;N e3eZW." n&6\ T9>METHOD AND APPARATUS FOR HANDLI NG A CHARG NG STATE IN A
MOBI LE ELECTRONI C DEVI CE FI ELD OF THE I NVENTI ON 5 [0001] The present
invention relates in general to nobile electronic devices and nore
specifically to a method and apparatus for setting of a charging state in a
nobi | e-el ectronic device. BACKGROUND OF THE | NVENTI ON [ 0002] Portabl e
systens, such as nobile el ectronic devices, which are powered by 10
rechargeabl e batteries have a probl em supporting both USB (Universal Serial
Bus) char gi ng MRITHOPREND ARPERATTS FOROAANDDING X GHARGINGSTATE
specifications require that any devices which are connected to a USB host
initiate enumerati on wikMhAMOBIRE REECTRONIOSEYXHoEe bei ng attached,
hereon referred to as "VBUS detection”. Enunmeration is the process whereby
devices attached to the 15 USB host request permission to access the host.
In the present invention, the enuneration request is directed to a request
t o dr arIRbR&F THRINWENIIBNost in order to power up the nobile electronic

devi ce which has a dead or non-present battery. [0004] Wen the

rechar @oab] e bat Te¢ prebent feadtion ratats frgaemnt to mbbilaebitt@ietledtssandanaevi ce
can not operate since jt does not  'have any power. |n nost ses, it is
desi r edpeeigplly top mpihqdopnd aparaies fopisetiing of ReChspgng stalg et rfks’i?ﬁe eﬁf@@?@& turn
on oncg.Jile receives power fromthe USB VBUS power |ine upon VBUS detection.
Thi s causes the charger to be enabled so that power is supplied fromthe
USB host for operation of the device and recharging of the battery. This
may beBASTKGREOIND QE THHENVENTEMINgi ng state. Therefore, when the voltage

via the VBUS is applied, the charger turns on and acts as the battery to
power [0O2]CPU al Borgablé systarhgrsgiings 28otileeelbataner fevites, whilch emspyweadd byhe

TG RebterabTe bRl vt pofwieo auuaoRins botk Giof i ankisel Sl dfia hobRg

speci fjadspi medivhte that a total USB supply current to the nobile
electronic -1  device not exceed SOOpA in the device suspend state. Wth
many ni90Bk el ectln opéreticte S specEROHGNS rsqwivt thehanyglevings mwingh drecomtestedPU of

t he nopi | l.ectroni.c_device to.oper and th fo t he device.shoul d be
power o HOSR “ORLREH g VR R Eateek B5F 2R tolf PRERSRRY 1

def aul fefdredaola@WBOW detdctiva?. Bhaheratithisahe pRicksd Wieeh k&sicet ARadhkatgee on. 5
This state of the charger is not desirable for the system during a device
subpendSBt st requastgrispionde ageass des/hesés In thp prspririsY@tiong Hig| upsT86H1 r ol

t he deyvi : i S i e are. u 0QO6] In
some. it b APl Bbell8 G s FEnt HRROSH REhCo et 36 P HE" oy

r ecogningbide elecirdnieddadd ehixh bhed geid drewhipisesi@tesd during the device
suspend state. In this 10 manner, the SOOPA current limt is, ngeﬁ recogni zed

by t hel098ti | e el Bhepdhs eechargealle dptiaryt Holegh or thot Presepfyithe abHE &letRBICUSB

speci f j : fRErE ] Yy ts fdq appar at us
for ha%%én%a}oé %grglgilze]nSgl;rés}ateir’ftt?1 fé)Q% ir?lotalli%bl Fé]% EJI% éc%ﬁl% gﬁg%@a ev’ilggé.jd%UMVARY OF THE
| NMENTb4Nryl Bhdr@@08ithihrtha nfabils telemtperict devich eummr @s ende it meceivtes power dwndds a

