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States patwphoareldsati on No. 12/370,488, filed Februarperhidaonsf6iter
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Backgr ound This relates to el ectronic devices and power
converter circuits for electronic devices. Al ternating
current (AC) power is typically supplied fromwall outlets and is
sonetinmes referred to as 10 |line power. Electronic devices include
circuitry that runs fromdirect current (DC) power. Power converter
circuitry is used to convert AC power to DC power. The DC power t hat
is created in this way may be used to power an el ectronic device. The
DC power that is created may al so 15 be used to charge a battery in
an el ectroni c device. In sonme applications, ACto DC
power converter circuitry may be incorporated into an electronic

devi ce. For exanpl e, desktop conputers often include ACto DC pomer

Computer pover - SupBPYEGrr OV SRbPLE e b e oer

cord. Wth this type of

This application claims priority to United
States patent application No. 12/370,488, filed Pebruary
12, 2009, which is hereby incorporated by reference herein

in its entirety.

Background
This relates to electronic devices and power
converter circuits for electronic devices.
Alternating current (AC) power is typically
supplied from wall outlets and is sometimes referred to as
10 1line power. Electronic devices include circuitry that
runs from direct current (DC) power. Power converter
circuitry is used to convert AC power to DC power. The DC
power that is created in this way may be used to power an
electronic device. The DC power that is created may also
15 be used to charge a battery in an electronic device.
In some applications, AC to DC power converter
circuitry may be incorporated into an electronic device.
For example, desktop computers often include AC to DC
power converter circuitry in the form of computer power
20  supply units. A computer power supply unit has a socket
that receives an AC power cord. With this type of

arrangement, the AC power cord may be plugged directly
1



arrangenment, the AC power cord may be plugged directly 1 into the
rear of the conputer to supply AC power w thout using an external
power conved ®I0/093402 Al t hough desktop conput ers BCBUSR6YBSS01
enough to acconmpdate i nternal power supplies, other devices such as
5 handhel d eletdé rice cadevicfeshandopputabl o compuitye 2 @ogemotvi tAsuga
result, typical handheld egﬁctronic devices and | aptop conputers

require the GSEPHIALTEATAR pEREF T cGRUETTETS. When unt et hered from

the power converter, alardkel deekeshr OfhEuerM C-e0r 2Pkt abbagh to
conputer may be 10 powered by an internal battery. Wien AC |line power
is avail abl e2<¢E" ISR EPLePOFET uS Pt R ToA&T AEVRGGREr SPRE 02 PC

power fors t hg, fhecld NIk 13Wi6Cdevices and pSIHHAM ARpHEeRaVgEe
converter designs are typically based on sw tched-node power supply

15 architectples. Swia ciesdlivodevporet kamikelerslasdmoailn davienesand
such as translstgl- cTY &%H%_SLrIehg e WREK 4 cff;gafayfﬁ%ﬁt L,@Rew th

ener gy storage conponents such "as 1 nductive an pacitive el enent s
to regul at e ¢thevertdict | Gireof uDCepbaredf fomm drheA@osieur cenvArtesdback

path 20 may be d.to tap into.the conve t t e
ensur e that %é%%§?¥%égf%gﬁgpﬁ%ggEFES%I8¥§é%ﬁ%ﬁ%%%§%%ﬁ%g%rvgggi%é
| oads. 10 powereddiigh gpovertecanyebbeterd i ditenc\Ad didespoableifor

conservi ng power. H gh _power conversion efficiency can be 25_qbtai ned
by usi g of [ TET BhS L vER BPVESpBrBUFEECantE 14T 55 CHAVEET RbeHe Wien
an optinmal dest@mod pdssed rolovnvee] ethesei @rdeviess.dual power | osses
when operating a power_converter. These residual |osses are

associ ated with | eakad®@ BGCteAts anBOBehetOlpEast (IeS GRSt 25Fi se from

30 running the,switichedrzmdenckheubhey-Abad oweanear, and lead to
t he consunption of power by the power converter even en the power
convert e | sAHP I RGHg SSct | PERFCHSETNPER JRRIRT &APreIcederenFergaviice.

zgwglr Cons ﬁg&i%a@%&h%sp%f%sggeaf@rﬂggea SNUCHRET RGaYSRErko; pover
conjunction with energy storage components such as

inductive and capacitive elements to regulate the
ﬁroduction of DC power from an AC source. A feedback path

20 may be used to tap into the converter output and thereby
ensure that a desired DC voltage level is produced under
varying lcads.

