2 0 DEC 2006 NMETHOD AND APPARATUS FOR HANDLI NG A CHARG NG STATE | R ADEC 2006
MOBI LE ELECTRONI C DEVI CE FI ELD OF THE I NVENTION 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
nobil e el ectronic device. BACKGROUND OF THE | NVENTI ON [ 0002] Portabl e
systens, such as nobile electronic devices, which are powered by 10

rechargeabl e batteries have a problem su ortiﬁg both USB (Universal Seri al
Bus) char gi ng METHQDARRAPEARATHS FORoBANDLING b CHABFINGSRPATE
specifications require thﬁﬂ% L $2STNB! nnected to a USB host
initiate enuneration w%lﬁ?kn - %%eﬂ“ec olgbgﬁg%tg}agge bei ng attached,

hereon referred to as "VBUS detection". Enuneration is the process whereby
devices attached to the 15 USB host request permission to access the host.

In the It i e enuneration request is directed to a request
to dramaee(?kffrkm‘i&wmlﬂost in order to power up the nobile electronic
devj ce ich has dead aqr ngn-present battery. [0004] \Wen the

rechar aﬁ@ﬁfe bat ?_E? Prosent drugupp beigies Blr%%lswﬁ 0 bl gseenie Beessianogevi ce
can nok,RBRLAY € 3IMGRod bnd AFrated fRA%RINBHE aoa}’?f?n%n lsatd™RS nfoBRE ectbnicS

desi redpthat a 20 battery charger wthin the b%le el ectronic gew ce turn

on oncdevite.r ecei ves power fromthe USB VBUS power |ine upon VBUS detection.
This causes the charger to be enabled so that power is supplied fromthe

USB hogt { ] device and recharging of the battery. This
may bgﬁf\ecﬁlg{;}ggﬁltﬁg) an%ﬁ%&%u%ﬁgl ng state. ‘gll'he?efore, when t he voltage
iath S i l.i ed,, the charger,.turns on and actg.as the battery to
bower  THZERU o) BABRIF S wERge Bebile Hoga e AFvicn TGS SEABASES P, he
si gnal echfrgbitfe B%&%r?e‘é )hla%" ﬁrpQ@c_ﬂerﬁrsﬁplbd?tiﬁ‘gl E@%Y G(;Sﬁ_t(@'ni\{e%pgériﬁ%ﬁ' %ﬁarg%ggon

state for the nobile electronic device evice suspend state.

speci f redsuspersl fusgidnse that a total USB supply current to the nobile

glt Stc ';r ?(wp?h ;r;ni D%%gglg,ﬁg%]? gg#igc%tiggé real)l(lcree ﬁ’l%t a5n0y0('ibévlic%s tw@flechdeg'\c/ Icgr?ne%%é%pend
to a USB host initiate enumeration within ~ 150 msec of a USB cable being attached, hereon

referred to as “VBUS detection”. Enumeration is the process whereby devices attached to the
15  USB host request permission to access the host. In the present invention, the enumeration
request is directed to a request to draw power from the USB host in order to power up the
mobile electronic device which has a dead or non-present battery.
[0004] When the rechargeable battery is dead or not present, the mobile electronic
device can not operate since it does not have any power. In most cases, it is desired that a
20 battery charger within the mobile electronic device turn on once it receives power from the
USB VBUS power line upon VBUS detection. This causes the charger to be enabled so that
power is supplied from the USB host for operation of the device and recharging of the battery.
This may be referred to as a device charging state. Therefore, when the voltage via the VBUS
is applied, the charger turns on and acts as the battery to power the CPU along with charging
25  the battery. In this case, all the signals to the battery charger are in a low state.
[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



devi ces, 500A is not enough current for the CPU of the mobile el ect BoBEE 2005
device to operate and therefore the device should be powered down.

Powering down of the 5 CPU causes all the control signals to default to a
low l ogic |l evel state, which would then keep the charger on. This state of
the charger is not desirable for the system during a device suspend

state. In sone prior art devices, tw separate signals to control the

devi ce charging state and the device suspend state are used. |In sone other

P00, sed Sl RS UAPUONA T ihé BVIECUIpENP YaleE Wi vl ihdbile defhic,

i z : | ]

suspend stRIEs g@”?}ﬂssnoﬁéﬂ ,C%{Tﬁ’ét %’gg}f @Eﬁr‘gﬁt‘e moﬁilf? e{égtr‘f’fﬁ? dP¥ES Bhi zed by

t he nobi | eopasite and dhérefode thiecdevingeshotldobig powereld sloveng uPowelingndewn tofiéhdSB
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andling a i i i i vi ce. i v

