-1- HANDHELD ELECTRONI C DEVI CE |'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 | NVENTION Field of the Invention This invention
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 I nformation I n known handhel d-¥f ectroni c devi ces enpl oying a
vibrator, it is believed that there is only a single fixed, non-zero
setting for the | evel ofHANPHEIYBLRCTROBMODEEYEY IICIUANEET M nute (RPM.
This RPM Il evel is VIBRAEORHAENG DIFNHESOOTERA PIONRINEERSITYES XNper Y hi gh
vi bration intensi tMET&0D FORVIBRYTING £ HANDWEGS WL Wcarrdr@lcepboneg; devi ces,
whi ch i npl ement personalized ring tones, based on installable ring tones,
in conbinatison wth vibrati orBACKEEROUNDIOEXARPICENTION
http://free-cell.-phone-deal s. conl pages/ Spri nt-Noki a-3588i . ht m and
http://mMMLnoréﬁ%@%@ﬁ%@%ﬁ@%ﬂiPDF/NhnuaIs/VXSlOClpdf. It is believed that
such known cel [ul ar tel Bpf@R@HOLYIGRS eV BehAuRIaRMbRE &vicehuiechni ques
i mel ody 1ntegrated circuit (1C)) and by

through ring 20 tones (e, g., t _ i ]

t ur ni ng, vi br at i"GHe BHH ’ﬁfyotf’fh?l\{\‘qhﬁﬁieﬁiétr%ﬁ‘queW?sdad‘&i'%ﬁPraﬁf' Brsiseptiag br at or

duty cycl e and aioednsdtanimetiod Fatvitdfting la Mh@MSIH hcadMikigown cel | ul ar

t el ephone qﬁvige frovi?eg several vibrator settings along with tones in

whi ch "t he "fu - Hghs" is varied. It is believed that such known

cel lul ar tel ephone devi dekseaientes Qa0 dands hflopadt i @bfiRfitithe vi brat or

25 and enpl oys q.cqﬂgﬁg t Vib{atliﬁ%. ntensity. It |s believed that handhel d

control's for COMmSEd &p Qﬁﬁ§§nyﬁ€f '%@’émVFﬁPé?@%”EWﬁFBWdéf@Sﬁ@Féﬁt

vi bration i nt enidryevohitiohssper KiWIRPR) PTEY RERI 1avelB @y &t tnehagbngoa VI E

regi ster that %ggugr@ﬁ%u§g th@ALnLenSLt¥ of a directly driven vibrator in

128 steps. It [ERREWN P GHavrERR WEsH¥ 8/d of f option to enable or

di sabl e, 305. respecti vélhyic age knbbn adllar fefphdR@evicsd[ wiallr Pllcar © state of a

nand Qe[(ﬁoﬁ,[]efgﬁg%nﬁ%%ﬁghg g ﬁ“%s%ﬁz{‘ﬁg@Ya%leyﬁngﬁ%@s,%‘1 e e bttt oM
See, for example, hitp:/free-cell-phone-deals.com/pages/Sprint-Nokia-35881.htm; and

‘hittp:/fwrw northeoastpes.com/PDE/Manuals/VX3100.pdf. It is believed that such

“known cellular telephone devices provide custom vibration techniques through ring
20 tones (e.g., with a melody 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 cellular 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 vibr_ator employ a constant vibration intensity. It is
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 to provide an on and off option to enable or disable,
30 . respectively, a vibrator for the “out-of-holster” state of a handheld electronic device.
Alternatively, for minimal user distraction, it is known to smploy a light emitting

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



di ode for notification of "an event in such "out-of-holster" state. -2
Accordingly, there is roomfor inprovenent in handheld el ectronic devices
including a vibrator, and in nethods for vibrating a handheld el ectronic
devi ce. SUMMARY OF THE I NVENTI ON 5 These needs and others are net by the
i nvention, 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 plurakity of corresponding vibration
intensities. As one aspect of the invention, a handheld el ectronic device
10 conprises: a housing; ; - Cl it i [ty of

di fferent operating ‘staﬁggﬁgggﬁgﬁggﬁggﬁﬁﬂﬁgﬁfﬁgkggg€g¥%%ﬁ#§&%%b‘ifferent
states correspoRgHTFgIcHdige 2 vibeatar, and mmetbddstiprevilgatingehenticldplriaing st ates; a
vi brat or wi thi ng¢e. housing, the vibrator adapted to vibrate the housing
at a plurality of different intensities; a control circuit adapted to
activate the vibrator at the dePdMARY ORI Y EeklONesponsi ve to the

different 15sstates of t '
ifferen sstates o REesOHERUL g e}srbﬁ]rgf;%&?lfegw nt?dn

: enffor]. GHich PL%Ofées ng
corresponding to the at |east sone o rent op

G
! >

Te of th operating states; and
a power source F¥Paprdateyatpbendivaned Wination ivnesitp fespdnes in phenibsidolocteinicc Ui t, t he

vibrator and t heveenchlngG phesis odeilP&erﬁlioégrﬁ{ng@%atﬁgﬁng{aﬁhlergﬂy spates may

include at least two of the group _conprisin out - of - hol ster,
i n-use, non- useRAPORIIDF BEratighgtendifesuse and not 20 stored. The processor

circutt may further inclndendsmbtirtldibvenln Shifeneat.pakidtleat ion events of
i ray be adapt ed

the handhel d el ectronic device. A routine na to determne a
current one'of PRBUFSTFINENE adprepsern drguismeluding apldrality of diffsrent opvmtidg f f er ent

states COFreSpﬂmﬁwﬂ@mi@mﬁuﬁg&ﬁﬁﬂﬁm9ﬂ§ogﬁghggSg&ggﬁﬁgggdg td fih&at i on events

and the determ ned f&urr nt one of the different operating states. 25 The
control circui t°REF! A EiGETat poralinmitatere mubrete daibinde hovsisp fiwevitratopl ural ity of

di fferent |i ghtadiptédansibkale heNQkBg al QRN CE 1SRN nt(:iint(ax(r\sﬂieg; JBYdWLLfRer 1 ncl ude
a routine adapte %ho determne 1f the handhelg el ectronic device is

in-use. The rodfiRiw to agtivats dieaiRraion 4 theyleiosenn uasitiesrpmprsine 1 thgiffarant ensi t y

| evel s and ishetshes of the ohpnrdheb groc8k&GHERNE fcgﬁééb&ﬁiﬂg?to @ a8t sdforOUt PUL @

correspondi ng ?ﬁe.ﬁf the different states o
¢ diiierent operating states; and a power source adapted to power at least one of the

processor circuit, the vibrator and the control circuit.
The different operating states may include at least two of the group
comiptising in-holster, out-of-holster, in-use, non-use and stored, and non-use and not
20 stored. The processor circuit 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
routine adapted tq 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 the output thereof. The control circuit may activate the vibrator at one of the different

Intensities corresponding to the corresponding one of the different states.



30 the output thereof. The contr.ol circuit may activate the vibrator at one
of the different intensities corresponding to the correspondi ng one of the
different states. -3- As another aspect of the invention, a handheld

el ectroni c device conprises: 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 output responsive to the sensed engagenent, the output
responsive to the sensed engagenent incluging one of 5 an out-of-hol ster
state and an in-holster state; a processor circuit including a routine, an

i nput receiving the outpyt of, the sepsor, and an Qufput having a plurality
of different states inc lsjﬁliloﬁlbmgs?]e‘fstrog ei‘WP‘B’r‘?Eiataleg‘theéecEﬂHc%eV?&cond
di fferent intensinpyisst abasing adupiet Puénghter:Gidister;GQOR6Y iBkIhAIge M ikt hitteRr OCESSOr
circuit; an outg%hmghg%ujt qﬁﬁérating_ mﬁgh the processor circuit; a
vibrator within the: Rousiig i Vs Xith e Setsiptand 2p ouing rep@pwe & e housi ng
at a plurality shsedichdagersnt, thettgmsickioasiye @ HeQBistObngtidnfe ihclARRIRGst O
activate tthV|§ﬂﬁ¥8%(%£atgf dlffere%t intensities responsive to the
different stateh of CTHEr ST 2bP-Hoer SpEARSHORIREMCNdRE G B wer
sour ce adapt ed mﬁmpmmeﬁvmgﬁkem@ﬁxﬁﬂ&s&km;&hﬁmﬁh@ﬁﬂﬁ@ﬁ@a?h&ﬁﬁ@éﬁ t he

t he rocessor

vi brator and th ff.ggqt{pl.c'r.cuir},, wherein the routine of . P

circuit is adap(?edr 1 Sagﬂl“ﬁ{?fhngﬁ 15 BUEht §487 a0dipseqend diffsentiptensity siteensi ty
state 15 when tdsensierised cepgage il the PoLae Sirtdieaddlip@birdialcsRfting at e, and
the second dlﬂhgﬂﬁgﬁn&£§§gglgy %]%{e ﬁgeﬁith%ﬁseaéed §ngagenent I ncl udes
the in-holster state: cand —WherelR“OhE g rehgpsing pregiratgadimieties the

vi br at or atlloneilite thefhbusity at mpBIMityt of difeHimt BRAREH Nebntre] dild@t fdapsitd Ntensity
state and at a ' rent .ihtensity corresponding to the second

di fferent inteﬁ%@%&ﬂg gkég?ﬁggTﬁggﬁ%ﬁﬂﬁﬁﬁﬁs@ﬂE@FY ithe giderpit ataiy fs"S?lclude a
plurality of QI_W@Qf@mepr@p$DM11cn?; ast aﬁae;s(;rlsm%aﬁﬁamgj %bﬁ%?&ﬁteaiﬂ&?@@f of the
group conpri si pg. .= of - hol. r at e e.ln;holster state, in-use,
non-use and storé%, gﬁﬁ%ﬁghfﬁgg&gﬁamﬁéﬁc%?8@@8@“&W@mﬂ33388ggﬁﬁfgﬁrcuit may
further includ@regesgdnsirabif is ydapfedde biftpn enthe ooitrbF diGait ihe first tedkisy @dte t he
handhel d elject 9B} 6. | routi ne of the processor circuit may
further be 25 a_aptég§¥%ﬁ§§%%$§¥ﬁ§§%k%ﬁfPﬁﬁﬁh8ﬁ§f%¥@€ﬁ§ﬂﬁﬁ%Pa ent operating
states and to @iffcput inisnaty stfe Wi tith ffied enhgaicat iacudd t-aanoBEE Age. tad a

current one of Wtha‘é‘in%éJoﬁﬁﬁ@%rcﬂpz}chqt%ﬁﬁé\9 ra Tg"\é%‘q%"fszfeaa%g the. determ ned

current one of the different operating s PUERLEr circuit may
further be adaftredrandingist the fiishmtangitytsteee and at a second different intensity

comresponding to the second different intensity state.
20 The handheld electronic device may include a plurality of different
- Operating states including at least three of the group comprising the out-of-holster
state, the in-holster state, in-usc, 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 further 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 to the control circuit the third

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



handhel d el ectronic 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 nmay further be adapted to
output to the control circuit the third different intensity state when the
sensed engagenent includes the out-of-holster state -4- and when the
processor circuit determ nes that the handheld el ectronic device is in-

use. The control circuit may activate theyvibrator at a third different
intensity corresponding to the third different intensity state, The

routine may be a,fihst Lhe,: the processor. circuit. 5 further
i ncl ude a second T oﬁ% t?}%ﬁ Héf}h%??lfcrﬁgtg et?%?ei%H@%ﬁﬁ&“ﬂlﬁ%#?ﬁ“ﬁﬁlciﬁ?‘x’f@dé%andheI d
el ectroni c devi @& i'deonigbdrehiaserlaativen titehvibraaconhin alffciacinkaligg act i vat ed.

As anot her aspeg} 1hE ¢d AL | . met.hod for vibrating a handhel d
el ectroni c devi cerré(%{é)or?pﬁgsdeégfy%ggrirg%{ﬁnﬁﬁmﬁa ISl ity of different

notification events of {lTherdutuedhelie sirgebitiagiaad epioc@soreliONiyNg a

plurality of sdif . ' .states. of 10 the handhel d el ectronic
devi ce; enpl (s)yi - E%ﬁgﬁgﬁﬁ%%f&??@b g)gtnéﬁl' ﬁhgié‘"‘zfc’“\%’i‘ad?nﬁi 4ei?ﬁnﬁ”ﬁfgé]i1f’s}?a9§he§q evel s; and
configuring theckefisaledess etse based ugtemheredna r@shesdiiRlivatag br ate at the

different vibration intensity levels.as.a function of a current one of the
different notification _g\%gél&t(hser %’Hﬁ“é’@ﬁﬂ"&%"“&f@“@qﬂ fprabraingdireditidper at i ng
states. The net Hedropayefierdomprsesmmpidybe aauiranpsf Gy neted@ndH temgott he 15
Che handnel @ el'ociniy BEGRbCRBRLELLRG BE 2o BGuT g Grat SR he et der ent
vi bration i b eni$p b3ndhed epatronisdseck; applnyinhe pertiteltitenat dbratibiin@hdifyer ent
notification eventis anNd.the ined. current one of the different
operating states. The n%_t%@&gﬁftﬁ@%?‘?ﬁé’?ﬁ?& ?”i"%g’sglg?tﬁ’&{yivhtﬁ“? ﬁ‘égﬁi fferent
operating 20 st@ffasntgibratige intasitthetads sladetatianefa ddedtit ofe §irpndifthentgr oup

conpri sing in-hpligt&hn eRUk 2R 5 r..and. out - of --hol ster and in-use. The
net hod may further co?r%ri se e%%#‘?otﬁlgoggwgl BN PeRiiE ¥ er ent  operati ng

states a plurality of di¥fHcarathod nopyduttiter agnmisgesonoficiibalchandbelit el ectronic
devi ce; autwmatdigal: bi¥e Seta 0B - ent .one of the di.fferent erating
modes; and 25 automati cal 'y Vibr trl%ﬁl %EB}E%’ B Adratisa! gg&a’p%ﬁgﬁ@gﬁ e at a
correspondi ng GHETYRC ‘f%@_ﬁ 2l fofrespending drigrodithe diffekent @haiisryinteasiglisvebased upon
the current oneagfl upfehelifcB RObS the different notification events and the determined

current one of the different operating states.
The method may further comprise selecting the different operating
20 states of the handheld electronic device from the group comprising in-holster, out-of-
holster, and out-of-holster and in-use.

