METHOD. AND ABRPARATUS FOR DETERM NI NG BATTERY STATUS TO OPERATE A

PORTABLE ELECTRONI C DEVI CE 5 Field of the
| nvention This invention relates in general to electronic
devi‘ces powered by batteries and in particular to a nethod and
apparatus for determ ning battery status to operate a portable

el ectronic device. 10 Background of the

| nventi on Portabl e el ectronic devices are typically powered by

batteries that 1MERHQDI ANDcAPRABATLSEOR DEEERMINNGI\BATIERYfrom
such batteries igraTus {ep! GPEgAe'PEaA' ﬁ(ﬁhTh'Bﬁ.tE BL fﬁﬁéNR’:%ﬁ\héE

mai ntai n operation of the porta l'ectronic eVI ces, replacenent of

the batteries with new or recharged batterl es becones necessary.

Knowi ng the power content remaining in batteries of portable 20 electronic
devi ces, sych as handhel d corrputerz:%a 8 zr?nal di gital assistants

( PDAs) , hell%s to prevent |loss of d d cﬂi RMpatteri es. Weak

batteries can al so adversely corrupt data already stored within the

por Labl e el ect oni fiifin FRGE in GBnBFA G MediRit, LTS hoEad By O

batteries used in such €evi ces nee
noni toring to badelies gud fin padiaulardesa methed and apparatys f¢red¢t§ﬂn@mg)er ati on.

Furthernore, whglefydtaflis toSspttaers pbﬁhbréréleétréﬁelo@%edepl et ed
batterles,“g portabl e el ectronio device needs to be certain of sufficient
b

power avai le in the new or recharged batteries before resum ng
operations. Unknow ngly resum ng operations of the portable electronic 30

device with weak or uncharged b ' a . portabl e el ectronic
device to mal function especi al | ?%%’ﬁ@“f?ﬂ”ﬁ%%ﬁ’?i‘ﬁ%?up when its initial
operating paraneters are set. Thus, a need exists for determning

orbven! o ont e, FORERE Bgtonio (BUCEE 316 sl Boberciey S i 0
corruptionl$ have limited power content. When power available from such batteries is
depleted to a level that is insufficient to maintain operation of the portable -
electronic devices, replacement of the batteries with new or recharged
batteries becomes necessary.
Knowing the power content remaining in batteries of portable
20 electronic devices, such as handheld computers and personal digital
assistants (PDAs), helps to prevent loss of data due to weak batteries.
Weak batteries can also adversely corrupt data already stored within the
portable electronic devices. Hence, to prevent data loss or corruption,
batteries used in such portable electronic devices need constant
25 monitoring to ensure sufficient power is available for reliable operation.
Furthermore, when new or recharged batteries replace depleted
batteries, a portable electronic device needs to be certain of sufficient
power available in the new or recharged batteries before resuming
~ operations. Unknowingly resuming operations of the portable electronic
30 device with weak or uncharged batteries can cause the portable electronic
device to malfunction especially during its powering up when its initial
operating parameters are set.
Thus, a need exists for determining battery status to operate a
portable electronic device and, thereby, prevent problems resulting from
35 weak batteries, such as data loss or corruption.
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2 . : - Sunmmary of the Invention I'n
carryi ig out the objects of the present invention in one form there is
provided a method for determning battery status to operate a portable 5
el ectroni c device wherein the portable electronic device is powered by at
| east one battery and includes a mcrocontr@l ler for controlling its
operations according to the battery status. The nethod conprises the step
of detecting an interrupt request generated by an interrupt signaller
wi thin the portabl e el ect r SymManyeitbeilpvertiogfonse to a change of the
battery status 10 fromone of a plurality of predeterm ned battery
condi tions to another one f the plurality of predeterpm ned battery
condi ti ons wher ei dn%wg]qj?%thﬁf%dﬁds of the Brreéﬂﬂi/'é‘yﬁ'i‘ In,one N, dberei i8i ons
inc: udes at Igaﬂvidddr&meihedlémedeténﬂiding bat;c]erydtatas&omiewe,a penablal of the
at | east ope A . . | east trery.
The net hod%f ur%‘%éﬁ&)c('g r%e&?cé@ﬂ%ﬂegﬁ?fé;bo@%bl&cﬁﬁg}ﬁﬁuﬁé:%&}cellgspoag%ggilh%(az%ti ng at
| east one of depstueng baltenf and ncludessa miatocontsollerrfor controlling its  battery
nmoni tor and t : ' | i hange.
@p&ﬁfnéﬁé’h@c&ﬁor ggtb_clﬂé‘ba%w st Th”esrlﬁel}ﬁﬂaés?n%ﬁies the ste? 9