Connectott VBOPiasngr Ser ronn S0 detoricenes fie Beispt e SOl g Biesonce

of a gb&y&% bigfpficd BEASIE YSHHh&ER Pdf%g@faiti_eﬂ oPHENRVCE 468 FRBbr gt Hothe BT EN
evi tr

sai d ce a a USB host, and nsmtting a signal to instruct said
devi ceThis nentterrefenicd talas/d devichehagding)ststeatlderef@re @B@0ihe voltagrovihdre ¥BpEct of

the inyentjop, t i i ded a_method of enteri | i

St at o FaPPSlra 18 aln? oh T at s BRooRipCeaR s b CRE 16t Mo gigei N

t hes St @RBaRbryS PNHiNG:sBILI B YiznXIOhd A@DaltErdPheqkAabSBaes biatd T ansmi tting a
e

time dependent enabl . ) o _
[0005] Another common state for the mobile electronic device is a device suspend

state. USB specifications require that a total USB supply current to the mobile electronic




signal to a battery charger, requesting enuneration fromsaid USB host,
recei ving enuneration acknow edgenent from said USB host, verifying that
said time dependent enable 25 signal has not elapsed, and transmtting an
enuner ati on acknow edged enabl e signal to said battery charger overriding
sai d time-dependent enable signal if said tinme dependent enabl e signal has
not el apsed. 2 (0010] Other aspects and features of the present
invention will become apparent to those ordinarily skilled in the art upon
revi ewd@ficd i ckeddasuioNa. iHanes féntd QRpSHd SREC WIS D asbbie & thictdeices,
invention in conjunction with the acconpanying figures. BRI EF DESCRI PTI ON
OF THESGRAMNGS 8nqu@b kbjrefnfiodheditl$ offthe hebpe eda@tronicndeyive wnonerdte andw be

descri Y, of ex | e onl with reference to.the t ached  Fj gures,
e oi Heragorg g Hlt BB bechirahadhg Hodtsting e of Bl Ahifoct ed
to a Upintel %?ghaﬁ%ld@kauﬁ% A 13BloghORVel drhtd; wﬁlchs;v@m& iy lﬁgeﬁgh@@hﬁﬁéﬂ éfing a
met hod of handling a device charging 10 state for a nobile el ectronic

devi ceThigistpte of jthe d‘labgemck ng é@nrahhedbr Fhﬁl gyisteat, tduapgair@m;@ fusperidasiaei g a

char gi state bile el ect ro bl o am of
appar atdR P iR e e E ARG eI B i e e B EredeBfe

devi cesusﬂ,&lﬁa{é\ueﬁ@e@ESCRI PTI ON [0012] Turning to Figure 1, a block diagram
of a nobile electronic device connected to a Universal Serial Bus (USB)

host i K08Abwn. Thesqmpiother @M@étﬂﬁo(ﬂﬁveceaewm@rtlfer desnpevie susperc ftafeais not

pr 0CeS LGN dndl FEWhdS FONAPELEHLL G 8 eﬁhcﬁ{n%% (i LA BRBerkf Y A-nis"

turn, onnec to a’rec rgea ter I's al'so
CO[meCir@ﬁlndrotHehﬁoUpﬂC kafraeaiing @%o@&%@(%hyze&a)}aﬂﬁ meble WRBtrbit aldvaeeevkd whi ch
is connected to a USB port 20. [0013] During operation of the nobile
el ectr@lﬁllﬁhliéilieﬁéqucbun ﬂwléSlﬁléléqCIfeféﬂ@mSm nes that the rechargeable battery

o 1 holBBH post  S5e5fERE Thoser Brdtie,f MR prg e sefe SuREMar st r°

separ atetedabnebile 21pavaic devioe, a gr ound Ilne and two data lines. At the USB
host 22, the USB cable 24 25 is connected to a USB host port 26. A device
interface 28, preferably a nphile electtonic device interface, is connected
to theSWﬁd@f%THEZ ENTIOMsnmi tt | ng data and current to and -3
receiving data fromthe nobile electronic device 10. The USB host 22

f ubt hel008Bhpr i sel afipbagrect sy pesend inyeation oyowidss aipstied af Bangbing acdsitect ed
to the.gde t C [ ] r r

sSwi t chi ngéq lﬁgts\‘/t\%tgnfog e@?l(%grsglug)gé%ld B-SEF a@j@nggg@(?gé\% gie()%(l:lﬁa?lglg%lmgt%&e for

t he Uncomprrmig $be i sadpsBof schiSy prmnee;t(ﬁ"dan’mlai Iveltedee cdanoing C arl eanuaerdbions
shown. gwifﬂer to det tmne if the nobile_ gl egtronl c devi.ce has. erit ered

t he de%ke &?Ia?rﬁgﬂ@% DEIWERT SRECIIE Pr BiSReBot o2k awmiting fh HE8alt S t he

chargefnsﬂrﬁet%élh%%c% &fiér éaﬂi Wi Esrat¥hen the inputs are in a |ow
state, the indication 1s that there™ s no power being transferred to the