Seri al Busthf@%@?}g]gbeg%}}afgeéﬂ‘i ont!is BaiA %ﬁ;‘ﬁ c%_a{g,er KpheY feﬁ*f?‘qﬁe 5g0fe SHHEB) oses

t he attachdenng prdsyisssufpand U8Be.dduisoes pacrestt deviged) Uwoesepareteatigmals to

However, t Béhi @ deviaichaigimgate HRIHL dBYite BB PYatb'aR (igyi ces which are not
initially suspended when connected to the USB bus. US 2003/0052547 Al

di scl oses an USB adapidiie btber @_tmragd degicks oBpaie YorcBe EHibOsspORT ftaxend ng t he
t

crur i B PRERESE b, MY S5 BRI RIS LTS 1,

devi ces whi C _ n d~wh L )
| NVENTI ON Y. pledbist mppngsnthe of0pAosemsens Limiteis med raengnigsp drvathesmabier di ng

to 25 thecledianeaeans evchahdigh ithh eeqliaRe DR th€ USBBediBions.0 preferred
enbodi ments. In an aspect of the invention, there is provided a nmethod of

entering a device chaegiorg thetie frovided modnkthed eind cippanatus fdehandingomnect ed
to a USB h@ﬁatr%in%“spa'@fniﬁh@ﬁlé@&t@hﬁﬂ&aﬁe. sensing an input voltage from said
S

USB host, tra itting a tinme dependent enable signal to a battery
chargens requesting enivedRideanl BueMAM)dsAQifEaBoRORbvisIORCROY ARGl 27,
enuner at i 02 (Ztglgnorli edg]er%nt f%j?m sai d. U gést. \rg)erl f%/l n that said time
dependent GRABIWLISGhEIC A Y PEycsslog UShhaevives Red 41 A EUS s at i on
acknow edgé&pwenets| the sipgeifitation suliy dedvaidersr powerad géBSB odeviaes divhigh sae chot i me-
dlependgnt el essheiRl wHen TBhsbctdd T8 tHEDSBIRRL 180200F069288% A 1INBScIHRE
elapsed. .1 usB adapter for charging a USB device without performing the enumeration

20 process. Also this document only considers powered USB devices which are initially

not suspended when connected.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus according to
25 the independent claims. The dependent claims refer to preferred embodiments.

In an aspect of the invention, there is provided a method of entering a
device charging state for a mobile electronic device connected to a USB host,
comprising the steps of sensing an input voltage from said USB host, transmitting a
time dependent enable signal to a battery charger, requesting enumeration from said

30 USB host, receiving enumeration acknowledgement from said USB host, verifying
that said time dependent enable 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.

35



35 -2 2 8 DEC 2906 [0010] Qther aspects and features of the presen§ JEC 2005
invention wll becone apparent to those ordinarily skilled in the art upon
review of the follow ng description of specific enbodinents of the
invention in conjunction with the acconpanying figures. BRI EF DESCRI PTI ON
OF THE DRAW NGS 5 [0011] Enbodi nents of the present invention will now be
descri bed, by way of exanple only, with reference to the attached Fi gures,
wherein: Fig. 1 is a block diagramof a nobile el ectronic device connected
to a WHkrsal St aspptfsanduipiuesoat themrgsent inventiorf wilybasaine appasert|tPni ng a
met hod -9 i NG ; tate . L: | ectronic

devi ce?h%&? rgb?&gh%ﬂg %ﬁéﬁféﬁ&?% g‘g?‘%%% Vﬁ)egv?oor% %%tfogg%g&a@%?h‘)@?& r?anécﬂe?lﬁa a
char gi agbsdiatentsiof theainw@ivioh én edrgedationivathoy keempehgng figiesa bl ock di agram of
apparatus for handling a device charging state for a nobile electronic

devi ce TALLED | PTION 1 0012] Turning to Figure 1, a block diagram
of a ﬁﬁ%igﬁﬁgﬁgﬁﬁléﬁﬂﬂgpﬁgé to a Universal Serial Bus (USB)
host is shown. The mpbile el ectronic device 10 conprises a central

procest 4] uni ¢ Embosliments: gh s pesgentomycrtipar yalt nowt be rdeseribed, i way afn

turn, | : t 16. The CPU 12 is al so
connec%gaén@geﬁﬁgwgé fgrreg%%@ﬁg@hg%ﬁg%tﬁ ery’ ‘%&gﬁd to a USB interface 18

whi ch i s connect Ei. i ds ablo8Bdjagram &0a mpBidd pctianid deyiczpenatdtahtoadf t he nobil e

el ectronic deyice 10, en a user determnes that the rechargeable battery
e S e sSHT Fo

16 is $he user connect the nobile electronic device

10 he USB h B 1 hi f
R R e R Lt

separate cables: power line, a gro s.” At the
USB) hostiateX@r a rvbile)SBoicat devdek. 25 i s connected to a USB host port 26. A

device interface,/ 28, .preferably a hile el ectropi evice interface, is
connected to theftssg IEEEIOC%(%HEX O%POIE 0 AR 4LES ﬁ’é%@%ﬁﬁ‘gﬁ AERIPE &3 o and
-3 a mobile electronic device.

