Keyboard Apparatus TECHNI CAL FI ELD This technology 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 nobile devices
include cellular tel ephones, wireless personal digital assistants 10
(PDAs), two-way pagi ng 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 appar at us conprisesd%mg r gf of nmulti-function keys that

toget her bear 15 actuation i ndtePRPNPPAHE yunerals 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, thirdrpaididQuikhpr ows of characters that
together include the letters AZ —Summarlzed differently, the keyboard

appar at us COMnRfsitgBiol6EMWElaRf odiball dyrofthmﬁém mnﬂsﬁyﬁteng@ort&e@ﬁémde%&w%d on
indicia for the nunerals O- % and the letters A-Z. The keys in each row are

vertigal ;Layuoataagwxagboaid amié &ﬁe&ﬁl&%ﬂ%ﬁhéﬁ%ﬂfse ﬁa 419R3-%E18 Wobfle Whi ch the rows
are horizontal, define circular arrays of keys within the rows of keys.
An Indep@ﬂﬂﬁﬂkm&ﬁﬁkykg of the keyboard apparatus is a circular array of at
| east six multi-function keys having triangul ar peripheral shapes pointing
radially inward. | Another indepgnpdenirdig@bure of the keyboard apparatus is
a nulti-function key having a
Hand-held mobile communication devices are operated by the use of a keyboard.

1]

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
fhe-fmgers 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 actuation indicia prefeably
defines four rows of characters, including a first row of characters that include the numerats 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 actuation 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.




triangul ar peripheral shape and three distinct scalloped surface portions
at its three coners, with the distinct scalloped surface portions bearing
respective actuation indicia. The key has the peripheral shape of an

equi lateral triangle with rounded corners. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1is a front view of a nobile device with a keyboard. Fig. 2
is a block diagramschematically show ng parts of -the device of Fig. 1.

Fig. 3 is ari exploded view of parts of the device of Fig. 1. Fig. 4 is an
expl oded vi ew showi ng enl arged portions of the parts shown in Fig. 3. 10
Fig. 5is an t that is shown | i.ght position

inverted vjew of a.pa N, an upri
g 4. Aagthegngeperdentiue AEhE kevbrad gpnsiaigis pEpHEHONRTEEE R 1. Rig.

7 is a sectional.yiewtaken.on J.ine 7-7 of Fig. 6. Fig, 8 is a sectional
Ui Laneae prripbegt R ael qldlGisfrnbp M sufiel partons v atPee TG
keyboar d

shown in.Fig. 1. 15 Fig. 10 is a front viewo n alternative
Koyboar i G5 ained subir Etonsfreshe ebeelvediBuner i andbfeadpufe f ne
keyboard of . Fi 10, 2 TAl LED DESCRI PT]| The apparatus 10 shown in Fig.
| has paW?@h?ﬂgpmﬁPgmﬁ§&ﬁ%F@§“6ﬁBEW 8 f8¥%ecited in the clainms. This
appargtus 10 i s a hand- 0 ile ini_cation d-gice i ncludi ng a housing
12, a keyboard 14 and arotn v : YRS n Fig. 1, this exanple
of an out put i.ce i isplay 16, .which is preferably a full graphic
LCD. A pr oceﬁ-ﬁéf%%ﬁvs%t%%‘”%g?m%% e"u‘“%"”é'ﬁ%\}\‘ﬁ%"%@ ematically in Fig. 2, is

tai ned wthing. ' ool ' devi . trol th
Comr ot on ot Tk L ENRURLI0 A T FERFRTRLOR MG e 0 17 S i1
device 10, 1 g hESRONFRaLQATEHA Snhetdge gYPOAT d 14 by the user.

Fig. 4 is an exploded view showing enlarged portions of the parts shown in Fig. 3.

i0 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.




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 multi-function keys 22 at the
panel 20. The nulti-function keys 22 and their correspondi ng actuation
indicia 24 together enable a user to operate the nobile device 10 in a

t el ephony node, in a text-entry node, or in both the tel ephony and
text-entry nodes. Operatin The nobile device 10 is*operative as indicated
schematically in Fig. 2. In addition to the 15 processing device 18, other
parts of the nobile device 10 al so are shown schematically in Fig. 2.