The step of act)yating . ctivating conprises at le step. o
resetti Ircm)g the ¥ qte@wsmai'rﬂfsrruebfﬁﬂwgswg%eiﬁx Q%F@rf%ts'g'@i@éwthm

i ndi calt i ng . the gorable plevtonizndevide immspbné& &sh ohafgb it ties Hattbiyestatuze
removal o ea ne [y, . e

b1 ef - Deod®! parah 15t Plyraft oy BRoAablnined batiery congiions o Apping NGy ock
di agram of a pafrthelpleralitycoft predeterohingd: baitery conditionsosherain thenpliuralily of
preferred enbqgi a1 OV I2R. L3 a
circuit schen&%ﬁb g@fﬁn@%datﬂ ?té?@ rmnltt'dor{r}' @E%d?éﬁ attr%eeasggmeaeb?reé:de?érn%n%?ect ronic
devi ce of FI GVvoltags rapges.demavalpf the:aldepstans balterknaoad rerlacementof thene

present inventdtQsast one battery. Tid metRod ﬁxrﬂ'nér!c@}“héﬁié@stth_é e HBactivaBhg ey Of
operation troller s ?}[llece with the

preferred? g adea&t}gg@p%f]feco op@ f Br@g%ﬁV‘?grR%“'lfq%W}‘aisnma&’cn%oq
battery monitor and the portable electronic device in response to the
change. The step of activating or deactivating comprises at least the step of
resetting the battery monitor upon detecting the interrupt request indicating
the replacement of the at least one battery after the removal of the at least

20 one battery.

Brief Description of the Drawings

25 FIG. 1 is a functional block diagram of a portable electronic device in
accordance with a preferred embodiment of the present invention.

FIG. 2 is a circuit schematic of a battery monitor within the portable
electronic device of FIG. 1 in accordance with the preferred embodiment of
30 the present invention.

FIG. 3 is a flow chart showing a method of operation of a
microcontroller shown in FIG. 1 in accordance with the preferred
embodiment of the present invention.

35



35 . 3 FI G

4 is attable shovm ng control signals corresponding to battery st at us
in“accordance with the preferred enbodi ment of the present i nventi on.
5 FIG 5 is a state diagramfor determ ning battery status upon
resetting in accordance with the prefgrred enbodi nent of the present
I nventi on. Detail ed Description of the

| nvention 10 In accordance with a preferred enbodi nent of the

present inventionFIG. 4 is aftaltle showingsontrblsighals tatrespondingita datteny
portable el ectgonicGndRyh nt:QQMtQ the plte%{@ré@ ef’ntﬂ}dﬁftgﬁ east!-'g odrgé%rlt? 8 f or

controlling operatlons a opera tery 104
supported by dpvemtign. one back up battery 114. The 15 portable electronic

devi ce 100 conprises an int errupt Si gnal | er 106 for generati ng
interrupt equest o the contr ler 1Q8 and. a batter noni t or
102 for itori nE (iL"h% IS8 s anﬁE‘ %’atdﬁéﬁrﬂ"ﬁ'ﬁgrhage&%@wﬁ %Eorbéﬁst@r'@g

st at us accor dlrn@cborcmmblwm’t the/préfeme@rémmfdimenﬂobmetp?ré:éennhdemrms The
plurality of predeterm ned battery conditions includes at |east three 20

predeterm ned vol| tage ranges, renoval of the at |east one battery 104, and
repl acenent of the at | east one battery 104. The at |east three

pr edet er mi ned vol t age ranges 'ﬁéfdﬂgaﬁé’scfnphﬁﬁ of fhé ntiBRYe. a second

vol t age range and a third voltage range Tor classitying voltage of the at
| east one Qattery 104. 25 I n accordance with the preferred enbodi nent

of t|h? presegt lnYn?atl:ti%r@ance wntHé]@r&féh’earemB@dihiéﬁt otthe p @s?hﬁnvbnﬁeigrl ses
a Vvo age I Nal a Sence or

ol Chuad i ot Yishos § Wndional bladh disgrin HES BREEbld EEEbER da

at | east one tavirgg & micdocantrellentd 88 fopcontrolling bperitioas arﬁﬁoperadnghath

m crocontrol | e 104 on%%att(er(yﬂ 0%%@6]‘@/&2&%“&&' ﬁfeaﬂ)%él% fba%ﬁg’f’if Hded

battery condltlons l'es Ie € ronic
devi ce 1005t o Poskabla e ectron10e¢¢\r!@e éﬁprqpnwmsmmg\tetsummwndterem farat us of

the at |east gapebatirigtinterhiist-requests to the microcontroller 108 and a battery
monitor 102 for monitoring the at least one battery 104 to determine battery
status according to a plurality of predetermined battery conditions. The
plurality of predetermined battery conditions includes at least three

20 predetermined voltage ranges, removal of the at least one battery 104, and
replacement of the at least one battery 104. The at least three
predetermined voltage ranges includes a first voltage range, a second
voltage range, and a third voltage range for classifying voltage of the at

“least one battery 104.

25 In accordance with the preferred embodiment of the present invention,
the battery monitor 102 in FIG. 1 comprises a voltage indicator 110 and a
battery presence indicator 112. The voltage indicator 110 and the battery
presence indicator couple to the at least one battery 104, the interrupt
signaller 106, and the microcontroller 108.

