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PONER MANAGEMENT FOR DI G TAL DEVI CES RELATED

APPLI CATI ONS This application clains priority to U S
Provi sional Application Serial No. 60/562,374 filed
April 15, 2004, the teachings of which are hereby
incorporated by 5 reference inits entirety.
BACKGROUND OF THE I NVENTION Field This disclosure
rel ates to power managenent for digital devices. 10
Background Art Power managenent for digital devices is
I ncreasingly inportant as devices becone snaller and
nore portable. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
Feat ur es EPRERIMANASISEEOT rORPRIIMAN BEviCEde cl ai med

subject matter w econe apparent as the follow ng
Detai | ed Descri pt RRPAPER GPPOEATEOMSUPON reference to
the Drawi ngs, wherein I'rKe nunerals depict |ike parts,
and s W GEn F0m b b1 8. ProdistinAUpdiikdroh 8edal &b N9 a
systtﬁ%%ﬁﬁiﬁ%ﬁwent;ﬁangﬁgigure 21is §$block di agr am

Gb}Sk?é@tl rii?etdiﬂbgl iNeodane feﬂﬁﬁngg b Wit ir€h@éby3An d by

managenent "processor according to one embodi nent. 1
reference in its entirety.
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This disclosure relates to power management for digital devices.

‘Background Art

Power management for digital devices is increasingly important as devices

become smaller and more portable.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed subject matter will
become apparent as the following Detailed Description proceeds, and upon reference to

the Drawings, wherein like numerals depict like parts, and in which:
Figure 1 is a diagram illustrating a systent embodiment; and

Figure 2 is a block diagram illustrating the internal structure of a power

Imanagement processor according to one embodiment.
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Al t hough the followi ng Detailed Description wll
proceed with reference being nade to illustrative
enbodi ments, many alternatives, nodifications, and
variations thereof will be apparent to those skilled
in the art. Accordingly, it is intended that the 5

cl ai med subject nmatter be viewed broadly, and be
defined only as set forth in the acconpanying clains.
DETAI LED DESCRI PTION Figure 1 illustrates a system
enbodi nent -100 of the claimed subject matter. The 10
system 100 nay generally include a host processor 104
and a power nanagenent unit 102. The system 100 may
conprise a digital device, such as a digital ‘camera.
The R@dugh ME QABHERDeRAH BaeckpHoNRI pavaaieifEeferetit teing 02
may each conprise one or nore integrated circuits,
A0 1 BYstf R Db BBmERS, 128} AGErESIRb, CoGHRPRAS Biidvaffibhor
core logic of a digital canera. As used in any
RERRUITR Hpph&t & those SHllediiA e @R aheBrdiriglyC i i ifiterded hat the 15
seniconduc?or devi ce and/ or m croel ectronic device,
AR @Fject irfdfterds EN@broally, SRTTealefistd 0419 bs denfoet frcthe d
circuit chip. "Digital canera, as used in any
LohgehiR Yaimbler ei n, may conprise a still image digital
canera or a video digital canera. As wll be
described in greater detail below host processor 104
and power managenent unit 102 nmay each conprise
circuitry. As usedpi ' her ei n,

ENARRY IR0
“circuitry" may 20 conprise, for exanple, singly or in
any G INnilistetes a haenwmbedineit 1 8Qefitheyclaipedsybistimatiire The
circuitry, state machine circuitry, and/or firnmnare
dykiate 160 meegeneraly ingludd ahest ReoceEsor 100 21}2 PONEHFRIAATRIDY Wt

;:(;Zr (':I'lli:: iyrst{m 100 may comprise a digital device, suchasa digital camera. The host
processor 104 and power management unit 102 may each comprise one or more
integrated circuits, and may form the core elecironic componeats and/or core logic of
digital camera. As used in any embodiment herein, an “integrated circnit” means a
semiconductor device and/or microelectronic device, such as, for example, 2
semiconductor integrated circuit chip. “Digital camera™, as used in any embodiment
herein, may comprise a still image digital camera or avideo digital camera. As will be
described in greater detail below, host processor 104 and power managemt?nt_ unit 102
may each comprise circuitry. As used in any embodiment herein, “cireuitry” may
comprise, for exémple, singly or in any combination, hardwired circuitry, programmable

circuiﬁ‘y, state machine circuitry, and/or firmware that stores instructions executed by

programmable circuitry.
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2 Al though not shown in Figure 1, the system 100 nay

al so conprise nmenory which may conprise one or nore

of the followi ng types of menory: seni conduct or
firmvare nmenory; programmuabl e nmenory, non-volatile
menory, read only nenory, electrically programmble
menory, random access nenory, flash nenory, magnetic 5

