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FI ELD The technol ogy described in this patent docunent relates generally to
the field of 5 power adapters. Mire particularly, this patent docunent
descri bes a Universal Serial Bus (USB) charger that is particular

wel I'-suited for supplying power to a nobile device, such as a wirel ess

t wo-way nessagi ng device, a cellular tel ephone, a personal digital

assistant (PDA), or other hand-held device having a rechargeabl e power
source. 10 BACKGROUNDnPepsal Serigl Bus €hargenFlor dodobile fevipgwer to a nobil e
device, such as a personal digital assistant ("PDA"), wreless two-way
nmessagi ng device, cellular phone, and others, requires design
considerations with respect to both the nobile device and the power source.
Wth regard to the nobil e device, noEELMODbi | e devices provide a distinct
power interface for 15 receiving power froma power source, for instance to

recharge a behl &dhnolBBY desFBBRIR s %%E(eﬂt HOGRE R ¢ Qate® ek QA 6 GRL Fi81E- ofFOT

exanpl e, many nobile devices use USB (Universal Serial Bus) interfaces for

co ni cating,.and u a s rate.power .interface, suc .

connect BY Y T BP e etV h a‘glgl\?\lﬁﬁy’ %‘% %W@Wﬁﬁa%é%&fg%cgglv‘\’n%{s%ﬁ?%rgl tBélgchi ngs
descri bed_herein, systens and net hods are provided for charging a

r echar gEabPClpbse tha suparicyly wellrliaddon Sinpsdns RPBegR &M %B’r“?ez SYeh MSwer
converter may be used to receive an input voltage from an external power
sour ce 4 wirelpgs t;ma*eramreesaagin@rdg@ice,oatqgﬁulahavlieplgm& peppusaak digrgl raggantp
signal generator may be used to generate a charger configuration signal

havi ng (feA% ek ethicehantsivad devivchiaviged exchapeabde pdvadr saneesel ected to identify
operating characteristics of the charging apparatus. A USB connector nay be
used for coupling the charger output and charger configuration signal to
the USB 5 port on the nobile device. The USB connector may include a

vol §@ge bus (Vbus) contact coupl %(}&élg(}kﬁiggﬂarger output, a positive data

(Dt+) contact coupled to the char ation signal, and a negative

data (D) contact. coupled to the charger confjguration,signal. T ar ger
Conti gur nt | o TRERN R sb Sy alr o arahi Bty H arasnhl Gt
contacts, such that the D+ and D- contacts are continuously either both in
a | ogi cassisgnt (PI3A 3% itsteshBror™iap nacshasiie d¢ae. selitar phpre, thers JegiEeE nmay
be configured to identify the operating characteristics of the charging
appar at desigr consideestivay efitr respdea tcabothrths tobdle afevich and liag gewccamtdeguWathi on
signal and to apply the charger output to recharge the rechargeabl e power

sour ce. rekardBR e AERIRUBREONNSE: hbEIPRAENGRotId8 . a distifictapdih @ Cikieiliadgfam of

an exanple USB charger for charging a rechargeabl e power source in a nobile

devige;  Figi 2. i r fd i Al dat

tr a#s: m {e{égﬁ'lnsglzpn%v{r%raufﬁ&ﬁ%% l%@eﬁ%u?&%?@@ 1ﬁst§:1% t8 %chﬁ% dlgiﬁre?}, aRf a%'eﬁzﬂ ¢ data
interface for communicating. For example, many mobile devices use USB (Universal Serial

Bus) interfaces for communicating and use a separate power interface, such as a barrel

connector, for receiving power.

20 SUMMARY
In accordance with the teachings described herein, systems and methods are
provided for charging a rechargeable power source in a mobile device through a USB port.

A power converter may be used to receive an.input voltage from an external power source
. _




on the USB D+ and D- lines shown in Fig. 1; 20 Fig. 3 is a circuit diagram
of an exanpl e signal generator for the USB charger of Fig. 1; Fig. 4 is a
bl ock di agram of an exanpl e nobile device for use with a USB charger; 2
Fig. 5is aflowdiagramillustrating an exanple nethod for charging a
rechar geabl e power source via a USB port in a nobile device; and Fig. 6 is
a bl ock di agram of anot her exanple USB charger for charging a rechargeabl e
power source in a nobile device. 5 DETAILED DESCRI PTION Wth reference now
to t he dndgenepté b gbargsr, oufig hating s ragiisted kolthigag asigi) @endratan mey dapbel 0SB
charger 110 for charging a rechargeabl e power source in a nobile device
132. Theehdphie aRamger cohliguiatioh ls%ﬁél IRvRQWRE-sEIBEYE WaeEfodh Zhardcterigitathagarer at or
114, and a USB connector 116. Also illustrated are an external power source

130 and gliBgedrpbidehiifley '&ﬁiﬁéar%%ﬁm& @Pﬁ’f@fch%%emr@e@%p%{at&sﬁﬁ BsBQshh@ised to

receive an i1 nput voltage fromthe external p ce 130 and generate a

char ger _qut,put havi.n reqgul at ed vol.t age. The. USB. charger. 11 y be
con P guPd RolsshdpnramiPeafe PRty uiPuce Pl TR Boare 15 VSR s
a conventional househol d power outlet, or a DC external power source 130,
such’ as PPRENpHGEobelsdestce; Thgri/3Bicominsioranay wchne acvplegePuaRYs) senast
source 130, the power 15 converter 112 may include an AC/ DC converter that
conver t souffed AC thapehargas| cuipet, of poéitvexdaty (BIH) poweact soupleé 3¢he phayger
regul ated DC voltage at the charger output 113. If the external power
source t3ffigusatonDigpRoveid &oetaties dhiagD-} fehtyoweipled fy tiet dhiargkt 2omgurativel ude a
DC/ DC converter to generate the regul ated DC vol tage expected at the