These include a comuni cati ons subsystem 30; a short-range comruni cations
subsystem 32; the keyboard 14 Qﬁﬁéﬁﬁgﬂ@ﬁggﬂg§ﬁ¥%, al ong with other

i nput / out put gevices 36, 38,. 40 and 42; as well _ as_penory devices 44, 46
and various Jt'RERPAFEGIEshaNE Fig bAss pas thetqee syapplesoldhs slereenigeqid inyr ef er abl y
a two-way conmupj cation device having, voice and data conmuni cation

capabi | i £'f gaimso This appsratysd 04t Jend-held ppobilecomupmiqation deyice JiidREcRPEME t h ot her
conmput er_systens via the Interpet, Operating fﬁften1softmare execut ed by

the procks8rngogeyf aud apdufpyt ¢avice 40 ofyf 3howp &t BE T Husexapmale of @ @fitut devtee, such
as a flash menor 4, but be stored in other types of nmempry devices,
such s §2disalgy b% I“éll‘i’i*éﬁHF’i?gF\\é{G\ﬁ‘“ geplde ke Pa @?@F%@@%W%%WCIIPW%&B’W tion,
systen1soLtmaJe .3 speqific,dgvlce applications, or parts thereof, may be
t enpor ar $°hSmatisalydn Figng-ds epniried pithia thg homsing 12 (e Presessing ARAesmS£08EUS nenor y

(RAM 46, Communi cation signals, received by the nobile  device 10 al so may
be st or e PRFT3GE ogéiﬁxﬁ%‘?y ﬁ%@s Pribesdbsqvit gatrptim of §1e mabile defieei 8ritt o it s

operatin systen1functé§nﬁ, enabl es execution 5 of software applications
50A- 50N GFPORFFde aeivAteR o e koybpard hebuihaffed set of applications that control
basi ¢ device erationg, such as data_ and voi ce communi cations 50A and 50B,
may be i nst il phk s B e PRIt Py A ToRLRAIFI0 o fhedawdng ldn, a

ersonal informatiqQn nager. PI application my be_ jnstalled durin
ﬁan ufSct Hddn parhhy qjﬁma{gtgr oﬁ%@#@@é@p%@g gg Bi the pnel 20. The multi-function keys 22 g

and their corresponding 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 communications subsystem 30; a shott-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 fo communicate with other computer systems via the Internet.
Operating system software executed by the processing device 18 is preferably stored in a
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,



. organi zi ng and managi ng data itens, such as e-nmail, cal endar events, voice
mai | s, appointnents, 10 and task itens. The FEWapplication is al so
preferably capabl e of sending and receiving data itens via a wrel ess
network 52. Preferably, the PDA data itens are seanl essly integrated,
synchroni zed and updated via the wireless network 52 with the device user's
corresponding data itens stored or associated with a host conputer system
An exanpl e system and nmethod for acconplishing these steps is disclosed in
"System And Met hod For Flushing Information From A 15 Host System To A
Mobi | e Devi.gce. Havi ng. A. Shared El ectronic Address, " U.S. Patent No.

6. 210, 6OTEUGRISHE FEPTSHISBH bRl G g P ETBP e RO Ut VST et on. and
whi ch is incorpoyated herei reference. Conmmuni catiqn functions,
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comuni catj on subsystem 30, and possi bly through the short-range

communi ¢ VPBﬁ%dgﬁﬁ¥%WH§V§$@ﬁ$%§¥&fﬁe communi cati on subsystem 30 includes a

recei ver 54, transmtter 56, d one or nore antennas 58.and 60, In
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nmodul ¢, such as a.digit i.gnal processar SP). 62, and | ocal oscillators
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may 1 ncl ude C ni cation subsystem 3Q designed to _operate with the

Vobi 1 ot oh TEAERT D} dotime By AR E R LG PESO B8 29851 | o dat a
conmuni cation _.networks an | sQ desi gned t rate_w fh an f a variety
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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 cwned 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 (LOs) 64.

