-1 HANDHELD ELECTRONI'C ‘DEVI'CE I NCLUDI NG VI BRATOR HAVI NG DI FFERENT

VI BRATI ON | NTENSI TI ES AND 'METHOD FOR VI BRATI NG A HANDHELD ELECTRONI C :
DEVI CE 5 BACKGROUND OF THE I NVENTION Field of the Invention This inventiaon
pertains generally to handheld el ectronic devices and, nore particularly,
to handhel d el ectronic devices including a vibrator. The invention also °
relates to a nmethod for vibrating a handheld el ectronic device. 10
Background Information In known handhelld el ectroni c devi ces enpl oying a
vibrator, it is believed that there is only a single fixed, non-zero ;
setting for the | evel WANDHELD EXBCTRONIODEVICEINCLUDING per mnute (RPM .
This RPM | evel i¥IBRANGQRHAVING DIFFERENIECIBRATTION INTENSIEIER ANR| vy very hi gh
vi bration int ensMEJHOIYEOR VIBRATINGA HANUHEID ELEGTRONIEENIEEdevi ces, :
whi ch inplement personalized ring tones, based on installable ring tones,

in conbination with vibrat iBﬁCKGB@EﬁQf(mTImMION

http://free- l,- eal s. conl pages/ Spri nt - Noki a- 3588i . ht m and

http: / / ww. Cﬁ” PRERRLURE om PDF/ Manual s/ VX3100. pdf. It is believed that
such knovvn cel | ul ar tBhemhmenplmmmgmennpw}:dsdtemfﬂeomzﬂddmlv‘mtasianﬂt, t echni ques.
t hrough ring rre rate cuit (1C)) and by:
turning vibr ]ﬁgre&f%ggﬁ%rﬁdtogjf?&wdvﬁwgém r’%ﬁ%ﬁ&/fmﬁ'ﬁf ?{qf’ emﬁf%ﬁ‘ vi brat or .
duty cycl e anascaelaionistaamithodifinrdliratong a}nammtelﬂalct:tmmc@aecd(nom cel lul ar

t el ephone;glevice Bﬁné\iﬂfgﬁﬁ_ 5%gveer al vibrator settings along with tones in

whi ch "the n ons" is varied. It is believed that such known
cel lul ar tel ephone devlndieombpmm«bdemhnicdevi:&meinpiﬁﬁng)mzbmtonmﬂ t he vi brator

ey SRy bR ANRH8Re Pl MOBas TR I8 ke b hP1cDE FRY A handne d

controls for conpute A°¢onst ant
vibration i ntlevtgiltﬁ\}olutioms peg mittoiRFM)o This ﬁvmeveﬂusngimauysek@ dorrespordiitng a VI B

regi ster that féﬂﬂteg}'@eqﬂﬁgﬂwﬁaﬂﬂoﬁﬁte%@'l%l of a directly driven vibrator in:

128 steps. rovide an-on and off option to enable or
di sabl e, Bi) respectl veTlgcreﬁemmbld}ﬂarﬁmphomehwtwmthmtemeet " state of a

handhel d e eCl B fiE (it balloRERANINEL Y LT Bl YaEidigt ract | o,

it is known Cé) errpﬁ2 Shta em t]? gtOe for I ca P%%l%i' an event

in such "out- QﬁE,.ﬂqug:@}gie"ht@g/@qee-ceﬂ-phone-deals com}’pages/Spnnt~Nokta-35881 htm; and
http:/fwww.northcoastpes.com/PDF/Manuals/VX3100.pdf. Itis believed that such

“known cellular telephone devices provide custom vibration techniques throngh ring

20  tones(eg, Wlth amelody integrated circuit (IC)) and by turning vibration on and off,
‘while employing a constant on/off vibrator duty cycle and a constant vibration
intensity. One known cellular telephone device provides several vibrator settings
along with tones in which “the number of vibrations” is varied. It is believed that
such known celiular telephone device sequences the on and off pattern of the vibrator

25 . and employs a constant vibration intensity. It is believed that handheld controls for
computer games including a vibtator employ a constant vibration intensity. Itis
known to provide a melody IC including a VIB register that could adjust the intensity
of a directly driven vibrator in 128 steps.

It is known 1o provide an on and off option to enable or disable,

30 . respecti_vely, a vibrator for the “out-of-holster” state of a handheld electronic device.

Aliernatively, for minimal user distraction, it is known to employ a light emitting

diode for notification of an event in such “out-of-holster” state.




-2 Accordingly, there'is roomfor inprovenent in handheld electronic
devices including a vibrator, and in nmethods for vibrating a handheld

el ectronic device. SUMWARY OF THE I NVENTI ON 5 These needs and others are :
met by the invention, which provides one or both of attenuated and varied:
vibration intensity response in a handheld electronic device including a |
plurality of different operating states and a plurality of correspondi ng
vibration intensities. As one aspect of2the invention, a handheld .
el ectronic device 10 conprises: a housing; a processor circuit including a:
plurality of different P&Eﬁﬂﬁgﬂyﬂgere&traér@ﬁ)rﬁﬁﬁoﬁﬁwﬁkuﬁEdahﬂhékﬁéﬂadﬁﬂm@ plurality |
of different %;ates 5@rres ondl?r}%I 0 ﬁ; | east _sone of the different
operating stat 8 eHpEAY i metredsfor jdhrafins abppdheld slecliwic  adapted to
vibrate the hdws¢eng at a plurality of different intensifies; a control
circuit adapted to activate ( different intensities
responsive to the different S - kit of the processor ,
circuit and correspondlmgsemeed&hﬁiﬁheré ﬁ&ﬁﬂeﬂﬁz&ﬁﬁn@é‘nﬂcﬁ heicH pfovRESHE Operating
states; and a p@mg Ourﬁsﬁﬂg%@-ﬁd tQ mer at | east one of the. processor:
circuit, the Vi bBFarh § ?W@P” FﬁmqﬁEﬁﬁmm%$@ﬁFWﬂ%ﬁailng -
states may - |n@:lbv:idaemﬂmdmmtxralimfmffeﬂeﬁt%p&ﬁlﬁigﬁtatdémlﬂﬁhﬁtg of N-hol ster, .
out - of - holster n- u nd stored, and non-use and not- 20 stored.
The processor C|§%u P ng P@W@%ﬁ nclude a plurality of different :
notification events of Ashes maedbeheinebtich, hoakdbeld @Mtiesic d%vlwuti ne may be

adapt ed tqnde current on di fferent erat states and
to out put qphetcﬁ{rﬁsgsr aé‘% usﬁgaff%rgces%%f’lfcélgfﬁﬁ’ﬂgﬂﬁ@ pi"ﬁahg’?:f eé ®f the

di ff erent not iskicsatdiapnupvientisg aphirdhheafdﬁfemhmtal&ctonébpﬁﬂd&@tto arleasof the

di fferent ope

The, contraol circ ude a |ight
sensor adapt eéa%%&glé ns]gérgrﬁ OB?I%Pgl ﬁ ¥ 201 br?f??‘f”&’r‘%ﬁ? L‘P‘is’é‘é’td‘? Yf%’ré'r?ﬁ ity levels.
The processor adapted i hbmyha‘hmmmat alpmdlm;dﬁ déffer¢n® titankifesaslapireititgit det er m ne
i f the handhel vice IS use. The rout. ne, .esponsive to
the ‘sensed di ?% r%(lca1 gotcicl'n‘l?fxgl%@e i mtendt t;h d’lﬂg’(‘?%‘l eSS T ST t°tﬂP1ee‘£ﬁ%Y hel d
el ect r oni d3deviigeof the ¢utpuy gﬁhe Prageson mpcmit aai aaespesdingditngt kas safe éthe ;
different sta her eof ntroI cui ;
activate the %E%fgﬁtfwél?gpﬂ &lﬁg Stg# ? ﬁ& éfw*ef e tile Iap?eﬂtcf Rk f"téga%od’F Pt@ﬁondl ng to’
t he corr espongfonggsessiscuitf the Widragirfahdthe nontist citeais. - 3

The different operating states may include at least two of the group

- ‘compiising in-holster, out-of-holster, in-use, non-use and stored, and non-use and not
20 . stored. The processor circnit may further include a plurality of different notification
events of the handheld electronic device. A routine may be adapted to determine a
current one of the different operating states and to output the different states
 corresponding to a current one of the different notification events and the determined
current one of the different operating states. |
25 The control circuit may include a light sensor adapted to sense a
plurality of different light intensity levels. The processor circuit may further include a
Toutine adapted to determine if the handheld electronic device is in-use. The routine,
responsive to the sensed different light intensity levels and whether the handheld
electronic device is in-use, may output a corresponding one of the different states of
30 - ﬂ:e out.put'thereof. The control circuit may activate the vibrator at one of the different

intensities corresponding to the corresponding one of the different states.




As anot her ‘aspect of the invention, a handhel d el ectronic device

conpri ses: a housing adapted to engage a hol ster; a sensor including an

i nput adapted to sense engagenent of the housing with the hol ster and an
out put responsive to the sensed engagenent, the output responsive to the
sensed engagenent including one of 5 an out-of-holster state and an

i n-hol ster state; a processor circuit including a routine, an input

recei ving-the output of the sensor, an-3-an output having a plurality of
different states including a first intensity state and a second different

intensity state; an i DRWhotRdrhpitlof SORREHHRL! NEntcldbidREPIRRESSOr Circuit;
an output circult, cooperating wt h h rocessor circuit; a vibrator )

¢ the ,
Wi thin the hoG¥PRiEes: & Rensifgpfapted o %&%Ptaé@?steﬁ apensol ipeladiee anjemkadapichg at a

plurality of e dechiicBfiscrhétk 8NE kduSiSs with BRALE®R! anfiah G activate.
the vibrator at the %hi*gffer ent irlllt e%si‘ti es res%gr%?%&tgogﬁﬁég@gﬁ?er ent :

states of theSTSuhePeREBsnts theoylpub resransive iojthesansed engagementjosketingmapEe adapt ed

to pover at | emsit-oBR6lsiefstatd 4@ aR OSSR HateCd Frbdtsdor cit IR in‘éiuﬁfn?%%uﬁﬁ&d the
control circuit, wherein the routine of the processor circuit 1's adapted

to output to CRHEPHSHENER Re qunyt of thayensor, aad an qytrankaving aplwaliey af5 when t he
sensed engagedERfeni shadsislhstlidaNei-Q Wy hal éid%rseﬁﬁlﬁﬁﬁfereﬂﬁ%ieﬁ%ﬁz sigcond
u

different intensity state when the sensed engagenent |nc s the
i n-hol ster st &t BPUCSHER CRARSATA With Beamtessericitedt; eupuip crjuitapenstating vi br at or

at one of a f it tholpRIcedasr dirkuit; & HoERSROMM AhduGing, WG VitlchiSt adhfibfgSi ty state and
at a secoqg di f?rg intensity,  corresponding to the second different
t alBraleige

intensity ; g a iRy of e mtensigesy p eentiebsircihadapigdton plurality -
of different aaipes deivitgatSianineditfeifl hdiths dspdrBRslo hiifGreRlsratdd8r@EOUP
conprising the o,]#t-&%- hol ster .state, the in-holster state, in-use, non-use
and stored, aR#PHEhDEERSHY CHEHE apdgyhewer sppse adapied tonowsr 2t daptons of nay f urt her

i nclude a pl utieipidcyss@fcircliif, fhe mibidiornad ik &l GRuR ARk BE rofaR off@Ndhel d

el ectroni c deyi ce, The.r.o?%%i née of the processor circuit may further be 25
adapted to deP@FFTRE A FPRRL oSHRUHP Heifentep! pircui plirg Jensity #ige st ates and to
out put onés ofvhtrtbe stifcl efi@Btmat Rt RBesER J LDV BEtel MdFelHéongNt one of -the
di fferent not'.fﬁi i eve%%%%gd t he determ ned current one of the

caft.l on. [
di fferent opelating StoHy &gt FEEEagiecrs Sisfudestag infhglstenrtes@d adapt ed to
determine if wheeinBarditel dreitactwaenie vbeNdraforcs s h ArstsRnsi§he dif f erent

states of the_output. o he 30 processor circuit may further include a
third differeh rreﬂ%’f‘émn {Ottée@td{ltg%’t*ﬁtémla?f{ﬂtiaﬁ@oﬁq differl ieRsE¥Essor circuit nmay .
further be adegegdndiog uhgustonddiffeh@t BRAsifyQlateci rcuit the third different

Lntensi tysgtate when g, g RG0SR al Dk TS LS, Rl ! Ster

operating states including at least three of the group comprising the out-of-holster
state, the in-holster state, in-use, non-use and stored, and non-use and not stored. The
"processor circuit may further include a plurality of different notification events of the
“handheld electronic device. The routine of the processor circuit may firther be
' 25  adapted to determine a current one of the different operating states and to output one
“of the different states corresponding to a current one of the different notification
events and the determined current one of the different operating states.
The processor circuit may further be adapted to determine if the
handheld electronic device is in-use. The different states of the output of the
30  processor circuit may further include a third different intensity state. The routine of
the processor circuit may further be adapted to output o the control-circuit the third

different intensity state when the sensed engagement includes the out-of-holsier state




and when the processor ¢iTtcuit determines that the handheld el ectronic :
device is in- use. The control circuit may activate the vibrator at a third
different intensity corresponding to the third different intensity state. :
The routine may be a first routine, and the processor circuit may 5 f
farther include a second routine. The first routine may determne if the
handhel d el ectronic device is in-use based upon the second routine being
activated. As another aspect of the invéation, a nmethod for vibrating a
handhol d el ectroni c device conprises: enploying a plurality of different

notification eudwha thdprotebdr fisvni Bekehik 86t hORInGhHEMIESEnic 8R0VLNg a
plurality of diff renttﬁfgerati n?c states_of 10 the handhel d el ectronic

devi ce; enpl oyFfig & "B GIPE A8 Fotefpe fepBitonst biad fibieniirerdyty | evel's; and

configuring t kerrbpndinglteihe iedtdimnintintb@diyGatd 0 sel ectively vibrate at the
~different vibration ianﬁnsi Yy levels as a function of a current one of the:
different notification &VEHESTLHY afirsiiprianeadihiepioeestos ergitiagr ent oper at i ng

states. Thé netdipdinciage f wednh AUt MTHei B4 reRh IR defelthiny ir8RHaAdHRI Ng the 15
current one of the.dd' fferent 2) erati ng states;. and automatically vibrating:

the handhel d SSPSEGISHIOEs Fstielased wpon theiepqud sestias bRpEAsEvast. t he di f f er ent

vibration intensity | evslasothddageet of B Mvihin Clth&iRRI o NGy AHARargdiafl f er ent
notification %yeents cfmd t he .deterHrIi ned current one of the different

operating st at s o HEV Rt HPHFeS R orRaRauralifypf diffuen aptficefiongveHeoldi f f er ent
operating 20 shedbiheldfelctingidvrnidhetgloping @ blubiliCorditkEoferBR thes @ oup
conpri si ngg n-ﬂ{g%l S e e QUL -.-o%:-. hol si?er, and out - of - hol'ster and i n-use. The*
met hod may further Conpr S8 EHSrHSPlegmg e Phphly ofdifferrat vibrberiakesityoperating
states a pl ur &velsyand tontiighiretiy HandHel ddetbigc RIS % Rfech 3B ERIREL el ectronic’
device; auto j l. et.ermning a current one of the different operating:
nmodes; and Zgﬁ}affgfeglrrvé I]atg%’lqlg?ns\l}?%el”%f?srﬁg‘f‘ n A IHE e ridhs 48P device at a
cor r espondi ngnefisatin evéngs andiafefiremeode of i Iipfr@Pogentigngitty | evel s based upon -
the current one of the éxfnf r;}g;@f%ﬂﬁtification events and t he determ ned

" current one of the different. RGO e dutomaticalbdeleaainiAg e ur t her .
conpri se ilAi t Patdnyongiobhatiffegent dyeratingdites shd aeloBEida0iiGra68yine Bardhei@ne of the
different vib ' intensi | evel s; angi ng the 30 one of the
di fforent vibe lg%’gﬁ Cﬂ."ﬁ%"’eﬁéﬁ%"'*‘?"e’\\é%@e %ﬁ’% ‘ﬁ%‘?ﬂg alb%ag;n PisdrveSonpr i se
conti nuously b#sedhgionghetchaen nge afthe diffigerd hfiffeb@ntevantdna tie@Bteinihansi ty | evel s

over tiMme. -Scurentone of the different operating states. :

The method may forther comprise selecting the different operating
20  states of the handheld electronic device from the gfoup comprising in-holster, cut-of-
holster, and out-of-holster and in-use,
7 The method may_ﬁmher comprise employing as some of the different
operating states a plurality of different operating modes of the handheld electronic
device; automaticaily determining a current one of the different operating modes; and
25  automatically vibrating the handheld electronic device at a corresponding one of the
: Fiifferent vibration intensity levels based upon the current one of the different
- notification events and the determined current one of the different operating modes.
The method may further comprise initially vibrating the handheld
electronic device at_one of the different vibration intensity levels; and changing the
30  one of the different vibration intensity levels.