30 Determini'ng the plurality of predetermined battery conditions
advantageously enables the portable electronic device 100 to operate
efficiently according to the battery status of the at least one battery 104.
Hence, for example, when voltage of the at least one battery 104 drops
from continuing use, the microcontroller 108 then controls the portable

35 electronic device 100 to operate according to the battery status of the at
least one battery 104 accordingly. As such, data loss or corruption can be

o the



Hence, for exanple, when voltage of the at |east one battery 104 drops

fromcentinuing use, the mcrocontroller 108 then controls the portable 35
el ectronic device 100 to operate according to the battery status of the at
| eaSt one battery 104 accordingly. As such, data | oss or corruption can be

4 _ prevented by having the portable euectronlc devi ce activate.or
deactivate certain functions to protect against the data | oss or
corruption. In accordance with the preferred enbodi nent of the

present i nventp@vented by hBvidg theiportable elactronikcthevice activdtetdraddzativatey

moni tor 102. f%&élﬁq{lﬁét}bn%ftgcﬁatéc%ﬁ@st ﬁ'l(?gﬁﬁhslo% ﬂ%%ﬁl??ﬁﬂrfr ocontrol | er

108 controls e vol presence

i ndi cator 112. Tvxdncaoopmrmamaln the peafeed enaodimgntipt the presenmsmmd
MBFatal , contrgj té E“ébg{:&lf §cr?émat?élaf tha Bd%téryﬁ{drmaﬁoz A lmramycatc@htrbito

Anot her one of t | ur t he

battery pr&en%'gnﬁﬁcﬁ%ttbf’ r&lfzoc%ro ler 1O$ ﬁgﬁgegrtaﬁﬂgéaﬂﬁt'%d'f’ﬂ@rﬂqb;%? ed

ahme)(r)]dl rcrgnt | 0; fhiecbditicry Phéserivesinticator 112. Twd bEtheqdluraliy obedriteol sig}iébl lgper at es
upl e

el ectroni E dev'%l-oqﬁ'geqn?I W_Pgﬁntro{ trqalaéigtb}se?XO kﬁé mtlﬁg vpﬁé¢évolet age

- V[err]. Ther eaindiwatort ht0.Anatberyom® of the pllJﬂﬂlt)sbﬁccmtrQIcs:gmis,tMB_Qw at

| east one batt@&?ﬁr&l%hé‘f) @)Bl%shﬁc%%upéth‘ ghbty of predeterm ned battery

15 conditions n accor erred enmbodi nrent of the present

i nvention,1Q he fi r|§taQ¢9F¢%[§@ vith dhe Plﬁfﬁﬂ'ﬁi’@“@qﬂmeﬂﬁe the pregenbinvepton,
'ngiztc o Sucﬁn&ebaéﬁ Yrtxé@gblrlt 1026perates wtv(éthééi.l dmﬁltﬁé@seémanam are
a r.a en _vo
at V[err] is |katenyy ,the_ponpgﬁe g&% cﬂoet"é@e Q;\Iglf:ﬁ:po“ﬁf%g h %F”PR'&
vol t age corrparmilcuf vwagec\tsuﬂ'be%hftemae kalttenyamanétas § 02 starts tp monitartthegds its

| t | evel
oo the o1 BSFDABBalbL 0¥ SehaMg 1o tne pARIE, bPoIdIRISTAREY pYRERRTC |
sends an it erconditions; e aiccordancetwith t’f@ preferrecﬂremhsz%nenboi tte presentUpon

gund

;gf ﬂ/‘;'t gg }vge Li(g\\?vbﬁﬁél?' Ebﬁ 'fR&URHa etraﬁ e |nd|cat8k ‘iﬁétctﬁétvbﬂhbg :?f tilf@ai feaBt 240
)
sets up nonit oPN%ban F@Eéﬁ }"?é f@é@@%ﬂ&? arg 39{?8{19& anges

of | its vol t agetHaeveltage eam;iaeatseesommmggmvtnmwtage ah¥islesstharird
s than VREFSIRBHCENRIG0R Ve o@piiEs Of o toling ainiRiat difdbeclyg ) ! <
changes f 2im t whendbeati least bageryr Hidychangashiés voltage level g th&rfg%t \ligeo
triggers the volaae 1h8"8eRbAN Yoitdge rarys: Ert RiggbRhG 'Set b iRdlitisiupc t he
signaller 106 that then sends an interrupt request, IRQ, to the
microcontroller 108. Upon receiving the interrupt request, the
microcontroller 108 then activates MB_Low to turn on transistor 240.
25 Turning on transistor 240 sets up monitoring of the at least one battery 104
to detect changes of its voltage level from the second voltage range to the
third voltage range. Resistor 208 has a value such that the voltage at V1 is
less than Vger when the voltage level of the at least one battery 104
changes from the second vdltage range to the third voltage range and
30 triggers the voltage comparator 250 to send an interrupt request to the
microcontroller 108. The microcontroller 108, upon receiving this interrupt
request, activates MB_Fatal to turn on transistor 242. Thereafter, with the
voltage level of the at least one battery 104 in the third voltage range, the
battery monitor 102 is now set to detect removal of the at least one battery
35 104. To save on current consumption when the battery monitor 102 is

monitoring the at least one battery 104 in the third voltage range, the
microcontroller 108 turns off transistor 240 by deactivating MB_Low.