char ger spubIPUtheldhdrgel REnf L@ AGN agng @dyObe fhdfbndifed ARIERERGY 19 (HEDRT #de 2
charger configuration signal 20 115, which is a periodic signal having
pre-sel ect v ryn.charac LSt | hat _ar | d.to identify.
operatiﬁgcgﬁgggt égﬁg?ﬂggig?&$%Q—@gﬁag%5%@8%n§%§$ﬂ§%%ﬁ%ﬁ§$%é géé%%%ﬂgbeform
characteristics, may,, for exanple,. include a. constant operating, frequency
andl%  s@lf or ﬁ@}éue.a gl e siats nghe mab svic e bF geRfiEirede g?ﬁﬂflﬁéﬂle
pre-sel ected waveform characteristics of the charger configuration signa
11 5 may op¢retngiehapdréeristicy ebthgichelgmg angatagtscionm dhe weectoma chemmetausics of Hent
capability of the charger output 113, the nodel nunber of the charger,

and/ or ohdvger ¢onfigurmivn Gignakhsd antpile thdehopear attpuinoatchdig: tisBeckhapable 5
110. Exanpl e waveform characteristics of the charger configuration signal
115 arepgfecdoR@d in nore detail below with reference to Fig. 2. The USB
connector 116 is preferably a standard 4 pin USB connector having a

15 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a block diagram of an example USB charger for charging a rechargeable
power source in a mobile device;

Fig. 2 illustrates an example charger configuration signal transmitted simultaneously
on the.USB D+ and D- lines shown in Fig. 1;

20 Fig. 3 is a circuit diagram of an example signal generator for the USB charger of Fig.

Fig. 4 is a block diagram of an example mobile device for use with a USB charger;




vol t age bus (Vbus) contact 118, a positive data (D+) contact 120, a
negative data (D) 122 contact, and a ground contact 124, as described in
the Universal Serial Bus Specification, 10 Revision 2.0, published April
27, 2000. The Vbus contact 118 is coupled to the charger output 113 and
both the D+ and D- contacts 120, 122 are coupled to the charger
configuration signal 115. The ground contact 124 is coupled to a ground
potential fromthe power converter 112, but could alternatively be coupl ed
t o anot her gFwiidsrdleodagem Thetratly dredeyilemel®d fonchangieg aact)Bizgablet 134
that is coupled to the USB 15 connector 116 of the USB charger 110. The
mobi | e geweCulcddia 5118@15&%1&&@1051% dsleqnt ki the operating characteristics
of the charging apparatus 110 fromthe waveform characteristics of the

charger conf igg#r@‘tll 50N 5bd0Wiagtdn 8 InbRePRRIN %h@S‘ﬁq%ﬁl r QHf Q:l}i%_rgiﬁ]gs al O

recharge a r argeable pomer source in the I'e device 132

recharge(%_ @ﬁ source qp il e device |32 may, for exanple, be a
rechargg3 e ?HPﬁﬁﬁ$3ﬁmﬁg?Pg? jle 5'°€one ot her 20 type of rechargeable
battery. The USB port 134 on the mohi | e device 132 nay be connected to the
USB %onnector 116 of the USBI@ﬁQ? ~J3£%§C&§?FRJN docking cradle, a standard
USB 4 cabl e, or by other suitabl e neans. A detalled description of an
exanpl e nobi Méitlhlesfersacel Bowite the slridied f@iresy Figt h iy eftdedndiagram BPg.of4n | n
operation, the USB charger 110 transmts the charger configuration signa

11 3 t o thanpieiIRcldeydrde) Id2hardityd & anbaigsiie powaabhrdehie adsbilodeaird 1B2. | i nes
120, 122, causing 5 the D+ and D- lines to be continuously either both in a

| ogic h'IﬂE' [%]@Eﬁar & Dot 1|ﬁcluﬁes3‘a b 8GHEEL chSt PIE 3 é@m@%@ﬂér%f@% Wirddh, tiRg USB
Speci fication, ogic high state on both thé D+ and D ines signals an

11 Legal 5@5%@%1661 ouhafian ot stiakes 0, HAhlhet B B A0 B deps 13 gnal s

a "Reset 7St a I 6W s ‘at es

e D+an DI|nes are n used thetransmss 0 ta between a
USB &ost and e DRECLEMVEH {31‘12 1&6“&%@%‘2% FPREVe iy Ut ¥ %?dgqmg gieedl 132
may be configured to recognize the presence of a charger configuration
si gnal Paser soareent 30 and genmigle apeEe gpiph 11 Adaviss apegelagd polthgheEha POB 122,
wi thout interfering with the nobile device's ability to comunication Wit h
a typi caharSBl Iostay devianigufedrto exparqnd evithwdithiar th ACrelidnea! peweec odid2 148t ect s
power on the Vbus line 118, it may first attenpt to establish a connection

with a HeR A@%Séonuéﬁtmaah&éema?G%HOM@B SNUDEetter@f) pBWRE 8ifee 110, 3uddSR host
is not detected, then the nobile device 132 may m)nltor the D+ and D- |ines

|20, 12 G5 bi\BoRESRIACEGh 1&h%%04;9®f'391% Qe gsg | 136 3he (UGG, LNe

nobi | e etects ¢har ger “Con rguratio nal on SB D+

nd lines 1 122, the dev 132 es the_wayef.orm charact.eristics
the Srter o6 by ngdeab AR RE SRRl iy en eakC P TOBER T i Uss
char ger 110. For instance, the nobile device 132 determ ne the maxi num
cur r ent e¥ERabPPVeErserce ha) EHargeeulated E@dmltﬁgmatwﬁrvé@rgewﬁmugdrlé{ il6#hssi gnal
113. . The nobil e device 132 may then draw power fromthe 5
external power source 130 is a DC power source, then the power converter 112 may include

a DC/DC converter {o generate the regulated DC voltage expected at the charger output 113.