CPLD 12[08A9] t her efoamtim gspewgroffthe iropetiat, ithgetibpraddidce nidhodef eitefinpe
ggggr iﬁa&ﬁ%t ch%?gggggt\é OfSr 2 Sobile iec{rgl%g d%Irlfce C;[)II;lﬂeec{ Q[Q aar t})1loset (t:)c?rgqt)r?s!}ﬁ/g gh% 'S
steps of sensing an input voltage from said USB host, transmitting a time dependent enable

signal to a battery charger, requesting enumeration from said USB host, receiving
enumeration acknowledgement from said USB host, verifying that said time dependent enable
25  signal has not elapsed, and transmitting an enumeration acknowledged enable signal to said
battery charger overriding said time-dependent enable signal if said time dependent enable

signal has not elapsed.




10 the user may have placed the device in the device suspend node.
Therefore, after sensing that the inputs to the charger interface have been
set at a low state, the status and |l evel of a bus voltage (supplied by the
power source 30 in the USB host) is sensed (step 34). The bus voltage is
provi ded when the USB cable is connected between the USB host and the
nobi l e el ectronic device. If the bus voltage is not sensed, a voltage
supervi sor continues to nonitor 15 for the presence of the bus voltage.

[ 0015] [0ofiox he buetheplatmge il fgnsadof thbererht Rivinttdiawie betdnd hgparanabl ed
(step 36). After enabling the battery charger, a tiner is then _enahl ed
(step Bofe oxdimrdy skillpdainihe g wrom FYiew iofethp dellewmepdescapton i aPesifisst 100
nsec. : Fper i s set. 11 ' t heck is then

por  or riafts o HEfip| 5 i corbuttfih A3 B SUBlpa R MR et O ° Tt
the 20 predeterm ned tinme period has not elapsed. If the tinmer has expired,
t he baBREEY NESCREPTIGONtOETHE PRAWINGS ep 42) and the device returns to
the step of sensing the bus voltage (step 34). If the timer has not

ex@ r ef018] checkEmbodierchor o dhd predettemnemtmni fvile mowe batdeseritizd! \ngeway d CPU

and the USB host has been acknow edged (step 44). In other words, a check
i s per?’@ﬂ?&?jom&w rque%@ﬁg?af&cﬁ?fgflgﬁ%é ‘@Eﬂfﬁlﬁés transmtted a signal
requesting the bﬁitg'.‘Pﬁé’alﬁﬁcﬁﬁﬁéﬂ:ﬁ{oﬁ@m%ﬁ@élﬁctﬁﬁ?@é&%e dohn&eRrat i on has not
been acknow edged,” verification that the tinmer has not el apsed is once
agai n Penkseheaial BueJ8B) hosand the battery is disabled (step 42) where the
timer has el apsed. [001 wever, if enungerati.pn has been acknow edged

wl thin ¢ he pr odel & RtbHO¥ CREHE PR U DHRTNG oL BRATAG oGPV iR eR LR RS and

| euel ghtetrbies PUBilYakiagE: ddxe. CPU sets the -4  device into the device
charging state (ste _46L and both powers the CPU and charges the battery
usi ng the bus voFllgageS@ ek dedrdsy of eopsheppasdey e hajdoed chpiging plglctip

Fi gure %m grie&n%ﬁt appar at us for handling a device charging or device
suspen% SP Y &Y s%gmﬁ.'The apparatus 50 conprises a battery charger 52

connected 5 Vi a Figs4 WeLbigak @iaprhnt 6f dpperaWBySr Reidking bideeicé tipingatatiSB host
22. A BAT gate 56 is connected to the CPU 12 along wth the rechargeabl e

battergi’ff@?‘)bﬂ@élf@ﬁ@ﬂileei"@e-al so connected to a CE bar gate 58 of the battery
charger 52. [0018] When the battery is dead or not present, the nobile

el ect r gRHGA I8 PR stRIFrIeApnected to the USB host 22 (Figure 1), via the
U ca% e, to supply theﬁ\?gus vol tage via 10 the power line. It wll be