The method may further comprise continuously changing the one of

the different vibration intensity levels over time.




BRI EF DESCRI PTI ON OF THE DRAW NGS A ful |l understanding of the invention can
be gained fromthe fol l'owing - description of the preferred enbodi nents when
read in conjunction with the acconpanying drawings in which: 5 Figure | is
a bl ock diagram of a handhel d el ectronic device in accordance wth the [
invention. Figures 2 and 3 are bl ock diagram of handhel d el ectronic devices
in accordance with other enbodiments of the invention. Figure 4 is a bl ock
diagramin schematic formof a handhel d3el ectronic 10 device vibrator '
drive control circuit in accordance with an enbodi nent of the invention.
Figure 5 is a block di agr BRIENDESCRIPEION OF AHRIEAWROGSHer handhel d -
el ectroni ¢ device vibrat drive.co al circuit in cordance, wi t h anot her;
embodi ment  of the invg}lﬁl:ﬁénrléerﬁén%‘g}%@éﬂmémﬁ%@@a %&W?ﬁo‘g@ﬁen&ti c form
of anot her hanle{vegptibn bStheprefetredonbodithems eRenvédd irbdoffimdlioh wRh @entrol circuit in;
accordance w th her, enbodi t of the invention. Figure 7 is a
flowhart of a croglg%}y’r?gdléa}%n&ﬂnevgg y the processor circuit of Figure 2.
Figure 8 i $ a fl owchar tFigfe las n bidth di@rexaahicdyledbiic p&aRes&Eeddmbd cui t of
20 Figure 3. Ei. -9B forma flowhart of a configuration routine for -
a handhel d elv%%ﬁegﬁﬁegéaévi ce in accordance w th another enbodi nent of the'
invention, Figure 10 i Figurdlandd dt blockatiagiams sCkadmid clecldiddeditesan handhel d

el ectroni c deyj j di,n i br.at drive control circuit in accordance';
with anot her \%‘“@ﬁ%ﬁ%%@%ﬁ%ﬂ%ﬁ?ﬁ%‘s ?fﬁ‘gﬁéﬁ‘{"f‘%"r‘?: DESCRI PTI ON OF THE PREFERRED -

EMBODI MENTS As enpl oy edigner &is a plobhdiagren in schehasit orth of b Biddhaxgessty i ncl ude,
but not bg |igH;d s ject. enpl oyed to tenpqrarily bold, carry, use
and/ or store t elregfijorﬁggrore%] ogﬁgiﬁrfﬁtlg%%%&“ﬁtgﬁgﬁ%ﬁ’gﬁf‘@fﬁ@ﬁ%@mfso As ;
enpl oyed herein, the t &rgwre Tiehbbivk diagraniit schanait For@)of iiefist YanidiRdd ude, but -
not be i m t ediBYomicABY¥cSlithGh deve SUSH &S.- for exanpl.e,  an. integrated circuit
or -6 mel ody generat or, a a}f)ﬂtqt"é1 e?%%alecﬁrgﬂrlé 'éiccﬁﬁ%?cg%tgﬁ?% eIBanP ™ mor e
si gnal s repr egéthe inwgption. _

B Figure 6 is a block diagram in schematic form of another handheld

15 electronic device vibrator drive control circuit in accordance with another embodiment
of the invention.
Figure 7 is a flowchart of a routine executed by the processor circuit of
Figure 2.

:_F igure 8 is a flowchart of a rontine executed by the processor circuif of
20  Figure 3.
Figures 9A-9B form a flowchart of a configuration routine for a
handheld electronic device in accordance with another embodiment of the invention,
Figure 10 is a block diagram in schematic form of a handheld
elecironic device including a vibrator drive control cirenit in accordance with another
25 . embodiment of the invention,
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As employed herein, the term “holster” shall expressly include, but not

be limited by, any object employed to temporarily hold, carry, use and/or store therein
or therewith a handheld electronic device.
30 As employed herein, the term “melody circuit” shall expressly include,

but not be limited by, any circuit, such as, for example, an integrated circuit or




a plurality of different electrical and/or audible tones or nel odies.
Referring to Figure 1, a handheld electronic device 2 is shown. The device
2 includes a housing 4 and a suitable processor circuit 6 having an output’
8 5with aplurality of different states 10,12. A vibrator 14 is disposed .
Wi thin the housing 4. The.vibrator 14 is adapted to vibrate the housing 4
at. a plurality of different intensities 16,18. A control circuit 20 is '
adapted to-activate the vibrator 14 at-the different intensities 16, 18
responsive to the respective different states 10,12 of the processor

circuit outpuimeBdy gensﬂatot azbifpeed@@g@eraﬁgﬂdf&%u%&t&@ogmorealggﬁﬁ feBleyehtirgs adapt ed
to. 10 power one or rocessor circuit 6, the vibrator 14 and

the control CPP]é‘fﬁhfyOfélffefﬁﬂhdw‘???]t@ii@”é%@ﬁﬁ@éOﬁflelad’?ﬁandhel d electronic

devi ce are discl osed lRefehain&oﬁgir@mtaHh@&eld@ieééénmlce@mh&mﬂ&%&SO whi ch
are incorporated ference herein, .15 Exanpl.e The processor circuit 6

may include adpPe é?‘i dss %ﬂuamﬁé?%ﬁult@&&raqeﬁﬁeg°1rcﬁﬁéé%vuzgem@utpub?ev. ce in-use;

device idls; dﬂﬂbﬁlﬁrzﬂi@ﬂdf@ﬁﬂdﬂﬂsm& 10[10IA S ftdter ﬁhsedlsiﬂoié‘d%ﬁﬁithe Kughes 10, 12 of
t he processor ciraﬂté_{drray correspond sonme ar_all of those

c
di f ferent opef’*aﬁeh‘gbrﬁ‘% E?d’rﬂtff?%ﬂw@Pﬁ‘%l"tatQBI“ffﬁvoéékff%’{ e the vibrator
14 at the 20 gitdhkigeersiisi ALORE bikR8 2@6“&%;.@% EASRR HvitEnéa43LmE some or all

of the di ffer&% r';;Lgratl ngP des. g}lé shgws anot her handhel d

el ectronic defiswnianiensiies Tl eipén%‘?to E‘I’SB‘?J’E ° diffprenisiaisg 1Q42 offlP a suitable
processor Ci r piobdssodGirdionmgt B Qﬁtblﬂélfgoﬁsdeﬁ&bz@egiB&hb&zﬁkh&a;steeio di fferent
states 40,41,42. A vibrator 44 is disposed within the housing 3 The

vibrator 43 i BOVIG AT BAPYHONRGRTeEsor GiRguh by g ‘f’?b‘atg’ﬁl‘*aaé’dﬁ’eﬁf’%ﬁ%ww
different ingensities 46,47,48. A control circuit 50 is adapted to

activate the vibrator t . the diff rent intensiti es 46, 47, 48 responswe.
to the respective di fféP‘éﬁ{mt’é]ﬁﬁ’fa@g’leﬁG yhangdheld glectropig deyicsaprdigglosed ipc i ¢ -

out put 38. A Bl PabiltMop@uSL,588) uidE489250,Svhkdapd iaebriRat@iyatfeie 30 or nore of
t he processor CI rcuit 36, the vibrator 44 and the control circuit 50. A

sui tabl e |npulfl cmrcwt 54 (e.g., a user input device; a keyboard) and a
suitable ofitput -7 circuit 56 (e.g.,Eamgkar output device; a display)

cooperate with the proggssor cir.cui housi 4 is adapted to
optionally engage a hoﬁ@?%oceﬁrc% éﬁ?ﬁfmmﬁeapl“ralty"?glféremc’peram

modes (e.g., device in-use; device idle; device navigation in progress). The different
states 10,12 of the processor circuit output 8 may correspond to some or all of those
diffe_:rent operating modes. The control circuit 20 may activate the vibrator 14 at the

2G  different intensities 16,18 corresponding to such some or all of the different operating

modes.

_ Figure 2 shows another handheld electronic device 32. The device 32

mcludes a housing 34 and a suitable processor circuit 36 having an output 38 with a

25  plurality of different states 40,41,42. A vibrator 44 is disposed within the housing 34.
l The vibrator 44 is adapted to vibrate the housing 34ata plurality of different

intensities 46,47,48. A control eircuit 50 is adapted to activate the vibrator 44 at the

different intensities 46,47,48 responsive to the respective different states 40,41,42 of

the processor circuit output 38. A snitable power source 52 is adapted to power one
30 ormore of the processor circuit 36, the vibrator 44 and the conﬁol circuit 50. A

suitable input circuit 54 (e.g., a user input device; a keyboard) and a suitable output




60 i ncl udes "an i nput—62 adapted to sense engagenment of  the housing 34 with.
the 5 hol ster 58 and an out put 64 responsive to such sensed engagenent. Thé
processor circuit 36 includes an input 66 receiving the sensor output 64.
Exanpl e 2 Exanpl es -of the sensor 60 include a proximty sensor (e.g.,
sensing that the housing 34 is suitably proximte the holster 58), a Ilght
sensor (e.g., sensing a 10 corresponding |ight source (not shown) in the
hol ster 58; sensing an absence of |ight7-when the device 32 is in the '
hol ster 58), a capacitive sensor (e.g., sensing a capacitance associated

Wi th the devi egeulddeendadistbutpieddRbst ipt e@ﬂ@l‘ﬁr@e@@@ at acts (e.g
whi ch are clog d mhgﬂgthey e%gage an elé%?%n%al condu:?g%g?ﬁggashomn) of

t he hol ster ? 15 In this exanple, firmvare 68 of the processor circuit

36 preferably automat imaahduingled 8empRAso el LIAEANoISLBECR dfloftl, 42, 11
order to sel egé}g}daav\een the vibration intensities 46, 8 based upon :

det ection of €538 FRU AdaRiedd é‘?ﬁ‘ﬁf‘seng%mntéiﬁhmlémg ﬁﬁé’ltfl fhermar e 68

enpl oys t he mauerﬁamﬂmwm}m BsiPRO SR st Unbagbifterdt OThARG GRS, | T the :
device 32 is "in: ggmci‘ "oQr "o%Jﬂta, S(;f hol stser" %sgéé%ot’ﬁ}ér e;ani)l e, three 20

stat es .may bec“«t:\ctl:lf£ ?&H%E@IS?F‘W@P?\WSOFWWé% ce 32 was sensed as

being: (1) "in-holster”; (2) "out- oﬁx lester”, or (3) "out-of-holster”
pl us the condition of Beln i.n-use ., When the user inputs to the
input circuit 54, such“%& ﬁlsaiftbei%{ﬁﬁﬁ@mobxgeaprymswora(ezewamd (not

shown)). Key mmmg/h@adésmstgﬁamylpfuxaﬁét@ﬁeh&ﬁ&lsgﬁfmgﬂ s&fsbﬂ?gr  Senbifya @l SO be 25
I N- use _

enployed Eﬁ determn h@‘ ird state, of belng

"out - of - ho st‘é‘?ms%?ﬂ@ng ts‘ﬂ’%r(nqtéh"c“%}’]ﬁbﬂh"ﬂsl‘?é %é%@g%@sﬁ%ce&fbd}bam tive -
sensor that’ swhaﬁhedimiasaﬂzis@;umb)mlstﬁofr& a%é;?aﬁﬂb@sen@? (e3PQBhshS ot Ne user inputs .
to the input CIFCUIt 5 ﬂ& % m ﬁ resses a (not shomn)) the device ¢
firmare 68 WORIGHFETIHRC] Kith the deviceg? eg%ﬂ&ﬁl&tli\eéwl@feﬁ%taafléema eand coul d,

t her eby, causemtahis («:g),rwmai ar€¢1bt wherbe )t Gho@idlaf BRHGAE I (hdt Bndwi) @
different 30 ghgratlséo$ ntensity (e.g., fgromlntensmy 47 to |ntenS|ty 48)

Later, after @ Sull period of inactivity of the input circuit 54, as
det erni neds by the fi r ninahie etfhpld MWﬁaﬁthhe%ﬁ)c%é%ﬂcﬁhﬁﬁ3@ﬁrﬁﬂ’érabg appropriate

and the corr cAElly SR BT REUALR g0 g orderioaHEr T Br | ntens] ty
47) . For exanpbmtionihiessities 4647,88 ieiscdmyn @& ei6n M0QHSMHEdre bddSeddRMitE FoB2 goES
into a slow Céxgﬁ‘)b}e%e ﬁ\lmev&*aage SQBI -e?‘rgp?dys the input 66 receiving the sensor output 64 to
~ decide if the deﬁce 32 is “in-holster” or “out-of-holster”. As another example, three -
20 states may be established based on whether the device 32 was sensed as being: (1)
“in-halster”; (2) “out-of-holster”, or (3) “out-of-holster” phus the condition of being
“in-use” (e.g., when the user inputs to the input circuit 54, such as, for example, by
typing on a keyboard (not shown)).
o Key entry and/or user interface navigation triggers may also be
25  employed to determine the third state of being “in-use” (e.g., “out-of-holster” and the
user is typing; the sensor 60 is a capacitive sensor that senses human touch). For
example, as soon as the user inputs to the input circuit 54 (e.g., depresses a key (not
showny}), the device firmware 68 would presume the “in-use” state {e.g., state 42) and
could, thereby, cause the control circuit 50 to automatically switch to a different
30 vibration intensity (e.g., from intensity 47 to intensity 48). Later, after a suitable
period of inactivity of the mput circuit 54, as determined by the firmware 68, the

output 38 switches back to appropriate state of “in-holster” or “out-of-holster” {e.g.,