Fig. 4 is a block diagram of apparatus for handling a device charging state

for a mobile electronic device.

15 DETAILED DESCRIPTION

[0012] Turning to Figure 1, a block diagram of a mobile electronic device connected
to a Universal Serial Bus (USB) host is shown. The mobile electronic device 10 comprises a
central processing unit (CPU) 12 connected to a charger interface 14 which, in turn, is
connected to a rechargeable battery 16. The CPU 12 is also connected to the rechargeable
20 battery 16 and to a USB interface 18 which is connected to a USB port 20.
[0013] During operation of the mobile electronic device 10, when a user determines
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



28 DEC 2006 receiving data fromthe nobile el ectronic device 10. 2T @%?S%ﬁﬁ
host 22 further conprises a power source 30 and a CPU 32 which aré
connected to the device interface 28. [0014] Turning to Figure 2, a nethod
of switching between a device suspend state and a device charging state
for the Universal Serial Bus (USB) connected nobile electronic device 5 is
shown. In order to determne if the nobile electronic device has entered

t he devi ce, charging state, a check is performed to sense if inputs to the
char gefecsixing 4z fomythg mobils eleqirgic dgvicel 0. \Whs USRehosh gt fyrtherecqmprises aw

state,p%»gﬁ Q{)E&%é?%ﬁ&’gdﬁj ﬁf%@@% BothSofc Aelhe emg ;m%gamse.”ed to the

CPU 12 ore no power for operatlng vi ce . Asw il be
under sf0®dd] t he Temimggofagurbd, 4 nretted offsfvitching betechan deailot eudpand statg ahd | S
| aced the device in fhe device

dead or .nat present or. 1 e user h
suspenfl IRBERChatgRg gpig fer Q’Sw’é eriai |$§Hi?1]é3‘fsﬁ!]§Bg??@*ﬁﬂl?ﬂ%blk&i?%n@rﬁéf’ﬁér

i nter f acaaye S8t dedrmfind PViRL Rl8; iBldsyi !
vol t age (solk‘}@pl ihggj%gig t he power sg%rg%g%%teiﬁﬁtrtéﬁg d&zlé;%%gt ?Mﬁgdgtéﬁgdgggfstep

34). Tekarging statephichepk i perfomvdddedsemded intphts tUER dmidee intsrfe@nheatdnl albet ween
t he USB hos{,,,and,the nobil.e | ectronjc .device.. |f the bus volta IS not
Eiat&- vfﬂ‘ﬁea © LY g5esifrd %Vﬁﬁt%e@le B lﬁ%}mlartLah%lefeo}s El%@owg gh8e of

sensed?

the bufavgdiioR. tht QPPN 2 lahd ihGcors n¥ Poldd €orl cﬁpe?&%ﬂ efle dbRee B t £E WilERar ger

is then enabled (step 36). After enabling the battery charger, a tiner is
t hen engdsirdend, sheedevBgmaydredumet ofb the neckarghablernitenydl 6 is ideed prendt@dssent or

preferghly at |least 100 .nsec, Once the tiner,is se it begins to count
ot ¢ e by FRUART NS o a0 R ley ek Poha b Dheselrup. et SensPedih r e
(step &Q)in%\izts €o thet dl@gget Rerfieia9d Deed Btned 1o WRufahé gdtRamdNedel@anngd. | f
the tinmer has expired, the battery charger is then disabled (step 42) and

t he devVpléager(eenpligd biyothe pewst sputee 3einsthad/Ihdoghiss valseddeser Stvp Ta)bus | f
Che ¢ : > s Kk ST .
bot wee o8 1¥ pac {Plendl LHf BRF i SrBEEL O M e PeclTuB TN B bR oy hor

wor ds, electedige Revice. Helkid Bigmdtape isvadtiskisedhetbiedge Qlipdtoisot Sshtialbt fdaSonitor

transm tted a signal requesting the battery 25 charger to renmmi n enabl ed.
| f LenufRsithe Pssengast hepuhedigacknow edged, verification that the timer has

10t RSP, O L RoBE SRR A SR BB BRI 701
been achabding elkgbatteny thirper heaimereidehar snabiad (step rds),paid o t raoppetdeensardi ng of
the st fai%r%spe%gg, Il)rg%{e%bly(f) ];.t fearl]s% I%H%svegl t(()’j‘r%%’thé Qr%eggléeﬁei% geéigse to count down. A
check is then performed to verify that the timer has not expired (step 40), i.e., that the
20 predetermined time period has not elapsed. If the timer has expired, the battery charger is
then disabled (step 42) and the device returns to the step of sensing the bus voltage (step 34).
If the timer has not expired, a check is performed to determine if enumeration between the
CPU and the USB host has been acknowledged (step 44). In other words, a check is
performed to verify whether or not the CPU has transmitted a signal requesting the battery
25  charger to remain enabled. If enumeration has not been acknowledged, verification that the
timer has not elapsed is once again performed (step 40), and the battery is disabled (step 42)
where the timer has elapsed.