mobi | ol BTEk s fon SRilE tRgR, LR, Ahtnl & PREREE BRHqBELRRL RiplcRl e
r ecouptol angnivessalbSarisl Bat (A8B) hosrés sdwhn UTheadbeitd ¢lagrdniedopes 8 comprades the

device.as | ong as power js provided hy the VBUS power |ine.. [0019] A system
contro‘Fenél‘F‘gHEﬂceWg( vpe R cHReomNcisdrtp # chrigehdntepeper b4 vhighy 1 Binist t ed

to the.hakied Yo ﬁr}@rf}ﬁ%eaﬁl% ﬂa@teﬁ?@l Ght k@1¢ @?rigg so WMaGRedi eI VIRYScéisr 2Rl ed.
I l'y alo T

This signal Is typica state signa e prior art apparatus does
not0 wabditefyi6 aml loralf8B antedacealdkwinh edgpamesied mrdUaBtronedl.cal |y enters the

SevtCEYRIAT S0 DS eobBAEREIE el SRS, BRRLLD R, FRRE ishins
that the rechargeable battery 16 is dead or not present, the user connect the mobile electronic
device 10 to the USB host 22 via a USB cable 24. Within the USB cable 24 are four separate
cables: a power line, a ground line and two data lines. At the USB host 22, the USB cable 24

25  is connected to a USB host port 26. A device interface 28, preferably a mobile electronic

device interface, is connected to the USB host port 26 for transmitting data and current to and




present and the CPU 12 has no power, the CHRG EN bar signal 60 is | ow and
since the 20 charger requires an active |ow state signal to enable the
charging function, the battery charger 52 enabl es and provi des power (in
the formof current received fromthe VBUS power line) to the CPU 12. Wen
the USB host transmts a device suspend state request, the prior art
circuit is unable to handle this request is the battery is dead or not
present. [0020] Turning to Figure 4, a block diagram of an enbodi nent of

the chacgemnghtd Roar fhageolile dedwhe device BNOTHe UNBhedh@ngerthemdanjraee ald
conprises an input 100 fromthe VBUS power |ine which is connected to a Vcc

gat e 1wefsoarcvéptaagé Rt wihichrare heth pegrictedde theedevine intefagaws. pr ef er r ed
enbodi the % I chip
manuf a tur )‘Fexa@g[(8 %mgge‘lhﬁg{h@he ﬁ@h@@@&@gﬁﬁ#@glﬁ% 1-{(?g?:lee?ﬂ%(rimduI e
104 al sde\ﬂomqﬂrargﬁg stateMBY thaUrgedreal Bofialduk (M%‘thmctagahdaﬂe&ﬁectrﬁhm ABldS | nput

100 is. also - nnected to a C te 10 of bat C r,112. The
RSP bal® gare- 1éiw r Ondrierne ﬂ%\% B%ue GHPRICT i by H&?t@ﬁﬂ%ﬁsrger
112 whige 1?%@@% g%hgck]%%effbrrﬁ o%ﬁ%qlfﬁlpﬂﬁatbgﬁé cﬂéger 1&3&9&19951%qnta%&rhe
rechar gea aftery 16 via CPU 12. "The CPU 12"1s al so connected to the
MR bar stgfat eWhes tbé mphwes el magéms Lbeete, vihe andiaattbrr ssthbt thedu isend @ower hemgNOT
gate (or i nverter . Lt.will be understood th the signals

ocei vBshrTeEhe RGP Toand efetors A R G oin s COTRE (Be DM BdPe 114
and t hgnNEogatR debBeahs) b Mafed dfﬂﬂ&ét&c@e@%éahﬁztbaftt@ﬁ/ 5 @rRhd bSndipkdeht ¢ | ow
state (0) or a high state (1) signal. [0021] In operation, when the

r ethhar é?ealbt:renajsahavermmqeé thedegiosin ttwtdepnce%mend medor deerefage, mf@vsmlquwér for

oper at on of bile ctronl devi.c (Fi B.C e 24
1671 o 8Bt kot sRRTE RS Gefir Kl o e dhE st e RE WS Gnce
conneci#ithge t{(Rphied ReF Coees 38Nd theIedB Mastylie sddddd !Et Bﬂ 1 IThestit us
and | eveﬁggf(at?t?e i hb@gttﬁe?éo fromthe VBUS powerﬁ?lllng 0{ is E:perfor med

by t hevalage dapwvidsd vmentth@tlﬂﬂ tabdgel wmﬁ%b?twgmi thee@%t? h%tj%ndet ¢aaobilss t er
sensi n&eétpo%lcp gﬁ&pc tl?f]f bﬁﬁh\%l aggtht n(;t% ﬂse 'vg‘?z[gg é Msbpbca}]ﬁﬂgs %Otlnbﬁlgo%
super vi sor an rese I'S’s etermne when a

pr exlet fr thaygdscnberef the buodoltags. 15 descrl bed above, has el apsed. The tiner
103 nma be inplenented in a number of ways, digitally or hy analog neans