High power converter efficiency is desirable for

conserving power. High power conversion efficiency can be

25 obtained by using efficient converter topologies and low-
lcss parts. Bven when an optimal design is used, however,
there are residual power losses when operating a power
converter. These residuzl losses are associated with
leakage currents and other parasitics that arise from

30 running the switched-mode circuitry of the converter and
lead to the consumption of power by the power converterx
even when the power converter is not being actively used
to power an electronic device. Power consumption when the

power converter is not being used to power an electronic
2



device represents a source of undesirable power |oss that can be
reduced wi thout adversely affecting converter functionality. 5
Sunmary  wo2010/093402 A power converter nay be provi deddingbodofcdstides
an energy storage circuit. The power converter nay receive an input
signal such @svidd iMnerReWAksShJ8ahr @& b MMy JHAFEeE capE6RE F EBPONI HIE
out put signal such as_a power 10 signal for a device or other
circuitry. THE e d6RFert BRowhyPee e d fifRCcEi BAIBIN DS 0
conserve powaincdibngtiargby node, the energy storage circuit nmay be
used to power circuitry that can wake the power converter from

st andby when appropriate. The power converter circuit can 15 be

provi dedSan%raﬂf a stand-al one power adapter or nay be

i ncor porat e oot her electronic devices. Wth one suitable
arrangenent, the poweA poRevertenvemiehenay pewprovodeer tieat cincluides
such as an aa{nt %rnréarti ngig%rgné.ﬁéctto iere%twé%urcrg‘r}érégg)msvwtched
20 npde power Sonvert 8r-crreurt’ € power Pedhverter-erreurty may
convert AC |tameipewen inpotDEi@oskersddr geowerling aowattatdwedl and

el ectroni c device. For examﬁal e thC%E{Eower c%nverteé rra%%be used for
powering an "M%t PGHCE GelPEESSRUHHE LUEICUPAP EL BRMDIMS HAYSES e
conput enp orsimg#silc £3% Bl ayeice or other cirbh@tRQWer TEONY®FdLr circuit
may have a switch that is nodul ated to control power flow Wen the

switchis _tLFrCH‘é?(chFieF, mt"‘ﬁeb%owe‘?c%n‘\férstt@!nd@iyr Bare Fe st T alY shut
down and W l1n R@nREYIHERe2 HXe RAYEI AL kS gRUERUEY: B0nd P Bkt aloe,
which is sonetines referred to as a standby node or sleep node, power
consunpt i on BWSThELEEWEETEoRRRE t&AD VB ke PRI PedeTr VPeRveEte s fded red
to power an attaeRedneheshtPihfi A8V Candl R BOWBEn FOPVEE L o8N &GO WAt
may operate in an“active node in which the swmtchis 3

15 be provided as part of a stand-alone power adapter or may

be incorporated into other electronic devices.

With one suitable arrangement, the power
converter may be a power converter circuit such as an
alternating-current ({(AC) to direct-current (DC) switched

20 mode power converter circuit. The power converter circuit
may convert AC line power into DC power for powering an
attached electronic device. For example, the power
converter may be used for powering an electronic device
such as a cellular telephone, portable computer, or music

25 player.

The power converter circuit may have a switch
that is modulated to control power flow. When the switch
is turned off, the power converter circuit is essentially
shut down and will not produce a DC power at its output.

30 In this state, which is sometimes referred to as a standby
mode or sleep mode, power consumpticon by the power
converter is minimized. When it is desired to power an
attached electronic device, the power converter circuit

may operate in an active mode in which the switch is
3



actively nodul ated to produce a desired output signal (e.g., the DC
out put voltage). The power converter circuit may provide its output
to an out pwo Jorui®34oRr ough switching circuitry. 5 Duri ngPCUa09/068301
operation, a nonitor circuit places the switching circuitry in a

cl osed st at ea¢niwhiscmadd sgewertocpnvencera clesiiad iositpotipkednad t he

out put |ine and_praduc ut tage for powering the
el ectronic dgvﬁ%é q%%rﬁ%ﬁlca P% BEEaﬂD itor may open the swi tching

