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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 ncreasi ngly |nportant as devices becone snaller and

subj ect natter Wi ﬁggggggg&iﬁggt as the foll ow ng
Det ai | ed Descri pt upon reference to

t he_Dr aw.ngs, mhereln uner al | ct arts,
T AeRAea: cipgeergayee % BTRatAmRr o Al ng 3

st em enbodi ment - and k d
SORFL AT 1200k ARUFAn O A e Perf oS CsoReated oy

managenent processor according to one enbodlnent
reference in its entirety.

BACKGROUND OF THE INVENTION

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 system embodiment: and

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

management processor according fo one embodiment.
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1 Although the follow ng Detail ed Description wll
proceed with reference being nade to illustrative
enbodi nents, many alternatives, nodifications, and
variations thereof wll be apparent to those skilled
in the art. Accordingly, it is intended that the 5

cl ai med subject matter 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 clai med subject matter. The 10
system 100 nmay generally include a host processor 104
and a pomer nmanagenent unit 102. The system 100 nay

th% h %rgq"l Wi al Dg%geﬂ &ﬁaﬁsgwﬂlspr@cegﬂ Qith ?éfer&ﬁ%&ﬁ%z

CES ower nmanagenent unit
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circuiit chip. "Digital canera”, as used in any
acOmpBRNIRETINMS her ej n, may conprise a still image digita
canera or a video digital canera. As wll be
described in greater detail below host processor 104
and power managenent unit 102 nBy each conprise
circuitry. As used@ETAILED DEACRITHDN hereln

any Fizsret S s rgremp v oty ﬁﬁ%&%%}ee T

circuitry, state machine circuitr and/or fir
syssmd 08 mey Easerall AaclRoE FORS DIOSEROR 104 )4 Power mandgement unit

102. The system 100 may comprise a digital device, suchas a digital camera. The host
processor 104 and power management unit 102 may each comprise one or more
integrated circuits, and may form the core electronic components and/or core logic of a
digital camera. As used in any embodiment herein, an “integrated circuit” means a
semiconductor device and/or microelectronic device, such as, for example, a
sericonductor integrated circuit chip. “Digital camera”, as used in any embodiment
herein, may comprise a still image digital camera or a video digital camera. As will be
described in greater detail below, host processor 104 and power managemejnt_ unit 102
may each comprise circuitry. As used in any embodiment herein, “circuitry” may
compnse for example singly or in any combination, hardwired circuitry, programmable

cu'cmtry, state machine circuitry, and/or ﬂrmwa.re that stores instructions executed by

programmable circuitry.
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programmabl e circuitry. 2 Al though not shown in Figure
1, the system 100 nay al so conprise nenory which may
conprise one or nore of the foll ow ng types of nenory:
sem conductor firmvare nenory, progranmmable nenory,
non-vol atile nmenory, read only menory, electrically
programmabl e nmenory, random access nenory, flash
menory, magnetic 5 disk nmenory, and/or optical disk
menory. Either additionally or alternatively, nenory
may conpri seé other and/or |ater-devel oped types of
conulibetgh pashatyh én Fipnot ythe sybamHilh erey eladl edrheisé menwar e
programinstructions may be stored in nenory. As

whigh i) BeebrRe bidVir ndoRass heifSiidwiniCly b3 RS msRipryb send crid 63 d
and executed by power managenent unit 102 and/or host

fRPEE HSRAbry LReraf ikl meh&e) nodivoRY etnidhdt @ Feudi chBtndnibry,
systen1ldg, and 10 these instructions may result in

elBQM&lly %gﬁﬁﬁ{ﬁﬁﬁﬁneﬁﬁ& rah@cn ARG QentdR tlakt xﬁﬁg,gﬁagﬁg&

and/ or “other circuitry conprised in syste

diFlﬁﬁlfeﬁB{é‘i D/0? BRIAHRREnR). R thEPM diRBnalB ok hitdhHiGely [rfemory

ese conmponents. The system 100 nmay conpri se one or

mdP bémprfs¥ §t§l€r aﬁ%ﬁg‘@ef—éev@lgﬁcd%ﬁeg Bf Muﬁﬁ-rea&@wﬁ&ﬁ&}r? of

sensi ng, or exanple, tenperature, current and/ or

Mam%ﬁg&ggimwﬁ@%@gﬁgﬁaﬁ%ay% eRAIPMmerhal. MRY be

capa recel s fromone or noré sensors

o B R AR TR Dl
ull g@fa!nami SR BBl 0d aﬂarslréta&%ggﬁiggi&@gsémtsﬁa& ) and

mana processor 1 capabl e O

t]{c?ecigét}{.lic@&s ﬁlag pe%lxl?infp'bgrgp ﬁﬁﬁgéﬁﬁenﬁgﬁtel 09 3kd/or host processor 104

and/or other circuitry comprised in system 100 performing operations which may be

attributed to these components.