(wi th B9IRC cir clfithe byssyoliagaissersed, theibaticry sharger isithesenebled (&R Pok ft%erused
to det I i i

enuner%% |m (;ﬁgg{{ﬁ%{\%ﬁeagge}ﬁeht t}P}rl%nltgttﬁée\nt Eﬂ%%hﬁogfe\ﬁ%&gt %&dg%\?vopo % rom t he USB
host viime tpegod/Bigeferabbyitt jeasd00Imsze. Chcedhd tmmnmsed:,hebkgmstqoenimdnwd By the

vol t ag peryvi sor .and 20 res ule 104 to deter if the tiner has
expi 1 SEIoCk Go 250 BERVAGRS I LT ol BB e ARt BTGl A0khg- 105

POYET eftelEOMihBe (RRVE oIS 6Bt 3fpidd. t franbERidast e%%redﬂﬁhegbﬁttér \@ﬁarrgglels
charging.process to begin before the enuneration i's conpl eted Wthin the
pr edet temdisebled i(step A2 anddhe titrgcORUIAP tq the stapuifrsensingthehuswolitge (stepl34).ne USB
host 2 o.continue draw.n urrent to r, .t he de ice 10.and 25 charge
he. baftdbr §HeF G SFt RRSE € st HerbRpRLLEAetne i bt rrgticth by o g

vol t agepBURRT YieS USHRARGst RiCheciDalith8wlddged (ABS M4LS B bWt WdlE 4 Checki nal
fromits RST bar gate 108 to the CE bar gate 114 of the bat t er charger 112
to enabfréormied thxeribr yhethar gerotithe CPthéasaaﬁmSémpte@ esignet raquestingetiethelipni ts a

h
o 356 50 0, TS LRSSl 0,
12 r ecgingChastivg clipsseRtonce hgalﬁlﬁbkfaﬂné@@tepsd@ ﬁﬂbtﬁe batdrpns tisabied l(BiepU@ CPU

32 in the USB host 22. Once it receives an enuneration acknow edgenent, the
CPU 12Wh?r§ﬁ%?ﬁlm§r1aastﬁl%e‘§t ate CHRG EN signal to the inverter 118 which

I\,Evﬁr LRot6E S' 9NBbwker? it OfiihAich RhPBRn BELBGIedged WWillih  thD rbderdrhidde

time period from the sending of the status and level of the bus voltage, the CPU sets the




5 gate 106. If the low state signal is not received by the MR bar gate 106
prior to the end of the predeterm ned tine period, the voltage supervisor
and reset nodule 104 transmits a high signal fromits RST bar gate 108 to
the CE bar gate 114 to disable the battery charger 112. In order to verify
whether the tinmer is expired, resulting in the disabling of the battery
charger, the initial low state signal transmtted fromthe voltage

supervi sor and reset nodule 10 104 to the battery charger, is set for the
predet g&vitdBfb thdBoRES LRAABAtAN¢ReS B6) Ehdr%o&e%d\%}s P Pesand BRarb@Lst at e
signal is switched to a hrgh state signal which disables the battery

char gebatterposing thadwe veltage frovided bnithewoaer srnurtes acknowl edged before the

expi rat4 of the tine t he vol t.age supervi sar .and,.reset rmdul.e .104

Er anem 7L o THREL] gllfe 5 phRE Sre BRI Rl RS S0 R dtpR
char gedevidZsusperl fiste@saidvetl T8e appdrtul SOQoMPricetea bty ch@endTl contizpled t he
necessary. current for powering the nobile electronic device 10 and for

chat gi W§ ¥h¥cpgpice?d ta ghe VRIS powee ling digime i SEf hesh22paddt BAT eHard§ers 112
G . N »
Govi co el b shE THOZFOLE iy MERAARENT] i 100 PSRN Ratbee ©
cabl e @shnkctedid HEEUNE daRIP B thobithey ldgerS20f t he nobil e el ectronic device