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




networ k using a uni que personal identification nunber or PIN associ ated

w th each device. In 10 GPRS networ ks, however, network access is
associated with a subscriber -or user of a device. A GPRS device therefore
requires a subscriber identity nodule, commonly referred to as a SM card,
in order to operate on a GPRS network. VWen required network registration
or activation procedures.have been conpleted, the, nobile device 10 nmay
send and recei ve comruni cation signals over the communi cati on network 15
52. Signals received fromthe conmuni cati on network 52 by the antenna 58

are routed to the receiver 54, é@lch provi des for, signal anplification,
frequenéﬁe m%ﬂw%w n WP*{ F megile devica b isintgnded trqperate. Shrexamgley may

al so pr |de gg to dwg!% conver si on, Analo% to-digital §§ﬂ¥5r5|on of
t he rec Kisf 1A %&9%%%%%%&?%&%@@@@&91ﬁ%@@dsﬁwﬁwgwm ni cation
functlons such as denpdul ati on and_decoding. In a simlar manner, signals
to be tr4pEKTE PateT8TY of Rensd FageiRag %Cﬂpggék%‘é}ﬂle(dém@m%%‘l‘%ed and
encoded) by the DSP 62 and are then provided to the transmitter 56 for
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signals, the DS OVId s for_caontrol of the. receiver 54 and the
transn1t$%?a%6“ p@gﬁ 0 by hilieed 3yt theaekils dedsfiini cation signals in the

receiver 54 and t ansnltter 56 may be adaptively controll ed through
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comuni cati on node, a received signal, such as a text nessage _or web page
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t he processi device 18. The received signal is then further processed by
the pr oc’é‘g@‘?rgg‘“"%?/}‘%%“eﬁmf’%l ‘dﬁﬁ“fg’ﬁ?m‘mlbﬁr EREN aﬁ?‘é‘ﬂ?‘&‘?’lﬂlﬁa"h 88vicst {Rr nati vel y

to s auxi l.iary 1/0 device, 36. eyi ce user nmm SO
%TE 8£’lt<1§ networks, however, network access is assomateg w\{th a subscr?ber or user of adevice. A

GPRS device therefore requires a subscriber identity module, commonty 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,
channel 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 commumication
functions, such as demodulation and decoding. In a similar manner, signals to be transmitted to
20  the network 52 are processed (e.g. modulated and encoded) by the DSP 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.




conpose data itens, such as e-mail nessages, using the keyboard 14 and/or
sone other auxiliary 10 VO device 36, such as a touchpad, a rocker swtch,
a thunb-wheel, or some other type of input device. The conposed data itens
may then be transmtted over the conmunication network 52 via the

comuni cati on subsystem 30. Jn a voice comuni cati on node, overal
operation of the device rs substantially simlar to: the data conmmuni cation
node, except that received signals are output to a speaker 40, and 15
signals for transm ssion are generated by a m crophone 42. Alternative

voi ce or audio 1/0 subsystens, such as a voice nessage recordin%

subsyst em maR2d41HOB IHROTHIES PRI B signals. PR &2 rrgvidesforgpgireliodthe ¢ he

di splay 16 . may al,so be utilized in voice conmunication node, for_ exanple
to di spl™s§Fehet tddRRtrARsMiger 20 FaT pemglepsiinsprplief & uraiaioFeaisybtige cal | |

or other voice call related information. 20 The short-range comruni cations
subsyst RTEST shal| rREsRIEGHYG My BF PARIYRSY saeEalladfoughpmtomatie gy e'eh and ot her
proxi mate systens or devices, which need not necessarily be simlar
devices.a$%ﬁ%qﬁ%§ﬁﬁF@W“iW%h%m%#?Zrange communi cati ons subsystem 32 may
include an infrared 6 device and associated circuits and conmponents, or a
Bl uetbot hTm &EbHRhFEHRIItMRICe? fescivedsemplaaich gy a S ¥ TARIFASE 8t VPR t h
simlarly-enabl.ed systens and devi ces. The nobil e device 10 nmay al so
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with the keyboard 14. A predictive text conputer program may, for exanple,
be used® &3{15 FESERY e S1ealdd ST HrBenispegssst DY e RBeessing Asviied Sdpr amenukiadst r okes.
If the predictive text . conputer program.does not successfully predict a
desi r ed WA 18rorgHeradiEelyip spme Abar 2wy VO dRurets: o SevisgypsB@agdlser ed nmore
conpletely, alpeit nore slowy, by selecting the appropriate characters on
the key SCW?SGI@?B@@F’(W@( 38 §@pqi} 1Ressages, using the keyboard 14 and/or some other auxilary