The method may further comprise employing as some of the different
operating states a plurality of different operating modes of the handheld electronic
device; automatically determining a current one of the different operating modes; and

25  automatically vibrating the handheld electronic device at a corresponding one of the
~different 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 chan ging 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.



notification events and the determ ned current one of the different

operating nodes. The nethod nmay further conprise initially vibrating the
handhel d el ectronic device at one of the different vibration intensity

| evel s; and changing the 30 one of the different vibration intensity

| evel s. The nethod may further conprise continuously changing the one of

the different vibration intensity levels over tine. -5- BRI EF DESCRI PTI ON
OF THE DRAW NGS A full understanding of thkhe invention can be gained from

the followi ng description of the preferred enbodi nents when read in
conjunction wth the acconpamH mescpyT WH Gh Figure | is a block
di agram of a handhel d el ectronic a——“célggéggggTﬁaﬁcgﬂg%ﬁth t he i nventi on.
Figures 2 and 3 are bl ock T uyieattadieg ofherieertion ol beepineshiran deddllowingi n

accor dance mnthda&@@mn@ﬂhgﬂﬂ&ﬁﬂkﬁm@&n&ﬂﬁwhﬂ¥£ﬂHhﬁ@umﬁg DWfaené 1S a block
diagramin schematic formof a handheld el ectroni devi ce vi brator
drive control cPFEOPEYIPRTAVESTENHEE with an enbodi ment of the invention.
Figure 5 is & bl ock di agrgicis SIARMIA drQhMiths ARALNEERRNAREL fhnce

el ectronic deVICﬁ ¥|brator drive contfol circuit In accordance wth another
embodi ment  of AP RYERe-on. Figure 6 is a block diagramin schematic form

of another handhel d 15 ehg@rtasrpmd@aﬁh%\rdcﬁﬁla&'m%&{h%dh%'ﬁégro%ﬁ'&%géu&' reuit in

accordance with an ther odi prent of the invention I gure
fl owchart of a.?%ﬁﬁ R ifebrdsyenispdthsinyeniesor circuit of Figure 2.

Figure 8 is a flowhart Eguraz;rMmd}%%cmtsggmg% {*oﬂﬁ‘??z[}% ﬁpglec%r[]{wt of

20 Figure 3,, Figures m a fl owchart of configuration routine for

a handhel d'®| ec%’%‘HP’B‘°a§V‘e€8n‘?f%°léfé%? AT nambedisent efbotivemion. of t he
invention. Figure 10 i SF:anBMl&Bk@Wg@M 1h@c}§ﬁ91?c”@ﬁﬁ 6t 4nBiBR harirandhel d

el ectronic deV|c cl ng a vibrator drive control circuit In accordance
with anot her e ectro evice vibrator drive control circuit in accordance with another embodiment

‘of the invention.

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.
Figure 8 is a flowchart of a routine executed by the processor circuit 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
electronic device including a vibrator drive contro! circuit 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 clectronic 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



25 enbodi nent of -the invention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS As
enpl oyed herein, the term"holster" shall expressly include, but not be
limted by, any object enployed to tenporarily hold, carry, use and/or
store therein or therewith a handhel d el ectronic device. 30 As enpl oyed
herein, the term"nelody circuit” shall expressly include, but not be
limted by, any circuit, such as, for exanple, an integrated circuit or -6-
mel ody generator, adapted to generate and{or output one or nore signals
representing a plurality of different electrical and/or audible tones or
mel odi es. Ref erg]iellrg)gyteo Fg gure E% a handh&l d el ectronic device 2 is shown.
The device 2 i RCIUHES A RSIEIHE HVGAY LVIRHRILITE PFOCSLREF TRIFEPE 6

havi ng an out pué piBraBtywif tiiffesenipdlettrRbl dny/opdudihiid thak efticlsdiat es 10, 12. A vi brat or

14 is disposed within th Qusi 4 he,vjbrator 14 is adapted to vibrate
the housing 4 at a plur aﬁ?@?r}%fc’n{gﬂr? éragﬁﬁdheldrﬂeé‘ﬁ%“tqe«%‘:‘?e?LB;,S gvn. Alkeont r ol

circuit 20 i SGaMimbédlcﬂlxdemmdubﬁag eﬁﬁmuuiﬂwﬁp&gmﬁﬁﬁaﬁ chieng ﬁi&;@;ﬂfﬁgt 15 of
intensities , S Sj to e.r ctive different states 10, o}
the pr ocess%r %]%’r gcﬁlfl{%ﬁé’tfff é e t.sgaﬁ?%ﬁﬁ?‘ggl"@’rﬁ%rv%r‘s Ugredevithin thehopsing 5
battery) is adaptBe.vitwatorll@ ipaisped DREbrRE HB6RIRM & DERLEGEaERIenE] rCUi t 6,
t he vi brator 141:1%%'&& legoKt rrgl _ci rcgét 20. Non-limting exanples of a
handhel d el ect ronire devi te’* SPEOHTEHN 4R denipd tppagvaiphe abraiqydd at e 452 588:
and 6, 489, 950, différeH iemsitienirorepespaked t@&lelfcﬁ{)@fi&ﬂﬁﬂereﬂ@@traﬁi; no,1sr thxanpl e 1

The processor ¢j it .6 may includ luralit f different operatin
m)deg (e.g., d \]/nlgc%%ymltCﬁgﬂlé‘é%/m‘ﬁgvﬁcsgﬁ?bgq }g%weﬁﬁ\‘}fcééz Z"’a?v’iadéf‘?r&%s pgpp Flé‘bresg).
The differeft mwataes ol@okdf ok ptdaess@icheEss e varki6Uldtan® the RbtroB ot
correspond to sgne or all of those different operating nodes. The control
circuit 20 may activate the vibrator 14 at the 20 different intensities
16, 18 correspondi ng to NwHimitngexampkl bf Ofandther! dtchées @htccapatigidsfin  nodes.

ol S O, SO0 RS I RS 2
38 wWith a herein.
15 Example |
The processor circuit 6 may include a plurality of different operating
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
different operating modes. The control circuit 20 may activate the vibrator 14 at the

20  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

includes a housing 34 and a suitable processor cireuit 36 having an ouiput 38 with a
25 . plurality of different states 40,41,42. A vibrator 44 ig disposed within the housing 34,

The vibrator 44 is adapted to vibrate the housing 34 at a plurality of different

itensities 46,47,48. A control circuit 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 suitable power source 52 is adapted to power one
30 ormore of the processor circuit 36, the vibrator 44 and the control circuit 50. A

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



25 plurality of different -states 40,41,42. A vibrator 44 .is disposed within
the housing 34. The vibrator 44 is adapted to vibrate the housing 34 at a
plurality of different intensities 46,47,48. A control circuit 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 suitable power source 52 is adapted to power one 30 or
nmore of the processor circuit 36, the vihrator 44 and the control circuit
50. A suitable input circuit 54 (e.g., a user input device; a keyboard)
and a suitable = 4-, Cl I 6 (e,q., .a user output device; a

di spl ay) cooper g’? g&%t(ﬁg'f %géc{)%%ggﬁe, %Flg%%ﬁ)fmp%%t.e Wﬁ'ﬁéﬁ)%‘ﬂf'é’?sﬂbc@ﬁﬁi s
adapted to opticfally engage a hol ster 58. A sensor 60 includes an input
62 adapted to sense enga - of, . th ousi n 4 with the 5 hol ster 58 and
an out put 64 resgpnsi ve g%gg%ﬁ%széﬁlssdgaﬂ%ﬁﬁ8§g)ﬁél¥tepgaﬁﬁég‘ﬁlﬁf6%%sAo?ensoéi reuit
36 includes an PApGlideaniwetidadaged hacse agageneutdiite odsind4amp @ 2 Exanpl es
of the sensok 6k hm.ty sepsor, (e.g., sensing that the
housing 34 is sui tgrgjls;ég %?@%&gt}ég@%&e{mﬁ% Osgf“é’rsg’%‘? ?“gégqqe@%ﬂ%%’f‘@?f?or( e.g.,
sensing a 10 cHfFESPpEwIKerpnliimh6s socviaethé Ratorstpme). i n the hol ster 58;
sensi ng an absence of |ight when the gevige 32 1s in the holster 58), a
capacitive sensor (e.g., sensing a cap e associated with the device

32 engaging the hol ster B@mpiawﬂﬂsepﬂmﬂmliﬁ:lude@pioaﬁxﬁ@sé@og(e,g.,\é&fﬁsﬁxﬁ are

cl osed when t hey. @RS i.cal. copductor_(not shown) of the holster
58). 15 In this gxarrpl‘e?g_l |I§Ifq’rl\%%%gp %‘%?Cte&‘ﬁgglﬁf” égé’@?" SEISPT\§i&: 8B M8 Aef er abl y
aut omat i cal 1§ deremRPHestighheovdicf(fiat siertn) Bitad I8tsted 05:43us3, anlaBscafcd@iphto Ssel ect

between the ViRkAhQRvikOELAS &) 46,47, 48 hased upon detection of one or
nore sensed events, For exa?r!{p(%llg?&ftﬁlgﬂgﬁl’iarcﬁ’\’ﬁﬁ 1&° EEOE M O e i nput 66

recei ving the S@FSERICHawpittcdsHith be delawiddengagint ke hdRtet £8), @ skifrabien- hol st er”
or "out-of - hol sd@fhcis (AS vARALREY ggg[ t hree 20 st at e: be, est abl i shed
based on whet her the(cgzvi ce 32 ?/\sgé sen‘gce"’dené%ge%%ﬁ‘ar.ma?iﬁn%“&?%‘ﬂép%'ér"; (2)
"out - of - hol st er*fthedplsEns®)r out - of - hol ster” plus the condition of being

;;( ra].;rgls ::‘ E);?ﬂ)t y ;"'hnerlloh hgn Egi%iggl?%!Jil%g{a?es(i]%%%}')c)%%%tessgx! CﬁI%Llﬁlt .136 I?r%fera%ijc h as, for
atfomatically determines the different states 40,41,42, in order to select between the
vibration intensities 46,4748 based upon detection of one or more sensed events. For
example, the firmware 68 employs the input 66 receiving the sensor output 64 to
decide if the device 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-holster”; (2) “out-of-holster”, or (3} “out-of-holster” plus 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)).

Key entry and/or user interface navigation tri ggers 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
shown)), the device firmware 68 would presume the “in-use™ state (e.g., state 42) and

could, thercby, cause the control cirenit 50 to automatically switch to a different
30 vibration intensity (e.g., from intensity 47 to intensity 48). Later, afler a suitable
period of inactivity of the input cireuit 54, as determined by the firmware 68, the

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



Key entry- and/ or user -i-nt-erface navigation triggers may al so be 25 enpl oyed
to determne the third state of being "in-use" (e.g., "out-of-holster"” and
the wuser is typing; the sensor 60 is a capacitive sensor that senses hunan
touch). For exanple, as soon as the user inputs to the input circuit 54
(e.g., depresses a key (not shown)), the device firmvare 68 woul d presune
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., fromintensity 47 to intensity 48). Later, after a suitable period
of inactivity of .t N ci.rcuit 54, as .determ ned, by .the. firmvare 68,
The out put 5t T ore BB B el For LAY o gL E R or

"out - of - hol st eriitefsity¢7), FoBexasibR] this4@nitionshatoecd Whering tichievieora @spondi ng

vibration intengity, (e.g,, intensity 46 or intensity 47). For exanple,
this transiti on]?igrcﬁft1 10%0%%}”%8??@\%? the device 32 goes into a slowclock or

sl eep state. For exanpl eforifaniplgifdsarkerti@d s thcdlymacahib/Yerldeamweszhi s/ her

device 32 5, sittjng o tabl e or counter top, then the user nm refer a
rel atively rSZdusgle’%gg?“natq%t%%?rt%?“ﬁgfm%i%ﬁpgi"i“ﬁ‘ﬁ PESHR AR E Y ge C‘?‘déP’é‘E&FWeI y

i ncreased i nt engivibyatiol asdobipatd Ok raBeRly infreasbDin®hty of vibGtianRhdaein-exanpl e, it
may be preferr%%ISE Q, have a relatively higher intensity of vibration when

"out - of - hol st er Versus "in-hol ster” depending on the 10 user's situation.