For exanpl e, "i'f" the user.tends to typically |eave his/her device 32 5
sitting on a table or counter top, then the user may prefer a relatively
reduced intensity of vibration as conpared to a relatively increased
intensity of vibration when "in- holster”. As another exanple, it nmay be
preferred to have a relatively higher intensity of vibration mhen :
"out-of-holster” versus "in-hol ster" depending on the 10 user's S|tuat|on
As a further exanple, if the device 328§s currently detected as being
"in-use", then the user may prefer a relatively lower intensity of

vi bration whi ktﬁe4®&|s¢hté’lg)hxktﬁhd@%bﬁﬁndtﬁg<ﬁﬁiﬁd@ ierkfy ®)e itBRIty 46T CUi t 54 may
mcludeamcroeghone?e‘&? shwn The |rrrwar§ 68 may determnelf t he
handhel d el ect¥BHPEY trﬂp%ﬁqgtggay%%{g er{?ﬁerﬂ?eﬁiﬁﬂfe B8 det ect ed

sound fromthmtdﬂﬂdv@ﬂbﬁmsk@ﬁghﬁ processor circuit 36. Exanple 4 The out put
circuit 56 may include_a s ker. (not shown). The 20 firmyare 68 may :
determne if the handhg?rcfx&“g%t‘{%‘l‘sﬁrt&éwcbtél)’lgailylleé‘@?lﬁhﬁg‘émeﬁ sed upon an i
out put from tﬁam@bmmsmf c:ﬁlhfefltdp Jthehthd Rertrhte @&K@ﬁuveﬁxadmédenténswe input °
circuit 54 rraxlnclude rallggl f. keys_ (not ;g\ﬁ/n%] firmvare 68
may det ermi nef ¥PTEIQD AR é"%ﬁ ¥ Y)’r'i‘F‘Easﬂ‘éWeB% vibgation fiﬁ's.‘-,"" based 25
upon det ect edhdgér’vity fromone or nore of the keys. Exanple 6 The
firmvare 68-nmay determ.ne if the handhe] d el ectr eV|c 2 is not
"in-use"” based upon a ff BPSEEFRHRGH! Bﬁ#%"%‘?edtti’ 38#?}8"]@[@{5’3& ed activity:
from the keybitenfitylof aitpitien FhendQuiofaidBle’ vérsddten-hélfternasRndiSy ¢l COOper at e
vm'ththei put ercmt 54, in order to. provide the user with a user .
sel ection f u%ﬁ?%iufﬂ?élent vi bration" being on or off. If off, -9 then the :

"intelligent .vibrationAss@ieatdanpl, Sftﬁewicbgﬁis%drr&ﬂygetecté&hsﬁé«lh@m state 69)
and the devi &e. 32 nly vibrates. with a.correspondi const.ant vibration
& e Qﬂ‘ £t

intensity 69A™ wer impy RrRfEr aselptively loyenfptcrity pobrapn ection is on *
and acti vat edholmhgmeﬂhécecontrol o

7 Example 3
15 The input circuit 54 may include a microphone (not shown). The
- firmware 68 may determine if the handheld electronic device 32 is “in-use” based on
input of a detected sound from the microphone to the processor circuit 36.
7 Example 4
The output circnit 56 may include a speaker (not shown). The
20  firmware 68 may determine if the handheld electronic device 32 is “in-use” based
upon an output from the processor circuit 36 to the speaker.
_ Example 5
The input circuit 54 may include a plurality of keys {not shown). The
firmwaze 68 may determine if the handheld elecironic device 32 is “in-use” based
25 ‘upon detected activity from one or more of the keys.
' Example 6
The firmware 68 may determine if the handheld electronic device 32 is
- not “in-use” based upon a predetermined period of time of no detected activity from

 the keys of Example 5.
30 : Example 7
The firmware 68 may cooperate with the input circuit 54, in order to.

provide the user with a user selection of “intelligent vibration” being on or off. If off,




circuit 50 automatically causes the vibrator 44 to vibrate at one of the
different 5 vibration intensities 46, 47,48 dependi ng on the correspondi ng
respective states 40,41,42 of the devi ce 32 (e.g., in-holster; =
out - of - hol ster, out-of-holster and in-use). Referring to Flgure 3, anot her :
handhel d el ectronic device 2° is somewhat similar to the device 2 of
Figure 1. The device 2' includes a |light sensor 70 10 having an input 72
adapted to sense anbient |ight 74 and a#-output 76 responsive to such
sensed anbient light. The processor circuit 6" includes an input 78

recei ving the they ghred gﬁelhgmpubrat ” sdfecdofpis deddtiviind (£Q8y gmﬁétz[tﬁﬁg)hncﬂo of
apted to sense a

Figure 3 incl or 70, whic
plgraltty of g%qﬁeﬁgﬁt&#faﬁ?%swte%?FF@MTQV%F?“@gvﬁmm°¥H@mﬂgvpée 2" is
stored in an &ltheewise, (fiths “itblligam) vibmtial! séisctioh &on @x@arEYRed, edihb 8fngase or a

purse; the d ghted room (not shown)). :
The processor %ié+u?t?3%%ztog;§t1caﬁ¥1 ‘\“&%@?%ﬂ?ﬁ?@#&@@maﬁw&ﬁ# %reﬁbt ermne if the
device 2' Ps ialiorintesigjes 4643, 4M@endin§mtasaﬂreqjaﬁm@g letheGiBB@EE | ON Wi th :

Exampl e 2) an [ onsi to th 78 and  whet her the
device 2' is ?%hgggghgg%g%?gge§h3?%§“3h@“8 @ﬂ ﬂ#??@lﬁﬁﬁngﬁdﬁ@s

10',11',12' of the output 8 thereof. The control circuit 20" activates the
vibrator 14- atone of t i r n.intensities ;6',17' 18
corresponding to the rggﬁgg]tgﬁgg T?@&@ﬂ?m§?§t8§ J%ﬁ? For exanpl e,
user selectabﬁ@mvﬁbt%mﬂ%womndﬂmsﬂmfﬁgmﬁayIhedam%aﬁmﬂmﬁ@bhyns&ﬁmﬁmﬂtChed
the user 10 1 yanBanfieY) S tohief SRRA SR 18 S L bR LIS ERE R or “’“e?
Llstenlng to &mh§ﬂ§ﬁk§?$ﬂﬁr?#'ﬂmqm?g?m%mamdsbﬁmm@sﬁﬁﬁm?d%kﬂnﬁﬂﬂ?éhl39( :
€.0., a pursems@ ofohiiscase); or "non-use" and not being stored (e.qg.
'sitting open on aoggble or counter in alighted room. In this instance, f
the user may select, for exanple, a Eximpld8ely |ower vibration 30 intensity
V\ﬂlolneuggl “ n% F\grewdg\él Q?? 35{)12%%% Of}pgme ij%luﬁﬁiheflﬁg?)’%e?ﬁﬁ?ftw i nS| ty
sensor 70)1 asls@QE)Pwdﬁ@)Fﬁnﬁﬁs@ﬂuraWOf@ﬁefwlh@t mmttwm(e%qmt&tdawaegz i¢ hen the
Ret er g 1o B o Rl I Shines B ddfpent e Sr S Boar i ve &
control circuf4icgd’ Féagﬁ@ﬂhmwAﬁﬁdnﬁWéhumHMebmumm}CHﬂ@mmaempmaﬁaSsor circuit
(P) 82 inclUpgndd hadhie®s” Abthib afidmidd PARIRRLY §1SGLI QNI & (fevi ce vibrator

86 |ncludes a
discussed above in connection with Example 2) and to output, responsive to the input

20 78 and whether the device 2" is in-use, a corresponding one of the different states
107,117,127 of the output 8 thereof. The control circuit 20° activates the vibrator 14
" at one of the different vibration intensities 167,17°,18" corresponding to the respective
- different states 10°,11°,12".
For example, user selectable vibration intensities may be automatically
25  swiiched based on whether the device 27 is sensed as being: (1) “in-use” {e.g., when
the user is typing on a keyboard, talking into a microphone and/or listening to a
speaker); (2) “non-use” and being stored in something (e.g., a purse; a briefcase); or
(3) “non-use” and not being stored (e.g., sitting open on a table or counter in a lighted
room). In this instance, the user may select, for example, a relatively lower vibration
30  intensity while holding the device 2” for (1) “in-use” versus (3) a detected “non-use”.

Otherwise, if detected (e.g., through the light intensity sensor 70} as (2} “non-use™ and




notor 88 having a first input termnal 90 and a second input term nal 92.
The control circuit 80 includes a first circuit 94 adapted to output a
substantially constant voltage 96 froma suitable supply voltage (+V) 97 ©
to the notor first input terminal 90, and a 10 second circuit 98 adapted to
sel ectively enable the notor second input termnal 92 responsive to the P
digital output 84. Here, the isP 82 is adapted to pul se-width nodul ate the
digital output 84 at a sel ectable duty’léycl e (AB), which corresponds to ‘
the notor voltage 100. The notor 88, in turn, is adapted to rotate at a
speed based hmﬁtﬁlhélmmmthﬁlﬂlfyusaﬂmﬁrtsmhaﬂﬁ‘hﬁoﬁgﬁeﬁﬂﬁtomﬁ’ll ch corresponds

to the duty c pul se-wi dt h nodul ated (PWW) digital output 84.
Hence, the in %anngﬁ h%ﬁtieh& vibrator 86 varies directly with the notor :

vol tage 100, which varies directly with the duty cycle (AB) of the PWJ

Uty oycle. "Although niCTERBIFERRd Laedih e fouf t B8 i 08 par 1 of “the P
82. 20 Exanpl emﬁroll‘d;leuﬁms(shnvpum Mdlimyeleh&mﬁds Mcé@dacayoretmixtqymr&; a suitable:

PWM out put p fro r circui.t |ntegrated
circuit such gl{s&ud\(' fggl o qmgg %@P@ﬁ%@%@?{"& Faf% ?:tf’rrgg;lﬂ"i{jl ®%n sone cases,
such as certammﬁBbdmgafmmrgmalbmdnﬂ%mﬂatsﬁconﬁh@uﬂ?ﬂﬂu&@w mﬂec@mrot is an

open drain th S |tab 2 m_ not o ren typrcallir
about 150 mA) @ﬁc[u%%ﬁ c!hﬁlé‘eia T 432 %%‘ﬁ@fubs{afﬁé#@icgqsh{v%gget he circuit
98 (Fi gure 4) 9% Somnmshitaplduppdy thluagee(Whm ﬂbeﬂeahatmeﬁxgt ilpuOBrm A b@ andCalr 1 ent . :

Exanpl e 1Q,Th Iy series of r.e utions,
typically OSOE%E%&%%J&&%&%H&(R v%ﬁfmsﬁgh‘ﬁﬂ‘mr sEsPofl E‘pﬁﬁﬂrf?gg%ver age not or
vol t age 100 czaspdssive guthe Iéfbfﬂlgltai(alltplﬁ(ﬂ‘l- Hérd, theouP §iandabied tof patse-avidthii t abl e

~Vibrator noto ed b 0,Sal es gnd Suppl
Conpany of Be?rnseﬁm’gf]:[ed@ot\{lY b nors S?’?%%@Pé’@%gé@?g% ﬁmﬁﬁﬁ tpu!topSZ

t he cal cul at eﬂlemqwomgbtl@(géfhem@rﬁ&amﬁmed adgit@irto rotnd itagpsed bived neasur ed

mot or current, g@rrﬁg Eg VO ions r.m nut e PM of the
not or 88 -are s méélﬁﬁs Ta oéﬂ%%{e(%éxié‘uhfom@og at%ﬁ}g clie&\l?ol tage 96
is about 333 mulswmpdl&amddfwmdmtal@tmmszsérencd;éaemeﬂsm;geft&? to about 3.3

VDC, and tO  yibrator 86 varies directly with the motor voltage 100, which varies directly with the
duty cycle (A/B) of the PWM digital output 84. No vibration occurs when the output
84 has about zero duty cycle. Although not shown, the second circuit 98 may be part
~ ofthe uP 82.
20 . Example 9

The PWM output 84 may be provided by employing a suitable PWM
output port (e.g., from a processor circuit or from an integrated circuit such as, for
example, a melody integrated circuit). In some cases, such as certain melody
integrated circuits, the PWM control port is an open drain that can sink suitable

(25 maximum motor cutrent (e.g., typically about 150 mA). In other instances, a power
FET, transistor, or the circuit 98 (Figure 4) is employed to drive the'relatively high

motor cuarent.

Example 10 _
The PWM output 84 may provide a series of step resolutions, typically
30 about 128, in order that the duty cycle and the average motor vo]iage 100 can be
suitably varied.




adj ust the voltage controlled current source circuit 94 to provide the

vol tage 96 at about 1.7 VDC. Thus, the resulting duty cycle can be varied:
from about 50%to about 10 .100%to ensure the voltage across the vibrator
not or 88 woul d never exceed the maximumrated voltage for this specific
notor. Table |I PWM Cal cul at ed Measured Measured Measured Duty Mdtor Mot or
Mot or Mot or Cycl eVol t ageVol t ageCurrent RPM 20%0. 660 VDCO. 658 VDC25 mA5, 454
25%). 825 VDC0. 840 VDC38 mA7, 894 309%. 998 -VDCL. 000 VDCA8 mA8, 333 35%l. 155
VDC1. 159 VDC60 mA8, 823 409%. 320 VDC1. 310 VDC71 mA9, 836 45% . 485 VDC1. 470
VDC82 mA10, 714 '50%. 65Fox/B@npie30r AADE3e vikxhtbr mdlr &RYBASHD-MDSI1770 VDC108 .
mA12, 000 .15 kN4t I Tabl e t he. or. 88 i.s guaranteed to
start if the%%e%gg$?%i@§%§ %Fﬂ%{%angﬂ ST gpf’ﬁ)oﬁ'ﬁﬁ?tyafter it is :
©running, the @¥rigoidhch WM oninpt $ theeaudae atontiivge, BOYeasiie® meoidbr at or ot or 88
© response to t GIAT TN tv cycle is al npst instantaneqgus. There i $
"a potential f Errgl ta%(t%])’vver %%@Fé\lggt%y S#paf‘%@‘r'W&”&W%%?Oém"amwe%mﬁi ve nethod .
or by | owefi ngREMEofitE motbt 8hgee showein Tablerl. Emahpd@mplefof TAM: Yiervolgts t he '
vibrator 86 fof;dhsikawgse PW duty cycle setting (e.g., about | VDC), .
which is a 30% PW duty cycle in this exanple, then the notor current wll
be at about 50 mA andAupterpltemptive prooest thervpliagy 8@ tdpodtBs Whdirad or 86 i S :

about 50 MW bijudt BR vSitdde Rb:Ron&Brourrent source circuit 94 to provide the voltage 96 at
‘ about 1.7 VDC. Thus, the resulﬁng duty cycle can be varied from about 50% to about
10 A 100% io ensure the voltage across the vibrator motor 88 would never exceed the
maximum rated voltage for this specific motor.