[0016] However, if enumeration has been acknowledged within the predetermined

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



-4 2 8 DEC 2006 device into the device charging state (step 46) angl [kl 006
powers the CPU and charges the battery using the bus vol tage provided by
the power source. [0017] Turning to Figure 3, prior art apparatus for

handl ing a device charging or device suspend state is shown. The appar at us
50 conprises a battery charger 52 connected 5 via its Vcc gate 54 to the
VBUS power |ine fromthe USB host 22. A BAT gate 56 is connected to the CPU

12 along with the rechargeable battery 16. The CPU 12 is also connected to
a CE- bélf%Vl@%ﬂ%tO%e gevieh ehggingetiste dpiap () ag bothoparsgrs \tve £ ALhend ghargesy thes dead

or not 5’9?@%%5ﬂﬁ{@s%ﬁ%ﬁ’ﬁ@%&%g@}ﬁf&%\ég&ﬁc&o is connected to the USB

host 2 gur Vi a supply the VBUS voltage via 10
the poy@dl7]i ne. Mumihg lto Beguradsrmiovast tfiakatis forrieelting eabbecd ahdrginyg drs
preferably decoupled fromthe nobile el ectronjc device 10 in order to start
t he cp%e‘ilﬁe AHEORG sleterig SBAWR rderARparalis Shrcompriseya bplteywherest 62 gpresstedng t he
opek at ion;of i i i y Al r
The [016) R BUETY S dad VIS Gl b Glon InPURY HRR Q2 AL BATBIERINE e
12 is cosnectednoniict @t 12 thegbaith ehy radharggable Tttty bhablle ChY ¢hds geo when

i | Thi i [ i icall | t at ignal. The
tpP?oyng’E'ﬁ%ﬁgggal bmgﬁ%sk%gﬁﬁttérzﬁhﬁé%ngr :ti g\r/]v Sagkﬁoa,{l g_dgement and
aut omatip@@) | Y entyeks Hheafen ﬁede%HaJrQio@%ﬁe%Ex"i’tt ®he Ilng‘gﬁ@ %Fercﬁh?igt(%'gﬁfg@sﬁ 16 i s

agai nst USB specifications. “Therefore, en ther ar gea _
dead orcomsctedip ducdbB dnet ANEFiERY 1), Yihthe URB palgrto sty GHREBES Wdtagsiignal 60

( \ . . 1 st At gS Ve
endble BHRoGHIE: i il RecarerofcBht cisiadbloabaiiony ebrabrady Sapupkeyi des
power (fiof tHeembBildeieftrdhid B8Rte 166RIWRE 1§ k@M thg@PYJBPg aRQRLt rkédﬁ‘gy)in% hayt he

CPU 12. When the USB host transmts a device suspend state reques he

prior &Feurdit gy fime wishawh affeeingothh apetiation hf therdeyige st lorg ashpovbatis erovided dead

or not . pr. 2 Turning to Figure 4, a block diagram of an
enbodi 2 rtﬁesggbtsﬁleo%eﬁgl%%er 25 interface in Figure 1 is shown. The charger

i nterfqo®9l4 conpyr kgtan aoniroPigndi080 f(§em dshEHRYBEN BaWefohi A8 MTCh isS
connected to a Vcc gate 102 of a Vol tage Supervisor and Reset nodule 104.
| n 1 he tgpEnisied &y thedtsbamneinrger SRdo vortladgee darger wheotha VBUS seappliodiulTbis104 i s
2 TPS3RAR i€ MM AE AL SEnklY THENRS: bR IPFMIELESs nbFalt o7 SPGB SO
acknowledgement and automatically enters the device charging state. In general, this goes
against USB specifications. Therefore, when the rechargeable battery 16 is dead or not
present and the CPU 12 has no power, the CHRG_EN bar signal 60 is low and since the
20 charger requires an active low state signal to enable the charging function, the battery charger
52 enables and provides power (in the form of current received from the VBUS power line) to
the CPU 12. When the USB host transmits 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 embodiment of the charger
25  interface in Figure 1 is shown. The charger interface 14 comprises an input 100 from the
VBUS power line which is connected to a Vee gate 102 of a Voltage Supervisor and Reset
module 104. In the preferred embodiment, the voltage supervisor and reset module 104 is a
TPS3103 chip manufactured by Texas Instruments. The voltage supervisor and reset module