As a further exanple, i fAddnethetlexiaslc,32miysbeiuseiatd yaveet@aivel hagabei ng
"in-use", then. . User. na ref.er relgtively |ower intensity of

vi bration whi éﬁtgﬁgﬁuglvﬁ%fatﬂ%evaﬁgv?ué'ggh‘é%grrb’ﬁéu%‘ynl%(’? ed‘ipﬁ‘ﬂ)‘ﬁ‘fg Y t?’/‘Eui t 54 may
i ncl ude a ri0cr aphoriéuatimmt shown). The firmvare 68 nay determine if the
handhel d el ectroni c devigce is "in-uyse", based on jnput of a.detected
sound fromthe nicr ophor‘fésatfg'%?eﬁ%xaﬁ}pgacgil?cﬂﬁwﬁ?%c’ﬁf‘f"eﬁ‘%yReé‘?{’éeﬁﬂlsge‘ﬁg The out put
circuit 56 may “inact’liten thesipealog prefan atreisthvolmywer Thes2Ooffvitrai@areéile8 may

determne if tﬂ@ldfﬁ%%*ﬁ%h@e el ectronic device 32 is "in-use" based upon an
output fromthe processor circuit 36 to the speaker.

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.
Example 4
The output circuit 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
firmware 68 may determine if the handheld electronic 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 fime 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,



Exanpl e 5 The input ¢circuit 54 may include a plurality of keys (not shown).
The firmvare 68 nay determne if the handheld el ectronic device 32 is
"in-use" based 25 upon detected activity fromone or nore of the keys.
Exanple 6 The firmvare 68 may determine if the handhel d el ectronic device
32 is not "in-use" based upon a predeterm ned period of tinme of no
detected activity from the keys of Exanple 5. 30 Exanple 7 The firnmnare 68
may cooperate with the input circuit 54, -pn order to provide the user with
a user selection of "intelligent vibration” being on or off. If off, -9-
then the "int el lteg@rt“indidcat JiQkions f | ivated (e.g.., by output
state 69) and he, devi Cié’g' 32 oﬁtlmy_ \%i%‘ﬁgrégge%ﬁﬁ%%gg%b%’f%u ﬁé%}taﬁeﬁaa&gnstant
vibration i nt endi4y8oH onlxyibratesivislea cirfesponding fanstehtivitgmiot intérsitaddicon”

sel ection is onCargwiasinatad .he trol circuit. 50 autonmtically
causes the vibrator ?iﬁ to vi brgae{ngﬁgrtaa%ng&g@%{‘ﬁeongﬁ?cg?’aé%dfg’gn eB?rﬁrtoion

i ntensities 46, $°UH80 qupmrieiycasses tseibsdorddspahdicnyoncas fraifforat st at es

40, 41, 42 of §hevidevbeRtedstids@697 48 b fe LoQfihol ster: out-of-holster
and in-use). Rgég‘ri ng to Fi u’r%ng,ema?l]l#%%nﬁfel?Coﬁrarﬁ)aﬁe?%re@e%%vters@ c device 2'
i s somewhat sim Par*SThafevigedd €., p-lplste; Qo EhdlsterThe-ofibMiteram? in-isBc| udes a

| ight sensor 70 10 having an input 72 adapted to sense anbient |ight 74
and an output. 76 responsive to such sensed anbient |ight. The processor
circuit 6 includes an i RpEEng® Fgsedvnetherthedheld elsiomicdsvior2” i#6. Examml e 8

The control ci reuictvh@QimiRf tofthiétBe 3 of Rl HGE cLbght, sensar 70 ich 15
i s adapted é}) sense a',’ngl urz(a)l ity o? 8i fgﬁéggh?hﬁt(!égﬁ%biqﬁ%hé egﬁfx@atls%grl’/?h(e. g.,
the device i “EVINg AR OBy 12 r3dapiedde peaee angbinat ligh @4vmd, ansuipht Hsespbmdveexanpl e, a
briefcase or a sotlf ®8sed biBientdRY. A8e rocdsSorleBldi SbLfd n.in a.lighted room
(not shown)). The g%}i%:}gsj;o? %i rcuiegqui'S ricﬁ‘f': tuﬁdkanghfi%?dnq’p%y%ﬁmgﬁ% fed to

determne if tH&™g is in-use (e.g., as was discussed above in
connection with Exanple 2) and to out %tamm%%sponsi ve to the input 20 78 and

whet her the device 2' is.in- use, a correspondi ng one of the different
st at es he control circuit 20 of Figure 3 includes the light sensor 70, which

15 _ '. is adapted to sense a plurality of different light intensity levels (e.g., the device 27 is
stored in an object (not shown), such as, for example, a briefcase or a purse; the
| device 2" is lefi sitting open in a lighted room (not shown)). The Processor circuit 6°
includes firmware 68’ adapted to determine if the device 27 is in-use (e.g., as was
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 ﬁbrator 14
~ at one of the different vibration intensities 167,17°,18" corresponding to the respective
- different states 10°,117,12",
_ For example, user selectable vibration intensities may be automatically
25 switched based on whether the device 2 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 7() as (2) “non-use” and



10',11',12" of the output 8 thereof. The control circuit 20" activates the
vibrator 14 atone of the different vibration intensities 16',17', 18’
corresponding to the respective different states 10',1 1',12'. For

exanpl e, user selectable vibration intensities nay be automatically 25
swi t ched based on whether the device 2' is sensed as being: (I) "in-use"
(e.g., when the user is typing on a keyboard, talking into a m crophone
and/or listening to a speaker); (2) "nonouse" and being stored in
sonething (e.g., a purse; a briefcase); or (3) "non-use" and not being

stored (e.g., sShiihd G-OREPMOBING th@hEus@m Eibraford éeﬁsgg ciet e roon) In

%‘%Qﬂ

this instance, the user nmay select, for e, are at'i

vi bration 30 |nfeé?ft?§i’iﬂﬂgﬁﬁ egelhol di ng t he deV| ce 2 for (1) "i n- use" ver sus
(3) a detected "non-use". Qherwise, if detected (e.g., through the |ight
intensity sensor 70) as gzzﬁ "non-use" and -10- being stored in sonething,
then the user may set th F’@Eéﬁt]ﬁléweﬁml‘@nﬁletdyeldcmomch@vmp&ibeﬂtor\ﬁevW h| ghest

Lol ol CiS ) fanber e dhosdh, NAMNCLLELSR! QN SrdRMl SR READOT I Ve B

control circuit 80 is shown. A han ectronlc ssor circuit
(P) 82 i ncl ude®cadegiagiaital ougt fatA Bandhold ﬁmmenm@lv@wpmﬁﬁmclmw ce vibrator

80 1ncludes a_ ABbPES fRinda irdtSho chidichd 00 YsodofE 0Lt 810 c8R6ON | MUt

termnal 92. The control = circuit I nc Circui dapted to
out put a subst aHCHARY V‘ClééffwtfﬁﬂtclrWI%a@wted%ommmw@smallabbretaswmge vol t age

(+V) 97 L0 the Suite o biitabib slBRIoId R 1o Bl IRl SEARRG0, Ghy £UI 98

adapted to sel ectively enab he 7ot or 'second I np ut
responsi ve tb t%Kerd P’Iﬂil‘gﬁgta&ﬁff%? prigetigdy ensple the mdia sm@nﬁﬁlpu@elamapﬁbd to

pul se-wi dt h ”ﬂ%bﬁéﬁ@t&hﬁp@“(ﬂ%ﬂhﬁdutﬁ%‘t’ﬁcp%ergﬂqegﬂ QbR Ahpe Sy cyel e

(A/B), which corresponds to he notor volta in turn,
i s adapted to rBtde thy digitd geay 84 akewlectabio duty heelsidyR) which a¢rre§pqndmt9t ant

vol tage 100, Whh(CI’ﬁ temdi@mdshéﬁ 1% g W dth
nodul at ed (‘PVWV) p out put 840 Fl—liigni(]:hle%u¥l 1g¥&%p%dg{1??a§e£gﬁpegﬁtégw brator 86

varies directl 9’1’96? %‘ﬁ S @mﬁ?&ﬁ’ﬁ?m%ﬁ Yolipge 19@0Vh1Wﬁ0EFﬁPQIH$|t@%lcdiltﬁéL0ﬂq%f with the

duty cycl e 1A/ B)elmﬂseivh@thlﬁi%ﬂﬂdte@(ﬁw}d) Qfgltaﬁ'éﬁtp%zl NQnae! @Eﬂﬁén@iﬂr&%é“rs when the
out put 84 has g}é{ﬂut zer,0 dmé“ﬁ cl e. "Al'though not Shown, the second

circuit 98 may i arigspdineq thomotopveiggmiiPewigeh varies dircetly with the
duty oycle (A/B) of the PWM digital output 84. No vibration occurs when the oufput

84 has about zero duty cycle. Although not shown, the second circuit 98 may be part
of the pP 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 contro} port is an open drain that can sink suitable

.25 maximum motor current (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 current.

EBxampie 10
The PWM output 84 may provide a scries of step resolutions, typically

30 about 128, in order that the duty cycle and the average motor voltage 100 can be
suitably varted.



The PWM out put 84 may be ‘provi ded by enpl oying a suitable PWM output port
(e.g., froma processor circuit or froman integrated circuit such as, for
exanple, a nelody integrated circuit). In sonme cases, such as certain

mel ody integrated circuits, the PWMcontrol port is an open drain that can
sink suitable .25 maxi num notor current (e.g., typically about 150 md). In
ot her instances, a power FET, transistor, or the circuit 98 (Figure 4) is
enployed to drive the relatively high nmtior current. Exanple 10 The PWM
output 84 may provide a series of step resolutions, typically 30 about

128, in order that the duylyeas eefog?gmgﬂgwg%?)rrgﬁ%rgeo%r %féﬁg%? 100 can be

suitably varied, -11- For exanple a sul (e.q.

SANYO- RS 2561 ndtikedcddy ?H}Basﬁl)%a@aﬂuéBWéTMP‘SwpﬁBgmsMWMwmﬁ tlBeina,enw Il e,
I11inois), the dyiyos myOWss &thpuk@43ﬂP\é&ﬂcﬁﬁE&)ﬁ{Bmﬁmua%ﬁhﬁle%ae'as?u‘f' gc% ot or

vol tage, the neasured notor vol asur ed’ not or cu t and the
measur ed not or W%‘%F’G’quﬁ?ﬁéuf%momm@@aﬁdmﬂﬁlvywmﬁ nidte revtutionsgBr @ineteshown i n

Tabl e 1. For 5t herevpsheEm&br S-Eaa}i)elhﬁo% ﬂgle\iohi‘gr?lge %:!ba%g ¢ ogT%BQ/Bé‘tG vgﬁﬁgct 0

Anot her alternalvelsto set evotage9
adj ust the vol t 348 BHESHPed current source circuit 94 to provide the

voltage 96 at about 1.7 AMB¥er altBHStive tNE u be varied
from about 50%t H&}%& out. 10 16€%tolvgnsu?%%% h%ig@ ggo@gg%\élgcta'q§1V| br at or

nmot or 88 woul d © ¥age goringed Wﬁszﬂfmmatzlewmhstoagi@ teomltighios asspeci fi ¢

Tabl e 1 MM Cavoul ated dyﬁg t or Mot or
Mot or Mot or ﬁiﬁ) Vol tage 1V0|tl![¥§(§gk&5 éhr ﬁ%ﬁﬁ/ﬁ %@ﬁg ’gg‘B"‘\?&yé"h%%‘ét VDC 25
mA 5, 454 25% o Blogpergheytagrerassthepibpi@ owtor 38 %oGld99GT VREAthO00 VDC 48
M 8,333  35% lndBBuMBGedvol@f MGk 1323

not or .

Table 1
 PWM Calculated | Measured Measured Measured

Duty | Motor Motor Motor Motor
Cycle | Voliage Voliage Current RPM
20% 0.660 VDC | 0.658 VDC 25 mA 5,454
25% 0.825 VDC | 0.840 VDC 38 mA 7,894
30% 0.990 VDC | 1,000 VDC 48 mA 8,333
35% 1 1.155VDC | 1.159 VDC 60 mA 8,823
40% 1.320VDC | 1.310 VDC 71 mA 9,836

1.45% 1485 VDC | 1.470 VDC 82 mA 10,714
30% | 1.650 VDC | 1.630 VDC 93 mA 11,538

155% 1.815 VDC | 1.770 VDC 108 mA 12,000

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

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 ihe

vibrator 86 for the lowest PWM duty cycle setting (e.g., about 1 VDC), whichis a

30% PWM duty cycle in this exampie, then the motor current will 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 VDC, or eloser to about 45% PWM duty cycle, then the