Table 1

PWM | Calculated | Measured Measured Measured

Duty | Motor Motor Motor Motor

Cycle | Voltage Voliage Current RPM

20% 0.660 VDC [ 0.658VDC |25mA 5,454

25% 0.825 VDC | 0.840 VDC 38 mA 7,894

30% 0.950 VDC | 1.000 VDC 48 mA 8,333

35% | 1.155VDC | 1.159VDC | 60mA 8,823 i

40% | 1320VDC [ 1310VDC |71 mA 9,836
. 45% 1485 VDC | 1.470VDC 82 mA 10,714 '

50% | 1.650 VDC | 1.630 VDG | 93 mA 11,538
1 55% 1.8313VDC | 1.770 VDC 108 mA 12,000 :

15 In the above example of Table 1, the motor 88 is guaranteed to start if g

the duty cycle is greater than about 30%, although, after it is running, the duty cycle
may be reduced to about 20%. The vibrator motor 88 response to the change in the

duty cycle is almost instantaneous.

There is a potential for power savings by employing a variable PWM

20 drive method or by lowering the DC voltage level. For example, if the user sets the
- vibrator 86 for the lowest PWM duty cycle setting (e.g., about 1 VDC), whichisa |
30% PWM duty cycle in this example, then the motor current wiil be at about 50 mA

and, then, the power employed by the vibrator 86 is about 50 mW. If the vibrator 86

is driven with straight 1.5 YDC, or closer to about 45% PWM duty cycle, then the

25  motor current is about 82 mA and the power is about 123 mW. Hence, the power




is driven with straight 1.5 VDC, or closer to about ‘45% PWM duty cycle,

then the 25 notor current is about 82 mA and the power is about 123 nW :
Hence, the power -12 savings at about 30% PWM duty cycle could be about 73-
MmN which is a relatively |large anount. Referring to Figure 5, another :
handhel d el ectronic device vibrator 5 linear drive control circuit 110 is:
-shown. As in Figure 4, the handhel d el ectronic device vibrator 86 includes:
the nmotor 88 having the first and second-input termnals 90,92. Here, the"
output 112 of a processor circuit 114 is a digital-to-analog output wth a

vol tage 116. TFhengsensbond 302 FWMI dutyldfle cdidd Be®6ut 28 miw Ritlichid SreRfivdipe
digital -to- qglé)%nou put 112 of the processor circuit 114 and an out put
120 to the |npu§ ermnal 10 90 of the notor 88. The processor circuit
114, which includes a suitable m crocontrol ler (C) 122 and a

di gital-to-anal 0og conv er ( adapted t chan e the voltage
116 of the digital-to- ﬁﬁ’ﬁﬁ% Ti'%‘er &@&%qrqﬂm%qvwe wof10 i s
ad?pt ed t;)Sr eslipmdﬁwedoytrcdhﬂmgﬁw{t&?mi Qﬁ[sWEﬂgﬁl@@,ethé-Qﬁdhdtwel%dﬁ%ﬂc H‘e ”0286 88
rotates a ot at | cor ondi ng to the valtage '
thereof. 15 Bfgg%p%yﬁo%% ‘aafé)‘%ﬁ hPB}ofoég%% Wﬁger?%?t SEoRdiBUt CPRigdls t 80
EEi gijre' 4)  0P0By. Hcm,em&mmhmap%&smcmulm&ladagfap@sﬂnmgodﬂi?ﬁorf8t8hvw th
e |inear C u nsity o e
vi brati on thalt“x tglaﬁrggé ¢ eﬁelrlg1~=J H%W&‘@?“’gél(%ﬂgﬁcsa‘}’ﬁplﬁéﬂ%°ﬁ€?‘ﬁ to-t he
Itﬂt engl ty chamg@@Wwamfﬁgptm?ﬁmc?gﬂ4$Méﬂ%@uﬂmt@fh&ﬁ}:ﬁttgrlﬁﬁm mot or 88b :
ereby pry@pok ryin e not.or ) anpl e e user may be
present ed ?e ggb,f@%r gﬁ’éﬁgoue %cesé?rrcgﬂilﬁ%’éﬂﬂ‘fh‘%‘fqﬁggé tble i th a range of _
vi bration i nt erepecntslief (SNl 22éreitaidighblytolanalog @nvele A AMI 194, @ipredibe | ovest
setting represgp Uty cl.e r o gen erat enough RVS
vol t age acrogs %ﬁtgggﬁt‘"‘g&wg}ﬁ% %ﬁal%oa’ﬁ%jl &hf’ P r&u W& vibrator -
86 tg opgra’; e;(;@wgtoremmlﬁ%yﬂa%emamwhageon? I‘Iﬁ|tmﬁ,lt1§£1ﬁbtbr@ﬁ‘o?fesfl gure 4t| t
may be abou i r drive control cirecui
110 of Figure 51/& F"ﬂw@%ﬁ ﬁ%%cﬁ{ef g'{}ﬁ)%)tﬁ thﬁ%e lrE’s;'Eil'”ﬁ’é":t"frmt ors require a
suitable itAitial st artBtmmciswmentqnhbh@lmwmtomonmmrﬁut&ﬂ (Bighre youl d be
Ater the moroy G linfod Wb bioh b Wold e prtiie el Can be
reduced. The %uﬁllé%@@%@tﬂlﬁn@wfﬂ:ewémtwsmatamshefeﬂamaﬁgmdmly cycl e
Do 1 o by ot 6 ol SR LGS ol B QL RN

permtted by maxi num a lowed aver
motor 88, thereby proportionally varying the motor RPM.

20 - Example 11
The user may be presented (e.g., through output circuit 56 of Figure 2)

with a range of vibration intensities from relatively low to relatively high. The lowest
setting represents the minimum duty cycle required to generate enongh RMS voltage
across the motor 88 (Figures 4 and 5), in order for the vibrator 86 to operale {e.g., for

25 the PWM drive control circuit 80 of Figure 4 it may be about 30% duty cycle; for the
direct linear drive conirol circuit 110 of Figure 5, it may be about 1.1 VDC). Since
most motors Tequire a suitable initial start-up current, the control circuits 80,110
would be directed to provide this for a suitable time (e.g., a few milliseconds). After
the motor 88 is turning, the motor’s average voltage level can be reduced. The

30 highest setting would represent the maximum duty cycle permitted (e.g., a duty cycle

as permiited by vibrator RPM and as permitted by maximum allowed average RMS
voltage).




vol tage). -13 Exanple 12 For another vibratof notor (e.g., nodel’

4CR- 1002W 05 marketed by Nam ki Precision of 79 Anson Road, Singapore),
the notor l|oad current is -about 130 mA, the notor speed is about 10,909
RPM and the supply voltage 96 is about 1.3 5 VDC. Figure 6 shows another
handhel d el ectronic device vibrator drive control circuit 130. The circuit
130 maybe forned froma conventional nelody integrated circuit or from '
di screte conponents. The circuit 130 iél'udes a 10 nicrocontrol | er unit
(MCU) 132, a suitable nenory 134, a nelody generator 136 and a data bus
138. The MCU 132 receives state infcdixampledd 139 on inputs 140, 142, 144, 146

from a ni croprocessor (EQPQnoéénsvﬁ}ﬁl\}:a{jh%g?z(%%?m%aﬁ%ﬁﬁ%z\ﬁjoﬁ%H%I{gtéedﬁ%and 36 of

respective Figures | and 2. The1 . émruni cates w mory 134
and the mel ody gt Eresison of BrArsorRoadnsinghpers), Besnot®doad Borentix almpt E30 t he menory

134 15 i ncl udesa ghdthdtbabi ters (M., .M, M3, M)
148, 150, 15% 154 corr,e?%%%? %8“*? gbiﬁghlgﬁffgg‘ipﬁe)’g%é‘?p@g"i%ir%ﬁ?éls(a&f‘ﬁré 1, STATE 2,
AT%%- :

STATE 3, S 140, 142, 144, 146. \Wenever the P 148 sets one of the

i nputs 140, 142, 144,146, the MCU 132 responsively transfers the

correspondi ng set of the nel ody paranmeters 148, 150, 152,154 to the nelody :
generat or 136. |n turnFird shavomphgduedheldslect@te &Bice eibpomdiivel y gener at es

. > i . OVi i tabl
PU out put s 156uioPAidh 180 Su WMol b Bela8t § By RG] S50 SUI 1201 €

vol tage versus tine waveform 160 that Vi In 'response,é
the RPM of t h&SEAIGkeiget erdiomyigerateromponcatsoThe d@0it 13Miotiudshat the resulting
vari abl e Vbbr afidreddnit@lct et (M 15LIRADS v 3H.g5 the
mel ody t hat cgrrﬁzgp nds _t%&({tﬁe state %%0%%46%8%%@%?&&@3@%@8. 25
Referring to BFYaPw 178 ThaMelidanreceivs sateiniomation 13P0ndnstsut ed by t he

Processor ci re40,142364,(46 Som a nRedprstbdas (ﬁP)lFi)gg gi %% %@%cﬁsg&r%ﬁé@ﬁ‘g%gd After

power -on i ni é atléi_zati og_ at 172, a nmin e han el ectronic
device 32 is é% fPatve Stsurey B andis The WA | 32nomimgicesssawithl the metherykdd n | oop 173
may include aamiibemtlodggnebor BOSvEThd MSua P, | Pé:ﬂaﬁpl?; thSMGHord 334 T O
- exanpl e, 3ay $ éablg andhel d el ectronic 30 device function s?, wor d

- processi ng” apPrtEBroN 3"Y8€$§§3&@ﬂ@@@%}ﬂ%h MRsM3MPei48.450,152084t i ons,
addr ess book baesionding to thoisgaalve 8 (STANICH, ISPATE 2NOFATH £3irAGR huncti ons

e.g., .e-mi . .Lel ephone nessages, tel ephone calls, SM5 nessages,
((:al gn dar i40§ﬁ§ﬁ$€?£§6 VEThene‘Br tge uP 148 sets%ne of the inpur’zs 140,142,144,146, the J9es,

MCU 132 responsively transfers the corresponding set of the melody parameters -
148,150,152,154 to the melody generator 136. In tum, the melody generator 136
20  responsively generates PWM outputs 156 (PWM+) and 158 (PWM-), in order to
' provide a suitable voltage versus time waveform 160 that drives the vibrator 86. Tn
response, the RPM of the motor 88 follows the waveform 160, such thét the resnlting
: yariable vibration versus time response of the vibrator 86 mimics the melody that
corresponds to the state information 139 of the nP 148. '

25 ‘Referring to Figure 7, a flowchart of a routine 170 executed by the
processor circuit 36 (e.g.l, including a pP) of Figure 2 is shown. After power-on
initialization at 172, a main loop 173 of the handheld electronic device 32 is executed
at 173. As a non-limiting example, the main loop 173 may include a wide range of
one or more applications, such as, for example, any suitable handheld electronic

30 device fimction(s), word processing applications, spreadsheet applications, calendar
functions, address book functions, journal entry functions, notification functions (e.g.,

c-mail messages, telephone messages, telephone calls, SMS messages, calendar




-14 events, neeting notifications, personal alerts, alarnms, warnings, stock
quotes, news bulletins, other web browser events), task list functions,
al arm functions, web browser functions, e-mail functions, telephone
functions and/or SM5 nessagi ng functions. Next, at 174, it is sensed .
t hrough sensor 60 if the device 32 is in the holster 58. If so, 5 then, at’
176, the "in-holster" state (e.g., vib_state = 1) is set before execution :
resunes at 184. On the other hand, ifIfhe device 32 is not in the holster:
58, then, at 178, it is determned if the device 32 is in-use (e.g., Dd :
the input cir evsnts, Bebtinguaifiestionsn persgual aldrts, alamp vewingusiopk eeedsarewsned tinme
peri od? Was ap { i rcuit, 56.1n revi ous

or edet er ni ned tllf%ﬁﬁesoﬂtrgﬁl ég,;a)rgv%lmtqun‘cs%% %‘ﬁsti%n txo&%ﬁmq%cm?snwgos OWEEE 4 o (e.g

10 vib_ state ﬁme}ons&m@tﬁMbm lephare titnicidons mear SRS méssapiv furtidrer wi se, i f the
device 32 is t I t e 182, the °
"out -of -hol ste N@ﬂ at 1?4 Etnfsen&d%&{ﬁhig gtg éftﬁe %)wa’ gﬁg &Eg?l%?r 8, ;tlésg’utl on
resunmes at 518111811,Né1<7t6, tha ' ni@mcr”atatee(legl% , stdt@O 108 seiBe”a‘”ormekecutmndammesn ned if

the main | oop, %43 1 fhabl e eve exarrples of;
notifiable evenlggg ?ﬂﬂ#ﬁ’%@i& f“&?gex"é‘i%g séw“g }Stelﬁ\’lgé; mgﬁsngllephone ‘ :
messages, tel éptromed ifihe @wcg&@s imres {ag eRid ﬂteah}mndmt 6% sntiss anrigeit inng :

notifications, st o o) news

bul | etins and gltaﬁié @dgtegl)ﬁ%s%?e hﬁ%@“%&“&&?%ﬁ@ﬁmﬁ &’i%%r %gﬁsm vi br at or
44 is acti vat edrevianauefstershiwediome peobd i suitlien0 184, the “mnseofaté fag.,di fferent -
intensitigg 4 i I ds.to.th es of steps
176, 180, 183 gngsllz;}tna *1&&“?@1@@(&11%1:8 ?étlgfp(gtgerw%sE 1f%1%?%1ﬁe§%p 173 is
repeated. Thi §°f|é‘éﬂlﬁi11>1§telt5r$@nd handineba theh,at 1§20the touttefhalger3Rate e.gonpl oy a
plurality of gl;bfgta%ggn)tlsgétggfg}e '%%Mtr%ﬁ‘ % iga.€vels, and to selectively

vi brat e - such device at those erent vibration intensity levels. Figure:
8 shows a flowhart of NaXtr%dﬁ‘hﬁﬁer]!@@ lé&eldtﬁﬂ,etiSBgtemmdpﬁ‘tbﬂa&Bmop 25 circuit:
6' (e.g., incipHpeh@ed) ndtls 5 Wer zation at 192,
a main | oop 193 c?f t he h%tdk?fdﬁ]ﬁi3 fé\%tnr onﬁfgreé%q Ofgl&lfliagiegk%cslut ed at 193. As
a non- |iAvti Wgludsfimgkasply, ganaifnensaesolpleni®ge mt!,%am t¢lbpdomeanals, SMSsi mi | ar to
the nmain I OOPmESE{fges Qhi1chdaBtVefits, mee%‘g’qoélﬁ@atn?ﬂsgéérs aie?ts s‘@ﬁgg”‘{"@ ,Ugh l'i ght

sensor 70 if the device 2' is stofe non- use
and stored" stefkaupiss, gews Ryilpiing pad ether weh biOWS@,’GYenge Iﬁﬂ@ffbﬁeaté&fa@wt i on resunes

at 204. On t heib@ioRed ishafeied itrodel ted6Mict it 56 R Ghe a&%&&mt hen, at 198,

|t is determnedlf the device 2' is in-use. at 200, the
"in-use" st at&nidesys, 47,6? Figredewhicipgoriespondstto e Sletes obstepe 176,88, 182sunes  at

204. O hepWV SEinaliyf afteR 6ither 184 or 186, the main loop 173 is repeated. This permits the

handheld electronic device 32 to employ a plurality of different vibration intensity
- levels, and to selectively vibrate such device at those different vibration intensity
levels.
Figure 8 shows a flowchart of a routine 190 executed by the processor
25_ circuit 6” (e.g., including a pP) of Figure 3. After power-on initialization at 192, a
main loop 193 of the handheld electronic device 2 is executed at 193, As a non-
limiting example, the main loop 193 may be the same or similar to the main loop 173
of Figure 7. Next, at 194, it is sensed through light sensor 70 if the device 2” is
stored. If so, then, at 196, the “non-use and stored” state (e.g., vib_state = 1) is set
30 before execution resumes at 204. On the other hand, if the device 2” is not stored,
then, at 198, it is determined if the device 2" is in-use. If so, then, at 200, the “in-use”

state (e.g., vib_state = 2) is set before execution resumes at 204. Otherwise, if the