m crocontrol l er 108. The m crocontroller 108, upon receiving this interrupt
request, activates MBFatal to turn on transistor 242. Thereafter, with the
vol t age IeveI of the at |east one battery 104 in the third voltage range,

t he” battery nonitor 102 is now set to detect renoval of the at |east
one battery 35 104. To save on current comgsunption when the battery

nmoni tor 102 is monitoring the at |east one battery 104 in the third
vol t age range, the m crocontroller 108 turns off transistor 240 by
deacti vati ng MB- Ldm.accordance with the preferred embodiment of the present invention,

t
Covention,  Te'eRRRALERIRFatlbhat SLRIGY HOTE IRIEY B the BanbRE PLCPEN
the battery Presepeeindieator 142 andpauses voltage A Madolinereage tewards t o
i ncrease tovargsitage Vs, wnéﬁttwvbﬁ@gé at vy\t’éat:ﬁea% Vélhé%%h@ﬁat\fﬁaﬁs‘fétﬁhéﬁ

val ue such_that .tran nterrupt ;signaller
106 will ofce ! ﬁdﬁmiﬁ'ttﬂﬁdﬁﬁ%@?ﬁ@na"er 18@%@95?%@@“%3%? diQquest to
t he m crocont rgeneratel@i intéfrupt reyuest td ther migrocontroller ¢Q8£With thmnterrupt

Ther eat ter . redhsey o miBicepatbiiet fod Suhvaidh B GBadibn fRBsistan244e ron
of the at | easThemaftgattheb,'attemmomor 102 ig nowdeadyltmdetent the neplagemedndr r ed

enbodi ment  of éfftﬁe ‘T&ﬁl‘bn the replacenent of the at |east
moni tor 102 when a new at

one batter 104 | et ec batte

| east oneattery D ?cﬁpﬁiﬂﬂ? "bth%Br @,rrrgégng)odlment of thethresent 'Bé@nf&!" 100.
Eo { t rec h% 91 eatthle rbptat:emem of tlte%'at bﬁhﬁ@@baﬁe 1910408 o:ﬁtectedo the datte

a ery I NClL Uges ac n eas er upo

achar g no RaBelRGe 10235 4 Aak ) 1Bhet A1 é%lf t'mta%ﬁént%etereﬁog% of

the at | east cetectbra:tlcdeylcbomtwﬁdr rebkangeabls batterids, theerépkidement afrtheidth t he

drop 1o o IeSEGTbHIGY W‘ﬁ’“@ﬁé P%@@%?@%ééﬁ%"n%‘a e 10868Yer

t ri gger ed 15t hdecharging; fiesistors 849 é-’r vezaiug&su%ﬂﬁ ttlmeplﬁc@nenbof
si gnal I er 106 the amm@h@ Bette?P 104 Wit theMew BfI RS 0hE bhhéryﬁbemﬁqnbratl l'er

LS. Recet V1 Mokl na B0 14 upon, RS, boisap PR SIIog st s Griramio oo S
| east one bat teevglue that will trigger the esitagel camajpratdre250: Whem higgered Othe t hﬁ
L oes ™ o L SFohdB BPbtaldaso sl ! WO g BF 108 Yol e
I n pol Ii ng0 t Hatemupt seaiast 4o the miomcpnireller 108 Raceiving ttusijuetrgptf noni t or
102 to detect réaMeét”itfé ﬁﬁ@bcéﬁl‘ﬁéllé?tm‘sﬁ‘éﬁbfélﬁe battery hitirftor 482 161 gnal I er 106
S0 as to det erd‘n termlne%e %atttepyestg%us ofat?le noew at Ieast or¥e battery.
In resetting the battery monitor 102, the microcontroller 108 polls the
battery monitor 102 to'determine the battery status of the at least one
25 Dbattery 104 after its replacement. In polling, the microcontroller 108 first
sets the battery monitor 102 to detect any interrupt request from the
interrupt signaller 106 so as to determine whether the at least one battery
104 is in a battery healthy state. The battery healthy state corresponds to a
voltage of the at least one battery 104 within the first voltage range. When
30 no interrupt request is detected, the at least one battery 104 is thereby
determined to be in the battery healthy state. However, when an interrupt
request is detected, the microcontroller 108 sets the battery monitor 102 to
monitor the at least one battery in a battery low state. The battery low state
corresponds to a voltage of the at least one battery 104 within the second
35 voltage range. Continuing this process to determine the battery status of
the at least one battery 104, the microcontrolier 108 polls the interrupt
signaller 106 again. Thereafter, a subsequent interrupt request will trigger




104 is in a battery healthy state. The battery healthy state corresponds to
a “ voltage of the at |east one battery 104 within the first voltage
range. When 30 no interrupt request is detected, the at |east one battery
104 is thereby determned to be in the battery healthy state.