25 motor current is about 82 mA and the power is about 123 m'W. Hence, the power



40% 1.'320° VDC 1.310 VDC 71 nA 9,836 45% 1.485 VDC 1.470 VDC 82 mA 10, 714
50% 1. 650 VDC 1.630 VDC 93 nmA 11,538 55% 1.815 VDC 1.770 VDC 108 mA 12, 000
15 I n the above exanple of Table 1, the notor 88 is guaranteed to start if
the duty cycle is greater than about 30% although, after it is running,
the duty cycle may be reduced to about 20% The vibrator notor 88 response
to the change in the duty cycle is alnobst instantaneous. There is a
potential for power savings by enploying m-variable PWM 20 drive nethod or
by lowering the DC voltage | evel. For exanple, if the user sets the
vi brat or 86 forsi s 30 \W U, ab
which is a 30% dﬁ%ty?&ggfl ein %h?é%@zlidgnl%la%lﬂg%&%‘?ﬁmhIS g}éﬁaum rent w | |
be at about 50 FE¢ampynl-t hen, the power enployed by the vibrator 86 is
about 50 mW If the vibrator 86 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 miReferingéeFigemé, motherhandiald ebavomigdevat vialiout 30% PV
duty cycl e cegul gy at,i ye anount .
Referring to Fi J%§Q§EQ§%§¥§%$MWIM§ (Fﬁl§¥ecf§&ﬁﬁ€¥dé%@%%9 Pator 5
linear drive coffi§IViteaterdigiincludeothe 810®h8)&\mvmg$hqﬁrstlén@]wcead4npm kemihgindhel d
el ectronic devogs L Vi n first and
second i nput ternlna(f ﬁk%&gﬁ@ub%@éﬂgaﬁgﬁgﬁ?ﬂqg fgﬁ%??w' ot g@%r circuit
114 is a digit aVit pvelieas b’@ dibe pangrol wulhll@m@ldeaganﬁﬂﬂm aﬂ"tbe digint-tel circuit
110 |ncludes aANyda P Whitndd; t.11 he
% tpet ﬁ?gfthg Ex%cégkcg %%Jllt 149 %ﬂqa&%g\i LiLPH emgfltztixfu

processor rcuit 114 and an o ter of the
mot or 88. T (b priod dacaprtongsy éfbpproqemr cmtdm“rmmhum@eaa sutellabl e

mcrocontr0||erm(ol%@ntgeﬁgr(ﬁﬂﬂlﬁaﬂ&gh&ﬁ%l%&&na?c%aclo rEABIRS tﬁ{ m(a'RACE%dt%M | s

adapted to ch e the voltage ut 112.
The control ci ridffEe et t?%"’“éﬂé‘b? digitaldo- P@%@n@uwﬁﬂy'rbhmgel cnrhlet hlﬂtlfor

vol tage 100. | ndbiikdo ckdnsothurBBucalflsaal 1o 1RBREL Ry sanGLAt 2Ll on)

corresponding to t e vol t age. 100 't her eof ying a controllable
PWM ot or  cont rPoPeed (Pips © m{‘):“rogﬂfipémiv}gwéhcbeagmlﬂ@ﬁlereyf changi ng the DC

l evel acrosis the rTDt or 88y whiibyitd EeohirE188He PHNT ifotdt Bt bircwit 80 (Figure 4)
or by directly changing the DC level across the motor 88 with the linear drive control

circuit 110 (Figure 5), the intensity of the vibration that a user feels changes as well.

—h

In both methods, the intensity changes by varying the average voltage 100 across the
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 enough RMS voltage
across the motor 88 (Figures 4 and 5), in order for the vibrator 86 to operate (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 control circuit 110 of Figure 5, it may be about 1.1 VDC). Since
most motors require 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 tutning, the motor’s average voltage level can be reduced. The
30 highest setting would represent the maximum duty cycle permitted (e.g., a duty eycle

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



circuit 110 (Figure 5), the intensity of the vibration that a user feels
changes as well. In both nethods, the intensity changes by varying the
average voltage 100 across the notor 88, thereby proportionally varying
the motor RPM 20 Exanple 11 The user may be presented (e.g., through
output circuit 56 of Figure 2) wth a range of vibration intensities from
relatively lowto relatively high. The | owest setting represents the

m ni nrum duty cycle required to generate -ddeugh RMS voltage across the
notor 88 (Figures 4 and 5), in order for the vibrator 86 to operate (e.g.,
for 25 the PWMdrive control circuit 8§.0f.fhoure 4 it nmay be about 30%
duty cycle; for the direct |inear drive control circuit 110 of Figure 5,
it maybe about 1.1 VDC). '%fnelber visder malerde.&» medad HER- 1802106 atstleted hivt i al

start-up CUI‘renNamﬂ{hBr66l@Jﬂﬁ6m9FQ’!S(BIPRB&IHSSE Jr@)othc %"‘ﬁ? i ﬁ% &d1dp provide
this for a suita FISEC lt1 e notor 88 is

t| nme éﬁ‘@@ a few m
turning, the mo 13\?59‘{*é%@%@%m%%ﬁsmlywehﬂmédls awnelso hi ghest

setting woul 8 répCesent the maxi mum duty cycle permtted (e.g., a duty
cycle as permtted by vibrator RPM and as permitted by nmaxi num al | owed
average RMS voltage). 13- Exanple 12 For another vibrator not or (e.g.,

nodel 4CR-1002W Q05 nar k eFl@ﬁh& b)éhosz%H%thr hﬁ{dﬁah %18&9011% de%%%é&sa%? du

Si ngapor e), the tor g current is about speed is
about 10, 909 RPVF &‘rf‘Hb uigbq%}rC%HOar@?éfbgéom@d&bmconvesn@aumxdyﬁ gure 6

shows anot her finwghel cir@htof 150 Aist-cBeMh e, PRAL trol circuit
130. The ci cwt 130 fgﬁébe f ormed fromﬁgleconvlgcncﬁlgﬁgo\{&hfdggg i ntegrated

circuit or fromigiosay uRl HEHE FZsa suitptde memenyi 184,100clbdylendder 136204

ni crocontrol | eradanitiis (38C0he $BRJ 12 58IV A8 iMBAREN 153%n r% uiel ody generat or
136 and a dat 4%@ 1}%214 }he MCU 132 receives state |nf rmati on 139 on
i nputs 140, 14 P PR RPEsSTOR 43 466 or(frm) the n@cesporfeironits Hlaad

processor Ci rCﬁﬁbﬁrcﬁpeamﬂal?x@ﬁesqfanﬂQSMCUQBEb&H&%C&GS%ﬂﬂ?@?%{%@%W 132

gom‘runl cates B&hgmeh’gerr&rei% andet hebrre od% ener at or ver the
ata bus 138. For exampl & FHE IHENGF Yo daubuss 3B nEersaeenla tsirumaany 134 of set s
of nel ody par amstdesa giMalityMRscts\Emelddy padBetdB il a2, B2 M4) 148,150,152,154
corresponding to the respective inputs (STATE 1, STATHE 2, STATE 3, STATE 4)
140,142,144,146. Whenever the 1P 148 sets one of the inputs 140,142,144,146, the
MCU 132 responstively transfers the corresponding set of the melody parameters
148,150,152,154 to the melody generator 136, In turn, the melody generator 136
20 responsively generates PWM outputs 156 (PWM+) and 158 (PWM-), in order to
provide a suitable voliage versus time waveform 160 that drives the vibrator 86. In
response, the RPM of the motor 88 follows the waveform 160, such that the resulting
: yariable vibration versus time response of the vibrator 86 minics the melody that
corresponds to the state information 139 of the nP 148,
25 Referring to Figure 7, a ﬂowchaﬁ of a routine 170 executed by the
processor circuit 36 (e.g., including a uP) 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 function(s), word processing applications, spreadsheet applications, calendar
functions, address book functions, journal entry functions, notification fimctions (e.g.,

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



corresponding to the respective .inputs (STATE 1, STATE 2, STATE 3, STATE 4)
140, 142, 144, 146. \Wenever the pP 148 sets one of the inputs

140, 142, 144,146, the MCU 132 responsively transfers the correspondi ng set
of the mel ody paraneters 148, 150, 152,154 to the nel ody generator 136. In
tam the nelody generator 136 20 responsively generates PWM out puts 156
(PWW) and 158 (PWW), in order to provide a suitable voltage versus tine
wavef orm 160 that drives the vibrator 86.14l.n response, the RPMof the
notor 88 follows the waveform 160, such that the resulting vari abl e

vi bration versu | of the vibrator 86 m m t he nel ody that
corresponds to '?Y%{Sggﬁegngg?g?ﬁ g P%rﬁo%é%er%fé?rﬁ]é’ W% ﬁg‘fse?f?"l' ng to
Figure 7, a fl obuéing otbér warhmmem@d@ptamecmmﬁndpylmﬁxhanctms;o.esBmmarl rcuit
36 (e.qg., inclugj P) .. Fi gu i S shown. A

o (i sat on S el Ko fons S BAOR B ML B R devi ce 32
i s executed atN&Z&ut 1A itds mmlﬂﬁmghisagoﬁmaﬂmé @svick BRisHmihe hdieeds8l 1o may

any. suttabl e nandnal oete bRefer b Prcifen 08 s bl BhecgroBiSel ng
appl i cations, sgréadentevitapphd,dthe dms;,egz_alnefndaﬁe hofstenss, ieAsat 178]dress book
functi ons. 1 2ur el [ ATEL L0TSRPLL oo 'n‘l’s%vfs?‘c%tgé%égeaneﬁmd i
events, neeti nge protiodsipcaleiconscd tmﬁag&gﬁtﬁ’l Wak & duput Sdnoh ik, ol?\ﬂmf ¢Hchiys6 inst ock
quot es, news web br r task ljst functions,

al arm f unct i Ons&’ﬂr’aﬁ%ﬁsgﬁedc@% gdt%e&eflg(ﬁisﬁ & ﬁﬁfl’la ?%P'n i OREe Yt %ﬁhone
functions aHb/ dnbﬁw@?@ssagbﬁfgeﬁmcﬁmmm&mcs dueg4. , Othdrwik€Af the Hevii® 3génsed

t hr ough sensor &91 @lltlohs@erqﬁ\%c??n 2m 'usscb F@thg(i)oufgf]ggﬁter %t?tB?éegS then, at

176, the "in-holster” stat execution
resunes at 184’1bﬂﬁf-et=rfélmChhqforh@mdununfresmhaadeM ce 32 is not in the hol ster

58, then, at 178, it is Ngﬁtaﬂgﬁ' %gltg 1806 lgf\rftlelgget%rgurgﬁgdg@g%ﬁ-}o 8d ti m[: d

thelnput circuit 54 recei Ve an’i1npu previo
peri od? Was an 18@1ﬁﬁi@ﬁm@@rﬁtnouﬁabﬂerwmniuNpm%mnﬂmg@mrﬂplé&@afndsnﬁahlcpv&m ous

predeterm ngd t hcﬁ'ﬁepx%f é)&gzgie o-frhil ﬁl%SSag%J fsqatraph%ﬁe 28 e:;[ ?e Tgan @sh gM%t ate (e.g.

10 vib_state = is set before exec resurne if the
device 32 is ﬁl@ﬂssagw, sdhardisivatie megfigantfidagomatersoma] abas, atahﬁmwalaiingﬂ,BZ t he

"out - of - hol st el &lﬁ;tg%ayée%s gu]’]ctln$/;!.nla oﬁ}fg\%& t{rg\gger E‘ﬁeﬁégk SQ%L&ra?d&{' geut ion

resunes at 184. ermned if
the main | oop vibrator 44 is activated through the control circuit 50 with one of the different

intensities 46,47,48 (Figure 2), which corresponds to the states of steps 176,180,182,
20 Finally, after either 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 sclectively 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 2 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 Hght sensor 70 if the device 2 is
stored. If so, then, at 196, the “non-usc and stored” state (e.g., vib_state=1) is set
30 before execution resumes at 204. On the other hand, if the device 27 is not stored,
then, at 198, it is determined if the device 2° is in-use. If so, then, at 200, the “in-usc”

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



173 determned a notifiable event. Non-limting exanples of notifiable
events 15 include, for exanple, e-nmail nessages, tel ephone nessages,

t el ephone calls, SM5 nessages, cal endar events, neeting notifications;
personal alerts, alarms, warnings, stock quotes, news bulletins and ot her
web browser events. |If so, then at 186, the vibrator 44 is activated

t hrough the control circuit 50 with one of the different intensities

46, 47,48 (Figure 2), which corresponds tOWahe states of steps 176, 180, 182.
20 Finally, after either 184 or 186, the main loop 173 is repeated. This
permts the handheld. electronic device 32 to enploy a plurality of
different vibrafP% 3 itiehderedand igsat fsuse dhen, 2303 diedsen-veslayd ndt Bipsta such

devi ce at thosestdﬂef(égrﬂsltsta‘e’dJDj)%éa%fér@%ﬁ%ﬁ{oh)‘esmh& ieheu, Figure 8 shows a
flowchart of a routine 190 executed 2processor 25 circuit 6' (e.g.,

including a P) of FigurelNgxt ?iif29‘éraﬂ?¥d\%r?-0@mf 0Ri it isdbterzrindddfihamaitd®p a nmain
| oop 193 of thelmﬁingd @h&%ﬁl@@»‘eﬁt n§V5%€aS%F1 schsSedB¥ 6% Bfhy 1011% p AS @ non-

Ilmtlngexa &em&un € sanme or sim 0 the main
| oop 173 of 3Pt Figuset7). 15130 143’(306 iﬁ%VI@@WSé@IlStaﬁrV@lﬁgﬁvwggHte sensor 70

if the device 200ntr§1 cir8hiPI® ithbofe §th6 &1@&&1’[ ifdnsidle a8 {W@{J ';_@ew}ﬂgpzﬂ or ed”

state (e.g., vib state = 1) is set before executi on 04. On
the ot her hand, S%FSRORE tadiistaiss of Stqul?ﬁﬁ()()@ﬂbrlémliy, afiseeithen?04 109806, ie | s
determned if tllﬁﬁnqiﬁ,)gug@lsgepeh@dl n-use. If so, then, at 200, the "in-use"
state (e.g., vib state = 2) is set before execution resunes at 204.
Otherwise, if the -15- dBgMeES9B showpeonfigwntis reniide 2K, whichimay bse, then, at