The system 100 may comprise one or more sensor circuits 106 which may be
capable of sensing, for example, temperature, current, and/or 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 ;)r IMore user
activated buttons 108. In this embodiment, a power management processor 150 may be
provided that may be capabfe of allocating power from a plurality 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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20 activated buttons 108. In this enbodi nent, a power
managenent processor 150 may be provided that may be
capabl e of allocating power froma plurality of
sources based on, for exanple, system power

requi renents and/ or preprogranmed power conmands, as
wi Il be detail ed bel ow. The power managenent processor
150 may conprise circuitry 3 capable of generating one
or nore signals and interfacing to one or nore circuit
conponents of the system 100. Power managenent

cfable @ génerafibore vt moesigngs adéssficing 1@ dnenaryndre cicaptabl e

of exchangi ng commands and data with each other. For
cEAPATIRIE of thE §8iemPIN0C BSE® Maddddmemyrobessadfbhdhat processor
communi cating data with power managenent 5 processor
185 Qiay BYEpEHIOSF REMBEIng EHiah €y ERN tista Attt kauh colidneFosakainple
aspects of one or nore conponents conprised in a
hgét?iéc@el.soﬁﬁmaﬁ be DFALIE B cRAuiBMing ldse Wi WeSRatagBRbt
battery power supply 110. Battery 110 nmay conprise
pg&gss&r 1500¢ &We%ﬁ@eﬁemm bér siﬁﬁnlagrpew lof one or more

nderstood in the art. 10 Battery 110 may al so
chfi’.HB{ehé%oxﬁ ERANE ALl &megnsor 112 whi ch may be capabl e
0 generaglng a stgnal 1 ndicative of tenperature
conditions at or near one or nore battery cells

conprised in battery 110. System 100 may al so i ncl ude

an a ' - . n€0.i B&

o PR O e o 80y 200, S . s
| + .

s A A byt SOGRlsaas ey

RIARNE6 LD cSisDE (ARIOEIALRE: Molhiding) RO 6r

evice. ace y conprise, for ‘exanple, a

dat a.interf ' ' ' atte
%er%ﬁ%es?%nﬁﬁggféggg ?ﬂeﬂ&)‘atﬁrg CodHBnSR ol Adar biM &th@E Battery

Ire

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 #N in
Figure 1). Adapter power 114 may comprise, for example, an AC/DC adapter or other
adapter which may be associatéd with an electronic device. Interface 116 may comprise,
for exémple, a data interface which may include an I2C interface, FireWire 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 one or more components comprised in the
syst;am 100. Connecting device circuitry may be coupled to one or more ;)f the power
supplies, for example, connecting device circuitry 122 coupled to power supply 110,
connecting device circuitry 124 coupled to power supply 114, connecting 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
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and/ or other interface as may be known in the art.
Each of the power supplies 110, 114 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 coupl ed to power supply 110, connecting device
circuitry 124 coupled to power supply 114, connecting
device circuitry 130 coupled to interface power
cSBMdbyHle pored hafiagementeedcessgr tidvusiag analepdntioy digBal control
coupled to interface power supply #N. One or nore of
si?ﬁh@s) GO bt AoGRY h SffectidIpowet SupplFaY1 Qe 1 4argituatl 16)l fogitla Dy
he power managenment processor 150 (using anal og
G Ql whEDinhPbe GRipkis& in spd@@bE) to couple or decouple
pa sé?egted ﬁ%ﬁ%r sdpplys%alo, 114 and/or 116) from a
power rail which may be conprised in system 100. 5
System 100 may al so conprise battery charger circuitry
120. eIty Chater Ry 106 BARANEpef
rece§£$%%ﬁ§§%§?§%Q§§W§% 11%&and%or B@ﬁ%r fron1§ﬁ% gr
& 1L e WS RE poR@P R SRk pSWRRIOH &8 or -
c{gﬁ"gtr%gpral}gn%[ ub;%%g@ldtbﬂeﬁﬁggm\%él tlggepot 0 one orprmre o
batterie rd | : arbhy cul it 8@b: W0
s i f"?e?/ ! ﬁ%@r{ﬂé‘?ﬁggiﬁ%%ﬁgf@ﬁhth?t e sut put of bat t%éret y
oFFBAGE pSIHEHIhI Y30 (RN 16© CoRRAR e QlecE Pk e
i P Rdirca