The signal generator 114 is configured to generate a charger configuration signal

20 115, which 1s a periodic signal having pre-selected waveform characteristics that are
selected to identify operating characteristics of the USB charger 110. The pre-selected

waveform characteristics may, for example, include a constant operating frequency and




Vbus line 118 up to the maxi num avail able current in order to charge its
rechar geabl e power supply. Fig. 2 illustrates an exanpl e charger
configuration signal 115 transmtted sinmultaneously on the USB D+ and D

| ines 120, 122, as shown in Fig. 1. Fig. 2 includes 5 two graphs 200, 210,
plotting the charger configuration signal 115 as a function of tine for the
D+ and D- lines, respectively. The illustrated charger configuration signal
115 is a periodic digital signal having a constant frequency (1/T) and a
const antlulgttyglecy clTee (aerating Abamotedsticabadestifieheby rtbeguptsesglectied Tvagaprm
duty-cycle (TH T) of the signal 115 nmay be selected to identify certain
oper at i ogarahiatisict eifi Skl cgrgh ddn@ghiSBog agrger] 13 1bay Racluéx ahplvelues hed 4@
frequency (1/T) may identify the nodel and/or manufacturer of the charger

110, an?eg‘iﬂh@e@%lYa‘g%Yﬂdemﬁ%iﬂ{uB rc]ﬁi%’nti c‘lﬁfi&h{yy (l)f:ﬁfe';r(gig{;%e? REERE 1 1N9, the model

characteristics associated with the parti cul ar charger 110, such as

t he vol I um il curr 3.
Fig. 3 PaAgedihlnat G R LBl bRl 8 oS HE 8P TP bhargd
char ger 110 of Fig. 1. The exanpl e signal generator |.14 inc S a

di gital 5o Xapple ‘é(g%?fﬁ%rﬁhﬂﬁﬁ"ﬁ“ﬁn@iﬁ ol 4o chagpar dion P%Lﬁlgﬂ%iﬁgsi@. In
operation, the frequency and duty-cycle of the charger configuration signal
115 nay dessribel] woners dgipildwie withgetermce isFigtdr and capacitor val ues in the
RC circuit 314-316. The digital timer 310 may, for exanple, be a standard
timer 1 C, suthedsSRBirollshl P& isi preferablhe $tamizrd 31PingelBr ainasctar havieg aout put
signal 318 that nmay be tuned by varying the resistor and capacitor val ues
in the Reltfeudi(Vbiddoddbbs 1 V) iaClhsitie GaHPIIEd Datase ey, tthegdii e has go-)(DhS) and
t hreshol d %#HR)(prﬁts of the ﬁ?ﬁer 310. The tinmer outpggisigna?9318 is 6

COUP! o8N RSBl P134 SRS V3R yseP 3RS Heci o | e

switching citcul ust's vol tage ance at the

D+ d outputs 1,20, 2. sinul ate ose of ypi cal B host. The

vai B2s BeBie™hopusfigher Ranl By Q0. The LERE Enithey "B solbist 30 P Shinedin <o
set the output voltage and inpedance at the D+ and D outputs 120, 5 122.
For exafpipat IflAeansdhibpthnitheg Dt raadi P- Fpptastsy 12Qgldstaee tooupled| oade shargsie D+
and D outputs 120, 122 to a peak voltage range between 3.0 to 3.6 volts and
provi decarfigmrtipntsigras i 3. afibe ghvehdeemnad4 225K cauple . Bifotdrpotenisal faguitheed of
USB hosts under the USB Specification. Fig. 4 is a block diagram of an

exenpl apywbiddinkertdta\ D Cont kgl dtatainaiivisly Y6 esuAeBKSinBiRel Brolifidind sawcay power
through a USB interface 412 froma USB charger 110. The nobil e device 132

i ncl udes theTH«aQ"%B{)lSHeeHé@S@ 1§é2i§101%dé§§ B8t E&Jt' B f%f"is acoﬁﬁgg%?ﬁlgsgg%yﬁ em

416, a rechargeable battery 41 and a processing device

interface 412 is,.c I to th SB.char.ger. 110,..8s descri bed .gbove., The

st i Sriser 436 SPIR G SR gous TR AR v 2 o2 s PG BRS e
h .

charg ngpesrgtli)l?gy csﬁaggteristics of the charging apparatus 110 from the waveform characteristics of

the charger configuration signal 115 and to apply the charger output 113 to recharge a
rechargeable power source in the mobile device 132. The rechargeable power source in the
mobile device 132 may, for example, be a rechargeable Lithium-Ion battery, or some other
20  type of rechargeable battery. The USB port 134 on the mobile device 132 may be connected

to the USB connector 116 of the USB charger 110 using a docking cradle, a standard USB




15 416, and USB data |ines 426 which are coupled to the USB controller 4l4.
Qperationally, the USB interface 412 is used by the nobile device 132 to
provi de power to the chargi ng subsystem 416, and nay al so be used to
conmmuni cate data between a USB host or hub (not shown) and the USB
controller 4l4. The chargi ng subsystem 416 provi des power to the nobile
device 132, either from 20 the rechargeable battery 418 or fromthe Vbus
power line 424, and charges the rechargeable battery 418 fromthe Vbus
power | icaldedy dther WSBbleamtans| Kedetailed desemriptionftahexuspledackild davess W26, and
controls data conmuni cati on between the processing device 420 and a USB 7
host. | is mddided Belpowiwigh HSBea@nb Pt l4er 414 detects the presence of a USB
charger 110 by identifying a charger configuration signal 115 on the D+ and
D- 1ines, andy gL ahdtl IESUSRCIARRY 1) AAAmIENAE 6L Siizhrbn Sfar By ger

fromthe waveform characteristics of the charger “configuration signal 115,

as descry - t il I . i in a
ook up anr et hien 2 s B B A e DB B ER AR R R O,
characteristics_wth carrespondi pg.ch . operational characteristics,
suchd as (B T eI 26510 baAa Bee&wsgvrﬂlﬁle%%ﬁ ina{ogdt g skfe %r%wérlb%fﬂglc low
configuration signal 114 by the USB controller 414, the identified

oper at i 6kéd. ascearsierey with de IBBtIpecilisBigharlgge higlostaieeonphadly it tagd tlpre
chargi ng 10 subsystem 416, which instructs the USB interface 412 to begin
dr awi ng lipeseipndls am"illkgalVitse, lande logicdbarsgee bhéottethkddgeab Ik lnet tseynyls4l 8.