202, the "non- usecusads PRt ot ON8E foo , set
bef ore executiofn - 0t 204. Ol\lgﬁﬁquléﬁegmt%%ﬁ%%ﬁ&gé%gf é§202 it is

dotormi ned i f CHE: AEAT 1 & fermined iffhe Bichivishes tacanbewre thatyitsatenfept 44 ¢f g. . as

was di scussed dhawe? bmmmg%‘eta OPrefd-db I so,
t hen at 206, fﬁ&ﬁbra 14 |s) agtl ng[ té%(?%f%ﬁﬁnﬂ&a@éﬂédrog Z"%:??J(J:{ut 20

with one of thé lfiet‘f?%%@ﬁbﬁ%%ﬂ%me(i?‘1318fFlelFP§9f@3433)fflaﬁm8éh

corres ponds t o It biderst@ti€s cahmst @R gk 209 be Ql?phe(ﬁond@lolf){»,e it Ble Shikher 204
or 206, 815 maln J 00 %%E'S repeat ed. Figures 9A-9B show a configuration

routine 21 Wi BRI A 6T RaChs BRI 4o parcr mgFe of esemtifiable eysnt7 ¥ of
Figure 7 or t heom@umtlbm@pleéhﬁa t8dn aF2 OUE Seidiion & fe'é§fs1dm§fay§1]@g trogh afdet er m ned

if the user w %tﬁ%ﬁt CII'CUI?g)On 11 F‘?g%'frc? 2)t1z?c?nd1ng dl;f%érgnrt optlons f01 the nouﬁoation(s) Those

options may include one or more of the following methods for employing the
vibrator: (1) change the vibration intensity over a predetermined time period 216; (2)

20 employ fixed time divisions of varying vibration intensity 218; (3) employ variable
time divisions of varying vibration 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 employ 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 values. Next, at 230, one of the default vibration

30 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 showny), of the input

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



Figure 2 or 14 of Figure 3). Preferably, this configuration may apply to
one, sone or all of the notifiable events (e.g., as determ ned at 184 of
Figure 7 or 204 of Figure 8). In other words, a common configuration nmay
be applied to all of the notifiable events 15 or uni que configurations nmay
be applied to one or nore of those notifiable events. If configuration is
desired, then at 214, a selection screen is displayed (e.g., through the
output circuit 56 of Figure 2) including-¢éifferent options for the
notification(s). Those options may include one or nore of the follow ng
met hods for enpliewe AdtiAdagonyd) BF ARt e vibration .intensity over
a predetermned time per| og)216;e%a)d@%&g%%gy#ﬁe%%B?Glsr%tVﬁfl?/tios! ons of
varyi ng vibrat i GAPloxdeiaulf yajues (@:wighe toepusidorothea posaibleevaluts),mesnd ¥i2shans  of
varying vi brati afbrdtioh 8§k R8s GRIQ vibratar, 'ri .tone" 222
(e.g.. a "melody: as was _igscu_g%rggﬁg gve |%ad§dob ntg%lfain@?%ﬁletcﬁgrﬁfgﬂfcg 6; any
one, two or al P2 {4 <Enayineeamelqss port (p@)shawrd bothe (Bdmet alosheyi)) dedre( 5) enpl oy
a fixed vibratiefp 229t ensity 5 k 4. . Next . at. 225, one of the options
216, 218, 220, 222, 224 i 's | nput %bgyﬁgt%ﬁﬂs%‘e “"gllfég%‘b?‘i‘i"ig‘%“‘é?‘%%?ﬁ s) of
i nterest. Then, 9G¢ccstaes tq the pelecthdioption bt iten thoenaiislosp (aigs heBort103)88pl Oy
defaul t  vi brat i@eatdd iBRSH1Y ¥V &dgu .50, then at .2‘% sel.ection screen
(e.g., a menu of itens on e{ad?dsb?%gl?cg%lrsgeeﬁnISHIS@WWE {Ptg%vra’éﬂfst 56 of
Figure 2) is di BpribipaitasnEhage siaigs miy indfide dnber mas sf: 0d) én-NolheraB8;,qp) innt ensi ty
val ues. Next, ahse230.(3 oMok} t.vibratign 30 jntensity values is
input (e.g.,. by sel eét)?r?goonoe 0?4%3@%§}1§’fee‘1rn§ tf’m\c}%d?ﬁ?q @Em?nh‘fsg % evels
froma suit abl eSereds4G pliexampls e statce /8,244 mighkeyiogandio(elativesitogn) , of t he
i nput  circuit GhicObs FbidBinasi@ Sl ow in connection wth
Exanmpl e 16) and %gpl ied -16- ?%@’t_ﬁe %%?%??gﬁaﬁ%gtnc()g?s%’f RE ?tQIS{]y, On the
other hand, if THEAfwucyalbybratin inforsitytehile ryib-ose sthef 20 ntight abriaporilos Wi shes
to consider ot heelapessich!van¥aFWESlion i at, 2 vi br.ation intensity
confi gurations c@{fe downl oaded b% the Egﬁt(‘ﬂ’h%‘ﬁ%‘%é]?oesc?tﬁgsn?ogﬁc?éa\;}?ecsgne%rz (e.g.,
enpl oyi ng a wi r'ér8EY 2pEPticd Réke diffeo yypet ofinhélidbhterente Fiallptat 84fHtir) ) before 5
step 228 i siSexeatitsafk ingif ket ard }MicBo t%%ﬁﬁ&a‘ioﬂ(%. Qﬁ%ﬁélj%tg,ﬁgr Lhabfa€, User
option. no

wi shes to apply_  deyice states to the selecte Pt %hen the
main | oop (e. g reoeH 98Bl persgags when pbalsterd to repiidsradirstanterssity, 23 6ceivad g€l ect i on

screen is di splrayienksidpe e figutdr% p&@ﬁh@yécmaqaal%%nﬁfaéﬁ ffen JRSE States
238; ) 1 n- use ;

may i nclude on Jore of: (1) in-holster (3)
out - of - hol st er %gﬂf q%ﬂﬁo‘w{iﬁ%%“‘ﬁ’i‘?&%@é%ﬁwmé‘h&%@” toamevidesr and not
fourth intensity, ‘
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 the 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 Ex'ample 13, step 186 of the routine 170 may output to
30 the control circuit 50 (Figure 2) yet another intensity state (vib_state = 2) afier the
sensor 60 senses the out-of-holster state at 174 and after the processor circuit 36

determines that the handheld electronic device 32 isin-uge at 178. In response, the



10 stored 246. For exanpl e,--the states 238,244 night correspond to
relatively high values of vibration intensity, the states 242,246 m ght
correspond to a relatively noderate values of vibration intensity, while
the in-use state 240 m ght correspond to a relatively |ow val ue of
vibration intensity. Again, those states could be the same or different as
applied to the different types of notifiable events. Finally, at 248, the
15 states are input and are applied to the_notification(s). This permts,
for exanple, a received e-nmail nessage when "in-holster” to provide a

first intensity ' e il. nmes e when "in-use" to provide a
second i nt ensi tf/?n@rg{]&%ﬁg?%&&lmg%%ﬁﬁ%ﬂP%f ?3%811 E’t[eé‘f““d‘?t%“g%% GEnAYt hi rd
intensity, and egresioading Wwhbnintehsitytokeidr staté @2provide a fourth intensity.
20 Exanple 13 In Figure 7, step 186 of_the rgutine 170 may output to the
control -circuit 50 (Figure 2) one int state (vibstate = 3) after the

sensor 60 senses the oulnKgurko] skl the inadse d@brminddon, anthsan@idzer greater
intensity state, (Vi t L= after. the sensor 60 senses the in-holster
state at 174. Ir?p%!étgg%h@g},emtc ]ﬁé‘} B gen Eﬁ’f‘%‘iﬁli’aﬂ%og@oiﬁ’iow&mﬁ he vi brat or
44 at a first vicipeettveorid lnemerids tayd 00r Fespansle,igs mdht Relnehendvipghinsi ty state
(vib_state = 3)y; second greater,.vibration intensity correspondi ng
to the other ng%'?g?[ grf ﬂi@’ﬁ%ﬁ t t§va%€ 3?eer°‘ftmek§rf§3ta§?@er: Foy examplerafred (0l |
addition to Exahpve ridsedst epavigfontvehtiatefraps kduige (héshBRY) 9Pl when 30 the

control circuit ' : et ,another .intensity state (vib state = 2)
after the sensugrq%%]ﬂssglr%{gggg%%%‘gbﬂy?]B’f‘t-cfffill’l%%eﬁgﬁ"ég% A0 Qf‘egﬁﬁi%ter t he
processor ci¢ cuhewBavoulighartristtgs indivat of echianahielsd octiestd anitg Mavi ce 32 is

in-use at 178. r!)tﬂin@ﬁﬁ&%?x@? the -17- control circuit 50 activates the
vibrator 44 at an inter iate vibration intensity corresponding to the

intensity state (vib_state = 2). ExamBkendlbldn Figures 7 and 8, the in:-use
he activation of anot hey "Pacrs BeiBRPERY: SPkyistbie Mot Re 17 ana
193. For exanpligvicaRitde.gi ghaypidieh inget reodnkydrgat more mdif hag@rionwgs & 4 he user
activates ame L¥Hohiae, ﬁﬂn@-f@yé‘tﬁb‘ﬁ} D€Lk vﬁlgerl) ﬁ%ﬁ%&]?g' £ firsF poléz%\tl)n. (:wrl]é) % second
position, and the output circuit 56 may include a suitable 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 turning the track wheel counter-clockwise decreases the vibration
intensity. This permits the user to select a first one of the different vibration intensity
levels rcqunsive 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 circuit 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 to 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 counter-clockwise

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



shown) pressed or a navigation event interrupt routine (not shown) is
i nvoked when user input is determned (e.g., by input circuit 54 of Figure
2). A software flag (not 10 shown) would then be set to indicate or to send
a nmessage of "in-use" for the first routine to act upon. Exanple 16 In
Figure 2, the input circuit 54 may include a suitable user input device
254 (e.g., a keypad; an input nodul e; one or nore main navigation keys of a
15 keyboard; a mni joystick; a track whaglL) including a first position and
a second position, and the output circuit 56 may include a suitable display
device 256 (e.g., a display having a - er; an output nodule). The
user input device 254 is enployed tozggﬁggﬁithe di spl ay device 256, which
tracks changes in the vi B8 aiothsnexampiceths dsplay deviet 28 mayheeseitokeatsarwidd. 20 For
exanpl e, turni ngdigerds : | i 3 h i.brati,0
intensity, while tur%?ﬁguﬁﬁgg#gggﬁqéﬁ%gﬁhégﬁﬁggﬁﬁgﬂ%%ﬁﬂ%ggyg%%%ggges t he
vi bration i nt e¥f&imey empigydhgpeseninpy devhes 294 brseled opebibt diffefentnstiratione of t he
di fferent vidrahieahy i8Rt ie rahvel S responsive to the first position of
t he user input device 254, and to select a different second one of the
different vibration intensity |evels Essminti ve to the second 25 position
of such user input devic her, N connection .wth the
control circuit_80 of F‘?(Sg%égfe%?c{)?%‘gﬁgra%%w{é%?d nﬁ?e nem%nrfcf)tfog% to adj ust
a bar-meter prdd8REsded A adEB, e basidheld elestiovie d@6Es 3T (Rigirar) B LeFiduacks
changes to the agufy; : | . Turni t eel
e o e Pl et B2t P

cl ockw se, Jor‘exanple, wou i nCrease cle t hus,
the vibratidn iPR¥/errther gperatingenodes: aridibe rohénes | 2100 whismhii@iiy detemicd cockwi se

woul d decr ease chi@t B et i Hs b [JRighlQn i ntensity).
-18- Exanple 17 As anot her_ exanp é@ﬁ?ﬁgw%?§%?5§ﬂ g%b@@ﬁggg%nay present the

user with a dfSEFRIEmEdayeldelegirainderiseausonemoalingont hbthd diffeament
vibration i nt enbidiin el Wscd e mEBa RN QerdlEnd T8 diftlh deVi ce 254
S

to select one of the different vibration 5 intensity |eve rom the range.
Exanpl e 18 operating states,
B : Example 19

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., calendar). As a result, notifications
associated with the first application routine (e.g., e-mail received) may have a
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 nser may download from a selection of predetermined
vibration intensity settings from a server (not shown). These settings may include
further variations of device default vibration intensity settings to time variable and/or
vibration intensity variable settings that mimic a musical melody. For exampie, the
30 server may include 4 suitable utility (not shown) to translate a song melody to the

time variable and vibration intensity variable settings.