10 circuitry to |soIawﬁmim®waQWEDnceﬂvert@ﬂrauﬂﬂnmdy'bm@wuﬁbelbatput

l i ne. The behaV|or of the voltage on the qutput |ine can be noni t or ed
by the nmoni tOHEPT N thE HrRdcBite oPoatFHREH HI RS FomGPLtf Re

out put |izne yetimgeroinldl tprdat@osnda Mhen:&l idserday @rlabatsetné.l
boosting circuit with 15 no |oad present, the output line voltage may

rise (or maySHRttRNG GIGCUEARY pAst BlQFVers idrediolgyichy £hppRower

vol tage on the,uiduil i@kl 985 cb9h189680 Nle TRldpuRagl nkhengi ven
threshol d), the nonitor can conclude that the electronic device is

det ached f r opFediEcqfoiePCc ORFRREFOLERIE HEORPARSITidge 166 EAECHEPDLE
line falls ( &Ly %éﬂl SEQQ%EdE%%égbveEhéhﬁéﬁi%é{?qf§'H%e%p@hgoéwggghlng

concl ude that the electronic device is atta he power
convert erl. Ceru1try thhe spowere tbaverver gmywdamarude ranisnéroy the

storage el engnt Saucﬂ > @ g%p%%hg%?i r%gaéﬁeer dl'tt\égg%n o%h% &°,0p
converter citedi- i's operatingn stan y ode, € noni or ca draw
power from thmaennerrgp@trr@mageretiehgnthe Tirsi tadd .owsnt enmpmesence cof
actively nonjtor state of the out ut |ine ta automaticall

ot er mi e wherLSRf Qi FBRIE HBUREG. FAC r UM o Hdd 3 SouRE ooty L tend
converter. 3fb Tdey .noniHeer drayeal 59 aPnidriidie wiattuagokikheienet gy
storage el enment. If t he energﬁsstora e el enent. becones depl eted, the

moni t or 1Pan B reRa BHE 5B er TEENIBFPRF LT iR I BRENEAFRI JOT MaY

transition fromdhe siandhy 1medetol epesatiredidiide aglki vBenbdec e
operation to replenish the 4 energy storage elenent. If a drop in

the output |¢hehmlqugati 4iget séeed (PRII9Ss iR dadilveast the given

reattaChnEnttﬁge§HHid§|e%%%°ﬁbﬁl@8¥'@@nt6bﬁé¥%d§nﬁﬂéthﬂ%eE&@Etré@ﬁc
nonitor may activate the power converter circuit so that the

el ectroni ¢ désiize il pewercagd from the power converter. If the
20 wvoltage on the output line falls (or falls past the given

threshold), the monitor can conclude that the electronic
device is attached tc the power converter.
The power converter may include an energy
storage element such as a capacitor or battery. When the
25 power converter circuit is operating in standby mode, the
monitor can draw power from the energy storage element.
This allows the monitor to actively monitor the state of
the output line to automatically determine when an
electronic device is reattached to the power converter.
30 The monitor may also monitor the status of the energy
storage element. If the energy storage element becomes
depleted, the monitor can direct the power converter
clrcuit to momentarily transition from the standby mode of

operation to the active mode of operation to replenish the
4



Further features of the invention, its nature and vari ous advant ages
will be nore apparent fromthe acconpanying draw ngs and the

fol l ow ng wetgid@siosiescription of the preferred enbodi nRAYGs200b6dR61 ef
Description of the Draw ngs FIG 1is acircuit diagram

of a systemdmctdidiara 3@0%@éméﬁﬂveri§fa andAn neleet bappsr devige in
accordance with an enbodi ment of the present invention. 15FIG 2 is a

circuit di agi@hiadfouisngetrrastr Biavel ¢ omsbimattiyet Rat TRaytaehnred Fhor
a_pover convgrd en Lft Ahe ot ypg; s o0 ik (e agham ok . | e %or;llﬂd}:
accordance wth an enbodi nent o e present invention. is a
graph showi n*gamo%wttmf@t@uttbatpvmsracg@\mtferromlarcy@mesocbh&*ert@ of the
type sho i I el ectronic device is detached
fromt he\ggom%éﬂctgﬁyércrg%vgﬁgagofé\@gnce:cpw th an enbodi ment of the
present invention. Fl@urdhes Gegrapss showheyg ihownthenyolitageatonran 25
ener gy storage, el enent C rter of the t sho in FIG
2 may evol vé rl%doéltsaﬁgwnﬁﬁﬁ%s ‘bjglrma oﬁt?rgn&pgﬁﬁ?ég FEPT eshment
oper ati ons idcaeeenddnee dwaihngs aﬁwmmw‘wmbed@t&ﬁm [ nventi on.
FIG 5is aégs}%h show n% how t he outzi)ut volt?r%e 30 froma power
converter of 9t Brp8lsROWAIE PEF ST T Btfhen an el ectronic
device iig attached to the power converter in accordance with an

enbodi nent of the present invention.
Brief Description of the DraWLngs

FIG. 1 is a circuit diagram of a system
including a power converter and an electronic device in
accordance with an embodiment of the present invention.