10 /O device 36, such as a touchpad, a rocker switch, a thumb-wheel, or some other type of input
device. The composed data items 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




10 The internal structure of the keyboard 14 is illustrated in Fig. 3. This
i ncludes a nolded plastic sheet 80 that defines the keys 22, an underlying
chassis 82 that supports the keys 22, and a done actuator panel 84 beneath
t he chassis 82. The done actuator panel 84 overlies a printed circuit
board (PCB) 86. The keys 22 are formed as raised portions of the nol ded

pl astic sheet 80 that project 15 upward froma thin planar base portion 90.
Every key 22 has the sane size and shape. Each key 22 on the sheet 80 thus
has the configuration of the individual key 22 that is shown in enl arged
detail in Figs, 4-8. Three side walls 92 of the key 22 project vertically
fr om t helemigs andpssaciatsd caerils £nd qrempgnents i Blapteth™gommppisatipagediigite s 92
provi de the key 22 wiith the peripheral shape of an equilateral 20 triangle
Wit h routierade PbrRspaunicglionwith siggrlrcnapledpygtens anddeyisps- wal | 94 of the key 22
has an actuation surface 96 upon which the actuation indicia_ 24 éFig. 1)
appears. The 1&gAPB degice { fmay alsq nglidompredistiva st eranmybsr Pregemdhadds ¥ed insur f ace
portions that_ correspond to the actuated positions of the key 22. In this
exanpl e, “PREctRMRPOTFYRFG He o Iredipdverayd QR PISHIERY G fH X irRle bdome- shaped
7 contour at three distinct portions 100, 102 and 104. These portions 100,
102 ahd Usehiogrediqia complply Hordny rhisre e onorangre kydtekehd! dgpeeditivedednd shape,
as best shown in Fig. 6. Specifijically, each has a concave scall oped

conf i gurmPEiT PREEmsieList Becesellily predife deiredavort onnhease e dPt-6H s ur f ace 96.
They are located at the three corners of the actuation surface 96, and are
separ at edPPFISIHTE bR crfeigd Figre agyrpictaly: elbpibmotssinailn by yelerting ths@pppptiditches of a
non-recessed portion 108 of the actuation surface 96, as shown fully in
the fronttaprlEwoBfhedeys2%6. As further shown in Figs. 5, 7 and 8, the key 22
has a group of cylindrical plungers 110, 112 and 114. The plungers 110,
112 and 114 have | ower ends 116 t hkevboad Sguelie) y spaced vertically

downward fromthe base portjon 90 of the nolded plastic sheet 80. The three
pl u nb%r S 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 portion 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 hasan
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



10 110, 112 and 114 are located at the three coners of the key 22, and
extend vertically downward fromthe top wall 94 at | ocations directly
beneath the three actuation surface portions 100, 102 and 104,
respectively. A cylindrical bearing structure 120 al so extends vertically
downward fromthe top wall 94 of the key 22. However, the bearing
structure 120 does not reach vertically dowward 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 | ower %é4 of%&he beari ng
structur"é’mi’ﬁ"()amﬂe%?“tﬂﬁd’ﬁ“@%l% 19%784 Lo cHwes nogies 10%6?% 4049555 o
spherical contour. The chassis 82 helps to prevent t he user from npvi ng any
of the k@t}@ﬂ%ﬂtfme&ﬁﬁt%vetth%ﬁm%e e"rﬂeshatﬁ trdetdhygsindisof apeciicelingah| n this
exanpl e, the chassis 82 is a unitary plastic part that includes a
pl ur al i thps aponsaessalipge GRBpERion At owsrripTRty oRFt of the tSHEECTRHEe 9?32 Every
- post 130 has the sanme size and shape which, as best shown in Fig. 7, is
coni cal WeyRredosgsAat the dree samers o& g actgttt@flawéwi%@t apdife sspagied from eﬁpkt/ot poi nt
135. The radius of curvature of the spherical upper end 8 surface 134 is
equal’ t OORHEY thedhregesgerally divtnct praches (tfﬁé“’%fﬂ?%‘is?‘tﬁ’lmanméf’ @ P‘tt%?&@nportl on 126
of the bearing structure 120 on the _key 22. Any one or nore of the posts
130 coul YHREHTOL FoHOBRS UAY 11 G frontyigrerfiFie phe chassis 82 V\ere formed of a
suitable plastic material_and provided with a source of ght. 5 The
nunber and ar‘ﬁﬁeﬁ"@@ﬁﬂ‘rﬁ“’né‘? ‘tgﬁé @Q%thfjey%hatsﬁgrq}tﬁgggﬁ@d%@g}p%gefﬂé sane as
the nunber and arrangenent of the_ bearing structures 120 on the keys 22.