The chargi ng subsystem 416 may, for exanple, instruct the USB interface 412

to dr awrpeswer sthicOM dBRTIYRYSsiliuiEnddRs ﬁ@i@h@?@r%?ﬂ:éﬁﬁi dt8d 6n elApganguys ent
identified fromthe charger configuration signal 114. In addition to the

subsyst gip &@%FQ&EH%%H% %hedt%%ﬁig&?o% oal%%ﬁa%nk&% EEBQ%S'IE)SP&\@ acﬁrsrﬁe '@ﬁerﬁi SO
may i nclude a comruni cafi ons subsystem , a short-range co nications
subsyst em 430, i nput/ put put devi c 432-440, .ne devi.ces 442, 444, and
ar 1 Bus Bt er THEgT BhBePLe dRtea SR MRbe GPaiBReY o aeiEe e SRR A ot he
overal | operation of the nobile device 132. Operati ng system sof t war e
execut eghdygen erafiguestion signgl &% iemsmipted jsinyteapeyshb by the &%@dmnarai Do lines
persistent store such as a flash nmenory 444, but nay al so be stored in

ot her typesl1zd, wihart yingefering syitls tehmabila deeiads abllity e nonym§iRGHonowitbian | ar
storage element. In addition, operating systemsoftware, specific device
appl i catyaas USH hhaldevickN e @kamPRY witén $he mbBilPQEAEd 132 Lio@éle ol On dhe

vol atile store, such as a random access nenory (RAM 442. Conmunication

si gnal s yipe Qe Oy hﬁhﬁr gRP!ah%ngFYd CRatIRA I RYntlefin REuSHhAnSH ﬁc@% '3@5'}{?45‘2-
The processing device 420, in addition to 1ts operating systemtunctions,

ena% ©S Standard USB enumeration process. If a USB host is not detected, then the mobile device

132 may monitor the D+ and D- lines 120, 122 for the presence of a charger configuration
signal 113.

Once the mobile device 132 detects a charger configuration signal 113 on the USB

D+ and D- lines 120, 122, the device 132 analyzes the waveform characteristics of the signal

20 113 to determine the operating characteristics of the USB charger 110. For instance, the

mobile device 132 may determine the maximum current capability of the charger 110 from

the charger configuration signal 113. The mobile device 132 may then draw power from the




execution of software applications on the device 132. A predeterm ned set
of applications 5 that control basic device operations, such as data and
voi ce conmuni cations, may be installed on the device 132 during

manuf acture. In addition, a personal information manager (PIM application
may be installed during manufacture. The PIMis preferably capabl e of
organi zi ng and nmanagi ng data itens, such as e-nail, cal endar events, voice
mai | s, appointnments, and task itens. The PIMapplication is also preferably
capabl e Vibus dmedi IiBgud Qo dlnd nragtein i avgilddé auireenia orider tchehaspe éls esshangtablor k
460. Preferably, the Pllvl data itens are seanl essly integrated,

synchr ogbwetsuppl. updat ed via the wirel ess network 460 with the device
user's corresponding data itens stored or associated with a host conputer

t Al - d d i.shi LS, -
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To A Mbbil e Devi i 15 ed i c Add .U S, .Patent No.
210, QOITAFN ! BQte By b alEry it Iop T oBRaedie. Lpbie 24Pibie ang

which is hereby incorporated into the present application by reference.
Cormiini &40 E6Whs dAt310nBlottingdthe ghargerreniguation sigeel IdSmnmiveatomnistimg fer
performed through the communi cati on subsystem 428, and possibly through the
short - r 8regP H2mdcBaines, caspcotiselp.u Bhesillastrat S0 charfert bmnfigobitioe signal dé5182 i s
enabl ed for two-way communi cations, then the communi cati on subsystem 428

i ncl udepesodie aRiitaEighAGavingt 4 astRlnt FRquehed (1/a)dnd aRjoasessdng-cheld T/ T4.58,
such as a digital signal processor (DSP). In 9 addition, the

comuni oatian HEPS el ﬁgqu;égée*yr ggg{/ﬁdg%ﬁ@yﬁé gf;’}{/T)"@ftﬂ@Xilgﬁ%W% d s idevi ce,

i ncl udes one or nore, dde internal”, antenna el enents

452, 454, .and.l ocal. oscil.lators (L 456. T eci fjc design a

ool ettt ARAGR SRR SPElnG, Pltelepie. L0 URPa SRR LD e TabHo0REn tne
conmmuni cation network 460 in which 5 the nobile device 132 is intended to
opel@t e IefeRacy (g may eyl the magel qedior peanufastursr Rbkienc idnapmiieet may
i ncl ude a comruni cati on subsystem 428 designed to operate within the

Mobi t ex ¥Myrayisld éTe/@dmmay cilenioly sotaienpparatidg aTAGTRisioli hesoeigiedumiitbatheon
system whereas a device 132 intended for use in Europe nay incorporate a
Cener al phlsicklat nisdel chafiedi i1 0 esucbRAR)e esltageahd/at maRirmuh sy aildie cdienNet tar k
access requirenents vary dependi ng upon the type of conmunication system
460. Fophgya&tiysut 118 the MobitexTM and Dat aTACTM networks, nobile devices
are registéered on the network using a unique personal identification nunber
or PIN associ d_w i V] .In RS n rks, Iy;

access is asgﬁﬁal ‘ééfdé l%u%%%ﬁ%grg%boggar%i Beér p(f)é: Sl%%%%%%“?éé@?éﬁ&g&j %ﬁ%@‘%ﬁé{n ce
therefore requires_a subscriber identity 15 mpdul e, .conmon referred to as
a St cATeOF e dr JERC PEmie Fie eHeRiesIRg TR r%&‘%‘e‘%@’ééﬁ?sr%ﬂ“ﬁé’ﬂ%r K
registration or activation procedures have been conpleted, the nobile

devi ce tBouikRl2 saddndid citsaibidlé-3d 6minrepertipanths iftpquenecyoangdr dutieycle of the

charger configuration signal 115 may be adjusted by selecting the resistor and capacitor
values in the RC circuit 314-316.

