22 project vertically from the base porti.on 90 of the plastic
sheet 80. The side walls 92 provide the key 22 with the peripheral shape of an equilateral
20 triangle with rounded corners, as best shown in Fig. 6. A top wall 94 of the key 22 has an
actuation surface 96 upon which the actuation indicia 24 (Fig. 1) appears. The contour of the
actuation surface 96 defines distinct surface portions that correspond to the actuated positions of

the key 22. In this example, the actuation surface 96 is recessed from an otherwise dome-shaped




3 contour at three distinct portions 100, 102 and 104. These portions 100,
102 and 104 of the actuation surface 96 all have the sane size and shape,
as best shown in Fig. 6. Specifically, each has a concave scall oped
configuration that occupies nearly one third of the actuation surface 96.
They are located at the three corners of the actuation surface 96, and are
separated fromeach 5 other by the three generally distinct branches of a
non-recessed portion 108 of the actuation surface 96, as shown fully in
the front viewof Fig. 6. As further shown in Figs 5, 7 and 8, the key 22
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from the top wall 94 at locations directly beneath the three actuation surface portions 100, 102
and 104, respectively.
A cylindrical bearing structure 120 also extends vertically downward from the top wall
94 of the key 22. However, the beaning structure 120 does not reach vertically downward to the
15 - bottom of the side wall 92, and is centered on a vertical axis 121 at the center of the top wall 94.
A concave inner surface 122 (Fig. 7) of the bearing structure 120 faces axially downward
through the open lower end 124 of the bearing structure 120. A portion 126 of the concave inner
surface 122 has a spherical contour.
The chassis 82 helps to prevent the user from moving any of the keys 22 into more than
20  one actuated position at a time. In this example, the chassis 82 is a unitary plastic part that
includes a plurality of posts 130 projecting vertically upward from a panel 132. Every post 130
has the same size and shape which, as best shown in Fig. 7, is conical with a spherical upper end

surface 134 centered on a pivot point 135. The radius of curvature of the spherical upper end




surface 134 centered on a pivot point 135. The radius of curvature of the
spherical upper end 8 surface 134 is equal to the radius of curvature of

t he spherical inner surface portion 126 of the bearing structure 120 on
the key 22. Any one or nore of the posts 130 could function as a |ight

pipe if the chassis 82 were fornmed of a suitable plastic material and
provided with a source of Ilight. 5 The nunber and arrangenent of the posts
130 on the chassis 82 are the sanme as the nunber and arrangenent of the
bearing structures 120 on the keys 22. Each post 130 is surrounded by a
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actuator switches 140 that overlie corresponding groups of three contact structures 142 on the
PCB 86. This enables cach key 22 on the sheet 80 to fit together trvith the chassis 82, the dome
actuator panel 84 and the PCB 806 in the operatively interconnected relationship shown in the
sectional views of Figs. 7 and 8. At each key 22, the three plungers 110, 112 and 114 extend
15  through the comresponding group of three apertures 137 in the chassis panel 132. The lower ends
116 of the three plungers 110, 112 and 114 rest on the corresponding group of three dome
actuator switches 140. The key 22 projects upward through a bezel opening 143 in the housing
panel 20, and the actuation surface 96 at the top of the key 22 is spaced upward from the housing
panel 20. The spherical inner surface 122 of the key 22 rests on the spherical upper end surface
20 134 of the corresponding post 130. Preferably, the pivot point 135 is located vertically between
the upper and lower side surfaces 146 and 148 of the housing panel 20.
A user of the mobile device 10 can move the key 22 to an actuated position by manually

engaging any one of the actuation surface portions 100, 102 and 104 at the top of the key 22. For



A user of the nobile device 10 can nove the key 22 to an actuated position
by manually engagi ng any one of the actuation surface portions 100, 102
and 104 at the top of the key 22. For 9 exanple, if the user nmanually
applies a force downward against the key 22 at the first actuation surface
portion 100, the panel portion 90 of the plastic sheet 80 wll deflect to
allow the key 22 to nove relative to the other parts shown in Figs. 7 and
8. The spherical inner surface 126 of the key 22 will then slide on the
spherical upper end surface 134 of the post 130 so that the key 22 5 noves
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telep holryﬁc?'angn etit%ért of the other two actuation surface portions 102 and 104 by depressing either of
those surface portions 102 and 104, and thereby to press the respective plunger 112 or 114
against the éom:sponding switch 140 in the same manner. In each case, the key 22 is returned to
the rest position by the return spring action of the switch 140 when the user releases the key 22.
15  Although the chassis 82 could be omitted, it is preferably included in the keyboard 14, as shown
in the drawings and described above, to help prevent the user from moving more than one of the
plungers 110, 112 and 114 on a key 22 into actuating contact with the corresponding switches
140 at the same time.
As noted above, the keys 22 and their actuation indicia 24 enable a user to operate the
20  mobile device 10 in a telephony mode, in a test-entry mode, or in both the telephony and text-
entry modes. In the example of Fig. 1, the keyboard 14 has multi-function keys 22 that together

bear actuation indicia 24 for a complete QWERTY array of functions, numerals 0-9, and letters