“di sk menory, and/or optical disk nenory. Either

additionally or alternatively, nmenory nmay conprise
ot her and/or l'ater-devel oped types of
conputer-readable menory. Machi ne-readable firmware
pr ogrédtpighoptshewt i Higugd)thoesismd PR aay Hsaremprse memery
descri bed bel ow, these instructions my be accessed
whigh exe campsist day opyowe of theefplinyenghipes gfinemargsemisandgeton ost
processor 104 and/or other circuitry conprised in
Sipwarerme0@y, paopsimrkblemismer, Ronsiolatilsmesey, Fray opleBgmery, n
power managenment unit 102 and/or host processor 104
akactriaily pioframmeble wernory, yandempecessaebmiory. Sgshtmemony Bagnetic
perform ng operations which may be attributed to
tiske memonyrand/neoptical diskreeraayy t Eithenagditiprally etaligmptielyomemaesy
nmore sensor circuits 106 which may be 15 capabl e of
sy sompyise fthar aadierdgirdevelopedfupes p{ oaipuigtepdahle mepRey or

| ens position. Power nanagenent processor 150 may be

Maohing-readgble fimpware pragram ingirchiensmay ke gawd gy memye S&nsor s
106. Al so, the systen1enbod|neg %ﬁude but t on
CoiRoA P Y s PSR A 65T ST O GOV SRR o
Si aI s froma user _interface, sel ectone%not Shgw)ahd

and/orRefgRReREor ] PHRRCE Bfper CRBRRL PR TS S B e

recej.vi nal s .from one or 0.activated
e Brteoanma nitis kg weis S of Bl B RSt 1
pr C T Se?trnrctln'?rg)r comB/nsedem system 100 perfomung operations which may be

atiributed to these components.

The system 100 may comprise on¢ or more sensor circuits 106 which may be
capable of sensing, for example, temperature, current, and/ot lens position. Power
management processor 150 may be capable of receiving signals from one or more sensors
106. Also, the system embodiment may include button input circuitry 108 capable of
generating one or more signals from a user interface selector (not shown). Power
management processor 150 may be capable of receiving signals from one or more user

activated buttons 108. In this embodiment, a power management processor 150 may be

" provided that may be capablé of allocating power from a phuality of sources based on,

for example, system power requirements and/or preprogrammed power commands, as

will be detailed below. The power management processor 150 may comprise circuitry
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provi ded that may be capabl e of allocating power from
a plurality of sources based on, for exanple, system
power requirenents and/ or preprogrammed power
conmands, as w | be detailed bel ow The power
managenent processor 150 may conprise circuitry 3
capabl e of generating one or nore signals and

“interfacing to one or nore circuit conponents of the

system 100. Power managenent processor 150 and host
processor 104 may be capabl e of exchangi ng comrands
and data with each other. For exanple, host processor
Tapkblemf gireratingrab pemest signsli A iNEHICImgd SRECAMRIT PO wer
managenent 5 processor 150 regardi ng power
reompénenteefthe sysion /169 Rewprananagpeers prosasprs d P& anlhogipeocgisor
nore conponents conprised in a digital canmera. System

1109 man pe edpelde efonghnssing commendnand Sate B eg8Riler- S prampie 0.
Battery 110 nag conpri se one or nore, rechargeable
Hestpeocesser, 104 may be apable ofiprammusicaiisg data with gowgrmangggment
Battery 110 nay al so conprise a tenperature sensor 112
VINDassoNTERY rémerding pameraequitemenis s therEY Sem pIpRCI of one or more
indicative of tenperature conditions at or near one or
nesmpolsaiscemprisedialaldigitd 683-sed in battery 110. System
100 may al so include an adapter power input 114 and
one or nore interface power inputs 116 (depicted as
Interface #1 ... Interface 9N.in. Fi u&e — Ada ﬁ@r
power SYstem FRQmay g coragLise g rapn HET SEP A AWHA G Br
or other, 15 adapter, whi hﬁn& be. associ a Wt h.an
SREEIRFOG 8PS IR ag bl ey P R0 “%%F%"?’?é“ghg or
exanpl a g$$a i nterface which 4k RC] 2
i HREp ’39 & BT ERRFFE A b e an§7h6ér?ﬁ%#%g rcgllﬁﬁlt%e rg:f ace
?g_@&% 0 esigl%glo%calti\rr]e {f rt]e?npgrﬁ&fe fthnfit of BGe BRE Mot ARk €S
cells comprised in battery 110. System 100 may also include an adapter power input 114
and one or more interface power inputs 116 {(depicted as Interface #1.. Interface #Nin
Figuire 1). Adapter power 114 may comprise, for example, an AC/DC adapter or other
adapter which may be associateﬁ with zn electronic device. Interface 116 may comprise,
for eMpie, a data interface which may include an I2C interface, FireWite interface,
and/or other interface as may be known in the art. Each of the power supplies 110, 114
and 116 may be capable of providing power to ohe OF ImOre COMpPONENts comprised in the
system 100. Connecting device circuitry may be coupled to one or more of the power
supplies, for example, connecting device circuitry 122 coupled to power supply 110,
connecting device circuitry 124 coupled to power supply 114, comnecting device circuitry

130 coupled to interface power supply #1, and/or connecting device circuitry 134 coupled

to interface power supply #N. One or more of the connecting device circuitry may be



10

15

20°

and 116 may be capabl e of providing power to one or
nore conponents conprised in the system 100.
Connecting device circuitry may be coupled to one or
nore of the power 20 supplies, for exanple, connecting
device circuitry 122 coupled to power supply 110,
connecting device circuitry 124 coupled to power