-15 device 2" is“not stored and is not in-use, then, at 202, the "non-use
and not stored" state (e.g., vib_state = 3) is set before execution
resunes at 204. Next, at 204, after 196, 200 or 202, it is determned if
the main loop 193 determned a notifiable event (e.g., as was discussed
above in connection with 5 step 173 of Figure 7). If so, then at 206, the
vibrator 14 is activated through the control circuit 20° with one of the
different intensities 16',17',18 (Figuse 3), which corresponds to the
states of steps 196, 200, 202. Finally, after either 204 or 206, the main

loop 193 is rﬁ&ﬂ@tﬁ‘ij&noﬂt&'é&ﬁﬂl%'tgﬁlsgw azgpmelugsmmmom&&a’ne 210, whi ch
may be 10 execut ed as, part of the main 173 of Fi gure 7 or the :

mai n- | oop 193 58F (&3-gYip.state = )pis %egleeforaﬁxez_n;r,@rqsmsgt%{@s ermined i f the user

wi shes to configure theyey, Wz@h%ﬁer(l‘%@oaoﬂzﬁz%sd&h%eﬁlﬁh%m&foogf Fi gure 3):
Preferably, . H#&s confnlﬁ uratlon may apply to one, sone or

notifiable ev a nefifiahls penhfiege a5 was dlﬂelﬁsﬂﬂbﬂegmp@ﬁ%ﬂmwﬂb4 of F| gur e

8). In otler sté@lmofwmomfatﬂjsrﬁw&qtommfaawwmr 9 all of the
notifiable events, 15 or unique configurations to one or nore

of those notlf’?“é‘B}‘émB\?%?lt"é‘thanOf*E% Fretindenisiges lﬁslﬂe@l weit)n@lnclat 214, a

sel ection scr egfespondsiot AHRGS §6sd96,2 t 56 of
Figure 2) incl udlsléog @I fferent %ﬁ%ﬂ onsdowggu?&elg’ﬂﬁef?ﬁ%ﬁ%@gﬁ%@ﬁ&mose

options may i e A& sPealeBr e of the foll owing methods for enpl oying the
vibrator: (1) change tb%bA@B'sﬁéhh@&nﬁQﬁhﬁdﬁr%EZ?O %ﬁﬂﬁfa%g‘ ned tinme
'

peri od Zlq 2)2 20, enp fixed tine divisions of varying Vvibration
i nt ensi ty ‘31855 Td%quﬁTt8¥th9§¥ainé?ﬂPé73 9?%@’@7%@?@%1@9 19%ef¥fignge &i br at i on

intensity 220F11‘£(t4h)Zfﬁjfﬁh@déteﬁnﬂlbcbifﬂfe%erwﬁéhébgoE% rhibr B gy, 480f Tl Ody" as’
was di scussed abo e |7r118$ﬁnnect| on. wi.th Figure an one, two or all three

of items (1), Shd g5 3) %v&ly’ﬂamnéwt@ﬁﬁ}awpﬁyﬁ%édom o at i on -.
intensity Sethlldilghélﬂﬁaﬁalﬁlleﬁents@ég 7ol deterainRd of 184 REFRRI7QR 040k Figtle®) 220, 222, 224
is input ﬁ)ﬂ%j P‘p(#ﬁedtothe tification(s) of interest. Thén, at 226,

it is det er i 7o ’ea‘iﬁ’glé‘?m\ﬁf%qr%&?“‘?”dn@rhﬂawwﬂ&*’élﬂftthenwﬁﬂbéﬁqv@ﬁs| ntensity.
val ues. IfISSocrmﬂtm-c@iﬁgaﬁﬁonsalageéqcplmaoﬁé:csr%ﬁﬂe&f&h&enmﬁiaﬂi@@%n%f iitems on a
di spl ay scree(t’lomoil the Og?sﬁf‘f» |t 56 of Figure 2) is displ ayed i ncl udi ng

all of the poldPEPUoRif @%F*?‘o@éqr‘i?éés‘hmﬁd(e&t tyagghthéne of the

def aul t vi br avitpn ciBéit S6tof Riglile)2) nalndies ditfsreatidptidns 6 16 notiRdALGRE)E Thésdg one Of
the different

o 0eratuo enten5|(t) %oﬁos froma swtable user input '
devi ce, such ap ?&’BQ&? oL Ao %ﬂ{) %1 wnsmsthofyistempleyingdit t 54 of Figure.
2: as discus smurawel (byehamgecieenuiigration drtensity dveFXABT@miE) 1iAB ferR R 4; €2}
20 employ fixed time divisions of varying vibration intensity 218; (3) employ variable
time divisions of varying vibrétion intensity 220; (4) employ a vibrator “ring tone”
222 (e.g., a “melody” as was discussed above in connection with Figure 6; any one,
two or all three of items (1), (2) and/or (3), above); and (5) employ a fixed vibration
intensity setting 224. Next, at 225, one of the options 216,218,220,222,224 is input
25 and applied to the notification(s) of interest.
Then, at 226, it is determined if the user wishes to cmploy default
- vibration intensity values. If so, then at 228, a selection screen {e.g., a menu of items
on a display screen of the output circuit 56 of Figure 2) is displayed including all of
the possible vibration intensity vales. Next, at 230, one of the default vibration
307 intensity values is input (e.g., by selecting one of the different vibration intensity
levels from a suitable user input device, such as a keyboard (not shown), of the input

circuit 54 of Figure 2; as discussed below in connection with Example 16) and applied




-16 to the notification(s) of interest. On the other hand, if the user does
not wish to enploy default values (or w shes to consider other possible
val ues), then at 232, new vibration intensity configurations are

downl oaded by the handhel d electronic device 32 (e.g., enploying a :
w rel ess port (not shown) or the Internet (not shown)) before 5 step 228 i5
executed. After 230, at 234, it is determned if the user wishes to apply -
device states to the sel ected option. ¥ -not, then the main | oop (e.g., 173
or 193) is repeated. O herw se, at 236, a sel ection screen is displayed

i ncl udi ng thetﬂvfh¢h@iﬁsaﬁOpfsisgﬁiubmstsDaﬂm&theﬂméefméﬁee&emvdlshctdr ude one or

non-use and st opon g, VRRECr e ReortRE o vesth el Pen D8 Bhor vl o

the states 238ibpdian integhity wofiguesionyle dawnicadaitbiyviel WndhckRlcctvalctiesicof  vi br at i on
intensity, th e : t at i.vel nmoderate -
val ues of Vi bl’g?i |%nﬁ}%%0%‘%%§i%§%le@ (n&glh ?Eotﬂd%‘eﬂeg@ S% 6‘%‘? correspond

to a rel ai veley238ooexcatte Alfer 9309&&92!34,0hs dntrainsd if\the uégammes tohplﬂg st at es

could be the g edqto th es of '
notifiable eveglvt%sa\,3 Salrézelsrtfg?l% ge?&%%g%’% %ﬁé gtmgfnegol’dde tl%fsﬁg are appli ed
to the notifi WPﬁtQﬁw@b\erWTEhlaEZ%ﬁeasdm@qnsbmnxeﬂmﬁnleémcmdmgém@mmﬂ e-mai | _
nmessage when | e first nsi ¢ eived e- mail -
nmessage when bégi_blbgz%‘:a%s *'[hos%&atg%rﬁél @%‘%&’ﬁ%"“ﬁ?@%@ﬁ? -h%%erg?&fa? hen "out - of -,
hol ster" to pﬂ%ﬁ%&eﬁholﬂ-nf htdsttrﬂﬁﬁm$)my-mmdsmdaﬁam (Ehem-ise mdhot ster” to
provi de ajof oWt 2kt @égﬁgl u 186 of the _
routine 170 may out u}f%?t%ahty% CONtTo ﬁ%%’? uclz""tm3 %Eralﬁ?vg’y one intensity:
state (vib_st éﬁl@wf gpraam infentitycthe giateii42 806 mighiesedphad toaudlatobiyhol ster state.
at 174, and apghhar vﬁﬁ%@?ﬁ‘@iﬁr&hgﬁﬁ{%&nﬁrywlﬁ{ ?I%e?a(ﬁl DI RLS gt cor} igy the
sensor 60 senses the 1 n-holster % respo & contr ol
circuit 50 25%&ktiveyiasvalypof yibistion intendy. Agaia, those statewdulddieltmamnmenm ty
correspondi ngdﬁ@reh%aﬁﬂ%dkd}h@&&%&aﬁ%p%&@ﬂ,%nﬁ%heb gﬁ@tﬁ%m 3&2‘?8”?1 at a second
d P greater

greater vibration intensity corre ing to t intensity
state (viB3st gptesary mp@@aﬁpqe@pmdt eRfdification(sk ThiSpampiscfol &amglessr 186 of the

routine 170 Meoiddtdhihil hssall vhbe SEBBELlo SibHGL hrsifchdil Mfe@ived y©t another

intensity state_ (vib_state = nsor ‘nses
out - of - hol ste}nméfnﬁfségea‘t’heﬂ?ﬁl"‘ﬁﬁdoawﬂ@ﬁaﬁ%@%n@n@s%wlmmfouB@f- det ermines ;

that the handhale” & §64ODNikd ﬂﬁe\ﬁblﬁﬁmﬁ%n afirch RS G- Rlised? & prblad £5PONSE, the
fourth mtensﬁy

20 Example 13
' In Figure 7, step 186 of the routine 170 may output to the control
circuit 50 (Figure 2) one intensity state (vib_state = 3) after thie sensor 60 senses the
out-of-holster state at 174, and another greater intensity state (vib_state = 1) after the
sensor 60 senses.the in-holster state at 174. In response, the control circuit 50
25 ~ activates the vibrator 44 at a first vibration intensity corresponding to the one intensity
state (vib_state = 3) and at a second greater vibration intensity corresponding to the
other greater intensity state {(vib_state = 1),
Example 14
in addition to E}éample 13, step 186 of tﬁe routine 170 may output fo
30 the control circuit 50 (Figure 2) yet another intensity state (vib_state = 2) after the

sensor 60 senses the out-of-holster state at 174 and after the processor circuit 36

determines that the handheld electronic device 32 is in-use at 178. In response, the




-17 ‘control circuit 50 activates the vibrator 44 at an internediate :
vibration intensity corresponding to the intensity state (vib_state = 2).:
Exanple 15 In Figures 7 and 8, the in-use determ nation, at 178 and 198, 5-
respectively, may include the detection of the activation of another
routine in the respective main |loops 173 and 193. For exanple, this mght:
include a navigation trigger where the user activates one routine from
anot her. For exanmple, a key (not showily-pressed or a navigation event
interrupt routine (not shown) is invoked when wuser input is determ ned

(e.g., by inpudntol diriit 50 fivads thd Gbta®r 29 at afinSRhdddd BbbldGnitmay 10 shown)
woul d then be set to indicate .or to send a nessage of "in-use" for the
first routin&TF° 813135’6 ‘?‘ll.]“eE%é%{ﬁB‘Fee("liﬁﬁqt%:ﬁ:gure 2, the input circuit 54
may include a suitable user input dayingR1854 (e.9., a keypad; an input
nodul e; one or nore naj nF.navi ation keys of a 15 keyboard; a m ni
joystick; a track Wneek‘) 18HEs ﬁgm‘émr%?%fhtf?@é’?afl?rbﬁtlggan‘hl%econd posi ti on,

and .t he oub putesgictiely, map fcliBy the Babdide oBhSatkilABh 6f AbGE raMind @M4hee 256 (e.g.,”
a display having.a bar-neter; out put nodul e). The_user_input device 254
is enployed fegpegtél‘]'ed’%%m{oﬂ%s ﬁﬁéﬁfgﬂa denFramplodiys might igeudeaekigatiolanges in the®
vi bration i ntrigpsivihyrelteaebr 20fivatdl@ndiobfiRtiRm Aﬂm@%f&mg&;m\%};@mt urning a .
track wheel cl.ockwi se jncreases the vibration intensity, iIle turning the

e .
track wheel cOUNPEPEErGERARREEAtGR ey abmicaupt Rutine (FPLshowm is ke when,  Thi s .
permts the userinpw isitep@ined(eld, by inpaereait 54 Figid ) AaBAwIsE REALLON i ntensity

| evel s reﬂgon%}ove ‘%guh% e fir télﬁigSI tion of the user input device 254, and .
to select a FRLY T e besstio dpfieatsror fomend messaee Af iy ArthsfTsing ensi t y :
| evel s responmitie tb acttpan. second 25 position of such user input device. As:
a further exanple, in connection w the.control circuit 80 of Figure 4,.
the track wheel may be enpl oyed to %F*BM bar-neter presented on the

di spl ay device 256. ThinHigure AEbeinpit cinaitS4 ahg gREe & Suifalleuspinguicycl e of the
ncr case the SOMFACE S At o 8% PR meR BT FRAHA y) . and
turning the tkabterdiaeshi-joytick; erracd wekiMisRdinga dkdpaapnaabesetdia PWM dut y
cycle (and, t ﬂ;ﬁéﬁi’on,ta;l& thé iogﬁ)gttciir&ﬂt ééﬂ' I%aeynéti:lﬁ&é)a' sui-ta%ﬁ: display device 256 (e.g., a
_ display having a bar-meter; an output module). The user input device 254 is
employed to adjust the display device 256, which tracks changes in the vibration
intensity level of the vibrator 44,
20 ' For example, turning a track wheel clockwise increases the vibration
intensity, while furning the track wheel counter-clockwise decreases the vibration
intensity. This permits the user to select a first one of the different vibration intensity
Ievels requnsive to the first position of the user input device 254, and to select a
different second one of the different vibration intensity levels responsive to the second
25 position of such user input device.
As a further example, in connection with the control ¢ircnit 80 of -
- Figure 4, the track wheel may be employed to adjust a bar-meter presented on the
display device 256. The bar meter tracks changes fo the duty cycle of the vibrator 86.
Turning the track wheel clockwise, for example, would increasé the PWM duty cycle
30 (and, thus, the vibration intensity), and turning the track wheel coumter-clockwise

would decrease the PWM duty cycle (and, thus, the vibration intensity).




Exanpl e 17 As anot her éxanple, the display device 256 nay present the user:
with a discrete range or a continuous range of the-different vibration
intensity levels. The wuser nay enploy the user input device 254 to select;
one of the different vibration 5 intensity levels fromthe range. Exanple °
18 As a preferred practice, as was di scussed above in connection with §
Figures 7, 8,.9A and 913, the handhel d el ectroni c devices 32 (Figure 2) and
2" (Figure 3) may include a pluralityléf different operating states, such:
as 238, 240, 242, 244,246 10 and/ or other operating nodes, and the routines :
170,190 automatically determ ne a @xampwtizone of the different operating

states, and autonati cal,l i brate_the .. corres i ng handhel d el ectronic
device at a correspondfp‘rsléno\éﬂrlleé-e’bafnpﬁgmais?ﬁ‘?}éﬁseéfﬁgggéf‘ﬂ%ﬁﬁe’ém{]q‘ﬁ?ré?ﬁg‘i ty levels:
based upon t heddetteramganed: ouinen raapef bt difendiihenhentnsitpResaat Ty states.