SIgna ve o ttery charging current
SHEEED 2T, T 5P A P i
RS0, ) St St et B Sy
L 8550 AR 00 USSP e 18 s
digital camera is ON, and power processor 150 may be capable of allocating power

between the charger 120(to 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 may also comprise a suspend power regulator (SUS) 132. An SUSl
132 may be utilized to provide a regulated output voltage to a 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 LDO that can typically provide such
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Anot her current sense circuitry 126 may be coupled to
t he adapter power input 114 and 15 capabl e of
generating a signal indicative of external adapter
current, as may be provided to one or nore conmponents
of system 100. Processor 150 may be capabl e of

- generating control signals to enable and/or disable

operation of the battery charger circuitry 120. System
100 may al so conprise a suspend power regul ator (SUS)
132, An SUS 20 132 nmy be utilized to provide a
regpigted eipus velnge with relatiyely figleyoltage drop Stsssrity TheeSUS circuitry
utilized when the regul ated voltage |evel> for a

pae may e spuplesidd a pbwarthes EbeettedinilN2)déichoray @mpabe power from
avai l able froma main supply voltage source and/or the

smp pt poreqiotvag@pplies.NBYUS hirgiitryel3d uginalsd by coupled nmdohxﬁwllaﬁttery
| oad. SUS may conprise an LDO that can typically

pr othietleackwo powerseqrod atthelsysieh pFigue | cagprisss sudh back-up source.
relatively little voltage drop across it. The SUS

U ticultly rdbertaptrdlied bppiteashr 159, for powRle, bt CSURGRLRG

to IN2) which may conprise power from one or nore
PoRepuspPdr) es. SUS circuitry 132 may al so be coupl ed
to a coin cell battery or other back-up power source
as the systemof Figure 1 conprises such back-up
source. 5 SUS circuitry may be controll ed by processor

150, Roétera 100 alsd nippkefdwenbdavétiet EikbultfyY as had2be e'ﬁﬂidﬁled by
power. System 100 nay al so conprise power converter

Gnk 64nbeypowdBcoiPeticP Eircaitd P78l £, DIP and’Be14a! PORES RN
converter circuits 138, 140, 142 and/ or 144. Power

C‘LQBM&?' 1188, 140, 102 idibrt 14¥ mh$ Be capdifle ofbrerHg/ anesMi)oW@iyou*ﬂﬁt

capabl e of generating a desired power output,
RSPERAMBle, ASmAYERE raﬁue&gybﬁeaﬁ R cBMBorRhts OP4 Bighif féﬂﬁ&%ﬁ P&wer
owe

of a digital camera
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 100 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
may be capable of generating control 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 system 100 may also comprise photoflash
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converter circuitry 138, 140, 142 and/or 144 may al so
be capabl e of generating a voltage and/or current
f eedback signal indicative of the voltage and/or
current being supplied by the power converter
circuitry. Such feedback signals may be communi cat ed
to power 15 nmanagenent 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 ai LCD panel (not shown) which nay be
capareprchergehiincHtTs 14 yhiehunayberrapable ofiskargimpa pldteflash capacitor
circuitry 146 may al so be capable of 20 generating
(notohewg)do emble operationiof a flasherdithandy be mrichdadiwitom digital camera.
processor 150. Processor 150 maybe capabl e of
Tigeptetdipsingpaiot chagercirgnay 136omdyEBode icamble of paatatingvoltdge
to control the anount of power delivered to an LED
andfor cilyrerrefzedbpekriafoandtion @arbcesbr 190e Phicesghirt 5@ sty bacuatdé of
contrast of the LCD panel. The system 100 may al so
genaatig cdatrdl Bighd td pivtvflashpagicit@rchaparcialitg t 36 icrtyl the 6
whi ch nmay be capabl e of charging a photofl ash
antoapestipb@er delivendd WhiphbtotigsheRsidita chpgdrairbimy 0. a fl ash
whi ch may be included with a digital camera. The
phot of | ash capacitor charger circuitry 136 may al so be
capabl e of generating voltage and/or current feedback
i nf @rs@ﬁtdd?&vbeslp,ri@md&é&, pdieR GRSHLMerk PROBRY 186 may
capabl e of 5 generating control signal to photoflash
beCoapadle df Qllocatiibl fder 16 loh& 6 thdrY condfontifds deplRtedqnh Fighi@ 1. ®gOUNt
of power delivered by the photoflash capacitor charger