Each postl?28$li% T@@H"&%H’@dlwﬂé1?‘&%‘5&6&%"76\96“6@:16%‘3%“t%?‘éﬁespaﬁértur es 137

t hat extend hroug anel 132. The_ nunber and | ocations of the
aper t ur e¥rHeghy @ﬁ@“ﬂ% 98! tha groldsd lastic sheet 59 emeﬁﬁre%%lﬁﬁgeﬁs t he
nunber and Iocatl ons L[?l ungers 110, 112 and 114 be5|ﬂ t he b(earl ng
st rud¥ ur &Y, YPgmd 114 are 10cated at the thre& corners of the key 22, and extend vertically downwar

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 bearing 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




10 the keys 22. In the sanme arrangenent, the done actuator panel 84 has
groups of three done actuator switches 140 that overlie correspondi ng
groups of three contact structures 142 on the PCB 86. This enabl es each
key 22 on the sheet 80 to fit together with the chassis 82, the done
actuator panel 84 and the PCB 86 in the operatively interconnected

rel ati onship 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 correspondi ng
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 correspondi ng group of
three déﬁ@acealgf el iy tedive of cravgturerpidhgseringl 1pnes sERCE PRTHNRES O(fﬁ'feough a
bezel opening 143 in the housing panel 20, and the actuation surface 96 at
the top BSPREFEUERR 13501 Ge kiople AN PRAPIMITE ghibe pestsHal spg funpligners adight The
spherical inner surface 122 of the key 22 rests on the_ spherical upper end
sur f ace DIy 1§84 chyssiy $reverg fqrmsd et pdlatic matsrialpnd providpg yith g gRuresiaf ot poi nt
135 is located vertically between the upper and | ower side surfaces 146
and 148 Wt he housi ng panel 20. A user of the nobile device 10 can nove
the key 22 tg an actuated position by nanually engaging any one of the

act uation surPatEshssrnd agsasersot of {iypogty 430 gnythe ghag Bpthefamens theey 22. For 9
exanple, if the user manyally applies a force downward agai nst the key 22
at the fiuyder adepaieenrnt ok the beriae seetures 29 on thekpys 23a Fath Rost ¥06h 90 of the

pl astic sheetﬁgo wll deflect to allowthe key 22 to npve relatjive to the
ot her pafreurdadinne feppeiiyggroup of figeesperities 194 that Paepd trpvalytheppneldde. T8% of the
key 22 will then slide_on the spherical upper. end surface 134 of the post
130 so t'Hubex 47 19eayons of G apsyuees Smsxgp By PaBHIRC ke BrtBtS2 567 the SAFSS The
first plunger 110, which is |ocated directl beneath the first_ actuation
sur f ace BORERSH eSS PHGH HEoHBESTa bt AT bl the apectneies 12000 n ¢ ho
chassi s papel %32 to deflect the underlying done actuator switch 140 into
engatfb et X 24 Initheseps prangpmR; fh@d%erﬁcéetor el & hap grovpsofdhies danepcB 86.
This provides th rocessing device 18 (Fig. 2) with input corresponding
to the i35Hewr amzﬁe%w%ﬁlwéwqﬂf%@ﬂa@f’%?g %rﬁuw? g OpaT SRt 2 o the