As a preferred practice, as was di scussed above in connecti-on-with -Figures
7, 8, 9A and 9B, the handheld el ectronic devices 32 (Figure 2) and 2'
(Figure 3) may include a plurality of different operating states, such as
238, 240, 242, 244,246 10 and/or other operating nodes, and the routines
170,190 automatically determne a current one of the different operating
states, and automatically vibrate the correspondi ng handheld el ectronic
device at a correspondi ng one of the difflérent vibration intensity |evels
based upon the determ ned current one of the different operating states.
15 Exanple 19 As a nore specific exanghgmﬂgzgxanple 18, the different
operating nodes may |nclude executing a first application routine (e g.

e-mai l), and executing a®sSWECRETR semplene! theptipusad 6,818,320 9f Figere 04, ig. |

cal endar). As awhiesthktser ﬂﬂﬁﬂ[@lv%@étésmmcﬁégﬁ@éc%xﬁgdéﬂc% by g%ﬁctfa melof the
e rent

application rouéhn (V§> -mai | receive % may have a

vi bration inten¥ty %1011 fenssy yels addhenshanged thevipretigrantensity lavels,iif i cat i ons
associ at ed V\ﬁt hortidreo sreciae 6l pkfeh BRRL {i6A endar
events). rrpl e 20 As a 153 glfgl flegrgé{;(aa l %1&9&%&6%%@%{&@1&3%}03 A the

user may choose"S'gRY Bposs talave e vibipder fi@aomgrb@aﬁy ioeretse imigtendii by

dependi ng on t hge) stcatigudak 1%&&1121&(3&@ v, Figure 2)
and 2' (Figure St?cﬁl and/.or 't g nﬂﬂ%lgﬁn%%l@géw gseﬂ%dg@%ﬁﬁgthe user
may downl oad fr8WPs LUFeSceS Vélﬁ%’ﬂ W@o?é{oétvrwmaduvhmww iorvitirattioensi t y
settings from anismsity € oh 3oL préRRWNed tiHeSe settings may include further
vari ations ]cbf device default vibration intensity settings to tine variable
and/or vibration intensity variable §8Ble2% that ninmic a nusical nel ody.

For exanple, the 30 ser Vst Figaes BHQBUé@v%:o%hlbéI&Qh%lb%fohh&éﬁs&%‘iuého"m) to
transl ate a son e. time variable and vibration intensity

0
vari abl e setti ngt“"’sa ‘gytat%?fﬁ’iaﬁonffmﬁ%g RYrdvansesusiyde pah theusst t he opti ons

216, 218, 220 of tFbghraas@Avofilascreth ehsHohe) M&EJ]Rf)Iﬂ'C&&L@t'S‘@()fF 3t es the
handhel d el ectronic device at a selected one of the different vibration
intensity levels and then changes t heE$8ms33 on i nt ensi ty levels, in5

or;:le][ totprléw de a progr@sish Ve of Famesd AinbPebnhiRh@l cRRgd AL eO&kdsy type of
notification

R/rl')?atlon intensity level for corresponding notification event(s) over time or over a
predetermined time interval. This may be based on a song melody and may be
implemented, for'example, with the control circuit 130 of Figure 6.

Example 24
20 Option 218 of Figure 9A may vibrate the handheld clectronic 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 a 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



user may choose to have the vibrator notification gradually increase in
intensity by: (1) a continuous gradual increase in vibration intensity;
(2) a series of increasingly intense "pulses" of vibration; or (3) a
continuous gradual increase in vibration intensity for only a
predeterm ned tine. 10 Exanple 22 For Figures 9A-9B, the various selected
vibration intensity values, options and state information settings nmay
advant ageously be input by the user threkiph a user profile screen (not
shown) of the input circuit 54 of Figure 2. Exanple 23 15 Option 216 of
Figure 9A may colitsantotdidted haRgen iHiessied £6 46 ha\)é' %Eﬁl{f&dli@éf&ns' ty |evel

for correspondln&)notlflcatlon event (s) over a predeterm ned
time interval FEORRYsYenatisde . ’@Hmaklgﬁ)ngSPr@P@dy and may be inplenented,
fof exanple, with the control circuit 1ﬁ;§£ﬁeja gure 6. Exanple 24 20 Cption
218 of Figure 9A may vibrate the handhel'd el'ectronic device wth a
plurality of discrete vibPHPT ¢AY BliedA mydgdudtichmsmedothithy timé fn  pul ses
have differént vibtdtipahddaire 1ht%ﬁ§t@%ﬂ'ﬂbf‘a§oﬁm}x &ga&mﬁﬁc%&m Mg@%y&%e | engt hs.

This may be based on a song. nel ody enent e or exanpl e,
with the contro e‘&ciers(‘:‘&‘?efswff?ﬁlsescﬂ‘f Wﬁ@ﬁéa‘ﬁbomﬂlf@k@m@ vABthOptd differ@t8 of

Fi gure 9A may | niblatieeinicpgiti®asi ng the sel ected one of the different
vibration intensity levels by enploying a continuous gradual increase in

vi bration intensity, such as, for exar%@;:‘_éﬁseri es of increasingly intense

"pul ses" of wvibration. G@h&xﬂgghﬁggéggghhggsgggeg%wgkggﬁﬁmgﬁﬁg%%%V|brate

t he handhelﬂ)ehfctronlc evic with a plural screte vi tion
pul ses. These dreEPaYe vFﬁ%QP?6heﬂﬂﬂ§@%8%ﬂwﬂﬁa@éWb@@ﬂnﬁ%®m§ahﬂV@W di fferent

vi bration i nt ensit ime). &odh aTebig havemayrwlmaﬁy bidhe®by Glb LdREERLicothR LT ON
pul se | engths (c%w%c brrnaynt}edo nl%acl\égrtosle Exarrp%e 21

Example 29
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., c-mail; calendar; telephone; alarm) and/or the state of the
handheld electronic device (e. £., in-use; holstered; out-of-holster; non-use and stored;
non-use and not stored),

Customized vibration fones 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.g., mimicking Morse
Code), and/or (4) all of items (1)-(3).
Example 30
25 The user may selectively disable through the mmput circuit 54 (Figure
2): (1) all vibration of the handheld electronic 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 arefinement to Example 21, the user may manually deactivate the

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



Option 220 of Figure 9A may include changing both the time of 5 vibration
and the intensity of vibration of the handhel d el ectronic device over tine.
Hence, successive pul ses of vibration have both different pulse wi dths and
different vibration intensities. Exanple 28 Option 222 of Figure 9A
provides a time variable vibration intensity 10 that mmcs a "ring tone"
(i. e., including a plurality of vibrator intensities that vary over
time). Such a "ring tone" naybe locally dgfined by the handheld el ectronic
devi ce or maybe downl oaded to it. Exanple 29 As was di scussed above in
connection wth_Fj @S, A the .user.. 15 nmm hoose, one of a set of
cust oni zed vi br 5{%1%%% %ﬁeglbgae%glé%ﬁnﬁé' B by H@rﬁ%@gﬁfm’ﬁ’& PV me-trsev ent

§1 e. gh I S- mlai | ; eal!fé@mdhagtivateﬂephmniep (seg.,ammx%]}ﬂlﬁai{npm cgm ﬁtoag:%uﬁfgl) bisre

andhel d el ectrgpi {e.qg.. in-use; . hplstered; out-of-holster;
non-use and st o?@&%rﬂﬁ}éﬁ%&gyebae%‘ah%&m?f%?rﬁﬂ)nfenﬁﬁl%?oFHC RO ones
may take the fotmedingyi brations, which 20 vary differently over tine by:
(1) continuogsly changing the intensity over tine, (2) sending fixed-tine
pul ses each with different intensiti esli‘é’—?lﬁlﬁ-@gcoul d be based on a song

mel ody), (3) sending a sésketheofefipethaies MxbmyRLY,itROuskaRGtA-HoBtdd the M M cki ng

Mrse Code), angd{.Qk,E4 |l ,0of it ).-(3) . anpl e 30 25 The user may
sel ectively di s_abfcefé% E?%lﬁg ho%sﬁeés% ﬁf[ejfﬂguré ’“&éﬁdfi”ggéa(cﬁaﬁﬁp‘“ewn?‘)m 1) all
vi bration of t hacrhsnghdirdioel ectronic device; (2) vibration of the handhel d

el ectroni c device for one or nore not iﬁi C@ti gn events; (3) one, sone or all
of the options 216, 218, 220, 222, 224 o S 9A;, and/or (4) cause all

notificatioff events to Beserotiddrddsehttitgiie GaioR24 dIFahicrn fe¥ hiiad® Exanpl e
oo e BRI e LN Bl e
with a -21- relvdrptorofification for ovs, sorad éral of thi diffidnytypR@ds Byificaedeasi®g t hat
intensity over tinme, the user Examnle 34
The configuration routine 210 of Figures 9A-9B may present the user
15 with a list (not shown) for vser selection of *‘vibratof patterns” each of which may
include one or more implementation options (e.g., steps 216, 218, 220, 222, 224).
This list may include plural vibrator patterns (e.g., “vibrator patternl”;
vibrator_pattern2”). As the user scrolls over the list, the corresponding 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
mannet, the user may intuitively 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  suitable 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 circuit (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 input 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.



can then deactivate the vibration (e.g., through the input circuit 54 of
Figure 2) before the vibration intensity beconmes unnecessarily intense
(e.g., such as when the user is in a neeting). 5 Exanple 32 As anot her
refinement to Exanple 21, the user may un-holster the device 32 fromthe
hol ster 58 of Figure 2, in order to deactivate the constant or increasing
vi bration. Exanple 33 10 By selecting or deselecting the option 224 of
Figure 9A for a particular type of notifdcation event, the user may

di sabl e or enable escalating intensity of wvibrator notification for one,

some or all of the,/idHh s, of,-notification events. Exanple 34 The
configuration rout(ing@]lsél Z@Ot@gg Oﬁ%ﬁggl?cé’gzg l-sélﬁuk%l&’%g%%%t?&?ﬁ 135@}3 15 with a
list (not shown$V/H @72 sisputdeipstini theprofessov 24 at or patterns” each of which

may include one or nore,j tatign t.i.ons . d. 21 18, 220,
222, 224). This list rra?hi%%c:iude pimu@%qu@izgﬁﬁtadéoe“iﬁ]g\q%@hg%?)@ﬁ%wdz

"vi hr at or pat t er by PEI Sepiignngduater of Beltyoelapa! YThe ASIoNIC 268aKchsies, Gbd cxaMER t he
list, the cofrespgondi ' r Eigure 2) wo respond With the
appropriate res pggggé r%fge é\% r 3%@3%%%{%51?9&%??%%&?%3#} h‘lq%sec%gq @WW%"H’[)’I y

hi ghl i ghted in #bkedwarsteageacy sectivh(motighwosrUBD/eibtaei bt RBendrivEi @tilog 2) . 1 n
by being bl e g FraCH M b Sl RS s e B B B PG 0, o
handhel d el ect rofi éharsgicnd 70 861 PAC 208 empaate wrsﬂaa@bzbgsi@m@mﬁmtp%z: a
sui tabl e power HoW &8 4R kng, such cessor, a stem menory 256 for
t he processor and usere%iﬁ%}%‘%?%?pg e%?i%ogg?%%roﬁéﬁ. nﬂp?f’ec%lagm’lﬁf’%grat ed
circuit (13" 260Mhiprgewinstiveiprocts Byrse@bPa binnaughtigurshld fegbleemnbit er f ace

261 (e.g., a pah@hd)she PUR p@t i ] . _The lody 1 C 26 rovi des
a vibrator driye c)orﬁro_l Ci r%ﬁlﬁd{ Ooirs%ﬁcém@%g%eﬁ%‘rmgggo%rﬁfﬁ?ﬁl%Wg‘e’gnd a
sound out put pdaoutnv Hignlozpthanibrasey 86t puwh@ARe oufihe 2&hakioghight put 262 i s

Spoaker 266, The ot oner ous AR 48iA0: AT IR NS 1+ om a
voi ceband code® CFFYEPE SPEDa pevaralehrtp bewritenat e P Veyleitcaor R2Eiser (not
15  shown) of the section 274 through interface 261. Another open drain output 282 may
be employed to control the on/off/color states of LED 284,
Example 36
The handheld electronic device 250 of Figure 10 may be a wireless

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
(e.g., ranging from O (off) to 1 (low) to 5 (high)) for particular example applications.
25 In this 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,
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Example 38

Ly

n

ay be enpl oyed.

As a variation of Example 27, relatively higher vibration intensity level |
settmgs can typically be applied for a relatively shorter time duration than that of
rrelatwe}y lower vibration intensities, in order to be recognized by the user, For

example, 2 50 ms duration may suffice with a relatively higher intensity setting, but a

200 ms duration may be required with a relatively lower intensity for the user to sense

10

15

the vibration.

Example 39
As a variation to Bxample 1, the operaling 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.

For exampie, 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 viibration

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



-23- Table 2 In- Qut-of- NotificationT e-Event Hol ster Hol ster |n-Use
Stored Calendar - Spouse's 54 3 5 birthda Calendar - Meeting 3 2 1 5
notification E-mail - High priori ty 212 3 e-mail while user isin a
neeting (e.g., if user setup a "discrete"” rofile E-mail - Low priority 0 O
10 e-miil while user is in a neeting (e.g., if user setup a "discrete"
rofile) Telephone - Incomng call 2 1 2 3 while user is in a neeting
(e.qg., if user setup a "discrete" rofile2enmail-Normal priority 3 3 1 4
|"ele hone - Inconming call 4 3 25 Exanple 38 5 As a variation of Exanple

27, relatively higher vibration intensgiamphenel settings can typically be
horter tipge duration than that of relatively

applied for a relatively
| ower vibration intensiti‘S¢ VAifopiofaeue 4 areVPE arsimi saekpstdy, miwbeuser . For

exanpl e, a 50 nemdieyat ilothiswymstefifid Iﬁ@oﬂ%ﬂhﬂna@% gfllﬁédré’ﬂivxmﬁ' FQ?@Jm«%aM ensi t y
atlive

e, P R T PR S e commata
variation to3Exéwpiewh), sichehanpefalazo @ hRasoatmRaY bORbLOPe itdut 3 VDO, 1t
- will be appreciated, however, that a wide range of vibrator motor types and/or
veoltages may be employed.
Example 41
Although Figures 7, 8 and 9A-9B show a serial processing flow, the
10 invention is applicable to handheld electronic devices that may employ a multi-
threaded processing environment.
Example 42
As a variation of Example 37, the user may selectively adjust all of the
vibration intensity levels by a predetermined or confi gurable increment or decrement
15 value (e.g., +2; +1; -1; -2). It will be appreciated, however, that such an adjustment
may be implemented by software, by a suitable digital circuit (not shown) or by

suitable analog circuit (e.g., that adjusts the voltage 96 of Figure 4) (not shown).