~supply 114, connecting device circuitry 130 coupl ed

to interface power supply #1, and/or connecting devi-ce
circuitry 134 coupled to interface power supply #N.
One or nore of the connecting device circuitry may be
gontrotidrhylthegawymdnhgenpotpercessan Hfdnung anglog eedies dlisitalzontrol
(using anal og and/or digital control signals) to
signghd) @ @nplelecisequble aaelsuddawivetisuppiné 10 Lidpig/or li$pfrom a 4
and/or 116) froma power rail which nay be conprised
ipowes yail vehiehlrG4y. be SorSyrisedimsidEn 480, al so conprise battery
charger circuitry 120. Battery charger «circuitry 120
may be capabl e of receiving adapter power 114 and/or
power fromone or nore interfaces 116 and further

c apabSystemf]08 mpyphlya cognpeitechatiery ghargar coptitna A/ Battaypthargge
to one or nore batteries conprised in the battery
QOO mey be expaidecirebiigadyptar pewaBl Y and/ernepreisom eneton e
output of battery charger circuitry 120 and may be
aapsinteefacs$ 1 ane fusthérregpadle b suriplying chizgiiz chrreny endfr voltage to
battery charging current and/or voltage, as may be
Super maselbatterids gewpsisgd inthbattey (g @ (orEen Fenss mwwﬁﬁ mgy be
120 may be capabl e of chargi,ng_the batter élo when,
tcnested e OPILOR PRERY PSRRI 13 ARG Y o5 E40B P SERRFRn

B0k b e By o ok b e
ELNE AEMI A TR R S I
digital camera is ON, and power processor 150 may be capable of allocating power
between the charger 120(io charge the battery 110) and system power requirements.
Another current sense circuitry 126 may be coupled to the adapter power input 114 and
capable of generating a signal indicative of external adapter current, as may be provided
to one or more components of system 100, Processor 150 may be capable of generating

control signals to'enable and/or disable operation of the battery charger circuitry 120.

System 100 méy also comprise a suspend power regulator (SUS) 132. An S['JS.
132 may be utilized to provide a regulated output voltage to 2 load. SUS may be utilized
when the regulated voltage level for a particular load of the electronic device is not
available from a main supply voltage source and/or the supply voltage is not high enough

for the particular load. SUS may comprise an 1.DO that can typically provide such



15 capabl e of generating a signal indicative of
external adapter current, as may be provided to one
or nore conponents of system 100. Processor 150 may be
capabl & of generating control signals to' enable

and/ or di sabl e operation of the battery charger
circuitry 120. System 100 may al so conpri se. a suspend
power regulator (SUS) 132. An SUS 20 132 may be
utilized to provide a regul ated output voltage to a

| oad. SUS may be utilized when the regul ated voltage

| evel for a particul d of the electronic devjce

| SeRt edomf? it e e ol 5pg 2o e S8 Py
[ or vol t age hi gh_endugh  for the

;ﬁ F°HPE§§° BSWEF I?Pagw ﬁfﬁfﬁf’i& bich i8Y eofaprise pgpver from

typlcally provi de such S regul ated output voltage with
r g PF %ﬂeyomftwmp@esﬂ élqseﬁ‘}%‘“‘&? WP mavslapshe cmlplechtﬁe caipepll battery
circ 132 oupl ed 1o a, power bus
(c%ﬁﬁ*@ % up go Rﬁm i Sy o BT | SempsistReRe ey e
or ower _sup SUS C|rc itry 132 may _al so be
i I‘&Y@BF%EE‘&%PYBQHS?FP Fe%?lﬁlerws%lenis% e
éce as the systemof Figure 1 conprises such
tRB§Fce. 5 SUS circuitry may be controlled by
processor 150, for exanple, to select SUS circuitry

.132 i nput pomer System 100 may al so conpri se power
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ror e pSvers AR AR ot R e o%%%x%m?ﬁﬂ%&&dw

Pov&g ox ﬁgr%\ég%r%r CDD.\?EQC!‘%EIEI.&EU II 1’;% 540;?42 antglorq 2 a n d/ o 1 44

beca ener at esl re

f o B4 840,302 éc}j@é F IPQH g? R
COIEI%OEZ ? ¥ n%onvertpowemutpm’
ci foPéHaﬁﬂé ala,%%y béfleq?xw%?- oam/nfare csénﬁmﬁayoﬂ ESaPEnRAPIBNG
of generating a
converter circuitry 138, 140, 142 and/or 144 may also be capable of generating a voltage
and/or current feedback signal indicative of the voltage and/or current being supplied by
the power converter circuitry. Such feedback signals may be communicated to power

management processor 150.

System 00 may also comprise LED driver circuitry 146 capable of supplying
power to one or more white LEDs for lighting an LCD panel (not shown) which may be
included with a digital camera. The LED driver circuitry 146 may also be capable of
generating voltage and/or current feedback information to processor 150. Processor 150
miy be capable of gensrating confroj signal to LED driver circuitry 146 to control the
amount of power delivered to an LED, which may operate to control the brightness

and/or contrast of the LCD panel. The systena 100 may also comprise photoflash
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and/ or current feedback signal indicative of the

vol tage and/or current being supplied by the power
converter circuitry. Such feedback signals may be
comuni cated to power 15 managenent processor 150.
System 100 may al so conprise LED driver circuitry 146
capabl e of supplying power to one or nore white LEDs
for lighting an LCD panel (not shown) which may be

~included wth a digital canera. The LED driver

circuitry 146 may al so be capabl e of 20 generating
P L RS AT i
Gor GO Rsplth ot R AL Y Ceiar %eéﬁ»é@%ldés? hitﬁ%@“fs
BBt s e e sy | 3%@@95“ b ”eéﬁvggp%&déoiége
L
gaC|tor n to ena erat.ion of flash

of [
° BP a?aﬁlt%{" f“ “‘“é’alﬁé\“’af‘mt“’ﬂ‘ﬁ%
hot oflash a I er CIrCUItr 136 ppy al so be
BB ety SRR bt Pl Sepesis st ety AR oedback
|nfornat|on to processor 150. Processor 150 maybe
capabl e of 5 generating control signal to phot of | ash