However, when an interrupt request isedetected, the mcrocontroller
108 sets the battery nonitor 102 to nonitor the at | east one battery
in a battery low state. The battery |low state corresponds to a

vol tage of t hethgimicseeantilier 488 te set theatterymonitios 162do acbattery fatat sigte

range. Cont i n%&ﬂcéhé@@f@c@%vwag@bﬁh@a[ﬁeéé%%r#é%d. rgmh%ﬁn%e third the
at |l east one battery 104, Qéh? m crocontrol | er terru

signal l er 106 ‘é@é‘igﬁ rahger nyise, the gh least ene haH?Bf F%fs delemmined o be

trigger - in the battery low state. Hence, in resetting thte batte monitor 1026t6hre  atal
Sae o Oo8 r'ﬁ“{'géﬁ'f"’ﬁ?ﬁ&qﬁ?sﬁ?'%“ﬁwﬁ arifpt S&Dnrgslﬁé’ﬁgé Solhuptel Yot 2 S
wi thi n the t hidelermines the battangestatusgef thexah ieast one batenati04cast one battery
104 is det eLm Bed F‘cﬂhrﬁiohe lnterrli%t”slbnﬁlé?afdabeﬁéfverﬂﬁgé l?%lf p?@ %83 oll's the
|r ﬁts gﬁ ﬁ LB? t5| Sﬁﬂ%’ggﬁwegh%d@ IR REqSENt {nvention to gheck an the baﬁersbaugtta y
status of the @tthe%&ﬁaet@ﬁehﬁ;fﬁ%YM(&ﬁer its replacement Fi‘Hlé PF@Q/ehEe poW [e[,gupt

rol | er

or asent 1 HenidlOHE BSMBRBL e HOR A ay e 409 wherthe 2t least ongrbatiaty 104 isast one
battery 104 afweak ot faultypHencepdata Id¢s or poruptivrsrezaiting fromlifadwdrighe

| . t 104 i
heak or -t aul t ySABECOISRAIE G ity ¥ARBrbIs foctiaR) BRI 1Y ) T hacver t ent
usage of weak or F4ai8ys aaﬂmﬂsﬁhmsmwm@meth@ql 30 ofvpatativn of the |
FIG 3 is a flmfisredtitiollsheos a?cdaS?aéﬂ% ﬁﬁl@tﬁé pRateray é?l?%é’cgn{e'?l?oft e

mcrocontigller 10 ce W|t he preferre Iment of the 1 5

pr esent entﬂrﬁﬁe'%éf“é?'?tl%%é? ?h@%ﬁﬂlﬂﬂ’ 3@ theneeontinueswitls wi t h
t he i crocont rtié Ineicrobddtroleretos detectihg lmten’u t %qm@frbfrpﬂhetlh%rr errupt

h
Tnterrupt s ofinalbPi08 distdp Bpa " 16é infBhybti 31%?5 Rdrodis {eﬁfa%&ey from one
of the at | eadntermiptsignalieri@s wheadthedtleast omf@terydoamamgesdrmn@fnet he at
20 | east thr%?tﬂi’é afliRlaat fﬁr&é%r&&’étbﬁﬂﬁeﬁ%@egg %ésrf g%gﬁétﬁef Bﬁeg)ggﬁé"gﬁe

ﬁg?ﬁgéatcgé@ ?%%Stt 'gpe&a&ﬁl miged xéegga?\?énsy%ndngemme M@lt%Ge | east one of
the plurality cofmpzpator @50s Wit an inteirbpt mq@tegpi@ruét@étberatls@@p 306, the
FIG 4 1s a t ghlifiodi0MiRdes 88'5ep acH 7 Activs ating or de %vaﬁn tBeas& ond of
the plurality of control signals by the microcontroller 108.
FIG. 4 is a table showing control signals corresponding to battery
25 status in accordance with the preferred embodiment of the present
invention. The first voltage range, the second voltage range, and the third
voltage range, corresponds to the at least one battery 104 in the battery
healthy state, the battery low state, and the battery fatal state, respectively.
FIG. § is a state diagram for determining battery status upon resetting
30 in accordance with the preferred embodiment of the present invention. By
polling the interrupt signaller 106, the microcontroller 108 determines
520,522 the voltage of the at least one battery 104. Consistency in the
voltage of the at least one battery 104 is also determined 510,512,514
before the microcontroller 108 activates or deactivates the plurality of
35  control signals to control the portable electronic device 100 and the battery
monitor 102. Throughout this resetting, the at least one back-up battery 114