The disclosed control circuits 20,207,50,80,110,130,260 permit

20 different average and/or time variable voltages to appear across vibrator motor
terminals, 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
vam'abie vibration intensities to be provided for different notification events and/or for
different handheld electronic device states,

25 Adjustable vibration mtensity levels give the user another option to

improve histher experience with handheld eiectromc devices.

This further permits the user to provide decreased handheld device
power consumption if, 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 8 (Figures 4-6), while active, can be reduced
proportionally to the vibrator motor RPM by lowering the required average voltage

across the motor terminais,



progress may include, for exanple, use of the vibrator 44 of Figure 2
during user navigation when enploying the input and outputs circuits 54
and 56, respectively. 15 For exanple, the vibrator 44 nmay be briefly
enabled at a particular vibration intensity as the user traverses across
pl ural nmenu sel ections (not shown) of the output circuit 56. In the
application of this exanple, the user may sel ect and configure the
vibration intensity levels (e.g., one ofZ2iwo, three or nore different
vibration intensity levels). -24- Exanple 40 As a variation to Figure 4, a

3 VDC notor, such as 88, Tmynvbetion@ies QY s a bidadcPta8et R Grior dpGod¥OL OF

termnal 90 of Ej e uld.be electrjcall connected to about 3.3 VDC
at 97 (+V) thro&%ﬁﬁ% Ss‘fﬁ?*‘ﬁ%?@% “PW&F“[&E”&F’\{?‘&? g ibeatign mgpsitdpehn) , such

that the vol t ag&usiicrmire, thotsor miyeserondize 80 vibRItbsinRBsiBO WL 3w¥DC. 1t will be

appr eci ated, howeyer. .. that..a wide range of vibrator notor types and/or
vol t ages may be%ﬁ%ﬁ%?e%%ﬁlgé%qn@gﬁ?m&lr%ﬁﬁ‘l’iﬁﬁ?ﬁm@ﬁlw}ﬂf%lSlé}fﬂdV@A- 9B show a
serial. proce8si pegfifgsow, the 10 invention is applicable to handheld

el ectroni ¢ devi ces that @X %gpl%a mul ti- threaded processing
environnent. Exanple 42 YE) SR ORI el APRE B0, 1 { HE 0SB premay

sel ectively adj distlosadlit will bb hgprecititdartad: b dd i@ BBirdadog) BYEH éldhbl\‘ pRcessor-

predet erm ned of i | e increment or decrenent ~15 value (e.g., +2;
+1; -1; -2). It a\?ﬁ){hfcg%qé%gbreé‘a&p&y% however, that such an adj ustnent may

be inpl enent ed by sof t wakjl by clariguir kbt @icha) ha§ bdek Wialie KkGh (SROWN) OF by

i tabl ' it (e. that adj.usts th | t 96 of Fi 4
Chot “shown) 0 “SrERREH) il 2% or 3Bl Vb ot oot 208 ba 30 260
permt 20 diff ewerseialed Srbyeh mfithationtriaybe ¥Rl Ahinedvahhag6s,, bOcARRRAT acr oss

vi brator notor ,,{gEd4 n_order ta cregte a range of vibration
intensity |evel's throug e%\bllglr”f“gg 1@1 0%?]6?' Freh-pricesshe ehalltbs dgermpadie &l ty of

di fferent vi br a¥iftynthe fren'Siispiay! @Vveélsslagng/-0Emplbyda heiey | abl e vi brati on
intensities to be provi d@ﬂizés%rec—ﬁé&fb%e”,t ng ification events and/or for
different handhel d el ectroni ¢ device St4tes he syenion havedsprdssstiheddn on
intensity 1léveldstayiiywilkisappre@atedinahdve skitiat ih 0 aH@hat vaous modifications and

- 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 to the scope of the invention which is 16 be given

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



i nprove hi s/ her experience with handheld el ectronic devices. This further
permts the user to provide decreased handhel d device power consunption
if, for exanple, the user is a relatively heavy device user and if the
user chooses to enploy a reduced vibration intensity notifications. For
exanple, 30 the current drawn by the vi br# or notor 88 (Figures 4-6), while
active, can be reduced proportionally to the vibrator notor RPM by

| owering the required average voltage across the notor termnals. -25- The
i nvention gives the user a broader range of notification options versus a
series of on/WhatigiBaieteddns, which are all at the sane vibration intensity
| evel . Furthernore, the user nmay personalize the vibration intensity to
their owmn "sensitivity" level by selecting froma range of different
vibration intensity level 5 &%ﬁdnwfem&HM&elmcee@gE&hﬁnﬁﬁgtrO' circuits

20, 20', 50, 80, 110, 130, 260 are disclosed, it wl e appreciated that a w de
range of anal og, digital ancﬂhﬂusmgdébssor- based circuits may be enpl oyed.
VWhile for clarity of dlsclosur ref een nma erein to.the 10
exenpl ary display 256 for dIaS r{gﬁ gﬁ‘ Sa%hquﬁ]tngn?f‘fyl [ dﬁgﬁeflg%, it
will be appréiguatad ﬁdmaﬁlg&ugI@lurﬁtitgiroﬂraiff@é\ltriﬁﬁénéaﬁe@bl@arrs@ienﬁal :ed on hard
copy, be conputer nodified, or be conmbined with other data. | such
processing shal | be deened tAOPTPEASEOT GFCHHKI(R) Qmeﬁaéﬁﬁﬁfﬂhcﬁﬂslmléwrc@lﬂ and an

"di spl ayi n
nvent | on asoiE ERoAY S8 MR0EA citl b 8RE Y W e BRI e e Sy,
t hose skil | edndlidihfpe) ar in-idaatate @rd IQUﬁ)nnil‘sdlahd @&mbmmoaaﬁdredadtater led dtmesa) o

t hose detail s &guld be d vel oped in light of the qverall teachings of the
di scl osur e. ?‘Eﬁrﬁ‘@PS}H flw%%ntvpbupé sy A sHeHt WAL Bt ¢ o
be illustra and;nat n
which is to tggé(g?@erﬂrﬁgdthelﬁltfmé Irzlid t,%rg%dtoﬁ E?lgfﬁﬁrr@pdglr%, eﬁﬂﬁeﬁt%}’;%& yd?an
al | equi val em thetpheviews pred@éminihtime pedbdiamd d) ssid idput Airbenbihehgingl ect r oni ¢

2 in 4) ; . . . . .
device (2) Cor}r:%lvealan%put in %Lllasrel:wgus(pr%detennmed time period, and said output circuit

having not been sent an output in the previous predetermined time period, and said
processor circuit also including an output (8) having a plurality of different states
(10,12) corresponding to at least some of said different operating states including a
first intensity state corresponding to said in-use state and a second different intensity
state corresponding to at least one of said non-use and stored or not stored states;

a control circuit (20) adapted to activate said vibrator at a first
one of said different intensities responsive to the first intensity state corresponding to
said in-use state, and at a second one of said different intensities responsive to the
second different intensity state corresponding to at least one of said non-use states;
and a power source (22) adapted to power at least one of said processor circuit, said

vibrator and said control circuit.

2. The handheld electronic device (2) of Claim 1 wherein the
output (112) having a plurality of different states (10,12) of said processor circuit
(114) is a digital-to-analog output (112) with a voltage (116}, wherein said vibrator
(86) includes a motor (88) having an input (90) with a voltage (100); and wherein said
control circuit (110) includes an input (118) of the digital-to-analog output of said
processor circuit and an output (120) to the input of said motor, said processor circuit

adapted to change the voltage of said digital-to-analog output, said control circuit



a vibrator (14) within said housing, said vibrator adapted to vibrate said
housing at a plurality of different intensities; characterized by: a
processor circuit (6) cooperating with an input circuit and an out put
circuit, the processor circuit including g plurality of different operating
states including a) an in-use state and” 3“non-use and stored or not
stored states, the states a) and b) correspondi ng respectively to a) said
input circuit having received an input in a previous predeterm ned tine
period, or said output circuit having been sent an output in the previous
pr edet er mi nededapied tpeasporsivednchanpe i liagpaf sadd motdrt sadhwiotny adanted tosobity ed
an input in HQ%Sggg &g%% ﬁed%%%ﬁ”“ﬂgg &ine eriod, and said output circuit
havi ng not been "sént "an it ine Y gﬁ]§§F us predetermned tinme period,
and said processor circuit also including an output (8) having a plurality
of different states (10,12) corresponding to at |east some of said

di fferent operating states ihedhadhgdglectrppistdeyise éhsiftGlaist hderadn Fespondi ng
to said in-us : C i.ff i i ndi ng
to at least onuPuReguBlhid R0c s ndhil SR EPSd oot B G e CT S o
circuit (20) dgisgitoatput B4ackharainaariaribrawirfgétiacludss ambior $88) hanmgef firsai d
different intensities responsive to the first intensity state correspondi ng
to said i n- uSedemiaal (Rt secanckiphel tSBNGK (O35iead aher Bhe CoMERlTSRNR o
responsi ve t i i i : j at

| east one Ofqgg?ﬁm§§§?ﬁ§§m§ég%§§§5&ggﬂBgﬁﬁgééﬁﬁgﬁﬁg%ﬁ&%§§?P§§§%$335$3 power
at | east one thf fisshirgpuptreovess of saxd motirs andsagedond/cibnait (O8) atagtedad delectintehol

circuit. 2. The handhel d, el ectroni evj ce, (2) of .C ai . wher ei he

Ut put  (112) REVR I WOIFRR 5T B of LRt FepSiue D1t dahgn i sha
processor Ci feddebsor Ckddil, shidl frosbishricbnt @dANG RDHuNELPUkL nbddhtenalddigityol t age
(116); wherein said vibrator (86) includes a notor (88) havi n%lan i nput

(90) with a wyuAgeidmoDy adapiedl taketats 4t asaibel! basohupe sad suhgtantigln egnstant| udes
an i nput (11%)0?%60%%?339*[rﬁjﬁe%?éﬂ?ﬁ%@%ﬁ%ﬁ#&%ﬁnﬁi said processor circuit

and an out put € 1npu aid processor circuit
adapted to change the voltage of said digital-to-anal og output, said

control circuit -27- adapted tq responsively change the voltage of said

motor, said notor adapted tdhedeatkeld siecoipdedce i spoatirlignt étefe
vol tage ther gafereidsaid lﬂ?oc@?s%g bt @dnﬁﬁjisreg’g'pgoéé?s\&' %@,36)%1@9;@1%&1% Rdggpher el n

t he
circuit comprises a melody circuit (136) receiving the output having a plurality of

different states (10,12} of said processor circuit and outputting a pulse-width
modulated output (156,158); and wherein said vibrator includes a motor (88) powered

by said pulse-width modulated output.

5. The handheld electronic device (2) of any preceding Claim
wherein said different operating states further include at least one of the group
comprising in-holster, out-of-holster, non-use and stored, and non-use and not stored;
wherein said processor circuit further includes a plurality of different notification
events (184,204) of said handheld electronic device, and a routine (210) adapted to
determine 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
determined current one of said different operating states and wherein said stored state
corresponds to when the device is stored inside an external body, and said non-stored

state corresponds to when the device is not stored inside said external body.



out put having a plurality of different states (10,12) of said processor
circuit (82) is a digital output (84); wherein said vibrator (86) includes
a notor (88) having a first input termnal (90) and a second i nput

termnal (92); and wherein said control c%écuit includes a first circuit
(94) adapted to output a substantially cofstant voltage (96) to the first
input termnal of said notor, and a second circuit (98) adapted to
selectively enable the second input termnal of said notor responsive to
the digital output of said rocessor circuit, said processor circuit
adapted to pul se-w dth @Ddulih%M%dhdd@kgnﬂﬁpde@@@6bﬁﬁasﬁpﬁm@ﬁﬂeﬁﬂadapted to

rotate at a e o) I g ntyal.ly const-ant , voltage and said
oul se- wi dt h PGS RaD °§Pg@t§ﬁcﬁ§&?@aﬁ5§§% i st R ot A0 S (2)
of any of O gilumlify dfaliBeremtiaiheimersidy deval D GEBEM sdid peodkdsof GinQIi1 Behed

processor (6,3 21 wherein said control circuit conprises a nelody circuit
(136) recei vilﬁé dese routing (O8hadapieg ta dsfaumans if sridhandiieldk dedinnicdeyi@ds o, 12)
of said proc Gl i La: t i | se- wii gt ut
(156 158) andtar RLiaty L@l RUdE & Bk aRelittclon TR AR BUERL.
pul se-w dt h rmodwhetied sadbputhelBeledromihdevideak th elid ot-usertate,demphutethe frstof  any

precedi ng C aim .wherei sal.d different operating states. further include at
| east one of l?tﬁ’éma'rséq}f)OP%M‘?Y&?WW%Q#{B? spigpt h@%fg%glyf?jll%f’gél?f%ﬁ%‘ﬁgﬁ?é and
stored, and qom s sBfithrBQkssHRCEH; and MR8 h Raid o HirBl GLeaSefivabd Gl t further
includes a plurality of different notification events (184,204) of said

handhel d el editmaier at e firs ene afshid ditbuertnatei i G)coadsgendihgtto saiddirerimiensitya
current one (g{ates 'tgegif&freenrte,&?e operating states and to output said different
states correspondi ng t'o Sir¥ent one of said different notification events
and the determ ned current one of said different operating states and
wherein said stored state corresponds to when the device is stored inside
an external body, and daid réshendirddclesirenie devdes €3 pdauspicscdingflaime devi ce

is not storegy.nsi 084 fal xt ( y h d , % ronic
device (2) of gny pr ecgudc‘?nrfg?&&(aéﬁqrgﬁh ﬁ%?ﬁaﬁ%@&%ﬁﬁt ‘S’%}F&%& gr}lgéu?lt()% S§§‘§
i ncl udes a | cghitit SethsoincivdOs 4] ipaapitedt (56), seidatmut ciptuit @6 tyroafind{d8her ent
| i ght intensi t% | evel qS; E/ner ei n, sai ? 25r80es or circuit furt Irrler_ i ncl udes a
routine (68) “BUASHIHT (°0) aRYRS AT HWUE {03 AfeptRhigIRIcrnerBERes if caiddorERgi s in
;5 ﬁ![ gnls :"; ;5 Fe \%tlﬁtssﬁid RAE AU REput (EHRBGNYSe IPsa3Rb & sSPBRET bl 8H@Bhepli gt
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 having a plurality of different states
(10,12) of said processor circuit include a third different intensity state and a fourth
different intensity state; wherein the routine of said processor circuit is adapted to
output to said control circuit the third different intensity state when said sensed
engagement includes said out-of-holster state, and the fourth different intensity state
when said sensed engagement includes said in-holster state, and wherein said control
circuit activates said vibrator at one of a third one of said different intensities

corresponding to said third different intensity state and at a fourth one of said different

intensities corresponding to said fourth different intensity state.