CoPas 8 6Ll S 35t BB e AR
B GAY Elafp L PhB SBEL lb. ,
filp,' w&fmaa!lr_ée&&?cg:fo?&sog dh% cQ;Q:ﬁ e%{‘ all3Pdin, gﬁafﬁ)&%‘ﬁé‘ be

plcted in Figur exanp , powef” managenent

RE AU B cER F@g%}ecmloﬁ 201 BER R bR Ehe BRYEY 1 1b e

one or
adapter 114 and/or one or more interface power supplies 116, Power management

processor 150 may execute instructions to manage power to one or more components
based on, for example, a preprogrammed and/or nser-definable priority. Power
management processor may be capable of controlling one or more components 136, 138,
140, 142, 144 and/or 146 and/or other components to enable and/or disable these
components based on preprogrammed and/or user-deﬁnabl-e priority. Accordingly, and
using feedb?.ck information as may be supplied by one ore mere power supplies as set
forth above, power management processor 150 may be capable of monitorix'xg power '
availability from one or more power supplies and allocating power to one or more
‘components based on available power, prepsogrammed priority and/or user-defined

priority of power usage in the systern 100,
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nore conponents depicted in Figure 1 based on
avai | abl e power fromthe battery 110, the adapter 114
and/ or one or nore interface power supplies 116. Power
managenent processor 150 may execute instructions to
manage power to one or nore conponents based on, for
exanpl e, a preprogramred and/ or user-definable

‘priority. Power 15 managenent processor nay be capable

of controlling one or nore conponents 136, 138, 140,
142, 144 and/or 146 and/or other conponents to enable

o Bl g S RARS P56 oy 50 i
Sl A IR S L0
R 5 B oA
Douel 48R S2cAE 18, SR 28 500880 IR

POWer; "pr epr ogr anire
pyi.orjt [or. userzdefin R art f: a

e ol 2 e b5 EF sty BBl sl m BRUEH, 48006
power, managenent . sQr.. 1. '

BB RENE %%Wﬁ?gﬁgﬁgéﬁﬁgﬁ g%ocegég%yg%%aﬁ%gnﬁﬁmny
conprd se cor L.Cr Cl i 18 c¥ding:ths TRY ddbewi

cg%g gps?cesﬁerriflg%ﬁf%egda%aﬁg og%&]rlm éégper at i gﬁg deslgt}tih%ed
her ei n ' i the processor 150. Menory 234
nﬁ?e%g%%§%§§§%%%§gﬁ%%%%ns and core 5 logic circuitry
218 may be capabl e of executing instructions stored in
menory 234. For exanple power allocation

i nstrugt E&Pe'i mafsiel8S GlobRe 1908k & ko ch@irise Gorfin@iition N

menory 4. Core processor 218 may be capabl e of
e X AR EiF SIPTRIREpratBdordas Maybd dapibiecof exchanging commands

and data with the core components of a digital camera via communications interface
circuitry 232. Additionally, core processor 218 may utilize serial communication
interface 232 to obtain information and cosnmands from the system and use them to
change the finctional characteristics (voﬁ:age, current, timing, etc.) of one or more power

supplies. The seria] interface may also by used in1C testing pracess to increase the speed

and the testability.

Processor 150 may also comprise selector circuitry 202 that selects the system
power supply out of two or more.huerﬁal and/or external power sources, including
different interfaces that may provide power. Processor 150 may be capeble of managing
the priorities and the restrictions associated to these power supplies while assuring the

system power integrity. The restrictions associated to the external power supplies could
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core conponents of a digital canmera. 10 The power
managenent processor 150 may al so conpri se

communi cation interface circuitry 232. Core processor
218 may be capabl e of exchangi ng commands and data
with the core conponents of a digital canera via

.conmmuni cations interface circuitry 232. Additionally,

core processor 218 may utilize serial conmunication
interface 232 to obtain informati on and conmands from
the system and use themto 15 change the functiona
CHAbRGbElfrhifel b Makivfkd MG eed GititEfinimnt HARYmaBinGm volige, the
one or nore power supplies. The serial interface may -
aleSesibyorus efplititly bprévabsfiueg el ocess to increase the
speed and the testability. Processor 150 may al so
conprise selector circuitry 202 that selects the
system 20 power supply out of two or nore interna
and/ ofif gl Belhg proviedd Ko heatce, iséledidl dirfiftry 200 bfa@ b&&bhable
interfaces that may provide power. Processor |50 may
bef deraig e iftbrfi¥R Bat@kdion pleb@ed) Walling for BndaRske kitPusage
restrictions associated to these power supplies while
pBiivaliDnctdiSary, S EoRRRcONGE intdiefgiowedto thU%?stén@§fadﬂc@ ka0 The
associated to the external power supplies could 8 be,
beelectin202|mayibk eghable of RrakingthecitdnDbak from ifedimtrfacehtAispBEMed
and/ or maxi mum voltage, the necessity of an

evaplej anidiray alp pe @ipatile effprotasing the interfabe @andetion agaibe idgh and
provided by an interface, selector circuitry 202 may
breverspatytnt andovef cugente 4 onder to fulfill the profestion reppirevaantsiandito
presence, waiting for hand-shake and usage approval

i Fssunethe systemypowarnittegdn aat the hytentmoteation thicsslectpraiveuitry may be
the systemis power rail. The

capable of performing “make-before-brake” (MBB) operations in the case of low battery

voltage, and/or “brake-before-make™ (BBM) operations in the case of high battery
voltage. After the interface power has been connected to the system, the selector 202
may be capable of protecting the system against over-current by switching back to the

battery power if a current limit is exceeded.