exﬁill‘argﬁ, boiwiel minhBeme® pro kiR 5Py bedafdble oflalodatihdBpower to one or
enbodi ment, power nmnagenent processor 150 may be

méRRakbmertE dépididdGAFighs 11AWAIonta0aiRME Ip&KrerrﬂMrﬁthS PRS0 the
depicted in Figure 1. For 10 exanple, power management

ac%%tgﬁlg?%ﬁd/or]o'ﬁg of ¥ire ifter €D pdive? spiplied) 1116.C Pé i GnanaheRentt O
processor 150 may execute instructions to manage power to one or more components
based on, for example, a preprogrammed and/or user-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-deﬁnabie priority. Accordingly, and
using feedb?.ck information as may be supplied by one ore more power supplies as set
forth above, power management processor 150 may be capable of monitorh;g power
availability from one or more power supplies and allocating power to one or more

components based on available power, preprogrammed priority and/or user-defined

priority of power usage in the system 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
managenment processor 150 nmay 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 may be capabl e
of controlling one or nore conponents 136, 138, 140,

142, 144 and/or 146 and/or ot her co%Eonents]58 enahl e
and/ §iguen SBUates FSEmP R RS REREHRLE grogrrsor 150 according to
preprogranmed and/ or user-definable priqrit

one coboimgity PowgTananggsiugs) ProseipraloR HFEWFBPRHF? °(9¥F lggic FHguiKe
supplied by one ore nore power supplies as set, forth
2B onhich mayvhe caprhis 2§ Barforming PRECE SRS ORSTHIORE JespEbed hpteH e

of nmonitoring power 20 availability fromone or nore
meaviztedsvithphd praceasot 130, Nseory 2 IpBVASDEiSE BpEICEPNSADA gore
conponents based on avail abl e power, preprogrammed
logiceirtdity 2i8cnayrbe sarabledEérernsidg insirhasions storgd inypemery P34gEor
in the system 100. 7 Figure 2 illustrates an exenplary
pawple praacdiocating insnwtiessadescBbedhiscein. diaydetstoredan gnemory
enbodi nent. Power managenent processor 150 may

2R WorsEroesoe2 1 8agiydbechpablaiof excharirg onhimmindsand dl@’@ with the
capabl e of perform ng one or nore operations described
k@ edniponassafeidigigtcandetah t he processor 150. Menory 234
may conprise instructions and core 5 logic circuitry
218 may be capabl e of executing instructions stored in
menory 234. For exanple power allocation

i NSt rogtjo@aSmanagenttasgrodekod 1 iem®yi lso qvenpribrecostromewtipm
menory 234. Core processor 218 may be capabl e of
ftahedgiciiry QOPNBse proassor 24t maybe¢ taptiile of 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 commands from the system and use them to
change the functional characteristics (voltage, current, timing, etc.) of one or more power
supplies. The serial interface may also by used in IC testing process 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.intert-lal and/or external power sources, including
different interfaces that may provide power. Processor 150 may be capable 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 camera. 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
communi cations interface circuitry 232. Additionally,
core processor 218 may utilize serial conmunication
interface 232 to obtain information and conmands from

Bl Bu S eliAaH qnmﬁuﬁl'aﬁmJ&u&&t%ﬁﬂa&n%@oﬁm&nﬁ&@@@e, the

characteristics (vol tage, cur rent timng, et

&B&sﬁ{oﬂm dféﬁﬁb&ro%ﬁ%hkeeém The serial interface nay

| so by use testing process to increase the
speed and the testability. Processor 150 may al so
conprise selector circuitry 202 that selects the

i a Pt BRAE e Y o Bl B R Pl epetl

ret:t?%t.f S gff%iceng“ﬁwf RS ER g e
FERUF e Sy SuR e iAbetr 063%11?%%’05@%%9?@%?%%;@
Sher bl Fnierar ot Uit 0“4?%&;@5%’5 BTl 3 g ed
Bl St e bl Biorscln b e qﬁgﬁﬁgese%@%*n‘éiﬁﬁ'aw
PR LI 00 G Rl Ef%&%é@flféﬁp SR AR

f or hand-shake and usa
assure Hne system power ?ntegn%l:y ar?d the battery protection, the selector circuitry may be