104 also comprises a MR _bar gate 106 and a RST_bar gate 108. The VBUS input 100 is also



104 al so conprises a MR bar gate 106 and a RST_bar gate 108. The VBRSIEMPMLE
100 is also -5 2 8 DEC 2006 connected to a Vcc gate 110 of a battery
charger 112. The RSTbar gate 108 is connected to a CE-bar gate 114 of the
battery charger 112 while a BAT gate 116 of the battery charger 112 is
connected to the rechargeable battery 16 via the CPU 12. The CPU 12 is al so
connected to the MR bar gate 106 of the voltage supervisor and reset
nodul e 104 vi.a a NOT gate (or. 5 inverter) 118. It will be understood that
the si §RARESIAGdP ﬁgV‘?Ce%“gﬁ iﬂébofgﬁ baticey s 1 §atlde RE_bag gate R isrannesiedstol 08,
the CE o pbRe 1140204 th N% wik ' ' he

si gnal éi s el t%e(r3 a Ioow stgﬁg I')ggita)lfrﬁa ﬁ?%ﬂﬁggéag@z % bfg@gkﬁgﬁtégfé@gﬁu}zn

oper at ilpegnnetted ta the rechateralge bttary Hatviethy GRU taThe CPOb12 rdsedinnedted @r der
to proqyi ower, f operation of the nobile el ectronic device 10 (Figure
1y, P SR B aeer s GhHeSiolGin StnstiSoromieseiamodif 03 vibm KRG asbiwme

el est 1 giiesteAEMISC &t HH bENGRSR0N A Wb sibhfs YOt 2ELiIHRE N t
nodul e 104 iréhecks t he stat%s and Ieve?lggbﬁstﬂeé?%%bt 18(5 fﬁgimb?ﬂgaé@gﬁs
pover [thenBSTThas gateetl, ithe GBrHavrgated] yardhtbe WiRT gateel 1802¢ binarh@puts doathet

i . d . dul.e 104.. After,.sensing the presence of the input
igg?r\;'t %}g{?ﬂﬁgfﬁ%hﬁ&gﬁé@%a?kaéﬁstatsel{ﬂ)isﬂg@ago? and Iroeset modul e 104 ig
st art eqogx] det er I BEewheH] vhepItBE BdcREFLRNAE bhitdiP iso@éajdgﬂzno@?éséntdﬁ?@d‘flb&)d

above, has el apsed. The tiner 103'm¥a be inplenented in nunber of ways,
di gi t alprgvide peyerdanprayatinsagisthe wabile glecRonicidevige 10 (FigureXarthd BB cEhie24

pr edet ] i j od i d tqg.determ ne, whet her .t he nobi |

el ggt rggrum():&ggt\??ctggﬁ)%ﬁgsp?%gg@ge %O%ll&?ﬁﬁ?gf)g’tci W1§cﬂﬁoﬂn§a§8me%f 5m t he
USB hosblidge dupedisanaidinsst thédii 1 0eciddls theStatidl dhd 1608 oY BldSnb@Plo RN | i ne.
A continuous check is perforned by the voltage supervisor and 20 reset

modul e VBYS pewecking: nd heecheek istpstiorived bthe \éwmateebﬂzf ¢iobe 2pltapersupeyvishi and
u : . e . ' 30
Ph e RLRuE T8 Rk Séhirlafe bekert? o mARNRIE0 A B 105 BRI her Rt b

enuner atpamisosancianiet etoddle MUtibstarttd & @utadeiewibng drddeBmiRl it pdrida, £PU 12

is . req 'rcg}% éo eng_lmerate wth the USB host 22 to continue draw ng current
to 1Bowrléjilres g4 3hoye d2g Glapsefl.  The dimgrgk3 may hatimplgmentabasp numbsr of evaybng t he

Er amom ey by, Bty e PR, KRG SL LA ottt B s RS Bt

gate 1Pdriod 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 charger 112 then

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



of the battery charger 112 to enable the battery charger 112. The Dbgt DEL Y2006
charger 112 then transnmits a voltage (current) to the CPU 12 and the
rechargeabl e battery 16 using the current -6 28 DEC 2006 received in its
Vcc gate 110 fromthe input 100. Once the CPU 12 receives the current, the
CPU 12 requests enuneration fromthe USB CPU 32 in the USB host 22. Once it
receives an enuneration acknow edgenent, the CPU 12 transmts a high state