15 Exanpl el9 specific a t o, Exanp the different

oper at i ng rmﬁ%gﬂlﬁgg&lﬁ%ﬁﬁasgr glg‘ét%‘fl%ﬁéo ?e?eP%‘{maé‘E? ai%ﬁ‘ief‘fo"ﬁbr?tf?ﬂti ne (e.g.,
e-mail), ahd @yeesititieveds feom thecampe di fferent application routine (e.g.,
calendar). As a result, notificatio ciated with the first
application routine (e.g., e-nmail re?ééﬁagﬁ may have a 20 different ‘-
vibration intensity (eAgaprefiredpartcesiamial discussad iHove Bspacttidnavittot | fi cations:

iated wi - If f | icati ut i . Q. | end
et ). Exanare g 28 SRR R Rl BB G SR s B, B S e

user may choo@kmaygndudsfa plurdity ofufiffarers bpmatag ekates, Buchtas 238, 240j20%)2 4406 S "

dependi ng{gn - .t he, 25 ndhel d troni evices 32 (Figure 2):
and 2" (Filgur%h%ﬁr%{éllg[I Sl(r%?%nem effﬁgg%?muﬁﬂefsilﬂ)’ t"‘\ug’ .aﬁ VA% the user |
may downl oad fwishhome obthediffersnt opbrafigstiads pmitiameaticyllyovibiiedie | Nt ensity g
settings fro wi) .. These settings may .include further
vari ations O;Q %Séﬁggﬁ%%#gﬁ ¢ aé\}?rg?%fi il "‘?*‘n?"éﬁiﬂ“{l %%’{etol)é%gdjfe&enti me variabl e
and/ or  vi br aYiPigiion inteasimilavyls based uipindhesletetrhingbeutrhatonero fthediffersatsi cal  nel ody.
For exanpl e, &Jg&ﬁggstﬁgsr.ver may include a suitable utility (not shown) to
translate a song nelody to the tinme variable and vibration intensity
variabl e &2ttings. -19 Exanple 21 Example19

As amore specific example to Example 18, the different operating

(

_modes may include executing a first application routine {e.g., e-mail), and executing a
second different application routine (e.g., calendat). As a result; notifications
associated with the first application routine (e.g., e-mail receivedj mé.y havea

20 different vibration intensity e.g., greater; smaller) with respect to notifications
associated with the second different application routine {e.g., calendar events).

Example 20

, As a specific example of step 232 of Figure 9A, the user may choose
one of a set of customized vibration “ring tones” depending on the state of the

25  handheld clectronic devices 32 (Figure 2) and 2" (Figure 3) and/or the type of
notification. For example, the user may download from a selection of predetermined

' ﬁbration intensity settings from a server (not shown). These settings may include

further variations of device defanlt vibration intensity settings to time variable and/or
vibration intensity variable settings that mimic 2 musical melody. For exampie, the

30 server may inchude a suitable utility (not shown) to translate a song melody to the

time variable and vibration intensity variable settings.




As nore specific exanples of the options 216,218,220 6f Figure 9A, in

which the user initially vibrates the handheld el ectronic device at a

sel ected one of the different vibration intensity |evels and then changes
the vibration intensity levels, in 5 order to provide a progressively j
escalating vibration intensity type of notification, the user may choose -
to have the vibrator notification gradually increase in intensity by: (1)

a continuous gradual increase in vi br ati? on intensity; (2) a series of . '
increasingly intense "pulses"” of vibration; or (3) a continuous gradual
increase in vibration intensity forExembly2h predetermned tine. 10 Exanpl e:
22 For Figures 9A-9B, LIS ct.ed vi.brati LAt ensity,. val ues, - 3

options and state inf o%?rg}o%/%hécg%ﬁx?rgn%lgsorﬁhfog vnggiéaﬁg)@ozggf)y Iglge%lAnbl{ljt by the
user t hroughwaichthepse mitallly eibsates dlgrhagdheld eiloowin depite sthaclesiplineof theui t 54 of
Figure 2. Examl%n%rgigbn%éﬂsﬁf' gt ﬁﬁheﬁlcgalﬁr%t??ep‘vibr oGSt nragéiss Ly change the
selected vibration intensity 1eve o1 "COFF esponding noq’ rcat] on event (s)
over time &r @eerio provide apreersssiNchodcadtingvibrtier mehsity Tipe of maificiienised on a -

90 ol F o o & TR SRR e B UL R B SBILe The
handhel d el ectl) apmentnsy iwdual igorehsean yibatic inteysitgf )t sdesetf éncwatingly i on pul ses.
These di scret ﬁteﬂeb‘i)@Eés@Bf‘{%{Jat? soﬂgl\he]mnﬁgu%&e%% Ll bration intensities and

constant vibration pulse |engths. I's nmay be base on a song nel ody and .
may be i npl en®ippdty foramly apredeismeineddimd t he control circuit 130 of Figure 6.

25 30 Exanpple 25 Option 218 of Fi gur]ﬁm,g@eg@y i ncl ude increasing the

sel ected one of the different vibr C tensity | evels by enploying a
continuous gradual i ncFeddmresQA-QR, Breantiomn silepiedviiratipp irdensity wednes,f or exanpl e,
a series of i§ficEASHRHenbM A0S &1t gyllcr]l . aﬁ?{ %b}y q,% '|| Exappl e 26 Option.
220 of Figure 9A may vibrate the lﬁl n %)gfdg _egg%'g Qr?i d vtihce F\I/)\A th a
plurality of ough atissr mphle serpesngl shoyan of titispes citpuiiciet Biguiel at i on pul ses may
have Example 23
15 Option 216 of Figure 9A may continuously change the selected
vibration intensity fevel for corresponding notification event(s) over time or over a
predstermined time interval. This may be based on a song melody and may be

implemented, for'example, with the control circuit 130 of Figure 6.

Exampie 24
20 Option 218 of Figure 9A may vibrate the handheld electronic device
with a plurality of discrete vibration pulses. These discrete vibration pulses have
different vibration intensities and constant vibration pulse lengths. This may be based
on 2 song melody and may be implemented, for example, with the control circuit 130

of Figure 6.

25 , Example 25
Option 218 of Figure 9A may include increasing the selected one of

the different vibration intensity levels by employing a continuous gradual increase in
vibration intensity, such as, for example, a series of increasingly intense “pulses” of
vibration.
- 30 Example 26
Option 220 of Figure 9A may vibrate the handheld electronic device

with a plurality of discrete vibration pulses. These discrete vibration pulses may have




-20 the same or different “vibration intensities and may have a plurality of
different vibration pulse lengths (e.g., mmcking Mrse Code). Exanple 27
Option 220 of Figure 9A may include changl ng both the time of 5 vibration :
and the intensity of vibration of the handheld el ectronic device over tine.
Hence, successive pul ses of vibration have both different pulse widths and:
different vibration intensities. Exanple 28 Option 222 of Figure 9A
provides a time variable vibration inteffsity 10 that mimcs a "ring tone"
(i.e., including a plurality of vibrator intensities that vary over tine).
Such a "ri ng ttlu'rsefhe oedifidyent ibesibh jntcleifitsnadimbyhivb e phanghslagfephect roni ¢ -
devi ce or to it le 29 was di scussed above in
connection W|t %%%@681%&‘ s§ge- W%@%&mié y choose one of a set of
custom zed vi bration tones dependi ngExamplel?¢ type of notification event
(e.g., e-mail; cal endar e ne or.t e stafe qf the
handhel d el ectronic devi tc#é %ﬁ%?glgufer??\fg ﬂ‘fa#é’é‘ otBﬁtiet’G'?e ol ster;
non-use and stvibraéidn andrtbmtmaty@mﬁbmbn ﬁttﬁflﬁddheld@lbstrﬁm dRfde ¥idpiMES ON tOones

may take the dlffer ntIy gver time by: -
(1) continuous y t acﬁégll‘ﬁ { Waélr?gﬁ‘ivf%gé]ff?efn 55’("‘25‘ (FHIFRYT £ i xed-tinme
pul ses each vthbrﬁhdnfﬂtﬂmeest |ntenS| ties (that coul d be based on a song .
nel ody), (3) sending a series of pul f2 varying length (e.g., mmcking

Morse Code), and/or (4) all of ]ter‘g‘—a@-ﬁ%é_ 3). Exanple 30 25 The user may
sel ectively disable t thungLZhoéthmp@hmvlideblhtunwaﬂaﬁe@wfﬁmn%)tensﬁyl) al | iy
vi brati on gf En » i ¢ devic 2) vibration of the handheld:

el ectronic deylaceké1 gm% 2] ma %pﬁylgrgﬁ%ﬁ %V@ﬁf"éeﬂﬂ(“% DPXFEY some or al I
of the opti oA%rHpe). 281131 22‘20132@2” m;ﬂ,b@lbczﬁ-'xygeﬁxﬁd Bythe indheld eledjonzause al | :

notification guenRtsmh & P figd at the sanme vibration [evel. 30 Exarrplé
31 As a refinenent Itno?Ex& ahd ﬁt he user may nmanual | y deactivate the

vibration before it becorres unnecesmmL_ntense For exanple, by starti ng
with a As was discussed above in connection with Figures 9A-9B, the user

15 may choose one of a set of customized vibration tones depending on the type of
notification event (e.g., e-mail; calendar; telephone; alarm) and/or the state of the
handheld electronic device (e.g., in-use; holstered; out-of-holster; non-use and stored;
non-use and not stored}.

Customized vibration tones may take the form of vibrations, which

20 vary differently over time by: (1) continuously changing the intensity over time, (2)
sending fixed-time pulses each with different intensities (that could be based on a
song melody), (3) sending a series of pulses of varying length (e. £, mmnckmg Morse

_ Code), and/or (4) all of items (1)-(3).
Example 3¢
25 The user may selectively disable through the mput circuit 54 (Figure
2): (1) all vibration of the handheld ¢lectronic device; (2) vibration of the handheld
electronic device for one or more notification events; (3) one, some or all of the
options 216,218,220,222,224 of Figure 9A; and/or (4) cause all notification events to

be notified at the same vibration level.

30 Example 31
As a refinement to Example 21, the user may manually deaciivate the

vibration before it becomes unnecessarily intense. For example, by starting with a




-21 5 relatively "soft” vibration intensity and by increasing that
intensity over tinme, the user can then deactivate the vibration (e.qg., :
t hrough the input circuit 54 of Figure 2) before the vibration intensity .
beconmes unnecessarily intense (e.g., such as when the user is in a
nmeeting). Exanple 32 As another refinenent to Exanple 21, the user may

un- hol ster the device 32 fromthe holster 58 of Figure 2, in order to
deactivate the constant or increasingayi-bration. Exanple 33 10 By

sel ecting or deselecting the option 224 of Figure 9A for a particul ar typé

of notificati amuRM§niof bﬁ?ﬁtib‘ﬁﬁ:{enﬁﬁ%n&ilr}fiﬁptle%m%rtha?@?eg%]g' géﬁ?ﬁea{h% fg, ! ntensi ty:

of vibrator notification f one erent types of
notification éﬁi’éhﬁ"sdea‘ExﬁﬁﬁlPéle’@OWfﬁg .dlypighdheriaput orcurt §d of Figurg 2ibefifre Fi gures &
o L TRY P & OMbatloll kS becceeBdc hodht) nthc (B! SR Hen bS5 sel ection
of "vibrator patterns"” each of which

i mpl enent at i oATSHEANs (e.g., steps 216, 218, 220, 222, 224). This list
may i ncl udg plural vibrator patternq; @3y "Vibrator_patternl”,

vi brator_pattern2"). As the user scro ﬁm—6Ver the list, the correspondi ng
vibrator 44 (Figure 2§ edfqﬁémh@Emmﬂetlhéheappnwnmélpbiermponse of

vi bration i nt @Asdetsy G théWisidrSs oﬁﬁg&y?rﬁ&fd&% RLORNaAN sl of NE 11 ST (€. 9.

t hrough out put circuiit 56 of Figuré 2). hirs manner, the user may A
intuitively s®CEaingAEatdMBsired vibrator pattern by belng able to "feel"” |t
first, Exanple 35 Referring to Flguq§w$ e38 handhel d el ectronic device 250
includes 3 25 suitable processor a suitable power source 254 pomerlng
such procédlsor, a sysB&ss! ?Fé‘ﬁﬁ)?fyjei%tmﬁihﬁ enttien Bof s 9/nforla paytqular

i nput/ out put fylpé 6£Hot1§ca35§eveﬁt,{ﬁ3h§é¥|¥my Hl@éb?ewr@ﬁa%fé eg'&a[aﬁﬁé fﬂte(nélg)ofzeso interf ace.s
the processor 252 throu sui tabl e interface ( rallel bus;

a serial inte ’ﬁlioé?ot‘ﬁFﬁ’gmrF@IW°m@%@fﬁ1€§¢f%§tmeﬁ9fmf étponqsmta/e control
circuit for the vibrator 86 of Flgqumﬁlggg a sound out put port through 30"
anal og output 262. The_anal og out put 26% IS input by a nultiplexer 263 that
feeds an anplifier ZGZheWﬁﬁ%ﬁatﬂPF%%ﬁEO%EER@?%éﬁmaf’ﬂ’éesmﬁlﬂtel“p‘?rexer 263 is

al so fed by awith alist (not shown) for user selection of “vibrator patterns” each of which may
include one or more implementation options {e.g., sieps 216, 218, 220, 222, 224).
This list may include plural vibrator patterns (e.g., “vibrator _pattern]”; |

wvibrator_pattern2”). As the user scrolls over the list, the éo:responding vibrator 44

{Figure 2) would respond with the appropriate response of vibration intensity(s) that is
20 currently highlighted in the list (e.g., through output circuit 56 of Figure 2). In this

manner, the nser may infuitively select the desired vibrator pattern by being able to

“feel” it first.