10, indicating that the USB host 22 requests that fhe bile el ectronic

devi ceﬂ’f’gg]ent er Mﬁ@ndgmbé%erwé&@ﬁfﬁ og gt gresaity Hie mebls gleptonindevicgdsts, in

or der i j £l i P i St at e
EnEQERLY (UL AR 29RERAE PRVIORS USHIEREY Lipdiy ARkSIBLS @1&5{1@

CHRG EN signal to t I nve Ich Tnverts ow state si to a
hi thh sthatpever dginal It Filé bhiuglerstoad ¢haitign akchasgdahlerbatteansmprtfeexbly de@iplede MR

e O far B8 AU EREGR G 02, [ Sha b okl LLAN Rt esheloll g™ ©°
char gepecad af RAUESE SHHM hfS 1 HSBhd 98drat?r of PO26]ic¥ IS Toda R vl i$ Fn;‘})tvﬁieai gnal

is received by the MR bar gate 106, the signal is not I nmedi ate
pr opaghy #¢. VBUS poivereline 03 counts down for a second predetermined tine

eriod h as 150nsec, so ,that -i subs t tate .si inS.
Poce viOgTHE" he ARSBETT gaifolaieral oo st a8 SRE RAChuS BT Fr g gre: ar e
si gnal tririigaDicetie bIﬁérg chbtee52 td endbRhbZhbfel QSeh tNd VBOIS isl Hplicd wawer to
the battery charger 112. In general, when the CPU resets, all signals go to
a | ow ggeales typisatinpdowatitresignat The priorarbpatiiessdas Not wak don WecrggFgien to be
5 di sa i S I S, no devi SUS d st VER 0027
A’ adu ki iaBEReR Aoy PO ineie VK ey R B4R Y o™
r ecei vepa@ilst IS MtspedifiationoW BigasoR twiiea tBeabtieridablebidticey M 6ChRad@drorldat pri or

to the predetermned tinme period tinmer el aEsi ng, the battery charger is
aut oneRteesdf 2pd dhes SBLEHZ ah ap drogies, the {dTREhENeba eigtal O & lawvandesnge ges not

COf{ i N f r | . This
A R e e B e S e R

devi ceSHeedlasand praddespoert (iy tidr favwnodicneadt redcivedtorp tiepéBUSmaver dihe)omn.

[ 0028] . Al vant f the present.invention is that when the CPU 12
in thethﬁgﬁ“ﬁfiﬁ-eﬁgwﬁ%aggsﬁwﬁ %@Sl%étsiﬂéﬂ’ﬁ"r‘f%tsﬁlﬁli’é{l%émweﬂ%? PR FHTRE USB
host 2% yhgh1eR Rindid@iieNh&RisIHSBARE RlRLGor ﬁ&i?r&%h{. 12 disables the battery

charger 112 by transmtting the low 15 state signal to the inverter 118 and

whi ch i0828Jubsequéwiing to digure t4, ed Hecka dhaigrm stfage esibgdahert ooft the MRrpar gat e
of .t he. yol.t age supervi sor and.reset. Lf the tjnmer 103 has expired, and

Chet o rlePeE R ERRE 3 Rt i e Matsar e sl Fenses omih c0b Bore Y

char gevBUS shwallhRAVEERs EQAR8Rd YBYS/dSgat 102 oPhePSitse FuptRKdr 288 Ra¥etUSB
specifications. Wien the battery charger is disabled, and the rechargeabl e

bat t erjpodgeil@4ndun thapreferied siehoganents theveltrge supepsosrand reass modulsdl (B0stao t he
ﬂ::g ;Izrgféﬁil S(J%Lftélgbo}ﬁ%ﬁlt%gt%re%fby} ’Peexag asttr%mseIn%.n hse v% t%gs:‘;jl g&ﬂeyvefsdrnm& f}gsel[ %ngtslfeat &
104 also comprises a MR_bar gate 106 and a RST bar gate 108. The VBUS input 100 is also

-5.