CHRG_EN si.gnal to the inverter 118 which inverts the signal to a |ow state
si gnal 'BeGdentifsaYengate it kg fiom the ipprs 10R Kanceshey §PE 1D ezceives theecuriont, dheat e
signal @SR i ! QL. 104t end_of. t he

ot adot S negeq B i GleiBor Bl PEB A2 1A SRk o bt

t r ans midnsmaratiog lackisivgadgenfengrthe CPURET tlaasmigah digOftale (CHRE BN fghaldates 114
to disable th b%t&lre*ry charger 112, In order to verify whether the tiner

i s expilP\éﬁfefﬂg%m {1 vetts theaeenl SaB 1w gtatsrsignad befare eanpmitginaitge the Mie bani t i al
| owsst i t ] : I i . eset dul e
10" 704 ¥ e el G SRR Sh0L 1 AR REDBa 3 AR BUPEIY1GCkiAN0 CBRuTRG anc
once t hedetarminer fimd peedop; thesvoltape shpavistmted sesgnalodule 504 trafesitd @ Maghi gh

i whi i bl h h .. [.00241 Ho , if th
cnaner 4G TPE HERSOWE d P e CPnbliei |t Foisere disabatonngioreaidz:
vol t agenSHB&’ W $eriryaRHehEs fe ﬁ'iﬁgluksee%égf}:df 'i%ﬂ?[%?gﬁl fhe! @Winth tfﬁ‘ cOery O the

[
CE bar 15 gate 114 and the battery charger remai ns endb e@l so as' to
recei veheiger,ithginitial 0ow stede sigpal| transihited foes ster yoltage sepdrvisar andoresstimglulde

i l.ect, i,c_devi 10 d h i . the batt 16. [0025] The
el o040 oFE Piiferf Sare, caeh R dh o3 Bmined e Heweotnd oboe i tmp Pt
di sconngpirey the WW tsbe WipBaPRN dwikBe®@Tto Iaf high A@ME GBnSL SR 2di$élg&ahﬁ:3&]f}§g PU

transmtted along the data 20 lines of The USB Table rom -t
32 to tHar8ePU 12 of the nobile el ectronic device 10, indicating that the

Coomnd O, bl O SRR o it S TR on bh e ©°
speci f itradr] Be/olthfesupbiish? ahd ARSITbEuIS 10 WasdnWiLa (RGENi HaORAhe I(E bhEe
inverter 118 which inverts the |low state signal to a high state signal.

Thebhi gitest it andithgnbattery chaepr i Faranding eepblesd 95 2 te raRivsathegape 1@6amwhi ch
cocs i T p ol o GRUSE i OB RLRY Bt T .
by t he 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 transmitted 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 battery 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 immediatety propagated. The timer 103 counts down for a second predetermined time



USB host 22. [00261 Wien the high state signal is received by the MR Bat 200§
gate 106, the signal is not imedi ately propagated. The tinmer 103 counts
down for a second predetermned tine -7 2 8 DEC 2006 period, such as
150nmsec, so that if a subsequent |ow state signal is received by the MR bar
gate within the second tine period, the high state signal is ignored. This
allows the CPU 12 to reset without |osing power to the battery charger
Uresets, all signals goto a low state. In

112. In eerl,ﬁg}enthe(ﬁP : ] C
thi s nasih such folimsseom aoke Mbtecbariden s il reaciyopdy BediBabired
Si nce gaté%ﬁﬁﬁn feeREorlBtifheod i ﬁl%lh?tﬁt%ﬁgigg?l]ﬁg ?@gr%\émﬁ a#%?%@et(gﬁlj i ve

advant 3ge of the present invention

enumner &t iesst vationdluseggemento the bettatylcharighe 1 Hat Inegeveah artgarhd C2Upkidd, atlo t he
predeterm ned  ti ﬁq’peri oﬂ%ti.rrer el apsing, the battery charger is

aut orat PRF 180 1§i $ MBY Stite T Hif gpannet, Reresthopient degscaql iighscc thaeshasger 10 beoes

not 5 CoRfshit@sihe SlFAY @@mensmevmesug@wshﬁ@we g 30 in the 10 USB host 22.
This provides an added function so that the CPU 12 of the nobile electronic

devi ce(¥38F not Amaativentage of shedprasent dmsreation \is tHao i thp r@RIE 1 2efailsnts addedra.

0028] _Anot h f th t,i tion js.that when the CPU 12
[ n ¢ he BB SRR GRee ot abls 5T Bayent cF et b jriomp eppraisine Uss

host 28mieOpitidefimeNelapiayi 81 fdﬁ%ﬂﬁ@l@argérafseaut&rﬁaié&ﬁy dviiasagneseibephat tery

charger 112 by transmtting the I'ow 15 state signal to the inverter 118 and

whi ch mebdeplseteriadpyice 1@ dessinot eehtinsie 0 Hiaghpeweatfeons itgrmiwer sourt 30 iRthear

gate o t age. supervisor,.and reset. .1f th ijrer. 103 has expired, and
Pnaf o LB st B s BIORRY o R BB o obtie Gl 3t e modis Sponcy

char gedevise dicsabt RddesrRAtly bRuoturreMBVEhoS prdpdrnBh&a86. as required by USB
specifications. \Wen the batt%éy charger is disabled, and the rechargeabl e

bat t er 00281 i s no®npther pdyantaggrafelie prasenteinventinn jschesrwhenatienCPel® #0theo t he