PCB 86. This enables each key 22 on the sheet 80 to fit together with the chassis 82, the dome
actuator panel 84 and the PCB 86 in the operatively interconnected relationship shown in the
sectional views of Figs. 7 and 8. Ateach key 22, the three plungers 110, 112 and 114 extend
| 15 through the corresponding 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 houging
panel 20. The spherical inner surface 122 of the key 22 fests 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



10 the key 22. The processing device 18 is alternatively provided with

i nput corresponding to the indicia on either 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 corresponding swtch 140 in the sanme manner. |In each ease,
the key 22 is returned to the rest position by the return spring action of
the switch 140 when the user rel eases the key 22. 15 Al though the chassis
82 could be omtted, it is preferably included in the keyboard 14, as shown
in the draw ngs_and descri bed above, to hel p_prevent the user fron1nDV|ng
nor e t haXapple 161#16 pre magaiy gliss a4 Pere dwgwa'ﬁagal@whs kexacipednstpipdionet uat i ng
contact with the corresponding switches 140 at the sane time. As noted
above, tHEaqedpEion IO e repRd periigh P ek theiMastia gncet 89 vwill defieshiogligw thedey €30 per at e
the 20 nobile device 10 in a tel ephony node, in a test-entry nopde, or in
bot h t henewsIrepiiEns the AHhes Raxis ﬁhoe@fﬁtm 91%&6@@% 8. ihe sphericaldnnes swiase li/ﬁ the; the
keyboard 14 has nulti-function keys 22 that together  bear actuation

ndi oi & 1 22 31l BoR i PR ie AR VIR Pty suERo G e AS! LHUMARARE KT & and
letters A-Z. Rather than having a standard tel ephone keypad arrangenent in
Whi G ¢ HEOYFREPallS aopuesha pyvel peini F 15a e 415 PIOFatF LD, MRS 1B Am@nuner al 0,
the nunerals for the telephony node of operation extend across the top of
t he QUEFbPReash tha first petigfigesurfosainriénng 00 dhen metes Aynviet Beouglhyits gperturg 4818t i on
indicia for nunerals in text. As indicated in Fig. 9, the keys 22 are

ar r angedihf Fhaesipanehis? tostilant dhe pgderiying o éC‘Bat%ﬁﬂWéPE% HO ipte\paggegment @ithy ow 150
and 152 are inverted relative to each other. The keyboard 14 thus._ has two
rows 150 FRITOHRPARE coRiact FIuCtiFR AR o e 80 Thisawrovides &@tﬂﬁ%{’ﬁsﬁﬁ denes H a 24
def|n|ng four ~rows 161, 162, 163 and 164 of characters. These in¢lude a
first roisehwigh ngHspaespeldinete thednicia o orthe first iwgtionsigfags portimr 1 0P AL | ude
second, third and fourth rows 162, 163 and 164 that together_ include the
char &&t ethe koy 2. Jibg pgesiring dgvigei 1§ isdlemadyelonayided g carrespendingsadheet e t he

QNERTY

indicia on either 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 corresponding switch 140 in the same manner. In each case, the key 22 1s 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 mult-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 m which the numerals 1-9

10




10 array. An alternative arrangenent 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
adj acent to each other along the length of the array have positions that
overlap at least 15 partially across the width of the array. Fromthe
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 w dth, and the keys that