Processor 150 may also comprise a switching mode battery charger circuitry 204.
The battery charger may comprise circuitry that supplies a consistent fast charge of the
battery with very low dissipation. The charger may be capable of zutomatically tuning its
charging characteristics to the battery status, Thus, barte.ry charger may be capable ofa
low pré-charpé cufient for deeply discharged batteries, a fast, cofstant current (CC)

charge for a normal discharged battery, followed by a constant voltage (CV) top-off |
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sel ector 202 may be capable of limting the current
sunk fromthe interface at a specified value, and may
al so be capabl e of protecting the interface connection
agai nst inrush and reverse current and over-current
In order to fulfill the protection requirenents and to
10 assure the system power integrity and the battery
protection, the selector circuitry may be capabl e of
perform ng "nmake- bef ore-brake" (MBB) operations in the
case of low battery voltage, and/or

" Dghadge - DiefcRdr@er NBKRay thiBRMes QP &ELRRA QMR i f
hig%%batterygﬂvoltghe. Ad%erwthe |ntgrf§%géﬁgﬁgfhﬁas

befehisi ke8I QutdiPinTWShRAE the sel ector 202 may be
capabl e of protecting the system agai nst over-current
by switching back to the 15 battery power if a current
limt is exceeded. Processor 150 nay al so conprise a
SW t ChirRQchAREIR i SaMnay BALHRe Gtlaftiidyel of bitdery prbdf
battery charger may coé%rise élwgn ry t%at su%gﬁﬁggyg

cansitigd R achdfiély BRINBAAbmiREvo1BAL € E]%(a.réiﬁ% $ind & xRt

di ssi pation. The charger nay be capable o _

aldeRifRilichabd dstebiddby'Gle hda iv@&t@@%’aﬂkﬂ%ge.cﬁﬁ(e@%ﬁﬁér&ﬁrggﬁy

to the battery status. Thus, battery charger may

C 2ipsalbk eofitordll andl the/clEn PP tBid tdnPBfatlk out of the safe range,
deepl y' di scbarged batteries, a fast, constant curreht

. ( OB cheferimgpalicincladeRBoridiluithirftedtion giemkithat t ery, fol | oned
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by a constant voltage (CV) top-off 9 charge. The
charger 204 may term nates the chargi ng when the
battery is fall by nonitoring the charging current in

CV noda Sudfiend miver perce (SUSImayt beyea@®le of asindmy odjasilabardfora
hi gh | evel of battery protection by 5 limting very
acsgrmat rowpr ohsescingndinpaycoinaelibaitaty, ifevdilable., SUHmay bumirgisaigh-
time or maxi mum .
reverse-current-circuitry {(NRCC) to condition the power. NRCC may comprise a high
efficiency voltage boost converter, which wnrks only when need 1s, and/or & no-reverse-
current LDO based on one or more of the following: Sensing the LDO’s output current,
Sensing the voltage difference between input and output, Using a built-in reverse current
blocking switch, and/or Using a reversible serfal device for regulation, MOS or Bipolar
technology. No reverse current LDO-may be capable of saving coin cel} energy while
any of the other power supplies is not available, blocking the reverse current to the main
power rail, and preserving the charpe status of the coin cell. Fusther, no reverse current

LDO circuitry may also be capable of controllably recharging the coin cell when one or

mibré power supplies are available.

10



el ectrical charge detected by the adaptive battery
gas-gauge. Battery tenperature nay also be nonitored
and the charging stopped if this tenperature is out of
the safe range. The charger may al so include
short-circuit protection circuitry. 10 A Suspend power
source (SUS) may be capable of using any of interna
and/ or external power sources, including a coin-cel
battery, if available. SUS may conprise no-
reverse-current-circuitry (NRCC) to condition the

power . IRCKpRBYintGBER it Sy 224Yn e pRdvidef tbiisidt: HOL LAY Sower

boost converter, which works only when need I's,; and/or

a G0 dn@ OFF Sft/orGdked AR mbkde) RASBRAmAYs O BenQk lﬂméﬁs it
foll ow ng: Sensing the LDO s out put curnr ee t, 15&&&"?LLle

Se SN o OFFYRbit 808na chinShRRAEHRRINMRPRiH APk sgggn in order
output, Using a built-in reverse current I 'oCki ng

S\Mtctﬁ&cptaﬁﬁdéc%?%b&h%ﬁ%péﬁibﬁ&h%i RbeasRghiRlosdevi ce for
regul ati on, or Bipolar technology. No reverse
scurrent LDO may be capabl e of saving coin cell energy

while any of the other power supplies is not

avai | abithe probdsss K50 ElaytdB chBMBE S o HoFeRRbtcHiny thdae Pmr n

power rail, and preserving the charge status of the

C Obupplie2 (SMP $)lhd/BiGinear RuIEOIEN 6 Khioh! ke hE cagddleleBlnditioning the
circuitry may al so be capable of controllably

I epéveer gvatigbld drcone Of More §stern\Wo@er rAilGandmay P’Rﬁlﬁe B0 ¥kopriate
supplies are available. 10 Button panel interface