CPU 12 h . 1 i r.e .actiye. in . the [ogw state,
the =i Gaa Uestioiguctlce B o A8 2@ By HECRLEA2E BEUSHEnesl dor Boeler TS Che
Si t uat devicansuspeidstatenithd @PUUSBdisglbd ﬁleclﬂméﬁﬂbhﬁger 110020 ity fHRMiSw

anot her advantage of the present invention is that onl’y one signal 1is

requi r 8@t RESniq B IRYREICRB LY Pl Whisky gisequsally densmiged phe highatate sighalrtgi ng
state bR MRELADALE theVolBiss REMNSS A 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.



[0030] The above-described enbodi ments of the present invention argeg DEC 2408
intended to be exanples only. Alterations, nodifications and variations
may be effected to the particular enbodinments by those of skill in the art
wi t hout departing fromthe scope of the invention, which is defined solely
by the clains appended hereto. -8 28 DEC 2005 CLAIMS: 1. A nethod for
charging a nobile electronic device (10) froma Universal Serial Bus (USB)
host (22) 2@? Qypling the nobile electronic device (10) to the USB host
(22) conpri 4Eﬁ detecting that the nobile electronic device (10) is in a
devi ce suspend state when a USB interface (18) of the device (10) is
coupled to the USB host (22), and in response to detecting that the nobile
el ectronic device (10) is in the device suspend state when coupled to the

USB host (22): ' i nput f th host. (22):. enteri
dovi oo chatg) ng SREra? B phlB A pObIC BT bviEe (Tb BT DG Shisher | oo a
processi ng BueYUSB) hdst}22)ipbh Soupdink ige BbBGE E1etkdhid8Wi&e(1016) th UXB fidke | nput

vol tage while the nobile electronic device (10) is in the device charging
state; enabd)$§MPHEINEY ocessi ng device (12) to receive and process control

signals fromt 3 ( 1 [ ragion. fromth B host
(29 and 11 an asti 18P nclaopie HBAMETE WRHFTHITE B adirsiThiclf, 46 Uo
host (22) whieh hiUSEuimereabe ( £8)wif fiedievica®1 Mk coshled toahe BRBaiosN@2),had devi ce
suspend state. 2. The ne%)rgod of ﬁl ajm1, wherein the predetermned tine
period is at | edsfcsanse todeteefingthat themobile glectipicdgvice (Hhds BF theevier ai ms 1
to 2, furtRedher®SRie widdGouplkd BGEUSH At §22ti me dependent enable signal to a
battery charger circuitry I214) In respo sg' to sensing the input voltage,
the time dependeéensingrabinputsiofmz framtisd H§BtHost (28Rbi | e el ectronic device (10)
to enter the device ch%r%i ng state. . . .
entering a device Charging state in response to sensing the input voltage;
powering a processing device (12) in the mobile electronic device (10)
from the input voltage while the mobile electronic device (10) is in the device
charging state;
enabling the processing device (12) to receive and process control signals
from the USB host (22);
requesting enumeration from the USB host (22); and
if an enumeration acknowledgement is not received from the USB host (22)

within a predetermined time period, then entering the device suspend state,

2. The method of claim 1, wherein the predetermined time period is at least 100
ms.
3. The method according to one of the claims 1 to 2, further comprising:

transmitting a time dependent enable signal to a battery charger circuitry (14)
in response to sensing the input voltage, the time dependent enable signal causing the

mobile electronic device (10) 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 (22); and
-9.



4. The nethod of claim3, further conprising: receiving a device suspeii 2006
state control signal fromthe USB host (22); and -9 2 8 DEC 2006 i

response to the device suspend state control signal, disabling the battery
charger circuitry (14) to enter the device suspend state. 5. A nobile

el ectroni c device (10), conprising: a rechargeable power source (16); a
processi ng device (12) operable to control the operation of the nobile

el ectronic device (10); a Universal Serial Bus (USB) interface (18) for

coupl i ng the reBhiFBUEEIte the dRare supened stesyonisey signal, shisgbling theghatiew ce (12)

to a USB h%'%efa"“‘é“ﬁ@ﬁ}?L‘%?%Zm%%\éisﬁ@ﬁ@%%ew ng coupled to the

rechar geabl e power s ) and the Interface (18), wherein the
processi ng device (12) may receive power fromthe rechargeabl e power
source (16% and fro&ltP]e USB host %)2) via.the USB interface (18),
characteri Zed i i TREC AR OEHGVIRedl PabUMPHRIL hei ng operabl e to detect that