The digital timer 310 may, for example, be a standard timer IC, such as an LM555

20  timer. The timer 310 generates a timer output signal 318 that may be tuned by varying the

resistor and capacitor values in the RC circuit 314-316, which is coupled between the

discharge (DIS) and threshold (THR) inputs of the timer 310. The timer output signal 318 is




comuni cati on network 460. Signals received by the antenna 452 through the
communi cation network 460 are input to the receiver 448, which may perform
such 20 conmon receiver functions as signal anplification, frequency down
conversion, filtering, channel selection, and anal og-to-digital conversion.
Anal og-to-digital conversion of the received signal allows the DSP to
perform nore conpl ex comruni cation functions, such as 10 denodul ati on and
decoding. In a simlar manner, signals to be transmtted are processed by

t he DSPcdificd andicanmits hEtwo ransidtor paies 3120adhand 324, £30 i dire svidgghing ciramtanal og
conversion, frequency up-conversion, filtering, anplification and

t ransm g$2,0mhioN @djusRahe pearIMbleat 200 iMSEMREK at i’ I+ and e anpesnaoARP tod In
addition to processing conmuni cation signals, the DSP 458 provides for

recei veginfifte dshe Wk ANSHcAIl 85B 400t OPRY Vhes TQhe FSATRL PR 1-GR) 7 tl%oﬁr!;li'tc%ﬁgt 0

comuni cation signals™in the receiver 448 and transmtter 450 may be
adaptiv . ] e h_aut.Q iC gain contr i &h | ment ed
" he  BbibSE SR ch Gl M Ao B b B DR e &
text _me ge, or web, 10 page downl oad, is processed by the c ni catjon
subsyst 13023 srampliptic THOE provedl) Yy desylee tgwpltﬁrgﬁeatr Bedrvand §$-gna|
is then further processed by the processing device 420 for output to a

di spl ayoupats B0, dR2 de napdakelojtagorangadedrdsard. Quxidla ueljs wdopuwidecan auput A
devi ce user may al so conpose data itens, such as e-nmail nessages, using a
keyboar gesiktahce Bieohecas] A2 SPNERT 248K | @hkigyixoakdircdind/UBB dose waideethal$Bl | ary
I /O device 15 440, such as a touchpad, a rocker switch, a thunb-wheel, or
some ot Ig?&iﬁyz@@npf i nput device. The conposed data itens nmay then be
transmtted over the comunication network 460 via the conmunication
subsyst em 428,

I i |.cati . ral (=1 (o} e
device 132 is %&ggt% %ﬁ%@?@%a%e@g)%%%gginr\érﬁﬁ?ég% :?kgag n?r%%%? ae%lrgglt t hat
recejived signal s are out put .speaker. 20 436 d, sign for .

r ol S AR ST Pl £y IR BT S taes USH bt SL ofanghitenai o
| / O subsystens, such as a voice nessage recordi ng subsystem_may al so be

i npl enededde dA2 tirdudps\the &S tenfaceaidh 1 BHB qondolersplday: drpeingpubiysi§the
utilized in voice 11 comuni cati on node, for exanple to display the

i dent i t ¢16fa @cloagdablegbapant 41,8, tinka prucedsimpniesfced200i ce call, or other voice
call related information. The short-range comuni cati ons subsystem 430

enabl es conMhi GEHE RiferbREWeeAs tHIRDBIth€USBVilaret 320,33 UesdrRE 2BHOX] TR €
systens or devices, which need not necessarily be 5 simlar devices. For

CXoTP! oy S SheLias SMIGCE OB, SCSURISLAMUED WA SRty
Comiryni Ely ,i ahd USB data lines 426 which are coupled to the USB controller 414. Operationally,
the USB interface 412 is used by the mobile device 132 to provide power to the charging
subsystem 416, and may also be used to communicate data between a USB host or hub (not
shown} and the USB controller 414.
The charging subsystem 416 provides power to the mobile device 132, either from
20  the rechargeable battery 418 or from the Vbus power line 424, and charges the rechargeable

battery 418 from the Vbus power line 424. The USB controller 414 monitors the USB data

lines 426, and controls data communication between the processing device 420 and a USB



nodul e to provide for communication with simlarly-enabled systens and
devices. Fig. 5is a flowdiagramillustrating an exanple nmethod 500 for
chargi ng a rechargeabl e power source via a USB port in a nobile device. At
step 510, an unlrnown 10 device is connected to the USB port on the nobile
device. At step 512, the nobile device attenpts to signal the unknown
device as a USB host. If the unknown device is a USB host, then a
successful USB enuneration occurs at step 614, and the nobil e device

est abl i bpss Igcwdiionc thei GhBwiontokdred 14SBrtents theaprospnep o6 26JSB fcharger dh& hywn
device is not a USB host, however, then a USB enuneration wll not be
initiat adndfyirsd eph&bdy, cafiguianen Fipmial 136w itlgeDI5anddM lindss atid detBimiaedthe-
lines for data traffic at step 618. If the uxilaiow device is a USB

char ger op@atidias ehdrRQeHARE Ve thd NRfed FFIRIEHA6EBInh GHBstbRRicE TR chlger
detectedpon the D+ and D- lines by the nobile device at step 520.

e
maxi mu i €. rger heypUS I S.-fdeferm omthe
char geﬁ%@t&%a I?%E lg?’g‘%&aﬁ%&gﬁ%‘i §£%‘{?ar S‘é% %}aﬁb@%?t %IE sdl(zbel% g%@:éogr Wéﬂa@ at
step_522. .Then, .at step. 524, th il e devyic raws power .f.romthe USB 20
charyor T eI D0P FOkoH B TinE SBesrRagls FametnePaHrS APE e t ¢ on
description uses exanples to disclose the invention, including the best
node, aplpragieristics wathadsireespendars irgdei dpesdions] qhpecieristiesp swelkes amepxygenst he

i nvention. The 12 pat ent abl e scope of the invention may include other
exanpl esvdilable cocenlr to those skilled in the art. For exanple, Fig. 6 is a
bl ock di agram 600 of anot her exanple USB charger 605 for charging a

rechar geabl eUpenaktestdt 66n tHirder ¥BRE 18 a6l8Vdi SRl 132 by Thé ISexampbBeUSR, taar ger
605 is simlar to the USB charger 110 of Frg. 1, with the addition of a

modul at %E%‘?d ?;ieg'ﬁ’ﬂi’cﬁﬁ?glhé}%tééﬁﬂs to'i‘%es'tl@ﬁaéha:ggr%fl%éta% pr"ojvgdeg“tg thQ%h%?gin%”d D-