are adjacent to each other along the | ength of each row 150 and 152 have
posi t i orfée ¥HEEAGY Brsedpws pheve (he aunerald, thsauperisporghe telgghanymodsof or 152, | n
this respect the two horizontally elongated rows 170 and 172 of keys 22
that ar ePSHENheNGRd pergss thafop pf tfl%&fﬁw R i ey fopp0-8rrgd figthepgeryeiagtheg 20
because the keys 22 that are adjacent to each other in those rows 170 and
172 ar e KW pgcin L aumgglsiin ieghs t hat 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 Agnefliceted inFig & dieticrad? ae yraaersan 8P rowh &50d i6hantdigs 22 in  each
of the other two rows 150 and 152 are vertically level. | | As further
showr® i radigegt kays in eagh rqwy L a%and 45%arg gyeteddelposite pash sther Thgkeybeyd 13usn t he
two rows 170 and t72 presents the appearance of three distinct circular
arrays gt womys dsfhandd32 ofmltifanclipekeyig2 pesriag acratign dicia24 defiging fovg ul ar
arrays 181, 182 and 183 also are arranged in a horizontal row, and overlap
such t hatows hel: 4@k ditiandrifapf tigpactess. ddrseiaduden fpgrew bYl dehaades fthene 5 fjr st
and third arrays 181 and 183. The inverted positions of the triangular keys
22 cont rivsras §-8 and fathes ipglpdesecoaphist addeurtrown 5% p3emd 464 tpldtogedeT 182 and
183 because the keys 22 are thus  arranged to point radially inward toward
t he centigflgdephechagigtersyyrd alopg with vempus fyneaenabeharggtars figd complgo the QWEREY The
actuation surfaces 96 at the tops of the keys 22 also contribute to the

ci rcl ar®™ppear ance of these three arrays 181, 182 and 183. This is

because the scal |l oped actuation . o
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 Ieést

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
fally 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
l;eys 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.
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10 surface portions 100, 102 or 104 at the radially inner coners of the
keys 22 likew se point radially inward, and further have arcuate edges 200
that together give the visual inpression of a circle. This witten
description sets forth the best node of the clainmed keyboard apparatus, and
describes the claimed keyboard apparatus to enable a person of ordinary
skill in the art to nake 15 and use it, by presenting exanples of the

el ements recited in the clains. The patentable scope of the keyboard
apparatus is defined by the clains, and may include other exanpl es that
occur to those skilled in the art. Such ot her exanples, which may be

avai | abl e ei PREFIERTSYRindhe A+ e wyeied sepparednesitions of theikayp 234 e t¥p e i nt ended
to be within the scope of the clains if they have structural elenents that
do not dPY§ &0 addpg l%rﬁ@nqs theappaeranesf ggedignct drsular arans81ot82amd dBby i ncl ude
equi val ent .20 structural elements with insubstantial differences fromthe
literal Wiligyta§ee ws ¢ Hbang|142-mEhe cirpula agmays 81, 182 apd k& abwareeempsuine us
conprising: two rows of multi-function keys that together bear actuation

i ndi ci a ogFoNH & apbevsriap pclythatiheisecens aray { 8 is defingd impartRykeyard4n Bicappar at us
as defined in claim1 wherein the actuation indicia defines four rows of
char act &g anq Hiid gapyid Shagd 183t Tholvested pprtions pEthe riapgplarikays 23¢entribe funer al s
0-9, and further including second, third, and fourth rows of characters
that togBt HEwlar spraese phike fMarergpys 1814823nd Kxbegmerthekapgarstis as defined
inclaiml wherein the actuation indicia conprise a QAERTY arra 4. A
keyboar Fapgratapqiat radaliydpyag ipviapd the %nﬁﬁlaﬁh%@%iﬁ%ﬁ‘m@e AERYe L8 angul ar
peri pher al shapes and the adjacent keys in each row are inverted relative

to each 'G2RBE 1835 Thaagkeign sirtices g at he thes akthekeys Adalsq penEibatep HeRi@HE n t he

keys in each row are vertically
appearance of these three arrays 181; 182 and 183. This is because the scalloped actuation

10 surface portions 100, 102 or 104 at the radially inner corners of the keys 22 likewise point
radially inward, and further have arcuate edges 200 that together give the visnal 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 use it, 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 that do not differ from the literal language of the claims, or if they include equivalent

20  structural elements with insubstantial differences from the literal language of the claims.
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| evel fromthe perspective of a top viewin which the rows are horizontal .
6. A keyboard apparatus as defined in claim4 wherein the keys in each row
are vertically staggered fromthe perspective of a top viewin which the
rows are horizontal. 7. A keyboard apparatus as defined in claim6 wherein
the two rows of keys together define three circular arrays of keys. 8 A
keyboard apparatus as defined in claim1l wherein the keys are operative
parts of a handheld el ectronic device. 9. A handheld el ectronic device
that includes the keyboard apparatus of claim1l. 10. A keyboard appar at us
conprising: rows of multi-function keys bearing actuation indicia for the
nuner al <BI0S: and the letters A-Z with the keys in each row being