the nmobile el echr@hafpeablepb®er b (16);1 N a device suspend state when the
USB interface (18) is coupled to the " USB host (22), and in response to

det ecting that eHEoessbingedayviegc(l2pmperailey ke sofittd) thesoperationhef thevinobilsuspend
state when . . . USB host (22), power the processing device (12)
ORI s 00,

fromthe U a predetermned tinme period while an

enuner ation requeShiveSall Sais Bist ARE ik eackIBIN GGt cdupBhg (RN fbchit@edbtd
interface (18) being further operable to disable power %o the processing
devi ce ( 12POVELIANFIed ] @smdribe processingdevign (ERdee il bestasdnow edgenent i s
not received fr it hi rm,ned tine period.
6. The nobile eﬁ{egctﬂlr%g?lsigi(?%d&eb&?%e I?iéjamgf&élﬁlggi%gstﬁé\%ﬁ%ﬁa&eﬁ%lg gwﬁégowgl%erface
(18) conp(l@esd thebDa$Benterfaba () whierehlitier procdskitle ddvide (18F enavefecéivpower

i nput fromthe USB tglost 522})61 and generates a_ power outgut to the

r echar geabPEVFoliem §asdha geably PRMET owace {16) and from the USB host (22) via the

USB interface (18),

characterized in that

the USB interface (18) being operable to detect that the mobile electronic
device (10) is in a device suspend state when the USB interface (18) is coupled to the
USB host (22), and in response to detecting that the mobile electronic device (10) is in
the device suspend state when coupled to the USB host (22), power the processing
device (12) from the USB host (22) for a predetermined time period while an
enumeration request is transmitted to the USB host (22); and

the USB interface (18) being further operable to disable power to the
processing device (12) from the USB host (22) if an enumeration acknowledgement is

not received from the USB host (22) within the predetermined time period.

6. The mobile electronic device (10) of claim 5, wherein the USB interface (18)
comprises:

a battery charger circuitry (112) that receives a power input from the USB host
(22) and generates a power output to the rechargeable power source (16) and the
processing device (12); and

a voltage supervisor and reset module (104) operable to enable and disable the
power output from the battery charger circuitry (112).

-10-



processi ng device (12); and a voltage supervisor and reset nodul @12&5 006
operable to enable and disable the power output fromthe batter?f3 h e?
circuitry (112). -10 2 8 DEC 2006 7. The nobile electronic device (10) of
claim6, wherein the voltage supervisor and reset nodule (104) is further
operable to receive a device suspend state control signal fromthe USB
host (22) causing the voltage supervisor and reset nodule (104) to disable

the battery ch er circuitry (112). 8. The npbile el ectronic device (10)
accor di ng ?‘o o?lig%fn Hee ETP%‘\S V’t°‘6(1703 of\gaiped,ivhargin\the valgesypeMIFPS or and

reset modubg febfdhode ‘?Hﬁ{)qplf@rtﬁ 0?% ?8;r98ei‘5p¥‘§ﬁvic£ QR4Hend EQE &fagol/SB host

(22). 9. The nobile el ectronic device according to one of the clains 6
to 8, whesighal frame thedSBdost(@Be ratispgrthandtagesepermisdubml fei@dodube (Pdy abl e to

activate a, ti. in response t.o det ing the power input fromthe USB
host (22),t°v§{gaﬁ’iﬁwe$ﬁ%er¥ic B grea e@g ‘e to deternine when the

predeterm ned tine period has el apsed. 10. The nobile el ectronic device
(10) according to one of the claims 6 to 9, wherein the voltage supervisor
and reset fodul &h¢ nbjlej dedippaicaBevica of18) setsirdingtte orsaet theyclaisrgeo 7,

. 1 . . . . b Vol t . q
eset mouul 2Pl VPl (BRI R BRI (AT i el B UG s
i ndi cat i ngiftphafromrthe BiSBiRsa{22pn acknow edgenment has been received fromthe

USB host (22). 11. The nobile electronic device (10) according to one of
the clains 5 to 10, wherein the predetermined tinme period is at |east 100

ms. -11 9. The mobile electronic device (10) according to one of the claims 6 to 8,
wherein the voltage supervisor and reset module (104) is operable to activate a timer
in response to detecting the power input from the USB host (22), wherein the timer is

operable to determine when the predetermined time period has elapsed.

10.  The mobile electronic device (10) according to one of the claims 6 to 9,
wherein the voltage supervisor and reset module (104) is operable to disable the
battery charger circuitry (112) if the timer expires before the voltage supervisor and
reset module (104) receives a signal from the processing device (12) indicating that an

enumeration acknowledgement has been received from the USB host (22).

11.  The mobile electronic device (10) according to one of the claims 5 to 10,

wherein the predetermined time period is at least 100 ms.

-11-