not cause the battery charger to becone enabled as was the situation with
the initial USB cable connection. [0029] Furthernore, another advantage of
the present invention is that only one signal is required to switch the
nobi |l e el ectronic device fromthe device charging state to the device 25
suspend state. [0030] The above-descri bed enbodi nents of the present

I nvention are intended to be exanples only. Alterations, nodifications and
variations may be effected to the particul ar enbodi nents by those of skil

i Nt hecatmbetd toh@ut:c %@d@qflblo@g taft@ dhikses ¢ PR ETRS RSTebd.r NS08 cottdicl th S
e clains appended hereto. IS CLAIMED: 1. A

def d | ely

et hods £Bc bt Mgafahmbmemclarmma WhdlcaduAs ATl lubaserseleraeial Bus
USB) host 5 | t
w1 CreagisiE oA BETER 18 L ESULRD Pas G2 fh i dPnteeiaBS

conpr i gieNgR. sﬁngtat@goarmfitﬂ@ublta/gel §u@§1&ﬂ§0& aml trigt hiﬁﬂutmm vens 0N gak @evi ce
charging state in response to sending. the |nput vol ta g wherein a

pr ot esEIVRAREIH U3 c & Witl bhandestieqdsthal thesignlscheirs Teseived 2bhdYBaba &k 10 i nput
vol tagg ‘ﬁ(%* %a}E G 488 RRIdE 8l & %E- f1ﬁ?ﬂ'aﬁ PV NER %sﬁe g bhepi %@&ﬁ@u& g hgtcng

state, ing the pr ocessi ng-devi ce o recei ve and pro ontro
si gnal Blefsr@mmlaﬁhdﬁﬂome (M) @gudidh stge €Nuignaht i on from the USB host; and if
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VBUS power line. The check is performed by the Vee gate 102 of the voltage supervisor and

reset module 104. After sensing the presence of the input 100, a timer 103 within the voltage
supervisor and reset module 104 is started to determine when a predetermined time period, as
15  described above, has elapsed. The timer 103 may be implemented in a number of ways,
digitally or by analog means (with an RC circuit, for example). This predetermined time
period is used to determine whether the mobile electronic device 10 has received an
enumeration acknowledgement from the USB host 22 to draw power from the USB host via
the VBUS input power line. A continuous check is performed by the voltage supervisor and
20 reset module 104 to determine if the timer has expired.
[0022] During this predetermined time period, the CPU 12 is powered from the power
source 30 in the USB host 22. This allows the charging process to begin before the
enumeration is completed. Within the predetermined time period, the CPU 12 is required to
enumerate with the USB host 22 to continue drawing current to power the device 10 and
25  charge the battery.
[0023] After sensing the presence of the input 100, the voltage supervisor and reset
module 104 transmits a low state (0) signal from its RST bar gate 108 to the CE_bar gate 114
of the battery charger 112 to enable the battery charger 112. The battery chﬁrger 112 then

transmits a voltage (current) to the CPU 12 and the rechargeable battery 16 using the current




device to enter the device charging state. 4. The nethod of claim 3,
further conprising: receiving a device suspend state control signal from
the USB host; and 25 in response to the device suspend state control

signal, disabling the battery charger circuitry to enter the device suspend
state. 5. The nmethod of claim1, further conprising: -9 prior to sensing
the input voltage fromthe USB host, detecting that the nobile electtonic
device is in the device suspend state. 6. A nobile electronic device,
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control the operation of the nobile electronic device; a Universal Serial
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pr edet ﬁ'lr gir e?ctlo tvie?i‘i:‘\y F\)?v reith(gz(rj the timer is expired, resulting in the disabling of the battery
charger, the initial low state signal transmitted from the voltage supervisor and reset module
10 104 to the battery charger, is set for the predetermined time period and once the time period
expires, the low state signal is switched to a high state signal which disables the battery
charger.
[0024] However, if the enumeration is acknowledged before the expiration of the
timer, the voltage supervisor and reset module 104 transmits a low state signal to the CE_bar
15 gate 114 and the battery charger 112 remains enabled so as to reccive the input 100 and
supply the necessary current for powering the mobile electronic device 10 and for charging
the battery 16.
[0025] The enablement of the battery charger 112 continues until the USB cable is
disconnected from the USB port 20 or if a device suspend signal is transmitted along the data
20 lines of the USB cable 24 from the USB CPU 32 to the CPU 12 of the mobile electronic
device 10, indicating that the USB host 22 requests that the mobile electronic device 10 enter
the device suspend state. After receiving the request, in order to comply with USB
specifications, the CPU 12 transmits a low state CHRG EN signal to the inverter 118 which
inverts the low state signal to a high state signal. The high state signal is then transmiited to
25  the MR _bar gate 106 which causes the RST bar gate 108 to transmit a high signal to the
CE_bar gate 114 of the baftery charger thus disabling the battery charger as requested by the
USB host 22.
[0026] When the high state signal is received by the MR _bar gate 106, the signal is