Ci valtagdsiend/G2drrenesyto bremypnentsioff 8@ systens WEMPE: 210z ob8ipeiss, for
power ON and OFF and/or takes other manual user
10 ¢ o rremm sbucknmmertelsebapshwenvertes, duiktbohe donvérteon fiyBbl convakters,
l ogic 218 may communi cate beforehand with the host
sy Silebasic gndigraeadiSed conperterse SEPIC wontyetprsn tte., roing pasodt inultiple
operation that may cause data | oss.
output voltages. Circuitry 210 may regulate the output voltage or current to cotrespond
to the system load requirements. Circuitry 210 may also comprise controller circuitry -
which may control the output power, via for example, by controlling the ON/OFF status,
15 voltage, current, duty cycle, eto. Logic 218 may control circuitry 210 to dynamically
allocate of the input available power on a time or priority base, as may be programmed
and/or user-defined. The output power parameters may be controlled by the LOGIC
based on the information it receives from the system and/or using external hardware
signals. These signals may come from the system or from sensors, including, but not

20  Ilimiting fo voltage, corrent, and temperature sensors, ete.

Thus, the power management for digital devices according to the present

disclosure may have several advantages over conventional digital devices. For example,

11
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5 The processor 150 may al so conpri se one or nore
swi tchi ng node power supplies (SMPS) and/or |inear
regul ators 210 which may be capabl e of conditioning
the power available on one or nore system power
rails, and may provide the appropriate voltages

~and/or currents to conponents of the system SMPSs 210

may conprise, for 10 exanple, buck converters, boost
converters, buck-boost converters, flyback converters,
Cuk basic and/or nodified converters, SEPIC

ERRBELE Ap ol frovias BY 1% B8 BLp Ao oEponty bMmpion,
Yaﬂng ﬁ&?co%ide%&?jﬁlr@ %}{Jsfe?lrﬁ)c‘/)@%%&tﬁn\ggﬂgtr e pﬁ&ﬁié Wrﬁgﬂamgﬂ

reqdl renents. SO conpri se

i h b shd Yt MARE b SRYr GOABL " ClardeP Eirit D1tk
SRR AOALBAE ALY ] My B GO Ol By
Yevi L I
B4 Bbltlc or bRl By BUBEE Mg ey B W e olBbon
| | ot B pofRkd)
el ol R A PR Bl b Raigo P Bl Y,

i | nfiPe RinaGR fotle! Atk BYalfolfedtSHHe C
%g%g$gﬂp¥ﬁg#ﬁpg%ﬁ on | terecei veﬂs{,) fro?ny t he system
AfgePlircdiRlyRGs €xt ernal hardware signals. These signals
may  come fromthe systemor from sensors, including,
but not 20 limting to voltage, .current, and
tenperature sensors, etc. Thus, the power nanagenent
for OjyRinirdbesdBYiopR Sir@@fW1d int§ Had: dnbir priditiedihe power for the
di scl osure may have several advantages over
MBI 9Réh bIFHg) ds alay Beddfineds . THemfore logiptitniny 21 8 g bwid
circuitry 218 may provide real tinme adaptive
QRrrdntiuge] dxodisiaf bapaywesiagodiop et system shut down caused by these

events. For example, when the logic circuitry 218 determines that the battery voltage is
too low to support a power converter consumption simultaneously with the photoflash
capacitor charging at full speed, it may reduce the photoflash power by increasing the

charging time, or may simply stop it until the operation requiring high power has elapsed.

Also, logic circuitry 218 may be capable of managing power from multiple
sources, including power provided by one or more interfaces. Logic circuitry may
comi:risc detection circuitry to detect the presence of an interface connection, which n:lay
comprise negotiation circuitry to enable handshaking protocols and/or speed negation
with the interface. Lopic circuitty may be. capable of monitoring available power and
communicating with the system, and obtaining information from the system for

approptiate power allocation. Logic circuitry is able to manage the priorities and the



taking into consideration the system power
requi renent, the priorities as programed, the
avai | abl e power, and/or-any restrictions on power
usage. Charger circuitry 208 nay be capabl e of
perform ng battery chargi ng operations, even in the
case the systemis on. 5 External power (as may be
provi ded by an adapter and/or interface power) may be
all ocated with priority to the system Wile the
remai ni ng pomer nay be allocated to -the charger
circuitr ' may
eaanfmgﬁéas o B ERERRRE s W Sl ok redr |
rlor ty systenlblocks as may be defined. Therefore,
%ﬁ?gc Circuitry 218 may avoid current surge,
excessive battery voltage drop, and system shut down
caused by these events. For exanple, when the |logic

Cl T Cul e Akt ﬁﬁ@ﬁmagme dRaTeldiag R Vol ol Rt iB0eT thes
t 00 Iow

0 sup ower converter consunption
gRARARY
Féﬁg dFX“H rray ré}%@@é&ﬁ%@%ﬁrhdg Iag\éétﬁ%omer by
'%rﬁéﬁ 1109 e ot fehiR ISP lHRing R ums,%gmm oRi R it
e operatl eqU|r|ng 1|g pomer has el apsed.