contacts I's enbodi nment, the equency an uty cyc f the
periodi c_output, 115 fromth i ner at 114 may be nodul at.ed t he
oy at SPEEE, 416 Ut Tt h PSR, B TR lads dealytotun oyt SomMEs! gnal
611 on the D+ and D- lines 120, 122. In this manner, additional infqgrmation
regar di Ngut hee tehaga thgrechanseshly batery fd8detha phaseing subsystege e 810 &ir at i on
10 signal 611 and transmitted to the nobile device 132. 13 It is claimed:
1. A chexapiplg inppet thed$SB orterfvardd? nydmw motrafigeathed/ poiae updo ageaximum
nmobi | e device through a Universal Serial Bus (USB) port, conprising: a
pover coviiRbleehageriirgurieshtified TRaeihéehaer ARifiouratibh 8igaall 11dm an ext er nal
power source and generate a charger output having a regul ated voltage; a

si gnal gener af QUdiGONES 1Y QBsIBrBERRT BhBpcheRRad I8RO IRt MISEANR

having a pre selected frequency and duty-cycle, wherein the frequency and

dutyscy f the.charger confi.guration sign are,selected to | i.fy
opelict hi7 el BAF AP SLePRngi IPrplAldarap SRR CErh aRELY (e
val ues of the r% ul at ed voléage an_a paxi mum current capabil ity of hhe

char ger s%y:ﬁgﬂlﬂ gnalputfoutput evices 432-440, memory devices 442, 444, and various other

device subsystems 446.

The processing device 420 controls the overall operation of the mobile device 132.

Operé,ting system software executed by the processing device 420 is preferably stored m a

20  persistent store such as a flash memory 444, but may also be stored in other types of
memory devices, such as a read only memory (ROM) or similar storage element. In

addition, operating system software, specific device applications, or parts thereof, may be




a USB connector for coupling the charger output and the charger
configuration signal to the USB port of the nobile device, the USB
connector having a voltage bus (Vbus) contact coupled to the charger
output, a positive data (D+) contact coupled to the charger configuration
signal, and a negative data (D) contact coupled to the charger
configuration signal, the charger configuration signal being transmtted
sinmul taneously to the D+ and D contacts, such that the D+ and D- contacts
ar e contanmpourdlyylosdedhiero botabatile storé,ogich dsi gyharsipat eccess botory (RANpPE#Z | ow
state; wherein the nobile device is configured to identify the operating

char act €ohfifutrhéutioh sighsls GARMNGUNY (RPRBbA dsvidd PP thiealbd BOuBAAN0 RIMAURY- cycl e
of the charger configuration signal and apply the charger output to

recharge theryechal l4eviPOVIBH SO S 4. h S GRPan.aidis of
claim1, wherei the oper alt?ng C a%gﬁct?%nr ?Os%tls(??elia-gre tsﬁ{i?fg yl(ﬁ%’e c%ar ger
configuration si | include a nodel . nu for t char.qgi apparat us. 3.
The chargrngonRh Rk Mip ol iR U gENE I, 18 ot BeliRiorieh O PRARERY® o
the charger configuration signal is a constant, frequency that is

pre-3el 8B ¢gnirgl perhideyige LRGeS ofuchis eHargdnoisy carERyEcaligns, TRaY MRar gi ng
apparatus of claim1, wherein the pre-selected duty-cycle of the charger
conf i gurstalled os itymddvides 32 doong rant fadurs - Imyeddgionhapers@ap ndowsitivo tieahages
identify the values of the regul ated voltage and nmaxi num current capability
of the changgplicatiopuhay be indieled RkgE MaraHRaral The HINVCIsqireletabljvbgrablenoft he
external power source is a household AC power outlet, and wherein the power
conver t gfoahipfd 138 SmaSackih Aatd Gtehls, GREW &It Bfmaifd- cal¥Rlaf NRERisNGofRPaIALUS Of
claiml, Swheréin the external power source is a DC power source. 7. The
chargin u l.ai.m r.el n..the signal nerator_.in a

i gt tal praRasas Sndlesk Rl | T Bk R g SRR SRR sl B e
confjguration sigpal. 8. The charging apparatus of claj : erein the

di gif“;) al alﬂ‘i FRCRYIRE fatditems véa tgeagrel Sﬁn%t"é‘g’ i490t l‘eftgfﬁl?é‘)ﬁ tfi‘q‘q]gﬁ\’[i&%ﬁﬁflﬁ g¥red to
generate an output signal havi ng a constant frequency and a constant

dut y- cyetamlesshid indegalied.c siinghropized and epslapdeviabibe weieglesshesteatkp 460 syigndic of
the digital timer and the D+ and D- contacts of the USB connector, the

sw t chi devicd newist copespundapnddtgueed dwaed egubatatdiheitpadiosy obimpgier efstére
output signal to generate the charger configuration signal. 9. The charging
appar at us, Shnpldiyiieh ahResbd fahfccamgﬁghh@qlegé Etepd §s discl6RAfih 99§ tAhd

provi de a pre-selected resistance. 10. The chargi ng apparatus of claiml,

wher ei nMelﬁ?odsF%@hsk@ﬁ@%f@hﬂﬁﬁc}nnﬁloﬂg% % §9&é1891“o A Mobile Device Having A

15  Shared Electronic Address," U.S. Patent No. 6,219,694, which is owned by the assignee of

the present application, and which is hereby incorporated into the present application by
reference.