Example 35
Referring to Figure 10, a handheld electronic device 250 includes a

25  sutable processor 252, a suitable power source 254 powering such processor, a

system memory 256 for the processor and user input/output circuits 258. A melody

integrated cireuit (IC) 260 interfaces the processor 252 through a suitable interface

261 (e.g., a parallel bus; a serial interface). The melody IC 260 provides a vibrator

drive control circuit for the vibrator 86 of Figure 6 and a sound output port through
30  analog output 262. The analog output 262 is puf by a multiplexer 263 that feeds an

amplifier 264, which drives a speaker 266. The multiplexer 263 is also fed by an

analog output from a voiceband codec circuit 270 that drives another speaker 268.




anal og output froma voi ceband codec circuit 270 that drives another
speaker 268. -22 The output/input 271 of the circuit 270 is input/output by
a suitable serial interface (I1/F) 272 for input/output by the processor :
252. An exanple of the nelody I1C 260 is a nodel M.2870AGD narketed by OKI-
Sem conduct or of Tokyo, Japan. The nelody | C 260 includes, for exanple, a ;
5 CPU interface section (not shown) for the interface 261, a FIFO section -
(not shown), a hardware sequencer secti2én (not shown), an LED/ vi brator :
controller/driver section 274, an ADPCM M DI decoder section 276 and a

di gi t al - t 0- anZhogimwimper27e of thAfhit 2278 inpit@yRenid Riab2y GrigdnelePAE 278
cooperate to i Q ighals to e output 262 to drive the speaker
266. The sect Wﬁﬁ%r%ﬂ%u%g@ba e%ﬁ%@ﬁﬁ"ﬂ# fn PWM port 10 output 280 for
driving the vibrator 86neBmdeifiticngelatyiC60 B adnodaMILIT0 AGDenF@gHSt er ( not

shown), the P -out.put i S.swtche .sectign 274. For

exanpl e, \Ahen%ﬁgé%ﬁl?%l&?&?é’g%g?oi Bag ttlﬁ‘émg]l"%ﬁg"ttgﬁn%? dF%?OcSﬁ’,‘a”W'Fe?] t he :
out put 280%5i sCPH derfiicg$ectiin(peidbovad fetiatisterfich 261, b FEFOWebicat(Ast s@hm),s of f. To -
change the vi i i Lty, .t roc or 252 sends. .a new value to be:
witten to th%@%ﬁ(}v?éﬁﬁégg %r%&&lé%fn?{]%\pwaﬂﬁ@ﬁéﬁm?n%pw Grrerseliot on 274 '
t hr ough i nt er ¥dca 2BRCM AR Merdapenion 274 sad adighsltio-2@dogtd)verieDATY! oyed to
control the o f . t LED 284. Ex | e 36 The handhel d .
el ectronic de%'}llggeﬂ] é%gb%;z@ia%%ﬁg‘c%g REygaele W‘P%ﬂ%@@g Slﬁ’éalﬁﬂg}ad’“@ﬁtmmni cation
devi ce i ncl udPEge daw thaspeakef 266h he seciani 278 pdbiles aa opér &@hi@ PWM BBt comuni cat i on

port 286. 1§Xxa 28/ mgl-ﬁ e viD8l.2 hows e | es.of "sensed' |locations

of a handhel dsmlLeLﬁect roni ¢ e%?cgz)rgloé}r%\% ﬁosreﬁgﬁﬁﬁgﬁpﬁfﬁn@%’ﬁﬁhl?e@gﬁ Pur abl e
~ vi brati on i nt &9yhy, helPEN Ipert oitput @80 issaitgicd® the wetiod 200 f For ekongle, phew) to 5

(high)) for pagbieita4 i i.cations, 25 | hi.s npl e, the user
sets up one or m)t?lg gf?gcég?fgévg?rgt?ﬁéelggweﬁn@ﬁoépﬂgﬁ13%3@)'&? when
signi fi cant diwedanpratiaie shen ths vipagrhRs it off. HE dhagde dledyibritioncitelestty, tieat
notificati onsydfessor b9 PR3 cFUl sj bl though five exanple
vibration intensities are zﬁo&gﬁéﬁoﬁ’%%ﬁ%{oﬁﬁap vé%ﬁﬁ%«??%@?t a wi de range
of differéht YPBRAithsHeitior dTkthropsl oteefhes 261y pmsheanpbn dedmiodtsut 283/mide enpl oyed:
-23 Tabl e 2 pe employed to control the on/officolor states of LED 284,

‘ Example 36
The handheld electronic device 250 of Figure 10 may be a wircless
handheld communication device including, as part of the circuits 258, a wireless

20 communication port 286.
Example 37
Table 2, below, shows examples of “sensed” locations of a handheld
- electronic device and corresponding sample configurable vibration intensity levels
(ag., ranging from 0 (off) to 1 (low) to 5 (high)) for particular example applicaﬁoﬁs.
25  Inthis example, the user sets up one or more discrete profiles when in a meeting or
when significant disturbances are sought to be avoided, in order that notifications are
to be as quiet as possible. Although five example vibration intensities are shown, it

will be appreciated that a wide range of different vibration intensity levels, types and

" counts may be employed.




In-Qut -of- NotificationType - Event Hol ster Hol sterln-UseStored Cal endar -

Spouse' s5435 birthday Cal endar - Meeting3215 notification E-mail - High
priority2123 e-mail while user is in a neeting (e.g., if user setup a

"discrete" profile) E-mail - Low priority0010 e-nmail while user is in a
nmeeting (e.g., if user setup a "discrete” profile) Telephone - I ncom ng

cal 12123 while user is in a neeting (eg i f user setup a "discrete"
profile) E-mail -Normal priority3314 Tet® ephone - I ncom ng call 4325 Exanple
38 5 As a variation of Exanple 27, relatively higher vibration intensity

| evel settings can typically be applﬁé@cﬁor a relatively shorter tine
duration than that of relatively |lower vibration jntensities, in order to:
be recogni zed by the Eﬁuf Far exanrﬂ% a| 8@-ofs| durati on fmy suffice mnth:
a relatively higher i e W@HW\T}'I@&E"’F% Holster | Holstep 0 hinHse ) Sioredt j on may be :
required with a relat%aﬁﬁ Bﬁﬁﬁsint635|ty tor the usef tolsense 10 the
vibration. Exanple 3 Higttenrtte—Exppphe ll theé_—opefati ng node of
navi gation in progreg&mgﬁ&llnc ude, |for eKanpl e}’ use 3f the vibrator 44 of
Figure 2 during user EQ@MLQ&Bh&%BWHEIZUle Y g yc .uygt hnd out put s
circuits 54 and 56, | eshRRahicMek ¥malD |[FOr ekanpl ej” the|vibrator 44 may be
briefly enabl ed at  ajpadibg @l @hseyécRpati on Intensjty as the user traverses.
across plural nenu seé¢b8&idctepNpofipot shown) pf thej outplit cifcuit

E-mail - Low priority 0 0 1 0
1 e-mail while userisina
meeting (e.g., if user setup
a “discrete” profile)

Telephone - lncoming call | 2 1 2 3
while user is in a meeting
(e.g., if user setup a
“discrete” profile)
E-mail — Normal priority | 3 3 1 4
Telephone - Incommg call | 4 3 2 5
Example 38
5 | As a variation of Example 27, relatively higher vibration intensity level

g settings can typiCaHy be applied for a relatively shorter time ditration than that of

: _relativ’ely lower vibration intensities, in order to be recognized by the user. For
example, 2 50 ms duration may suffice with a relatively higher intensity seiting, but a
200 ms duration may be required with a relatively lower intensity for the user to sense.

10  the vibration.

Example 39
As a variation to Example 1, the operafing mode of navigation in
progress may include, for example, use of the vibrator 44 of Figure 2 during user
navigation when employing the input and outputs circuits 54 and 56, respectively.
15  For example, the vibrator 44 may be briefly enabled at a particular vibration intensity
as the user traverses across plural menu selections (not shown) of the output circuit
56. In the application of this example, the user may select and configure the vibration

intensity levels (e.g., one of two, three or more different vibration intensity levels).




56. In the application of this exanple, the user may sel ect and configure

the vibration intensity levels (e.g., one of two, three or nore different:
vibration intensity levels). -24 Exanple 40 As a variation to Figure 4, a 3
VDC notor, such as 88, nmaybe enployed. In this exanple, the notor termna
90 of Figure 4 would be electrically connected to about 3.3 VDC at 97 (+V)
through a suitably small value of resistance 5 (not shown), such that the -

vol tage at the notor terninal 90 woul d e about 3 VDC. It will be
appreci ated, however, that a wi de range of vibrator notor types and/or
vol t ages may be enpl oyed. Exanpl e 41Exmplkdfigh Fi gures 7, 8 and 9A- 9B show a

serial processing Tl oWadiiriaibd FYEDHINVHE RRRILAARKE g pandnel d
el ectroni c devices that may enploy a At - r€ade pﬁoc§53|ng
envi ronnent . EXRIEHe 1 Bvssxample s ragtprdermial FiefiFigues Biquld beeelestrieallyray
sel ectively adbassttediolab&ik 3. i i J; Nt I | s. . by.a
predet er mi ned or confidﬁ?%gﬁgx%%g?gﬁgﬁﬁg%%% @%@gﬁéﬁb%&ﬁ%ﬁﬁ%_%%ﬁie.g., +2;
+1; -1; -2y. (%ot ghopm), gechdhnbihe seltege ot thavosioniaminal Plwouidiphabant 08PQSkeENt may
be i npl ement eeailDye $pfckWRs, Rowbkr, { el i i not shown) or by
sui tabl e analg& ci%@uit (e.qg., ?ﬁi?h& ?%1%§b@%%%bg P&é&ﬁé%&gf Figure 4)
(not shown). THESEREHbBssBRlo¥htrol circuits 20, 20,50, 80, 110, 130, 260 pernit
20 different average and/or tine vargahlg,yoltages to appear across
vibrator notor termnals, in order to create a range of vibration intensity
level s through vari abl &lhonsh Bigureii 8 and94-9Peshaw e serial proesssing flgw, dfe di f f er ent
vi brat i on 10nt @neitioy id aBle RN Y0 @Icld didRonid/ Gl ' Lo duprensities to
be provided fﬁ# ﬂi fé?gﬁi nqtification1@%%%F§Hgﬁg%g?&$%¥gggkpferent
handhel d el ectYBRT P HETTBSIEoRmER: 25 Adjustable vibration intensity |evels
give the user another option to inyxaygielhs/ her experience with handheld
el ectronic devices. Thiis further permts e user to provide decreased
handhel d device power A8 8N&iHipn ¢ldrample 37.dhe userangylselectivily adjveimll oftha
relatively heatmtidemicastyueek bangroibienRE oHSfighMOREEnk R of MRIAY,A T educed
vibration,intensit Q'tIfIC§ rons. For exanple, 30 the current drawn by the
vi brat or ot ol LEdeEE %d’rl -6 Willps appregipted. heweven thatyuch enhdivstinent

propor ti onal | yay be fipiementod By Dfrwiie] 72 ST OM il PUREH: At {ldGnf SRy F€d average

vol t age . . .
g sultable analog circuit (e.Kg., that adjusts the voltage 96 of Figure 4) (not showny).

)

The disclosed control circuits 20,20°,50,80,110,130,260 permit
20  different average and/or time variable voltages to appear across vibrator motor
texminals, in order to create a range of vibration intensity levels through variable
motor RPM. This permits a plurality of different vibration intensity levels and/or time
variable vibration intensities to be provided for different notification events and/or for
different handheld electronic device states.
‘25 Adjustable vibration intensity levels give the user gino’:her option to
smprove his/her experience with handheld electronic devices.
' This farther permits the user to provide decreased handheld device
power consumption 1f, for example, the user is a relatively heavy device user and if
the user chooses to employ a reduced vibration intensity notifications. For example,
30 the current drawn by the vibrator motor 88 (Figures 4-6), while active, can be reduced

proportionally to the vibrator motor RPM by lowering the required average voltage
across the motor ferminals.




across the notor terminals. -25 The invention gives the user a broader
range of notification options versus a series of on/off vibrations, whi ch
are all at the sanme vibration intensity level. Furthernore, the user may
personalize the vibration intensity to their own "sensitivity" |evel by
selecting froma range of different vibration intensity |level 5 settings.
Al t hough exanple control circuits 20, 20,, 50, 80, 110, 130, 260 are di scl osed,
it will be appreciated that a wde rangzéS ‘of anal og, di gital and/or '
processor- based circui maybe enpl oyed. Wiile for clarity of disclosure
ref erence has been mad E‘r" Yon gtyes the isen gbresdsriphasiof nelificploayp®6 f or

di spl ayi ng Vi bt seridstlf @edr bibratiBAOHARE by ?]t'tlﬁe Aok {u‘bﬁﬁ%n iﬁféﬂ%t%%v@lt ed that

such |nfornat It?Oé“Q]E, E st or ed, r| nted on hard
nodi fi ed, "(S‘H%'ieﬁ ﬂ“ﬁﬁi?ﬁﬂ?{%ﬁlmﬁ%aﬁmmmseesztbrtcpth@cewsu ng shal |l be

deened to faI |“senuitivity” Pevbllt sbIGHIE frofi s )Sfdlﬁ&ent%b?a‘al)ﬁ}ﬁ'te% 18% enpl oyed
her ei n. VM|Ie eci fic enbodi nrents of the invention have een described in’

15 detail, # be appreci ated by those skilled in the art that various:

Todi 1 cat] ons and a te\ﬂm&igh\éﬁﬁnﬁl@c&:ﬂ&%ﬁcﬂﬁ@@bé 3080416138960 Eﬁ\ée' oped in
| i ght of the %Jvelra h\vﬁ Chl ngs of the disclosure. 'AcGort :

particul ar ar FERgEH %’dh%haévlﬁﬁﬁéarmwf@al@@ dlﬁﬂﬂ%@@ra@mﬁ@mnl y and
not limting a&cﬁarduhemepm‘yed he invention which is to be given the
full breadth of the cl %hlnfé'&or ended, and an%‘/3 and all equival ents thereof.

-26 What is Clained is Rl digcleperseiesnsecdaglasen sedelmnge foghng: . a :
housi ng; d0pr exewpiay digilaycass toridnplayidi ﬂigraﬁoxpﬂaﬁéﬁs?%y'nﬁfé(mﬁﬁmﬂhfvflﬁﬁg nt operating

states incl udi tate and a non-use state, and an output having:
a plurality o%‘ﬁ’g ?f%?efietgaéﬁ'{c é“?%ﬂ”é%“%ﬁ‘@éﬁ?&%?wdwahaﬂ cPRyabe comist of said
di ff erent opemnmtlifind) os beadosthined with bElbriGiaa AlishéhtprodalsBR ShAidbe bt 16 B1F espondi ng

to said in-us and.,.a .second different intensity state correspondi ng-
to sai d non- ugnetﬁﬁs]'?%ﬁ%ms d’(’ﬂkﬁ’ St @ESPW%%%C@&O@P%W ng, said vibrator -

adapted to vibrate saV\anlaqwsﬁilgdednaeﬂfﬂ offiliineMtidiafll b SERRIbI B eNsities; a
control chsCujd,:AH3Rk Eéjaptppemate ahe sﬁﬂlleg mvtllmebarnatlt:zag rvar?c}us r?zocgllﬁz:zfﬂtonsogn?i |
~ alternatives to those details could be developed in light of the overall teachings of the
disclosure. Accordingly, the particular arrangements disclosed are meant to be
illustrative only and not limiting as o the scope of the invention which is to be given

 the full breadth of the claims appended and any and all equivalents thereof,




of said different intensities responsive to the first intensity state of

. the output of said processor circuit and corresponding to said in-use
state of said different operating states, and at a second one of said
different intensities responsive to the second different intensity state
of the output of said processor circuit and corresponding to said non-use
state of said different operating stat-@&$,- and a power source adapted to
power at |east one of said processor circuit, said vibrator and said
control cirguit. 2. The handhel d el ectronic device of Claiml wherein the
out put  of S or circuit is a digital-to-analog output with a
vol t age; wherein sai Vi i el udes nmotor having an input with a
vol t age; and mhereinqéaidqﬁgnd%%dé@¢#%6¥§v558@ﬂa%§n%n i nput of the
digital -to-anal og output afhossing; processor circuit and an output to the

i nput of said notor, said processor circuit adapted to change the voltage
of said digital -to-anal og aduesnssor cigyitiinebMingat plutalisuefididersptapgratiog

responsi vel : : i tor.. sai tor adapted to
Forate at s ueCHARGRELIT A AR08 FL bR TR 2 ufralPidhe SRR ahe) o

el ectroni c differientestaiés dn@bpondingte meleastisbiic @054 Hiffeddnt Spbrdiify @gessor circuit
is adigital output; wherein said vibrator includes a nmotor having a first

i nput t er milASIPdIRE @ fstdaiensiy statp errespendipgio; saigrin-usp statsiand aspepndont r ol

circuit incligeest iftehiifSdiats| j _Qutput a substantially constant
voltage to fhe #ifsﬁjfﬁggk6§§#hyﬁgga% ﬂ%%ﬁhﬁﬁﬁ#%%, and a second circuit
adapted to sel ectively enablibratar lmdthfreeidbousigutaid eibiitoeddapled $@vibirasot or
responsive to . the digital out of said -27 processor circuit, said
processor GPWQEWFnﬁﬁgﬁP@ﬁﬂF%og%h@gmhF@FﬁﬁﬁﬁduIate said digital output,

sai d notor adapted to rot gt@nabl cﬂrcﬁﬁ%ﬁébt&f‘t%eagﬁ%gé’g‘ai&.@ibq SRS AN ! | Y
constant -voltage and said pulse-w dth ‘nodul ate I gi tali1 output. 4. The
handhel d el®stidshifereridntcastiest regloasive to thi dirsiimessitiy dtatepoftbe sutpnt afisnidui t

conpri ses [ erein said cantrol circuit rises a nelody
TR 5 o et ARl oS Rt Bledla SHA Do Gt BF ic B St ' o &
pul se- wi dtsmtespaind @taadedid! didlof saia diffdrett ShtBnshidsFespoREidd &thé B&bigles a mot or
power ed bydiﬁjd pul se-w dt h nodul ated output. 5. The handheld el ectronic

devi ce of prentintEAEFYeitaie ohthg oulijut pbsaidproogsseratitcnty and gerespoudinger i ncl ude
at | east 0Qﬁkﬂfnhﬂ@s@&ﬁﬁ%a1o &ﬁ' H}g— ﬁ | ster, out-of-holster, non-use
gdr%% s{t r egil ; CF At i

and stored, and non-use an rein
a power source adapted to power at least one of said processor

circuit, said vibrator and said control circuit.