A gv\'%l‘arrfn?eglt&taﬁé[ &&%Bﬁi&ém%m%ﬁfuﬂﬁn GARTH EcionVERBATROhe

m nmul t1 pl'e sources, including power provided
b¥> Qo Qhn BOSErointbaSFihak afeotib® Bk trdBiduaieEiciencyTRY

ﬁprlse det’ection circuitry to detect the presence of
an i nterface connection, which may 20 conpri se
negotiation circuitry to enable handshaki ng protocols
and/ or TePIBEE 21g@t ise Bvailiklé inforhationind modiag ér exagls
circuitry may be capable of nonitoring avail abl e power
ARghpeeARBLIRirem ahdgr withde, toleratdy/wbienion efwistat tammwaents. Also,
|nfornat|on fromthe system for approprlate power
al1bg1e:mslaomab1hdgmbmemmut3nfmrmam;ﬂae toacapa pEcrense voltage,
prlorltles and the -

even in the case the powerrail has a very low voltage, the processor 150 may also

comprise battery gas-gauge circuitry 222, Battery gas gauge circuitry 222 may provide
the logic 218 and the charger 208 with battery capacity information used in the power

management and for battery protection while charging.

Those skilled in the art may recognize numerous modifications, alterations 01_‘
enh:.;.noements to one or more of the embodiments described herein. The terms and
expressions which have been employed herein are 1used as terms of description and not of
Jimitation, and there is no intention, in ﬁe use of such terms and expressions, of
excluding any equivalents of the features shown and described (or portions thereof), and

it is recognized that various modifications are possible within the scope of the claims.
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12 restrictions associated to interface power supplies
whil e assuring the systempower integrity. Logic 218
may al so be capabl e of correlating the working
frequencies of the 5 different SMPS circuits to

m nimze the spectral power density over a |arge
bandwi dth and the noise. While correlating the SMPS
wor ki ng frequencies, logic 218 can be programmed to
take into consideration the optimumrange for each
converter. Thus, the operation can be perforned

wi t hout affecting the jindivjdual efficjengy. T
o mpdiesio. vrSeions A U FHEAF RRI SR o ARy 8, o,
exanpl e, tenperature, current, and/or voltage, to

e chaimsargintendsd fojcaver 8t SIER A Snponent s. Al so, | ogic
has available direct battery current information and
an accurate reference voltage, even in the case the
power-rail has a very |ow voltage, the processor 150
may al so conprise battery gas-gauge circuitry 222.
Battery gas gauge circuitry 222 may provide 15 the

| ogic 218 and the charger 208 with battery capacity
i nformati on used in the power nanagenent and for
battery protection while charging. Those skilled in
the art nmay recogni ze nunerous nodifications,
alterations or enhancenents to one or nore of the
enbodi nents descri bed herein. The terns and 20
expressi ons whi ch have been enpl oyed herein are used
as terns of description and not of Ilimtation, and
there is no intention, in the use of such terns and
expressions, of excluding any equivalents of the
features shown and described (or portions thereof),
and '

14



it is recognized that various nodifications are

possi ble within the scope of the'clains. 13 O her

nodi fications, variations, and alternatives are al so

possi bl e- Accordingly, the clainms are intended to

cover all such equivalents. 14 CLAIMS What is clained

is: 1. An apparatus, conprising:. an integrated

circuit conprising a power nanagenment unit capabl e of

coupling at |east one pewymngHUpply to a power bus,

said power managenent unit further capable of

al l ocating power to at | east one conponent of a

digital camera by coupling at |east one said
“ngggﬁgﬁgﬁgmto said power bus based on at |east one

power managenent priority rule. 2. The apparatus of

claim1l, wherein: said at |east one power supply is

sel bct/HHRRPAGHS: SRRSISEp consi sting of a battery power

supply, and adapter power supply, an interface power

supl iptegriedaeircyit gomprising a pey er mapsgepentanit tapablgyfsoupling at

of claiml1, wherein: said power nmanagenent priority
leastigne powermpupply$o 8 pbwert huagsait pdvea stanagrenanhimit furthapopelrie of

and al l ocating avail able power to said at |east one
all&atiecp@tereo nfleasediic compondit®f adjzdtabddnseroby coupling at least one

wher ei n:

said component to said power bus based on at least one power management priority rule.

2. The apparatus of claim 1, wherein:
said at least one power supply is selected from the group consisting of a battery

power supply, and adapter power supply, an interface power supply and a coin cell power

supply.

3. The apparatus of claim 1, wherein:
said power management priority rule comprises selecting at least one said

component and allocating available power to said at least one selected component.

4. The apparatus of claim 1, wherein:
said integrated circuit is further capable of receiving feedback information from at
least one said component, and said power management priority rule comprises allocating

power to at least one said component based on, at least in part, said feedback information.

15



said integrated circuit is further capable of

recei ving feedback information fromat |east one said
conmponent, and sai d power managenment priority rule
conprises allocating power to at |east one said
conmponent based on, at l|least in part, said feedback
information. 15°5. The apparatus of claim1, wherein:
said integrated circuit further conprising battery
charger eircuitry capable of charging at |east one
rechargeabl e battery, said integrated circuit further
capable of S allocating, at least in part,'said at

| east one power supply, to said battery charger
circuitry to charge said rechargeable battery. 6. The
appar at.us @he appaitng of claighbrvdiefiBai d power nmanagenent
unit is capable of. managing priorities i,n all oc%}eiﬁ%]g
pover aid inegrpehenmitfuier somprisiegReaY ChRIgFR ULy FRRRY M e

apparatus of claim1, further _conprjsing: sel ect
cicharping atflast opercthergublspatteryieidiuesptad WH&S““%B‘;)"@P%?? ‘gf;] s
in the case of |ow battery voltage mheg suppl.ying. .