L

25 status in accordance with the preferred enbodi nent of the present
i nventiron. The first voltage range, the second voltage range, and the third
voltage range, corresponds to the at | east one battery 104 in the battery
heal thy state, the battery low state, and the battery fatal state,
respectively. FIG 5is a state diagramfor determ ning battery
status upon resetting 30 in accordance with the preferred enbodi nent of
the present invention. By polling the interrupt signaller 106, the
ni cr ocont r ol | @rovides gewer pntikife battery status obtherat leastiangcbattery H84ds | east
one battery 1Q@dterssiA8dstency in the vol tage of the at |east one
battery 104 is al so,determ ned 510,512, 514 fore the mc¢rocontroller
108 activates or Hokanesphtinveatar, 118 pafertatus of i of est i bedent
contr oIh t hehpdmabladvahtageouslycmdaitbm thedughmonit titseusea Urdikg conventiomali t or
102. Througho LS eft | n - I 4
7 o ov psbBUS il fRprion i, hofindting 6B AtGact RS KA D i i 0
battery 104 i present inventionrexteads beyond merely detemainingwbether theat least t he
battery stat U%nefbét@?g( %M'i@%ﬁbueg%? vk ¥4 ¥ddition t? H@fedtiﬁg%ﬁé Y8 y

t 1fs, use | i 5 t hod

noni t ored t hroughou ke conventi ona S 1n the prior

art, nonitori fePlacemgat ﬁtt&iﬁeaéé?aﬂr@%%@t@)’)ﬂ%ﬂ"‘q battery monitor 102J8dhe
ibn;/tenti 02 ext pm&emmmoﬁwlskd Ehé&tﬁgﬁﬁtb&m;t/Maaﬂ?ef?ﬁWﬁe?taﬂlmtonel done
attery [ (10 r.weak. . l.n iti.0 ectin epoval an
repl acerreﬂé oi’aﬁ*@' 264 ?’3&9 %}?Lbl"ﬂgt %P?nfg?, g'?ﬁ@"'ﬂ)'ﬁtdeé(&f ﬂ@%h Iy102 in the
present i nvenbperatal Thisqirevaststdperation ef thespaitable @lecironicdevieé 100ast one 10
battery 104 bWHérnewg Bkkﬂﬂtxm&@tfﬁliﬁaﬂﬁt ru ddevi ce 100 to fully

@g tron of e por a'{@

operate. This preven oper ] el’ectronic device 100
when weak or faul By nex tshpeld be appreeirtedithat there bag been provided a mgvelow i t

shoul d be apppsthed efdidpparbiierier Hé@rﬂ%ﬂﬁ? Pagtéhdsdu oVtrate a pogiﬁbﬂ,ﬂd and

apparatus, for determning hattery status 1o opérate a portable 1
el ectroni & degfetciro%aewge 1. Ve claim
We claim:
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portable el ect roni ¢ device operating with at |east one bailwlmlmbm'" "ﬁ!" I!Il

having a mcrocontroller for controlling operations of th
el ectronic 5 device in response to an interrupt request, the portable

el ectroni c device conpri si ng: 8 ' an interrupt signaller
for generating the interrupt request; and a battery .
nonitor for nonitoring the at | east one battery to determ ne

battery status according to at |east thrdeLAMGeterm ned 10
vol tage ranges including a first voltage range, a second voltage

range, and a third, vplt range, the battery nonitor conprising:

a vgl tage i ndi cat o}',RP&%‘%ﬁg"deggtrPﬂ'@ V'qeeﬁ%@%ﬂﬂg vtk @@P?gg?@ﬁ baﬂery and
to the interr updviag gnmidreconttaller ot cotitrallirgg bpeératiohs of e &{'ttﬁblﬂ él%gtronic
to generate the.i request: a g% er .
changes. from 130 L FSHPlonsE ISP infitibs voliuS IBTRP S slgioRid aivice
range or from@QdBPESIOGAd vol tage range to the third voltage

range. C 2. dhaveraped ﬁal@r*f&ﬂégﬁérﬁti Yﬁéﬁmt&iru@ r.%ingét-%%f ein the
battery 20 noni t or fuBt her ‘conpri ses a. batter {)resenc i ndi cator for
det ecti ng r emov & bakteryfaonitor fapmoniigdng the at lpastene battertong,

thgrfeaftﬁr, \tAﬂe i nt &iéténhintetbatterﬁbmaé h@éorﬁmmgééﬁttgl:é% gffﬁé@gegﬁguest
and furt erein attery. . _presence indica

vol t age i ﬁ@l cator, t%@gpﬁtrépgﬁ%fncéqcﬂﬂ%ﬂ fﬁ'ﬁfvgl’taage rangg: f’h??cé‘f‘ﬁl"é)_i@geone _
battery. 25 range, afndha thivd tvalibge edregd, toe battdavmonitof céinprising: wher ei n
the batter presence, |, LA u (I ttery
and acti va%/i ng, thefaeg?geqje%ta{?ea@h?éﬁﬁggo??&gﬁgﬁ%g bﬁ%%gg (Bfge t he
interrupt request when théhe interrupfsignallercios activatingthednterrupt signadleed. 30

4. The portable el ectrogs geHenté the intéhraptPeduikianisen tHd st RaLE 6h¢ batte
presence :_]gdl cator coupl one batte_rﬂgﬁan activati nd,
| |

S to the at | east
thereafte he interr uﬁﬁaggﬁﬁﬁp%&l‘etégs'g‘é?l@%'éngﬁéo gecod vollagRest aft er
detecting repl acement otandeorfroinethetsecondvaltags yangdto the third voltage

range.