Communication functions, including data and voice communications, are performed

through the communication subsystem 428, and possibly through the short-range

20  communications subsystem 430. If the mobile device 132 is cnabled for two-way

communications, then the communication subsystem 428 includes a receiver 448, a

fransmitter 450, and a processing module 458, such as a digital signal processor (DSP). In




timng circuit that is configured to generate the charger configuration
signal. 11. A nethod of charging a rechargeabl e power source in a nobile
device, conprising the steps of: generating a charger output having a
regul ated voltage and a maxi num current capacity; generating a charger
configuration signal having pre-sel ected waveform characteristics, the
waveform characteristics including a pre-selected duty-cycle that
identifies values of the regul ated voltage and the naxi mum current capacity
of the efditiger theutquunynieatthnc subsyitery 438 cohfigged Ut pwb-varyd cahsugisations
configuration signal to the nobile device via a Universal Serial Bus (USB)
port ondev¥iee, iBdluded ohe\br Glore) d[htefe@d'baj? gfbedddfdrdhieaial, Aftedhg BRIMehEs 452habng
coupled to both a positive ta (D+) contact and a negative data (D)

contact .04 1ob8 HSIIRGK! (B0 UBE, T e IPBARY UdRAC RE ADIGALRMES LT the

vol tage bus (Vbus) cont ct of "the ort; e| nt char ger

confi guratl on. s sm,tte aneousl

cont act EoBRpiBeRbsuReh BRah ik Elerd wERLARRE Rte e Ef ek BT i Ruous
either both jn a logic high state or both in a logic Iowstaterégn rein the
mobi ? e HE/ERIS ge‘(:‘@:‘?\fl%dﬁ Eﬂeftdé iR PETAS, Fﬁée’&%ﬂiﬁlé»sa deviend S st I'fol t age
and maxi mum current capacity of the charger output fromthe pre-selected
duty cy®ogthoAmeheancinarkgemag dndliidpua apinoringiatora lsutsysiemot 28pgisigned ¢o ohemiger
output to recharge the rechargeabl e power source. 12. The nethod of claim

11, whemdihin theeMpsiexSe hebile domareialion eten of BaiaTtAC™ mokilaitten@unication
pre-selected frequency that identifies a nodel of a charging apparatus. 13.

A et hogthé?ﬁ GhAES DEied BRNRIGRADIR 1@9%&1%@!3‘&&2 1h€b fARD) Gendevp&Ret
conprising: detecting an el ectrl cal connect | tvveen a Universal Serial

Bus (USE RS 18e((t}lti§S e\ﬁuﬁgmg ] A0hE {e rnal device; attenpting to initiate
a USB enunerat | procedure w T he ernal device; if an enuneration

ackné)vvl edge t sh(gnal iS not recei ved fromthe e 1ﬁiernal evi ce, then
moni?ori ng SE%%‘PI’ @rgeﬁfafegu(rgnyntéow}gcqep % WREHANF VP ALaC B EY act of
the USB port for a charger configuration signal, the charger configuration
si gnal Betag 40P afnicxanaelesinrihe W21 gndoRateRACHYE nghwbrks, radileadaviced re he
USB port such that the charger 17 configuration signal causes the D+ and
D- cont agdisertd ohehe aatwont asial \a wiidgureperiuoihidenti icdtioginuntbieg br Pldtassopiatdabot h i n
a logic |ow state; and
with each device. In GPRS mnetworks, however, network access is associated with a
subscriber or user of a device. A GPRS device therefore requires a subscriber identity
15 module, commonly referred to as a SIM card, in order to operate on a GPRS network.
When required network registration or activation procedures have been completed,
the mobile device 132 may send and receive communication signals over the
communication network 460. Signals received by the antenna 452 through the
communication network 460 are input to the receiver 448, which may perform such
20 common receiver functions as signal amplification, frequency down conversion, filtering,

channel selection, and analog-to-digital conversion. Analog-to-digital conversion of the

received signal allows the DSP to perform more complex communication functions, such as

10




if a charger configuration signal is detected, then determ ning a regul ated
vol tage val ue and a maxi mum current value for the external device from
wavef orm characteristics of the charger configuration signal and
configuring the nobile device using the regul ated voltage val ue and the
maxi mum current value to charge the rechargeabl e power source fromthe
external device. 14. The nethod of claim 13, wherein the waveform
characteristics of the charger configuration signal include a constant

dut y- cy demodiaiion sdpleeeding.ebt eeintibr ientri signalhie begaisatitel solprengescddlyue and
t he maxi num current value. 15. The nethod of claim 13, further conprising:

det er m genDSa 498 eindtapahdfingudao akt arahahitde s efol rddshal-ie aidy g fconiversion,
characteristic of the charger configuration signal and using the nodel type

to conf d e from
the. oxt Sar e .@Q*f%%n A R R G R
characterlstlgg t he chagggr configuration signal include a constant
frequengy tﬁa 9§ ﬁvemEgF@c d to identify the nDdeI type 18

+
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audio I/O subsystems, such as a voice message recording subsystem, may also be

implemented on the device 132. In addition, the display 432 may also be utilized in voice
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J109%9& ()-"10%g& ()- 10JyWA&8&7 " dE: /

10" 10%gdd{ue-to PoSEE for cohpatin wﬂhkﬁﬂfms&h( énablem%fg&né)m& adkek. ()-' " U(()*)
dE:/ 10J,}10%& ()-*"10%& ()-("10%g& ()-\'&=%0%g& () - 9%-

10%g& ()-|P1 ( *) * K K kK 0
10gl 8s10%g&: ?;@(555 %LO%@%?V% )(ﬁall_ #10%%%%%%]%‘V% (y % Beﬂ}od 500 for charging a

120% A %3cha%$ﬁ%"p{)%elysl\locwg‘é)%}ﬁ "‘d%%ﬁ%ﬁ %89 ‘%e""cfo%éggfﬁf& 5104 ?%‘g* 8 P-
10(@((% ( devxée::l' ?s%o%négted ‘Ebo‘%%%éﬁ port onl\i/;!hé /1190 EIYIH%:VE(E(G) ) At step 512, the mobile device
attempts to signal the unknown device as a USB host. If the unknown device is a USB host,
then a successful USB enumeration occurs at step 614, and the mobile device establishes
communication with the USB host at step 516. If the unknown device is not a USB host,
however, then a USB enumeration will not be initiated at step 514, and the mobile device
15  monitors the D+ and D- lines for data traffic at step 618. If the unknown device is a USB
charger, as described above, then a charger configuration signal is detected on the D+ and
D- lines by the mobile device at step 520. The maximum available charger current of the
USB charger is determined from the charger configuration signal, and a charge current is set
accordingly at step 522. Then, at step 524, the mobile device draws power from the USB

20 charger via the Vbus line up to the maximum available current.