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 automatically tuning its
charging characteristics to the battery status. Thus, batteﬁ charger may be capable of a
low pré-charge current for deeply discharged batteries, a fast, constant current (CC)

charge for a normal discharged battery, followed by a constant voltage (CV) top-off
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approval if necessary, and connecting the interface
power to the systenis power rail. The selector 202
may be capable of limting the current sunk fromthe
interface at a specified value, and nmay 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 requirenments and to 10
assure the system power integrity and the battery

e trmhéﬁf;h“g?gap%é‘ﬁﬁggﬁ% it G %tii%ﬁﬁg%‘sg ParePaR e & e
9@?@?@{%@%\é\fgaégl.%%g%?ém(i\égﬁfaglgér gtn i og; in the case of

hi gh battery voltage. After the interface power has

been connected to the system the selector 202 nay be

capabl f protecti t he system agai nst over-current

by SwiLFE RTSFAT DERAT 1 o1 SO S e of et Rrofertimiby

lim.t is excee?e . Processor 150 may al so conprise a

SiRG VoY Aot ke ehergnedrmgYoliags disichpsgingdne or Miesimum

gg%ter char%er may conprise circuitry that supplies a
tricak charee Ategted by dhendapive batlery gsaeevsey Baltery tapneratiromay

di ssi pation., The charger may be capabl e of

Aredsaonuered gnd thecharging stopped ifthistempesrten iy o ofthe safe toge.

to the battery status. Thus, battery charger nmay be

s sBrger gay glso finglydp shortgirgyieotegtionsitewitnr  deepl y

-di scharged batteries, a fast, constant current (CC)

charge for a normal discharged battery, followed by a

constant voltage (CV) top-off 9 charge. The charger

204 n’éys‘FEqnﬁPﬁ‘H?féQth@%ﬁmﬂgbmpW using apeftintenal and/or

full by nmonitoring the charging current in CV node.

Trisnhaawse pousses.dngleding miwr&yaw, dfogyaildbie. FUSamyi epimprise no-

| evel of battery protection by

reverse-current-circuitry CC) to condition the power. NRCC may comprise 2 high

efficiency voltage boost converter, which works only when need is, and/or a 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 serial device for regulation, MOS or Bipolar
technology. No reverse current LDO.may be capable of saving coin cell energy while
any of the other power supplies is nlot available, blocking the reverse current to the main
power rail, and preserving the charge status of the coin cell. Further, no reverse current
LDO circuitry may also be capable of controllably recharging the coin cell when one or

more power supplies are available.

10
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5 limting very accurately the charging term na
vol tage, the charging tinme or maxi num el ectrica
charge detected by the adaptive battery gas-gauge.
Battery tenperature may also be nonitored and the
charging stopped if this tenperature is out of the

‘safe range. The charger may al so incl ude

short-circuit protection circuitry. 10 A Suspend power
source (SUS) may be capable of using any of interna

and/ or g X teLdn ﬂﬁﬁrfaag%’\%rcu%%gﬁﬁxgl% %é#%\lf#e?etg %vai?ch?l%i s?s_tgrg lplower

battery, 1f aval

r L Ci itr NRCC) t ndj,tion the.

o SREUR R gtk SR Taimina, R e i gt
b t n ek i ch works only when. need is, and/or
o TR O BV e 218 e ol B R Wi Tt Sttt eomter
follow ng:. Sensing the LDO s output current, 15

SES Pyl iR RosEo PP el meR e ia AUt and
output, Using a built-in reverse current bl ocking
swtch, and/or Using a reversible serial device for
regul at.i on, MOS or Bipolar _ technology. No reverse
curren hewﬁtse??afyl‘jﬁénaaéga BYTBPTISF ORGAYIMRALS GIching alofle paver gy

whi | ny of the other power supplies is not
a§‘éﬂpﬁ§t§§)¥?¥3b HipRgT eguatpes2dP gfélcg iy & eapplle efirenditigning the