2. The portable electronic device of Claim 1 wherein the battery
- 20  monitor further comprises a battery presence indicator for detecting
removal of the at least one battery and activating, thereafter, the interrupt
signaller to generate the interrupt request and further wherein the battery
presence indicator couples to the voltage indicator, the interrupt signaller,
and the at least one battery.

25
3. The portable electronic device of Claim 2 wherein the battery
presence indicator couples to a new at least one battery and activating,
thereafter, the interrupt signaller to generate the interrupt request when the
new at least one battery is detected.
30

4. The portable electronic device of Claim 2 wherein the battery
presence indicator couples to the at least one battery and activating,
thereatfter, the interrupt signaller to generate the interrupt request after
detecting replacement of the at least one battery.

35



9 . 5. A battery nonitor for determ ning batte
| east one battery supplying power to a portable el %ﬂum@mﬂnﬁ mH“l
. 0 or

wherein the portabl e el ectronic device includes a ser
control ling operations of the portable el ectronic device and an
interrupt signaller for 5 generating an i@terrupt request to the

m crocontrol | er when activated, the battery nonitor conprising:

a voltage indicator, coupled to the at |east one battery and to the
i nterrupt signal | & A balterydnenitarifagdetesmining batiry status:0fiatleagionet he

at |east one hakpy ¥uﬁ|§lgn i WEIl® & pRrtablcPblebdfic ddvidewhBrein the

predet er m ned vol e tq anot her one, of the at_|east

t hree predet erﬂﬂ"ﬁg@gﬂﬂqrg ic deyigr includes a microcongroligr, for llipGoni t or of

G aim F f]thrt Eefpe%llmfsi of the portxilé etectrogic geﬂceagu% Inteiimﬂttslgnélmr foet ﬁct i ng
removal of .t he . Tyt he

I nterrupt gi gr%%éétﬁ&iéﬁgrﬂgvgﬁg%%s% g}]er %ﬁg&ﬁ/t%ﬂe?%bsg&gﬁgéf&p?her
wher ei n t he bd@attery manitoe somprisitigiat or couples to the vol t age

ndi cator, the interr yRjonsggiddicator, G, He bEIBAL HIELERBYUIK] to the

7. The battery nonitor al m 6_wher i battery presen

] 8 - ] e
i ndi cat or coupl es t §tarrHesignaliers for agtivating the \ntarupteignaliarwhen theer eaf ter

the interrupt signaktRast eng®atien) ehantfes MerAIdnePdF dtdeasthrehen the new at
| east one18attery [

s _detected. 8. The batter itor of Claim
6 wherein'the batteP{ﬁ%’ggﬁ'ﬁsg vollage (anges ty apgthpr ogey t%ﬁg? %asfeast one
battery and acti vat thrge priedetmmired voltage rangesi nt errupt signaller to
generate the interrupt request after detecting repl acenent of the at
| east one battery The battery nonitor of Claimb5 wherein

. 9.
the at |east thre8- Jbe bakiesyimaniter eEGlaim & geheraamprising akaliory ses a first
vol tage rangeprésence indRAESHTEr UBICHAS réMBISH OFtRE a1 164Nt dheVisAtichy Bnkange.

35 . . .
15 activating, thereafter, the interrupt signaller to generate the interrupt
request and further wherein the battery presence indicator couples to the
voltage indicator, the interrupt signaller, and the at least one battery.

7. The battery monitor of Claim 6 wherein the battery presence
20 indicator couples to a new at least one battery and activating, thereafter,
the interrupt signaller to generate the interrupt request when the new at
least one battery is detected.

8. The battery monitor of Claim 6 wherein the battery presence
25 indicator couples to the at least one battery and activating, thereafter, the
interrupt signaller to generate the interrupt request after detecting
replacement of the at least one battery.

9. The battery monitor of Claim 5 wherein the at least three

30 predetermined voltage conditions comprises a first voltage range, a
second voltage range, and a third voltage range.

35



10 . 10. A nethod for determning battery status—to—operate a

port abl-e el ectronic device wherein the portable el ectrqni ] |“\

power ed by at | east one battery and includes a m cr(ﬂ‘ﬁﬂg‘w \\“ﬂ,“\
,Lilme s *

controlling its operations according to the battery .
met hod conprising the steps 5 of: 10 detecting an interrupt
request generated by an interrupt signaller within the portable

el ectronic device in response to a change of the battery status from
one of at |east tht&e pirectbeddfas deterising batteryrajatsito openatex portable one of
the at |east té&leeRoRicafsics Whersin'Re pRUALICOIBEFOMBRID isSovidreddsipht 10

a

three predeterm ned vol tage ranges.includes a f|irst voltade range,

second vol t age/®RShgRe %étFﬁﬂéa?ﬁi"?‘gu% ?&Ej'ﬁrchﬁgehera controfiing its

thereafter, acoperations accomdirirto thetbatterpistdtasthe anéthell coniprising the/staps
control si%nal .to control a battery nonitor within the portable electronic
15 device Il n Tésponse to the change of the battery status. 11.
The met hod of O ai mdelegiing anrintenupt request geneiated byaminterrupt sigealleri vat i ng
conprises the REBid | : ' f B enent
of the at Ieas‘?&@ﬁgﬁg tteréé %@L%Q%nﬁk%%wgggtah%%go %ac{hfaég? ogrthigs% ﬁg at