A-Z. Rather than having a standard telephone keypad arrangement in which the numerals 1-9

10




entry nodes. In the exanple of Fig. 1, the keyboard 14 has nulti-function
keys 22 that together bear actuation indicia 24 for a conplete QNERTY
array of functions, nunerals 0-9, and letters A-Z Rather than having a
standard tel ephone keypad arrangenment in which the nunerals 1-9 10 are
arranged in three rows above the nuneral 0, the nunerals for the tel ephony
node of operation extend across the top of the QAERTY array in order from
0-9, and further serve as the actuation indicia for nunerals in text. As
indicated in Fig. 9, the keys 22 are arranged in two rows 150 and 152, and
the 5 adj acent .keys
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An alternative arrangement for the keys 22 on the keyboard 14 is shown in Fig. 10. As
described above, the keys 22 of Fig. 9 are arranged in two rows. The keys 22 of Fig. 10 also are
arranged in two rows. A "row" of keys is defined here as a linear array of keys in which keys
that are adjacent to each other along the length of the array have positions that overlap at leést

15  partially across the width of the array. From the perspective of the top view of Fig. 9, each of the
two rows 150 and 152 of keys 22 has a horizontal length and a vertical width, and the keys that
are adjacent to each other along the length of each row 150 and 152 have positions that overlap
fully across the width of the row 150 or 152. In this respect the two horizontally elongated rows
170 and 172 of keys 22 that are shown in Fig. 10 differ from the rows 150 and 152 of Fig. 9

20 because the keys 22 that are adjacent to each other in those rows 170 and 172 are shown to have
positions that overlap only partially across the width of the row 170 or 172. In other words, the
keys 22 in each of those two rows 170 and 172 are vertically staggered, whereas the keys 22 in

each of the other two rows 150 and 132 are vertically level.
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20 because the keys 22 that are adjacent to each other in those rows 170
and 172 are shown to have positions that overlap only partially across the
width of the row 170 or 172. In other words, the keys 22 in each of those
two rows 170 and 172 are vertically staggered, whereas the keys 22 in each
of the other two rows 150 and 152 are vertically level. 11 As further shown
in Fig. 11, the inverted staggered positions of the keys 22 in the two

rows 170 and 172 presents the appearance of three distinct circular arrays
181, 182 and 183 wthin the two roms 170 and 172. The circular arrays 181,

172 Setons” BB PR R BB BRI 0
o %ﬁé-ps%s,@%a DRSSP SRR R TPEY 802 155
Pt e RN T RO M T AT L
cctuatl “%%L%%:S i $§gé@$§y§§%§f%&@£ﬁﬁaﬁ%%e@ o the
i ks R e
f”rtc.h?thgalvfg*ﬂ?féa%ﬁ%ﬁfqﬁ%@%?%ﬁ%l BT R R L
o SRR kG L T BRI, 2 0
e A A e S i g
v St g m&?}’ﬂﬁ? 1683 aﬁfsﬁgg%%%ﬁfﬂfe%éﬁﬁg FanatBhh Y 0C
0 BF Wb RO dfiGs60R%20F 1041% u raadlzﬁgf inder 08 DAVEKSL Y HMNRL point
radially inward, and further have arcuate edges 200 that together give the visual impression of a
circle.
This written description sets forth the best mode of the claimed keyboard apparatus, and
describes the claimed keyboard apparatus to enable a person of ordinary skill in the art to make
15  and useit, by presenting examples of the elements recited in the claims. The patentable scope of
the keyboard apparatus is defined by the claims, and may include other examples that occur to
those skilled in the art, Such other examples, which may be available either before or after the
application filing date, are intended to be within the scope of the claims if they have structural
elements thai do not differ from the literal language of the claims, or if they include equivalent