power rajl, and preserving the charge status of the

c BYWEr @¥atiable pp pRaRrmor gy st P eTraids, ARy Iroviderties appropriate

circuitr% may al so be capabl e of controllably _

r ¥UREFSFRHET ¢usmnis &) sompanenis\gh s spvrm. o SMPSs 2 10 may\eemprise, for

supplies are available. 10 Button panel interface

c PYaEpie PYFksouverery, best genyeitere Quekobogticpevsrtemdlybgokicemmerters,

power . ON and OFF and/or takes other nmanual user

c SHkbasisandopapdifiedeopyriers, SEPIS PR S etch, hayingeop maitple

| ogi c 218 may conmuni cate beforehand with the host

s 9gt?1§ﬁtp}tqge§, refespitry 210 may regulate the output voltage or current to correspond
to the system load requirements. Circuitry 210 may also comprise controller circuitry -
which may coﬁtrol the output power, via for example, by controlling the ON/QOFF status,
voltage, current, duty cycle, etc. 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 ﬁsing external hardware

signals. These signals may come from the system or from sensors, including, but not

limiting to voltage, current, and temperature sensors, etc.

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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to prevent inadequate power-off operation that may
cause data loss. 5 The processor 150 nay al so conprise
one or nore sw tching node power supplies (SMPS)
and/or linear regulators 210 which may be capabl e of
conditioning the power available on one or nore
system power rails, and may provide the appropriate
vol tages and/or currents to conponents of the system
SMPSs 210 may conprise, for 10 exanple, buck

converters, boost,converters. buck-boost. converters,
loB P ST CBR e ree i iandive SRR P Prgprsimaton,

onverter.g, SEPIC converters,. etc., havi.ng one of
e i faBSL A4S EA dhe YT BORE. oRETT: Iy PRPEUS Proggarh
t he out put voé}age or . current to corrgggond. t.0 thg
the guailable PR, And/QTAY ERATHTIANS QF ROV B§age- G PrrgeyFirgiry 208 may
conprise controller circuitry, which may control the
beyeapahle ofpetiming hagfery gharging ApArationpeveninthoFass K sytiem is on.
OV OFF status, 15 voltage, current, duty cycle, etc.
Extongrlpoprergasmgy bsomevidsid by jap edanterpng/enintesfagy piayArL@ey be

al l ocate of the input available power on a tinme or
alincpted withy priaitieto thessyptary, Wwhilegho tpmairiagiPovesh f1ag be atlocated to the
user-defined. The out put power paraneters nmay be
chpeger eigiuityd0By t he LOG C based on the information it
receives fromthe system and/ or using externa

hardware signals. These signals nmay conme fromthe
systemor fromsensors, including, but not 20

| i mi Whengnetessano legigircuity 24 & may liseandéonpaeritizgrtee payes firshe
etc. Thus, the power managenent for digital devices
lescirorithi systeth dlockse apmasterdefingdi. SHietsiere dogia gir¢niwe 2 bemay ayoid
advant ages over conventional digital devices. For
cereahpige, extdssive battery voltage drop, and 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 simmultaneously 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:rise detection circuitry to detect the presence of an interface connection, which rﬁay
comprise negotiation circuitry to enable handshaking protocols and/or speed negation
with the interface. Logic circuitry may be capable of monitoring available power and
communicating with the system, and obtaining information from the system for

appropriate power allocation. Logic circuitry is able to manage the priorities and the
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logic circuitry 218 nmay provide real tinme adaptive
optim zati on of power consunption, taking into
consi deration the system power requirenent, the
priorities as programmed, the avail able power,

. and/or.any restrictions on power usage. Charger

circuitry 208 may be capable 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) nm e |l ocat ed wi th
TR §Roge D Tupar B AP e N SRER R i Sner ay
be allocated to the <charger circuitry 208. \Wen
WEgEYsary, logic circuitry 218 may linmt and/or
prioritize the power for the 10 low priority system
bl ocks, as may be defined. Therefore, logic circuitry