§ pailedatitg) atdeast iepast saitrb legsiione RAYEH SR 10 5% é.a“ﬁ%.P d%ﬁfﬂ%ﬁ?‘“?
conprising; coupling at | east one power supply to a
pavelardsissid cohggerlebbtttia di gi tal camera; and
al l ocating power to at | east one conponent of said

digital canera by coupling at |east one said

nhen ' r n | :
(p:) gv\ng ? Eatn am(img gpﬁqugfvhg%?l ggld ;?owe:‘ri'l tmanaGg%:SnLntQJQﬁ is capable

of managing priorities in allocating power to componenis of said digital camera.

10
7. The apparatus of claim 1, further comprising:
a selector circuit for performing “make-before-brake™ operations in the case of
low battery voltage when supplying power to at least one said component.
15 8. A method, comprising;
coupling at least one power supply to a power bus comprised ina digital camera;
and
allocating power 10 at least one component of said digital camera by coupling at
least one said component to said power bus based on at least one power management
20  priority rule.

9. The method of claim 8, wherein:

16



20 priority rule. 9. The nethod of claim8, wherein:
16 said power managenent priority rule conprises
selecting at | east one said conponent and all ocating
avai | abl e power to said at | east one selected
conmponent. 10. The method of claim8, further
.conprising: 5 receiving feedback information from at

| east one said conmponent, and said power nanagenent
priority rule conprises allocating power to at | east
one said conponent based on, at least in part, said

f eedhagiolf %@iﬂﬂﬂﬁmoﬁt} ruld Enghiedsalekiag bl o 8id

further “‘conp ng: 10 allocating, at [east in part,-

' A EAB LR Sval B ow B RAIY at 1640t dhRBEI@eaRbmbdpag! One
?@h g?geéﬁ?e %@thry. fb. The nmet hod of cIain#S,
further conprising: managing priorities in allocating
power to conponents of said digital canera 15 13. The

met hogh of 14l AkMdPor RERETBRIMIMpEMg: per formi ng
"br ake- bef ore- make" operations in the case of high

5 batt efyeidtl foltfok MRS RN Y 186t (O WRM cdnpoidnt, lBO&Id foner
said conmponhent. 20 14. A system conprising: a digital

%ﬁeﬁe&%ﬂ%@ 1O EhniMRisds A REKrRRGertb bidbkst one S84 Ebmponent

Integratéd circuit
based on, at least in part, said feedback information.

11.  The method of claim 8, further comprising:
10 allocating, at least in part, said at least one power supply, to charge at least one

rechargeable battery.

12.  The method of claim 8, further comprising:

managing priorities in allocating power to coraponents of said digital camera

Is
13,  The method of claim 8, further comprising:
performing “brake-before-make” operations in the case of high battery voltage
when supplying power to at least one said component.
20 14. A system, comprising:

a digital camera comprising an integrated circuit, said integrated circuit
comprising a power management unit capable of coupling at least one power supply toa

power bus, said power management unit further capable of ailocating power to at least

17
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conprising a power managenent unit capable of coupling
at | east one power supply to a power bus, said power
managenent unit further capable of allocating power to
at least 17 one conponent of a digital canera by
coupling at |east one said conponent to said power
bus based on at | east one power managenent priority
rule. 15. The system of claiml4, wherein: 5 said at
| east one power supply is selected fromthe group
consisting of a battery power supply, and adapter
P QOHE borpbREt: YF a dibitall cahi@th hPGApIRR Wekash biRhi camigbnentéPéall power
cell power supply. 16. The system of claim 14,
WhRk BAsBd onld? leBRbdd pBRNRandERDAHSARAY rubd.i Ority rule
conprises selecting at |least one said conponent and
al l ocating avail able power to said at |east one
sel ected conmponent. 17. The system of claim 14,
wher ei B, S e sysiein@gEIanAd, wHeteddi t IS further capable of
recei ving feedback information fromat 15 |east one
sai d cenpanedbe PRer EFlfs RMARE HIRNEYSER Yonféiting of 4 battery
rule conprises allocating power to at |east one said
C EReNRPHly, RAG At Pows sugpRa&t inleffade dbiver saftlfiaidacdiagkpower
information. 18. The system of claim 14, wherein:
Sauppiyntegrated circuit further conprising battery
charger circuitry capable of 20 charging at |east one
rechargeabl e battery, said integrated circuit further
capable of allocating, at least in part, said at
| east a@6e [rhaeysteminfplhiyy 14f whesdinzd battery charger
circuitr

sai?i/ power management priority rule comprises selecting at least one said

component and allocating available power to said at least one selected component.

17.  The system of claim 14, wherein:
said integrated circuit is further capable of receiving feedback information fiom at
least one said component, and said power management priority mle comprises allocating

power to at least one said component based on, at least in part, said feedback information.

18.  The system of claim 14, whe_n'ein:

said integrated circuit further comprising battery charger circuitry capable of
charping at least one rechargeable battery, said iﬁtegrated circuit further capable of
allocating, at least in part, said at least one power supply, to said battery charger circaitry

to charge said rechargeable battery.
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to charge said rechargeabl e battery. 18 19. The system
of claim 14, wherein: said digital canera is sel ected
froma still image digital camera and a video digital
canera. 5 20. The system of claim 14, wherein said
power managenent unit- ‘i s capable of managi ng
priorities in allocating power to conponents of said
digital canera. 10 15 19

19.  The system of claim 14, wherein:

said digital camera is selected from a still image digital camer= and a video digita}

camera,

20.  The system of claim 14, wherein said power management unit is capable

of managing priorities in allocating power to components of said digital camera.
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