20  structural elements with insubstantial differences frorm the literal language of the claims.
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el ements that do not differ fromthe literal |anguage of the clainms, or if
they include equival ent 20 structural elenents with i nsubstanti al
differences fromthe literal |anguage of the clains. 12 Cainms: 1. A
keyboard apparatus (14) conprising: rows (170, 172) of nulti-function keys
(22) bear @@gactuation indicia (24) for the nunerals 0-9 and the letters
A-Z, char ¥ized in that the keys (22) in each row are vertically
staggered, fromthe perspective of a top viewin which the rows are

hori zont a| to define circular arrays (181, 182, 183) of keys within the
rows of k]eys  keypoppd APPTERIS AEP SPEPUENSs defined in claim 1, wherein the

actuation indigha ﬁ%@n)%ﬂﬂuﬁtﬁﬁineuén kéa»é\@zque@hﬁ%gaﬁﬂoﬁmdlmtmmghea first

row of characters that i'ncl ude nunerals 0O further including
second, tlmmeeials &t andthet lﬁtterr@verszo@haémé@ & dhaf st keys G40t Mesach ieY @ie t he
letters r ous

cl ai ns, ere| ﬁ%ﬁgéct3g$?§géﬁaﬁ?€0g£§§‘%5€gﬁ%ﬁ?@QEEB%ﬂég%MHaﬁﬁa QNERTZ

or a AZERDYetine arcqu’@RNﬁ (481,492, 183) & Kepy bohindhapparcdkers. accordi ng to one of
t he previous clains, wherein the keys (22) have triangul ar peri pheral
shapes and the adjacent keys in each row are inverted relative to each
other. 5.2A keyhaghdnapp@ﬁﬁhMSSaﬂhﬁddmnghﬁd oihercaf tht hetupti@yindick @Hpi s,
mherein th r OWs gf keys oget her defi.ne three circ arrays of

t | a
eoee ! 6. SeTiney Bun oS 5P shaears. Mg b BTG obhhess, gl BRLaE e

\MISr ei n tﬂ@n&@néa) 9,( 2R u¥LEr PRRARLI MEor kiR, Qhd FolraNedia of Shaikdro fia€ deVI ce
(10) together include the letters A-Z.

3. A keyboard apparatus according to one of the previous claims, wherein the
actuation indicia (24) comprise a QWERTY or a QWERTZ or a AZERTY or a
DVORAK array.

4, A keyboard apparatus according to one of the previous claims, wherein the keys
(22) have triangular peripheral shapes and the adjacent keys in each row are mverted

relative to each other.

5. A keyboard apparatus according to one of the previous claims, wherein the two

rows of keys (22) together define three circular arrays of keys.

6. A keyboard apparatus according to one of the previous claims, wherein the keys

(22) are operative parts of a handheld electronic device (10).

7. A keyboard apparatus according to one of the previous claims, wherein each

circular array of keys includes at least six keys (22).
8. A keyboard apparatus according to one of the previous claims, wherein at least
one circular array of at least six multi-function keys (22) has triangular peripheral shapes

pointing radially inward.
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7. A keyboard apparatus according to one of the previous clainms, wherein
each «circular array of keys includes at |east six keys (22). 8. A keyboard
apparatus according to one of the previous clains, wherein at |east one
circular array of at least six multi-function keys (22) has triangul ar
peri pheral shapes pointing radially inward. 13 9. A keyboard apparatus as
defined in claim8, wherein the circular array is one of a plurality of
cir _culhar gflr r ﬁYA kefboaid dp@@l&fus&icsi}ieflml.tﬁtij:l clﬁaﬂﬂﬂg,tdvmghﬂ)ﬁ&hﬁﬁﬁj arfeaMib 2ge ofd anlgul ar
peri pheral shapes pointing radia inward, and the i.n the circular
arrays bedraliycogsubH AT ot éiﬂ?{\; rssxsm{?-@namdws d?%ﬁwl% AZERTY
or a DVORAKph@h! adhped pHiaiBE 3hdally Blvided Sandaitd HeynGh B Sirculhh afhycendapar d
apparatus according to one of the previous clains, wherein at |east one
nul ti - f uristyagan kekjcig oenprisieg @QWE%ﬁ‘émr AQWER TS oA ZBREB T 2V PR e
di stinct ﬁﬁg&kgﬂﬁgakﬁﬂ%éécﬁmﬂﬁ&%kﬁﬁs at its three corners, with the
di stinct sc IIopedrsﬂr ace portions bearing respective actuation indicia
(24). 11. A keyboard apparatus as defined in claim10 wherein the key (22)
has the  REri PRALGhoasHARSrls AuofHE ISR Hind FoABN Saild! Brb@liniedagor ner s.
one multi-function key (22) has a triangular peripheral shape and three distinct scalloped

surface portions at its three corners, with the distinct scalloped surface portions bearing

respective actuation indicia (24).

11. A keyboard apparatus as defined in claim 10 wherein the key (22) has the

peripheral shape of an equilateral triangle with rounded corners.
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