2. The handheld electronic device of Claim 1 wherein the output
of said processor circuit is a digital-to-analog output with a voltage; wherein said
vibrator includes a motor having an input with a voltage; and wherein said control
circuit includes an input of the digital-to-analog output of said processor circuit and
an output to the input of said motor, said processor circuit adapted to change the
voltage of said digital-to-analog output, said control circuit adapted to responsively
change the voltage of said motor, said motor adapted to rotate at a speed
corresponding to the voltage thereof.

3. The handheld electronic device of Claim 1 wherein the output
of said processor circuit is a digital output; wherein said vibrator includes a motor
having a first input terminal and a second input terminal; and wherein said control
circuit includes a first circuit adapted to output a substantially constant voltage to the
first input terminal of said motor, and a second circuit adapted to selectively enable

the second input terminal of said motor responsive to the digital output of said




said processor circuit further includes a plurality of different

- notification events of said handheld el ectronic device, and a routine
adapted to determne a current one of said different operating states and
to output said different states corresponding to a current one of said
different notification events and the determ ned current one of said
different operating states. 6. The hand@fiel d el ectronic device of CQaim1l
wherein said control <circuit includes a |ight sensor adapted to sense a
plurality of different light intensity |evels; wherein said processor
circuit furipesssar nirtllitj e3id procsssor nizcutiaiaped to pulse widthimualulaitd saghdigitdlandhel d

'electronlcdwce i I n-use sta id routine, onsive to
sai d sensed™ “ft’fsé ?mf ?c&q{e%ltﬂg%tﬁgelagﬁspeggaage% gn Sids nlé?ané ﬁ hel d
el ectroni cﬂﬂﬁg&@dgaﬁipdlseS@idﬂldeﬁaaéd%E@faP@utﬁﬁtt puts the first InteHSI ty
state of the different states of th out put "t hereof-, and wherein said

control circuit activates %&lhdn@hdhldbﬁronmdetvm of iGlam bwheretfsaghi d di ff er ent
i first, i nten tate of the different

1 nt enSi tl es _corres
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i ncl udes an | nput Cl Ircul t an out pUt Cl Ircul t a routi ne, a sensor

havi ng an iidih madgedautpat; apd whercengadjeinator lmcflucbamdmbtoumwge&\by spidai d

hol ster an lye to said sensed engagenent, said output
r esponsi vecijtugg%s‘g:ddﬂﬁé%%%g gﬁé’ggerrent i ncludi ng one of an out-of-holster

state and an in-hol stser stibethandlitdd é16@tEniCddvidei df CHinSRiMleRirOGRBSOr  Circuit
recei ving tcg% out put of said sensor; wherein the different states of the
out put of CIShY f&)efﬁnas states Tuther dngladeray leapicneiof ghe ETEURCARPIINDS f er ent

ntensi ty S oIRRIdk R de Ol e L o AR ARG Rbrefl fifllrki_adapt ed

to output to safd control’circuit t ent Thtensity state
when said s‘ﬁmbmdcasscgagemeﬁmhennichﬂesa phlraj1ty)oﬁd1fféfehoh@tifmat1oxsems ofand t he

third different atewhnsajd en enent includes said
" in-hol ster S?’t aé‘dﬂ‘éﬁigls SFRVIES EB‘HFH“SP dFt qe\Pa"c“é@n%‘H}ecP vi'br at or

at one of tHR diffbret oﬂéﬂﬁmgfsta?&s' aﬂd%f) %fd dlﬂ%ﬁﬁﬁét%tb%??rfé%?&%@t@@ ng to

said first intensity state, the seco one of sal ent T ntensities

cor r espondi awgreniooneaif gaid éd&mhtdlotlﬁeatmtevemtm tmhibie tdptesthbned cuaerd oae phsaidl one of
sai d di ffefl‘ﬁ@é i nten 't'ﬁi corresponding to said third different intensity
state. 5 ‘%ﬂ"?gﬁl&gé Ctronic device of Claim7 wherein said sensor is

sel ected fromthe gr@up CORMHafidltitdd AcHFRX devict cTRNBRT | wheteiDdid Ssuepr; and
2 circuit includes a light sensor adapted to sense a plurality of different light intensity

levels; wherein said processor circuit further includes a routine adapted to determine

if said handheld electronic device is in said in-use state, said routine, responsive to

said sensed different light intensity levels and whether said handheld electronic device

is in said in-use state, outputs the first intensity state of the different states of the

output thereof; and wherein said control circuit activates said vibrator at the first one

of said different intensities corresponding to said first intensity state of the different

states.

7. The handheld electronic device of Claim 1 wherein said
housing is adapted to engage a holster; wherein said processor circuit further includes
an input circuit, an output circuit, a routine, and a sensor having an input adapted to
sense engagement of said housing with said holster and an output responsive to said
sensed engagement, said output responsive to said sensed engagement including one
of an out-of-holster state and an in-holster state, the.input circuit of said processor

circuit receiving the output of said sensor; wherein the different states of the output of




capacitive sensor. 9. The handhel d el ectronic device of Claim7 wherein

- said processor circuit further includes as said different operating states
non-use and stored, and non-use and not stored; wherein said processor
circuit further includes a plurality of different notification events of
sai d handhel d el ectroni c device; and wherein the routine of said processor
circuit is further adapted to determ n@8a current one of said different
operating states and to output one of said different states correspondi ng
to a current one of said different notification events and the determ ned
current oneaiskpraegsspr citicnit irthar inghide atthinddigfesne intensdy stitee wheneihtbé d

el ectroni.c | C f. Claim7.wherei,n t routine.,of said cessor circuit
is further rggt\'gll?ﬁog&g]tdd) NoliTa i s de) b*&‘fiapts‘gfﬂ? utdQ said, penty Slrflﬁ{tﬁ')‘ﬁ SCEPY f er ent
intensity sdifftrentiiRAsisadtste $RE 08d AHGRY SABREMEMGhUGES s8R fhi-BfholSkr Ihol ster

state and when said tg.rocgassor Circuit detérmnes that said handheld
el ect roni ¢ YGiand the third diffesent infaesitvstatevherssaidisensert enghgamant inicluda said at es

sai d vi brat:or ird one o aid di.fferent intensities correspondi ng
Co sald ¢ hiigdolierpdfe, i M@ corbdl Ercticeof e s hiRier PR IBh o devi co
of d ai m 1(firseie@if Baif differest AbtehdiRes cdrdsfontifly t6 SHY R intWew iale, 8Ri d
processor circuit further includes a second routine; and wherein said

first routiSsendemeohssid difforent intansitigsaoarspositiogto smd sccgnd difsréns i n- use
based upon ;salj I [ j . ivated.. 12 A net hod far,.vibrating
= handher d eadnrEAe 4t OF: S PARE A Bl Srp TR G g o
plurality diiffeliefiffiatcasity nigiti fi cati on events of said handheld el ectronic

device; enploying a plural ity of different operating states of said
handhel d el ect roni ¢ g%vi céﬂleﬁ“évﬁleéﬁ?lﬁgmmdfw@%qlﬁgl%Wé@r@snsardcseuéﬂrng an

i n-use st atig seladh RoM s YOfp SbAbES; | Bk Sk oflf 4 T erent
vi bration ilntS%r]gi ty | eve%% P ncf’usanng&ﬁl{rag%éﬁsﬁﬂfgr@#ﬂt%/e}{fogvaerf&af:orrespondi ng
to said in-aapitstessensogind a second different intensity |evel corresponding

to said non-use state; and,confi i.ng sai d han l.d el ectronic device to
sel ectively vibrate at a%%@?&%ﬁd ‘%m%’éq V_Eﬁefof%gﬁ@ﬁ’t;ﬁlﬁﬁcﬁﬁ h intensity
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events and said in-use state of said differen _
: and non-use and not stored; wherein said processor circuit further includes a plurality

of different notification events of said handheld electronic device; and wherein the
routinr; of said processor circuit is further adapted to determine a current one of said
different operating states and to output one of said different states corresponding to a
current one of said different notification events and the determined current one of said
different operating states.

10.  The handheld electronic device of Claim 7 wherein the routine

~ of said processor circuit is further adapted to output to said control circuit the third
different intensity state when said sensed engagement includes said out-of-holster
state and when said processor circuit determines that said handheld electronic device
is in-use; and wherein said control circuit activates said vibrator at the third one of
said different intensities corresponding to said third different intensity state.

11.  The handheld electronic device of Claim 10 wherein said
routine is a first routine; wherein said processor circuit further includes a second
routine; and wherein said first routine determines if said handheld electronic device is
in-use based upon said second routine being activated.

12. A method for vibrating a handheld electronic device, said

method comprising:




operating states, and at a second one of said different vibration intensity

. levels as a function of the current one of said different notification

events and said non-use state of said different operating states. 13. The
met hod of Claim 12 further conprising automatically determ ning the current
one of said different operating states; and automatically vibrating said
handhel d el ectronic device at a corregdoendi ng one of said different
vibration intensity |levels based upon said current one of said different
notification events and said determ ned current one of said different
operating states. 14. The emploing aplugility of diffefant nétificatiompventsi afgaidel ect i ng
sai d di ffertﬁaﬂ&heq&)gfegﬁé’nqg st.ates of said handheld electronic device from
the group conprising |n-ﬂ%‘11%et°er and non-use, out-of-holster and non-use,

and out-of -hol ster and i n-euggoyifsRbRIAING of Akt bp@htiddokbLof safad | n-use as
said in-use state; enploying one of said in-holster and non-use and said
out - of - hollwndheld glgcirenic devicen said differersepating statee inch@lingTinanivee Mot of O ai m
12 further i Si.n npl oyi ng as sone of said different operating states
a plurali tyﬁl(adrgfpl{ocri'ﬂs gtra%nt operating nodes of said handheld el ectronic

- device; -30 automatically dﬁqﬂ@ﬁﬁ% 2 bRealy 6PATRAINt Obeatdh iSdhstydéfdder ent
operating nodes; and automatically vibrating said handheld el ectronic

device at dncldingadpetiaiendtydee! serresmondiag fof ssidintuse isateandarsebondensi ty | evel s

based upon i : J Lf.ferent. natifi.cation events and said
determ ned %ﬁ%@gﬁ%{ {e%%gt lgyarségfrg;mg@f‘gég@aﬁ{[ nglﬁgls'eastt?i%ﬁ’gan%odes. 16. The met hod
of Claim15 further conpricehfiguriglsail hanghdaeRcwddié 86888 toGpREtRidlng NDdes

fromthe groglg conpr.i si ng exg,cuti ng.a first a{)pl ication routine, and
executing & @@EMa lastoperbsaid dillesant vibrating iplsnsiiyrevela s a tRetionedliiod of O ai m
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at one of said
- operating states, and at a second one of said different vibration intensity levels as a

function of the current one of said different notification events and said non-use state
of said different operating states,
13.  The method of Claim 12 further comprising
automatically determining the current one of said different
operating states; and
automatically vibrating said handheld electronic device at a
corresponding one of said different vibration intensity levels based upon said current
one of said different notification events and said determined current one of said
different operating states.
14.  The method of Claim 13 further comprising
selecting said different operating states of said handheld
electronic device from the group comprising in-holster and non-use, out-of-holster
and non-use, and out-of-holster and in-use;
employing said out-of-holster and in-use as said in-use state;
and
employing one of said in-holster and non-use and said out-of-
holster and non-use as said non-use state.
15.  The method of Claim 12 further comprising
employing as some of said different operating states a plurality

of different operating modes of said handheld electronic device;




different vibration intensity |levels; and changing said one of said

-~ different vibration intensity levels. 18. The nethod of Caim 12 further
conprising scrolling through a Iist including said different vibration
intensity levels; and successively vibrating said handheld el ectronic
device at at |east sone of said different vibration intensity |evels. 19.
The nmethod of Claim 12 further conprisidtyg . selectively increasing or
decreasing all of said different vibration intensity |levels. 20. The

met hod of Claim 12 further conprising enploying as one of said different
notification events a naAuERatisallxdemminigsacuaresiongiof baifl diffarenind out put

circuits Of%ﬁﬂtﬂgmgﬁ%{nﬂ el ectronic device; and configuring said handheld
el ectronic deviceé to selectively vibrate at a correspondi ng one of said

di fferent vibration intensiutomdtiexiey sibeding shidiehdI¥d eleétrondd dbviR\d gat i on
event and said in-use state. .

_ corresponding one of said different vibration intensity levels based upon said current
one of said different notification events and said determined current one of said
different operating modes.

16.  The method of Claim 15 further comprising
selecting said different operating modes from the group
comprising executing a first application routine, and executing a second different
application routine.
17.  The method of Claim 12 further comprising
initially vibrating said handheld electronic device at one of said
different vibration intensity levels; and
changing said one of said different vibration intensity levels.
18.  The method of Claim 12 further comprising
scrolling through a list including said different vibration
intensity levels; and
successively vibrating said handheld electronic device at at
least some of said different vibration intensity Jevels.
19, The method of Claim 12 further comprising .
selectively increasing or decreasing all of said different
vibration intensity levels.
20.  The method of Claim 12 further comprising
. employing as one of said different notification events a
navigation event associated with input and output circuits of said handheld electronic
device; and |
configuring said handheld electronic device to selectively
vibrate at a corresponding one of said different vibration intensity levels as a function

of said navigation event and said in-use state.