.218 may avoid current surge, excessive bajtery, voltage
oBis 8 e

dr op, Lagir® [$ymayaisodn grpable Rk cerslpting theyvorlieg RequgRriss 0

For exanple, when the logic circuitry 218 determ nes
difffatent SPB airowits jo misimize the spectrpl RFWEARREY o¥efAJatee bandwidth
power converter consunption sinultaneously with the
piichohoiss Whibeaquarelating the AMPSi wrgking frequenciesplogig 218 eanpgy
reduce the photoflash power by increasing the 15
piograginmg tb kake intoronsidyratidnthé gptimugprange fgneach cqnperter. Thus, the
operation requiring high power has el apsed. Al so,
bpgatonehn bupdrfopmal Sithoay affstiogiha ndividup! e¥giensyng power
fromnmultiple sources, including power provided by
one or nore interfaces. Logic circuitry may conprise
detection circuitry to detect the presence of an

i nt er Teclegic@hdimay bergvaildhledhformatior o wemier.iferexample,
negotiation circuitry to enabl e handshaki ng protocol s
aedthetrturs pumerentyeng 4ok ivoliege,wh Eimbietprotiation of sysiem comgerents. Also,
circuitry may be capabl e of nonitoring avail abl e power
aspic hasamilshleairtitivgtiany titrenhinfapgtiarand ameccuisicariicnes voltage,
informati on fromthe system for

even in the case the power rail 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 or
enhéncements to one or more of the embodiments described herein. The terms and
expressions which have been employed herein are us_:ed as terms of description and not of
limitation, and there is no intention, in ﬁc 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.

13



appropriate power allocation. Logic circuitry is able
to manage the priorities and the 12 restrictions
associated to interface power supplies while assuring
the system power integrity. Logic 218 may al so be
~capabl e of correlating the working frequencies of the
5 different SMPS circuits to mnimze the spectra
power density over a |large bandwi dth and the noise.
“Wiile correlating the SMPS working frequencies, logic
218 can be progranmed to take into consideratjon the
Oftet Fudiicaingevdriations zof altaorariues 2s¢ alsorprsgible; ecordingly e on
can be performed w thout affecting the individua
ShiisGteineyded IeoThralilsadiequizdlentray use avai | abl e
information to nonitor, for exanple, tenperature,
current, and/or voltage, to enable protection of
system conmponents.. Also, logic has available direct
battery current information and an accurate reference
voltage, even in the case the power rail has a very
| ow vol tage, the processor 150 may al so conprise
battery gas-gauge circuitry 222. Battery gas gauge
circuitry 222 may provide 15 the logic 218 and the
charger 208 with battery capacity information used in
t he power nmanagenent and for battery protection while
chargi ng. Those skilled in the art may recogni ze
nunmer ous nodifications, alterations or enhancenents
to one or nore of the enbodi nents descri bed herein.
The ternms and 20 expressions whi ch have been enpl oyed
herein are used as terns of description and not of
limtation, and there is no intention, in the use of
such terns and expressions, of

14



excl udi ng any equival ents of the features shown and
descri bed (or portions thereof), and it is recognized
that various nodifications are possible within the
scope of the clains. 13 Other nodifications,
variations, and alternatives are al so possi bl e.
Accordingly, the <clains are intended to cover al
such equivalents. 14 CLAIMS What is claimed is: 5 1.
An apparatus, conprising: . an integrated circuit
capabl e of coupling at | east one power supply to a
power bus, said power managenent unit further capable
of allocating power to at | east one conponent of a
digital canera by couplingChAIM83st one sai d conponent
to said power bus based on at |east one power
WRAaORamedispriority rule. 10 2. The apparatus of claim
1, wherein: said at | east one power supply is selected
fromthe group consisting of a battery power supply,
and adapter power supply, an interface power supply
s and g coi ApafjatanROd@prisigpl y. 15 3. The apparatus of

claim1l1, wherein:

an integrated circuit capable of coupling at least one power supply to 2 power bus,

said power management unit further capable of allocating power to at least one

component of a digital camera by coupling at least one said component to said power bus
based on at least one power management priority rule.

10
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.
15

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.

20 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



sai d power managenent priority rule conprises
selecting at | east one said conponent and all ocati ng
avai |l abl e power to said at | east one sel ected
conmponent. 20 4. The apparatus of claim1l, wherein:
~said integrated circuit is further capable of
recei ving feedback information fromat |east one said
conmponent, and said power managenment priority rule
conprises allocating power to at |east one said
conponent based on, at least in part, said feedback
information. 15 5. The apparatus of claim 1, wherein:
said integrated circuit further conprising battery
char ger  cihe Wdafaltis 6841881 § wakreirchar gi ng at | east one
rechargeabl e battery, said integrated circuit further
capabl,e; ffeo3tedbirQf @kREconrisingdattery ohepgertejragiay dapable of
| east one power supply, to said battery charger
1{1»%&{%5{ Wast &R r&RBEG81 Yahdly [ eialimegend tiecuvettsr yapable ofhe
paratus of claim 1, wherein said power managenent
darin? aPBRORIE o8 alTBARGhYbvidt bRpIY, toRRid Bairady)chizged dhguitry
POWET 0 conponents of sald digital canera. 10 7. The
appar at u i further conprising: a selector
cfgﬁﬁﬁetsa 5‘?&%%%@3;9%&?% "make- bef or e- br ake” operati ons
in the case of |ow battery voltage when suppl yi ng
power to at |east one said conponent. 15 8. A nethod,