not immediately propagated. The timer 103 counts down for a second predetermined time




whil e an enuneration request is transmtted to the USB host; and the USB

I nterface being further operable to disable power to the processing device
fromthe USB host if an enumeration acknowl edgenent is not received from
the USB host within the predeterm ned tinme period. 20 7. The nobile

el ectronic device of claim®6, wherein the USB interface conprises: a
battery charger circuitry that receives a power input fromthe USB host and
generates a power output to the rechargeabl e power source and the
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enabl e and di sabl e the power output 25 fromthe battery charger circuitry.
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USB hogév'ice does not inadvertently draw current without proper enumeration.
[0028] Another advantage of the present invention is that when the CPU 12 in the
mobile electronic device 10 is instructed by the CPU 32 in the USB host 22 to enter the
device suspend state, thé CPU 12 disables the battery charger 112 by transmitting the low
15  state signal to the inverter 118 and which is subsequently transmitted as a high state signal to
the MR_bar gate of the voltage supervisor and reset. If the timer 103 has expired, and there is
no change of the input from the VBUS power line, the battery charger is disabled even though
VBUS is still present as required by USB specifications. When the battery charger is
disabled, and the rechargeable battery 16 is not fully recharged, there is no power transmitted
20 to the CPU 12 and although all of the state signals are active in the low state, the signals do
not cause the battery charger to become enabled as was the situation with the initial USB
cable connection.
[0029] Furthermore, another advantage of the present invention is that only one signal
is required to switch the mobile electronic device from the device charging state to the device
25 suspend state.
[0030] The above-described embodiments of the present invention are intended to be
examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,
which is defined solely by the claims appended hereto.
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12. The nobile electronic device of claim®6, wherein the predeterm ned tine
period is at least 15 100 nms. -11 .A6. A6. A A A6. A6. A6. A. A A6. ACh&Bs" LwR D
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sensing an input voltage from the USB host;
entering a device charging state in response to sending the input voltage, wherein a
processing device in the mobile electronic device is powered from the input voltage while the
10 mobile electronic device is in the device charging state, enabling the processing device to
receive and process control signals from the USB host;
requesting enumeration from the USB host; and
if an enumeration acknowledgement is not received from the USB host within a
predetermined time period, then entering the device suspend state.
15

2. The method of claim 1, wherein the predetermined time period is at least 100 ms.

3. The method of claim 1, further comprising:
transmitting a time dependent enable signal to a battery charger circuitry in response
20  to sensing the input voltage, the time dependent enable signal cansing the mobile electronic

device to enter the device charging state.

4. The method of claim 3, further comprising:
receiving a device suspend state control signal from the USB host; and
25 in response to the device suspend state control signal, disabling the battery charger

circuitry to enter the device suspend state.

5. The method of claim 1, further comprising:
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device suspend State When the USB interface is coupled to the USB host, and in response to
detecting that the mobile electronic device is in the device suspend state when coupled to the
15 USB host, power the processing device from the USB host for a predetermined time period
while an enumeration request is transmitted to the USB host; and
the USB interface being further operable to disable power to the processing device
from the USB host if an enumeration acknowledgement is not received from the USB host
within the predetermined time period.
20
7. The mobile electronic device of claim 6, wherein the USB interface comprises:
a battery charger circuitry that receives a power input from the USB host and
generates a pbwer output to the rechargeable power source and the processing device; and

a voltage supervisor and reset module operable to enable and disable the power output

25  from the battery charger circuitry.
8. The mobile electronic device of claim 7, wherein the voltage supervisor and reset module

is further operable to receive a device suspend state control signal from the USB host causing

the voltage supervisor and reset module to disable the battery charger.
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enumeration acknowledgement has been received from the USB host.

12. The mobile electronic device of claim 6, wherein the predetermined time period is at least

15 100 ms.
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