vertical ] tqggere fron1the.$erspect|ve of a top viewin which the rows
are horl%ont£1 bosrerepiAYS CIPRESIEY arrays of keys within the rows of keys.
13 11. A keyboard a us, a ined in cl 0 wherejin eac i.rcul ar
array of keyd" iocr e i tod Sub Tt fEmay e suilen il e aBRERE L e

defi ned cl.aim wherein the keys have triangul ar peripheral shapes and
t he adj e 1g EVE&' each row are inverted relative to each other. 13. A
keyboar d appai

nuner al s*-and t’j‘faé 3 pgrteafﬁlls ng glf“gf]o‘g: “’él %}%E‘R‘W}E%CF“&{\}OQST &g:ﬁg % or t e
oL ect oS C&g%ssgaﬁ b e, B SRt SR P LB R0 1o
PR e N N
cireul ar ar ' (’j}!ykeyl%oa(r)c[I apparatus as defined in claim 1 wherein the actuation indicia comprise a

QWERTY array.

4. A keyboard apparatus as defined in claim 1 wherein the keys have triangular peripheral

shapes and the adjacent keys in each row are inverted relative to each other.

5. A keyboard apparatus as defined in claim 4 wherein the keys in each row are vertically

level from the perspective of a top view in which the rows are horizontal.

6. A keyboard apparatus as defined in claim 4 wherein the keys in each row are vertically

staggered from the perspective of a top view in which the rows are horizontal.

7. A keyboard apparatus as defined in claim 6 wherein the two rows of keys together define

three circular arrays of keys.

8. A keyboard apparatus as defined in claim 1 wherein the keys are operative parts of a

handheld electronic device.

9. A handheld electronic device that includes the keyboard apparatus of claim 1.

10. A keyboard apparatus comprising:

rows of multi-function keys bearing actuation indicia for the numerals 0-9 and the lstters
A-Z, with the keys in each row being 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.
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plurality of circular arrays of at least six nmulti-finiction keys having
triangul ar peripheral shapes pointing radially inward, and the keys in the
circular arrays bear actuation indicia conprising a QAERTY array of
nunerals, letters, and functions. 17. A handheld el ectronic device that

I ncl udes the keyboard apparatus of claim15. 18. A keyboard apparatus
conprising: a multi-function key having a triangul ar peripheral shape and
three distinct scalloped surface portions at its three comers, with the

di stinct scalloped surface portions bearing respective actuation indicia.
19. A ke époard agparatus as defined in_claim18 wherein the key has the
peri pher Wfd apRpraws o Jelipeh g clapy il%Wb?f@n\ﬁﬁ‘c@ﬁ“i‘%ﬁr?&éﬂ“%ﬁ%%‘“ %0. A

handhel d el ectroni c device that includes the keyboard apparatus of claim
18, 14 & Ieast six keys.

12.  Akeyboard apparatus as defined in claim 10 wherein the keys have triangular peripheral
shapes and the adjacent keys in each row are inverted relative to each other.
13. A keyboard apparatus as defined in claim 10 wherein the indicia for the numerals and
letters are located in a QWERTY array,
14. A handheld electronic device that includes the keyboard apparatus of claim 10.
15. A keyboard apparatus comprising:

a circular array of at least six multi-function keys having triangular peripheral shapes

pointing radially inward.

16. A keyboard apparatus as defined in claim 15 wherein the circular array is one of a
plurality of circular arrays of at least six multi-function keys having triangular peripheral shapes
pointing radially inward, and the keys in the circular arrays bear actuation indicia comprising a
QWERTY array of numerals, letters, and functions.
17.  Ahandheld electronic device that includes the keyboard apparatus of claim 15.
18. A keyboard apparatus comprising:

a multi-function key having a triangular peripheral shape and three distinct scalloped
surface portions at its three corners, with the distinet scalloped surface portions bearing

respective actuation indicia.

19.  Akeyboard apparatus as defined in claim 18 wherein the key has the peripheral shape of
an equilateral triangle with rounded corners.

20. A handheld electronic device that includes the keyboard apparatus of claim 18,
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