This written description uses examples to disclose the invention, including the best

mode, and also to enable a person skilled in the art to make and use the invention. The
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10J " 10%@&ir(, )FobtRa@sle( Fig! 4 BUp8lofR) diagrh@QPE ¢fanothidt d:0HgEe USB' HAOGRG0I for: ) ;

;; 6<<dEYNC 10J "10%& ()-"10%& ()-s
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109, 5t 10908 EPISB490564'S5 Dareoldfbol Fig 1ot ¢941ion 66 gemes 3ottt andey
"10% & ()-$10% & ()-"10%& ()-C 10%& () -

.I.\I g_:ool ‘;L g%{?p{%g‘b -e%L ?l}éﬁgg%ge%&%\l&%& a%é%tﬂe/%&l- Qid D- contacts 120, 122. In this

"10%& ()-"10%& ()-s=%40%& () - PlO%?&' %) -, "10%& ()-"10%& () - gCCDe DDEKEdJE

YNC 10Jembadioggat, (the *repoogry and duty cycle of the periodic output 115 from the signal

10%9&' ()- @&"10%9& ()-%$"10%& ()-!"10%& () - KEEEPFFFFFFdYNC 10J 10g 10g
generator 114 may be modulated by the modulator 610 in order to generate a modulated

charger configuration signal 611 on the D+ and D- lines 120, 122. In this manner, additional
information regarding the USB charger 605 may be encoded into the charger configuration

10 signal 611 and transmitted to the mobile device 132.
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10% R& () Nn-ggglifﬁ égneratg-rocg)nﬁgured to generate a charger configuration signal having a pre-

selected frequency and duty-cycle, wherein the frequency and duty-cycle of the charger
configuration signal are selected to identify operating characteristics of the charging
apparatus, including at least the values of the regulated voltage an a maximum current
capability of the charger output; and

a USB connector for coupling the charger output and the charger configuration
signal to the USB port of the mobile device, the USB connector having a voltage bus (Vbus)
contact coupled to the charger output, a positive data (D+) contact coupled to the charger
configuration signal, and a negative data (D-) contact coupled to the charger configuration
signal, the charger configuration signal being transmitted simultaneously to the D+ and D-
contacts, such that the D+ and D- contacts are continuously either both in a logic high state
or both in a logic low state;

wherein the mobile device is configured to identify the operating characteristics of
the charging apparatus from the frequency and duty-cycle of the charger configuration

signal and apply the charger output to recharge the rechargeable power source.
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2. The charging apparatus of claim 1, wherein the operating characteristics identified by the

charger configuration signal include a model number for the charging apparatus.
3. The charging apparatus of claim 1, wherein the pre-selected frequency of the charger
configuration signal is a constant frequency that is pre-selected to identify a model of the
charging apparatus.

4. The charging apparatus of claim 1, wherein the pre-selected duty-cycle of the charger
configuration signal is a constant duty-cycle that is pre-selected to identify the values of the

regulated voltage and maximum current capability of the charger output.

5. The charging apparatus of claim 1, wherein the external power source is a houschold AC

power outlet, and wherein the power converter functions as an AC to DC converter.

6. The charging apparatus of claim 1, wherein the external power source is a DC power

source.

7. The charging apparatus of claim 1, wherein the signal generator includes a digital timing

circuit that is configured to generate the charger configuration signal.

8. The charging apparatus of claim 7, wherein the digital timing circuit includes:
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a digital timer that is configured to generate an output signal having a constant
frequency and a constant duty-cycle; and

a switching circuit coupled between the output signal of the digital timer and the D+
and D- contacts of the USB connector, the switching circuit being configured to regulate the

peak voltage of the output signal to generate the charger configuration signal.

9. The charging apparatus of claim 8, wherein the switching circuit is configured to provide

a pre-selected resistance.

10. The charging apparatus of claim 1, wherein the signal generator includes an analog

timing circuit that is configured to generate the charger configuration signal.

11. A method of charging a rechargeable power source in a mobile device, comprising the
steps of:

generating a charger output having a regulated voltage and a maximum current
capacity;

generating a charger configuration signal having pre-selected waveform
characteristics, the waveform characteristics including a pre-selected duty-cycle that
identifies values of the regulated voltage and the maximum current capacity of the charger
output; and

coupling the charger output and charger configuration signal to the mobile device via

a Universal Serial Bus (USB) port on the mobile device, the charger configuration signal
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being coupled to both a positive data (D+) contact and a negative data (D-) contact of the
USB port and the regulated voltage being coupled to a voltage bus (Vbus) contact of the
USB port;

wherein the charger configuration signal is transmitted simultaneously to the D+ and
D- contacts of the USB port, such that the D+ and D- contacts are continuously either both
in a logic high state or both in a logic low state;

wherein the mobile device is configured to identify the values of the regulated
voltage and maximum current capacity of the charger output from the pre-selected duty-
cycle of the charger configuration signal and to apply the charger output to recharge the

rechargeable power source.

12. The method of claim 11, wherein the pre-selected waveform characteristics include a

pre-selected frequency that identifies a model of a charging apparatus.

13. A method for charging a rechargeable power source in a mobile device, comprising:

detecting an electrical connection between a Universal Serial Bus (USB) port on the
device and an external device;

attempting to initiate a USB enumeration procedure with the external device;

if an enumeration acknowledgement signal is not received from the external device,
then monitoring a positive data (D+) contact and a negative data (D-) contact of the USB
port for a charger configuration signal, the charger configuration signal being transmitted

simultaneously on the D+ and D- contacts of the USB port such that the charger
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the charger configuration signal and configuring the mobile device using the regulated

voltage value and the maximum current value to charge the rechargeable power source from

the external device.

14. The method of claim 13, wherein the waveform characteristics of the charger
configuration signal include a constant duty-cycle that is pre-selected to identify the

regulated voltage value and the maximum current value.

15. The method of claim 13, further comprising:
determining a model type of the external device from the waveform characteristic of
the charger configuration signal and using the model type to configure the mobile device to

charge the rechargeable power source from the external device.

16. The method of claim 15, wherein the waveform characteristics of the charger

configuration signal include a constant frequency that is pre-selected to identify the model

type.
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