8. The handheld electronic device (2) of Claim 7 wherein said
sensor (60) is selected from the group comprising a proximity sensor (60); a light

sensor (70); and a capacitive sensor(60),



and whet her said handhel d el ectronic device is in said in-use state,
outputs the first intensity state of the different states of the output
having a plurality of different states (10,12) of said processor circuit;
and wherein said control circuit activates_said vibrator at the first one
of said different intensities correspondifg"to said first intensity state
of the different states. 7. The handhel d el ectronic device (2) of any
preceding Claim wherein said housing is adapted to engage a hol ster (58);
wherein said processor circuit further includes said input circuit (54),
said output circuit (569, a Toahdndbeld@Bctroniankdviae $DndEHair6?pr Bawhieran an

i nput (62) adapied to sense .engage t of .said haqusin ith.said hol ster
and an out paracenyesSaan B BRI o el B ingd slraes el S dipator
responsi ve t aissahdstopas et fngageRMtot koFddy dihb@iPaed flocaRopitcu@f fuhBbist er
state and an in-holster state, the input circuit of said processor circuit

recei vi ng t héndudesua pleralisapfdifismensaotification evants H8430¢X ehrseitthapdhelds of t he
out put havin rality i t . 0 S ai r
cirou t ol iR SR Rorcli bt KRR (21O ShapEReht sPru Rl PGRERESE
intensity st abedptenwhreal dirlehoreifishidelifitrefod prn@Ges&Qindad batput onsofadaipt ed
to output to %aid control circuit the third different intensity state when

sai d sensed WHEABEIIA CUTREPARIRS Och ehresnt o olhgidsdigiereyt BRteIcaing SV $lur t h
different i ”ttﬁé‘éét&i‘niﬁé%lﬁren‘f"@ﬁé‘o?%'icfidﬁl%i:%]l‘?gp&?@l@%ﬁﬁ‘iﬁ%nd &ﬁéﬁéﬂ%i@%bx@d

i n-hol ster state, an erein sald contr C it activates said vibrator
at one of a tshite coroasporals te aihen did deie@nt storddeinsile nesxtennal bedpendlsaig now sai d
third different intensity state and. at, a fourth one of said different
ntens 1 s cBrTLSRE TIPS AR W defich i PuR e el B s The
handhel d el ectronic device (2) of Claim7 wherein said sensor (60) is

sel ected fromthe group conpri si ng a proximty .sensorlcétS.O); a light sensor
(70); and a capacitive $ensokiiedandhel@ glecgoniTdevinaFdieéCdaial dct erdhwberdiavi ce

(2) of Caim r .8 erein said .processqr circujt further .includes sai d
G 1t or ent -opdic Bt 8PS CbBofh Rl 55 3Rty St o b A5 i S Shel® and
not stored; \hehaddifatcst ipleasiesse Vﬂidh(éuiidtseﬁ%ﬁtéﬂﬁaﬁgerﬂdﬁ@imﬂﬁi@s Saipburetity of
different notification events (184,204) of said handheld electronic.

devi ce; wher 8plstar gt agwhen 2 coppoi@ritglelEmings that jspid iandhedd elgetropas

adapted to ﬁ@&i?é g‘g?%s& SR QRA RherSAliufl oL Gl &N i POBIAL A Shakes and

to output one o
one of said different intensities corresponding to said third different intensity state.

11 The handheld electronic device (2) of Claim 10 wherein said
routine is a first routine (170,178); wherein said processor circuit further includes a
second routine (173,193); 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 (2), said
method comprising:

employing a plurality of different notification events (184,204) of said
handheld electronic device;
characterized by:

employing a plurality of different operating states of said handheld
electronic device, said different operating states including (a) an in-use state and (b)
non-use and stored or not stored states corresponding respectively to (a) an input

circuit of said handheld electronic device having received an input in a previous



different states corresponding to a current one of said different
notification events and the determ ned current one of said different
operating states and wherein said stored state corresponds to when the
device is stored inside an external body, and said non- stored state
corresponds to when the device is not stof@d i nside said external body. 10.
The handhel d el ectronic device (2) of Claim7, 8 or 9 wherein the routine
of said processor circuit is further adapted to output to said control
circuit the third different intensity state when said sensed engagenent

i ncl udes saidﬂ@&ﬂmuﬁEMh@mspemoémmﬁeoa@MtmhmﬁcﬁahﬂlmndmﬂdsbmﬁcmpdaMte
determ nes t t |d ha dhe l ectroni S, .l n-use; rein
sai 0 control TV 3R QT uE piR Tt tin i Perfo ARt gV58H g

di fferent intigpgdiic8® he@hs asPREEVEDart Rip&aindhé PickfbudipfddetcBRinet FnRNS oY,
state. 11. Theﬂﬁandheld eFectronlc deche (2 )Bﬂ: ¢ glﬂ] 10 &%EFEIH sai d

routine is a #idpsgid qumticiveuit m@onavg)beemmt@n@umtmtﬂaﬁ@e@g@@rpr@detmned
further incl uC g d?econd routine (173,193); and wherein said first
routine determ nes sai d handheld electronic device is in-use based upon

sai d second routlne beumgﬂaghgmqﬂ@ﬁhw&ﬂkhﬁ%ﬁmﬂh@@nbﬂhnﬁhhy&ﬁkmgnau&agdhe|d
el ectronic defyl ce said nethod conprising: eml oyi Ygl I urality of
di fferent notit} 18%?@?1 hlexslenissongingfo 43id dp-ugasiate aﬁéﬁoﬁﬁ@q déf é@ﬂ?’@?ﬁnélty

device; char aeibhaeloRing IR I0%: Bgegfs}%ﬁd‘ﬁéﬁ Ao bedhgTerent operaling

states of said | ectronic device sal erent operating states
i ncluding (a) an i n-useogfighengsadd hdm)dhelrdmhemmcachadusttolsddctoarelyrmbyaset graed

states correspondi ng ﬁ %ctlve y..t ?fi? an i put ci rcwft of sai d handhel d
ol ectroni ¢ daUTAReRAVHAGTTEEE URAIER MSHISIY 9 cas PO gl thftlor m ned
time period, s d@fferRbH RUHEicali6E WdntOindSAIddnNRB AL & &leaHERAL Spdauice

havi ng been sent an output in the previous predeterm ned tine period, and

(b) said i nrstattesanrct@natsemﬁwqf@aidrdeffeﬂev@dbmon mgensifyretdreasys cdarsof

butput 1 ¢ nd BB REd B e PRSHARBORARE bl B8 SRR BOFR Gl SRS Ty o

different vi bfa@dslcﬂ‘@a1dr@ﬁﬂ’mhﬁ¢peigﬁm|SEatdaan| uding a first intensity |evel
corresponding to said in-use state and a second different intensity

13, The method of Claim 12 further comprising

automatically determining (170,190) the current one of said different
operating states; and

automatically vibrating (186,206) 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 (236) said different operating states of said handheld
electronic device from the group comprising in-holster and non-use (238), out-of-
holster and non-use (246), and out-of-holster and in-use(240);

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.



| evel corresponding to at |east one of said non-use states; and configuring
sai d handhel d el ectronic device to selectively vibrate at a first one of
said different vibration intensity levels as a function of a current one of
said different notification events and sajd in-use state of said different
operating states, and at a second one of3kaid different vibration
intensity levels as a function of the current one of said different
notification events and at |east one of said non-use states of said
different operating states. 13. The nethod of Claim 12 further conprising
automatical ly determ nilfg (17, deldpd oh€lamriehd onh@ﬁuﬂlesacbrdpmfﬁimg er ent

operating states; and aut matically vibrati 186, sai d, handhel d
el ectronic device at a® ?)fl@%ﬁ%ﬁ‘ﬂﬁ?‘l fgélél%gﬁgf’aera 128 éﬁtﬁﬁf‘ pmr%r{éto?on
intensity | evelisehasRehiHRRo@aiod sGUhERINeld QBarddic dai: di f ferent

notification events and said determined current one of said different

operating states. 14. TwomaicaiydeermGnaigl 76190 ersrent onpef ssihdjfisenéct i ng
(236) said di f]él%([)g K Sera?,ll'al ng states of said handheld electronic device
fromthe grou n%%n Si'fig Tn-hol ster and non-use (238), out-of- holster and

non-use (246), and out -apforlcallgkibadtthgl (186/306)24Q) handhglt @Yectignisdicdice at a
out-of -hol ster and in-use as sald in-use state; and _enploying one of said
i n-hol ster aﬁﬁ“ﬁ%’ﬁné@é 0BT S2if diERTETIOR LTRGBS RSty Y IS UL PRSI - Us e

state. 31 1%, -gbgai s s %ltglf ﬁt‘,ﬁlorﬁ‘ evonts hid Oid Bl %ﬁrr?ﬂrg% lof keﬂg

enpl oyi ng as sone o erent operating states ralit

di fferent opeifitremgpemteg noddesai d handhel d eI ectronic deV| ce; aut omati cally
determning (170,190) a current one of said different operating nodes; and
automatically vibrating (186,206) said handhel d el ectronic device at a

correspondi ng one of saigd diff.eh&Rbd ¥f Ofafthi19MudthdRBRIpkKinkevel s based upon
said current one of said different notification events and sai d determ ned

current one of said distletinguaibdidfesant nperatniemodes from the group comprising

executing a first application routine (170,190), and executing a second different

application routine (173,193).

17. The method of any of Claims 12 to 16 further comprising
initially vibrating (216,218,220) said handheld electronic device at one
of said different vibration intensity levels; and

changing (225) said one of said different vibration intensity levels.

18. The method of any of Claims 12 to 17 further comprising

scrolling (214) through a list including said different vibration intensity
levels; and

successively vibrating said handheld electronic device at least some of

said different vibration intensity levels.

19. The method of any of Claims 12 to 18 further comprising
selectively increasing or decreasing (218,254) all of said different

vibration intensity levels.



16. The nmethod of C aim 15 further conprising selecting said different
operating nodes fromthe group conprising executing a first application
routine (170, 190), and executing a second different application routine
(173,193). 17. The nethod of any of Clains 12 to 16 further conprising
initially vibrating (216,218, 220) said hahhel d el ectronic device at one
of said different vibration intensity |evels; and changi ng (225) said one
of said different vibration intensity levels. 18. The nmethod of any of
Clainms 12 to 17 further conprising scrolling (214) through a |ist

i ncl udi ng said differen0.vi bflad method of emsof YlaitheVels]9 Antestmamtsig el y

vi brating said handhel d el ectyonic device at |east saone of said different
vibration i nt%‘?@???g PRO&S %f_?sa C{?‘%?éi”ﬁ?é‘t H%W%EOBPV%WB?WQ%W%%F %lé%)
further conprissicifed wah8&kIiNRlt¥nd BafHBRASRSs %_rf gézi_ﬁ@lgmldq&e&?okge dMde; ghd  of

said different vibration intensity |evels. 0. The net hod of "any of
Aainms 12 to 19 furt herconbgpning(18g,280psaxy hmglhakl! aewronfc deaimt tdisélbaivetit

notification events a navigation eyen 78,,198) .. associated with. said
Mput and out e gl pagRnedns of SHuAT S bR TR IRt pduiich
configuring (c¥F84d2@6)asan evdnamsheldiehRatdi@ni ¢ device to selectively
vibrate at a corresponding one of said different vibration intensity |evels
as a function of said navigation event and said in-use state. 21. The
met hod of any of C ai 12 tg 2 er. G Iisi in 11 ght
intensity sensor (70) rr?c} detrlé,\hrerr']g %&Héé?@yn%@g%s is%]g)tzeo.eﬁrlptlhglyc':’ngpr%mg

employing a light intensity sensor (70) to determine said non-use state.