| east one bat SRS na-phaijeast three predetermined voltage rangesdognather m 11
\Q/hte { eint het stane of twmelbaisnmlrs@ ﬁ'fédétéﬁ'rl;inte(tj volta§é randges @Pﬁf&ﬁ ?@hﬂlelt&%t the
attery s u e east one battery or,. e at | east one
battery. 3@ Wi bpedeq‘%ﬁiﬁ%ﬂémﬁ@gﬁ(ﬁn%?s Bcildryﬁslakf'(lﬁ%éfpg?ﬂe f{OSt%p of
determ ning secondomitageasngbeand athirtl volthye magngérearicht er rupt si gnal | er and
sequentially . activating or deactivating at |east one of the plurality

of control signals to check the battery status of the new at | east
one battery or the dheteafier, aniivating opgdeactivatingadlenst necfiahplusality ohst t hree

predet er m ned cotioh 8RNl @Pontrol a battery monitor within the portable electronic
15 device in response to the change of the battery status.

11. The method of Claim 10 wherein the step of activating or
deactivating comprises the step of resetting the battery monitor after
replacement of the at least one battery with a new at least one battery or

20 the at least one battery upon recharging.

12. The method of Claim 11 wherein the step of resetting comprises
the step of determining the battery status of the new at least one battery or
the at least one battery.

25

13. The method of Claim 12 wherein the step of determining
comprises the step of polling the interfupt signaller and sequentially
activating or deactivating at least one of the plurality of control signals to
check the battery status of the new at least one battery or the at least one

30 battery according to the at least three predetermined voltage ranges.



11 ; 14. A nmethod for deternmning battery status—to operate a

- portable el ectroni c device wherein the portable ele ' i |

power ed by at | east one battery and includes a m cr%"@iﬂﬂllh muﬂmnﬂl

controlling its operations according to the battery 's SL LRHE s «

met hod conprising the steps 5 of: 11 detecting an interrupt

request generated by an interrupt signall erf ] bvm'thi n the por%a{al e f

el ectroni c device  in response.to a change of the battery status from

one of a plurality4of %F@@?ﬂ‘ghﬁmaﬂ‘g@%ﬂ%ﬁtﬁtw imepewia Adqartable one

of the pl ur?l iélqctrdnitpded'&balvhémﬁﬂtﬂwpbga?lecé}@@ﬁ’ddi?Iﬁl?vld@ﬂ?‘iﬁIoWetrtéthkE%te
lurality o e condi.tions i.ncludes at.|eas

Br edet er ?/n nedqé%%&{&reg%tgﬁge%?& #@%ﬁla BFcfPﬁ%"té?'qu JQE?O'HFF@"%ﬁ? ery, and

repl acenent ofopenaticns accerdingrio thabatiery, status, the method cemprising the steps

activatinggor gleactivating at |east one of a plurality of control 15 _

signals to control a battery nonitor within the portable elect roni c device
in response t Setatingram dermet reayeshgeneratechby aptintemupt gignaller

deact It vat | tn% withirt1 tl?@ﬁ@ﬂa_ﬁltéseléétrérﬁégfe%/fg’céq?;ré%ﬁei toa Fp%rge of the battery
resettin e Lt ery nmonitor upqn . -

request igndi cé?qa{'fﬁ?'f ongﬂf&@IngciFy prf#t%‘%“nﬁg?ﬁﬁﬁ%c QNS topgnother

after the renonel ofdhetplarality tfepredetermired battsry conditions whereirpthelhe net hod

Geterm ni 19 1 RUrBIY; ot Hredbfmied B3fe CAAIRIE ihiEgs ot logst BB, “Fhe.
repl acenent oPpredeierminedamitagadanges,gemovabof the at least oriébaftény, emtihod of

daim 15 wher gbplabbifieht 6Pl atladtdfidbdtfory. . COMPrises the steps of:
polling the int errugt Sl gnal?er an sequerxt ially activating or

deactivating the at Pdast one of the plurality of control signals to 30
determ ne vol t age ohctivatingtorl degtivatity blcaet ¥n@ of arplirdity 6f ddiftratt

LS55 P DEEPBICITLAR b8 HOTBT A e porablq sleotomc JMRESH' LS .,
to operate actesptinsg todhelchange twhgrein the step of activating or deactivating
comprises at least the step of:
resetting the battery monitor upon detecting the interrupt
request indicating the replacement of the at least one battery
20 after the removal of the at least one battery.

15. The method of Claim 14 wherein the step of resetting comprises
the step of determining the battery status of the at least one battery after the
replacement of the at least one battery.

25
16. The method of Claim 15 wherein the step of determining
comprises the steps of:
polling the interrupt signaller and sequentially activating or
deactivating the at least one of the plurality of control signals to
30 determine voltage of the at least one battery according to the at
least three predetermined voltage ranges; and
thereafter, setting the battery monitor and the portable electronic
device to operate according to the voltage.