conpri S in g:.t_%e %‘% ?1 a}%dé%g- Bimheffdreid :gﬁd POYEY m&i4Bdthant tidit B capable

power “bus ina digital canera,;
of managing priorities in allocating power to components of said digital camera.

e a0
(@]

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 in a digital camera;

and

allocating power to 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



and al l ocati ng power to at | east one conponent of said
digital canera by coupling at |east one said
conmponent to said power bus based on at |east one
power managenent 20 priority rule. 9. The nethod of
claim8, wherein: 16 said power managenent priority
rul e conprises selecting at | east one said conponent
and al l ocating avail able power to said at | east one
sel ected conmponent. 10. The nethod of claim8, further

COMTEL SR TSRS WO MREHRE R Lo Lap s o
oLl A RSB 55 R0 0 BB O ok

f eedback infornmation. 11. The nethod of claim 8,
further conprising: 10 allocating, at least in part,
sai d at | east one_power .suppl to charge at |east one
rechH%geé@FémHQEPgﬁ?ﬁl §W%W£%%?E?W%d of claim S8,
further conprising: man in% $riorities in all ca%ing
5 powerctivng faghere nfamaondiuyatdragt qng said Spppopenisandsaid-pper
met hod of claim8, further conprising: performn
mamgam@ntm@vféumk@prwsb@loaﬂngrP§WFlht°Pﬁga% a%eesatS‘fCOH‘ngr?m

battery vol tage . .
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 components of said digital camera

15
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 i4. 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 to a

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

17



10

15

20

when supplying power to at |east one said conponent.
20 14. A system conprising: a digital canera
conprising an integrated circuit, said integrated
circuit conprising a power managenent unit capabl e of

.coupling at |east 'one power supply to a power bus,

sai d power managenent unit further capable of
al l ocating power to at | east 17 one conponent of a
digital camera by coupling at |east one said conponent

R SthdbnBf WEL d@&? cmﬁﬁﬁ cgﬁbi@E aTﬁ@? bnefd J&ﬁl#y@ﬁent to salf Eower

managenment priority r e system of clalm

[ ‘ upply is sel ected
Mk e 218 s Bt ERR R RHERE P Y L2 SCinpl
and adapter power supply, an interface power supply
and a coin cell power supply. 16. The system of claim

. t t |
compr 15ee. Derstr gt T one sai pf:'oﬁ{)'onéni “and

al | ocat,| avai |l abl e | east.

el oo Pl e IaRRE S vl 89 SR pEoup :»}rnmsfi% of sbusy
wherei n: said integ rateq CIFCUIt IS furt ab
PEWEN SHPPIY, 404 adspiSTROWCR FUBP AN AT TGS SRYVER Sup %’ag
sai d conmponent, and said power managenent prlorlty
PHPRY-conpri ses allocating power to at |east one said
conmponent based on, at least in part, said feedback

i nformati on. 18. The system of claim 14, wherein:

OWCI'

16.  The system of claim 14, wherein:
said 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 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.

18.  The system of claim 14, whgrein:

said integrated circuit further comprising battery charger circuitry capable of
charging 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 circuitry

to charge said rechargeable battery.

18
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said integrated circuit further conprising battery
charger circuitry capable of 20 charging at |east one
rechargeabl e battery, said integrated circuit further
capabl e of allocating, at least in part, said at

‘| east one power supply, to said battery charger

circuitry to charge said rechargeable battery. 18 19.
The system of claim 14, wherein: said digital canera

is selected froma still image digital canmera and a

vi deo 18i gi Thd systeawétlaim ROwhekkig: syst em of cl ai m 14,
wherein said power managenent unit is capable of
managisalg digitbl@amérh @Sselettedirb G afill R P@YRI chRers APLNEY Bgital
of said digital canera. 10 15 19

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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