15 FIG. 2 is a circuit diagram showing illustrative
components that may be used for a power converter of the
type shown in the diagram of in FIG. 1 in accordance with
an embodiment of the present invention.

FIG. 3 is a graph showing how the output voltage

20 from a power converter of the type shown in FIG. 2 may
evolve when an electronic device is detached from the
power converter in accordance with an embodiment of the
present invention.

FIG. 4 is a graph showing how the voltage on an

25 energy storage element in a power converter of the type
shown in FIG. 2 may evolve during standby mode operations
and energy replenishment operations in accordance with an
embodiment of the present invention.

FIG. 5 is a graph showing how the output voltage

30 from a power converter of the type shown in FIG. 2 may
evolve when an electronic device is attached tc the power
converter in accordance with an embodiment of the present
invention.

FIG. 6 is a graph showing how the output voltage

5



froma power converter of the type showmn in FIG 2 may evol ve during
a nonitoring operation as an electronic device that is being powered
by the powaio wameemter remains attached to the power coryBU$09/168801
accordance with 5 an enbodi nent of the present invention.

FIG 7 is a fiagramshkoniqogviellkast bat tve oper atiqwy nod€Scand may

operations invoJved in transiti.oni ng between operating.nmodes in a
P ver comver BT S, 3o Mo i R R T oty i Bt G Be ar hC an

enbodi ment ofetee hat eseMeingveblb88d by the power cohbErt8ris a
di agram of an el ectroni c_device showi ng how a nonitor circuit may, be

g .
pover ed by affeHety idEGhege tOi FEGI POYYT dettar ifdwer SGFPFFERaNGES!
in a powes sypplphddien i Rnkhgrekest roni&ndeyd ce in accordance 15
w th an enbodi nent of the present invention. _ FIG 9is
a di agram of an el ect Fd§i-c dé¢i 8edshBvah oW W fddiusdragiveui t t hat
is powered b orage .Gl i 3 t :
power suppl yé{lf%'bttﬁlg%e?%g%r or??g 8&%?%3%%%?&/ xg:?‘}%%np%ar\égggic%gg?%%dby
nmode 20 in detorakancewanath ngnnebedimeatrofet wmreasent ofnvbat L vpe

FIG 10 is ?sﬁéwargri%mﬁf%a% %&F%EE??&&&’ Vviffft% %V‘e’&%o‘h‘i&éktagg sggond
power supplies show ng How a nonrtor cifcult that 1I's powered by an
ener gy <Sitlor ageesdric Uirtvamay olne used in controlling the first and

second 25 power suppli in accordance with an enbqdi pent of ,the
orosont i nventi o P Eis.| B 287" dRASEY 48 AN RRRLIEE qfbate

ilTustrativesipowelg adaptzemoRausikngi conft gratidmduatednBy be &sety¥ or
power adapter circuitry aof the tt¥ge shown in FIG 1 in 30 accordance
with an enbodigmafie ¢ ive tpiteserterhvisorsuPPly changes inpaPoyer| g

a di agram ofg@ipiy l1usle atithe nPeWE! c BdPE i NQUSIiNG Ganhi-gdrabhed that
may be used for power adapter circuitry of the type shown in FIG 1
and t hat! Jmay"Hav e sfEgrétea tapf athtreptesrthdiivemtiiRtaccor dance with

an FIG. 9 is a diagram of an electronic device
showing how a monitor circuit that is powered by an ensrgy
storage circuit may be used to wake up a power supply in
the electronic device that has been placed in standby mode
20 in accordance with an embodiment ¢f the present invention.

FIG. 10 is a diagram of an electronic device
having first and second power supplies showing how a
monitor circuit that is powered by an energy storage
circuit may be used in controlling the first and second

25 power supplies in accordance with an embodiment of the
present invention.

FIG. 11 is a diagram of an illustrative power
adapter housing configuration that may be used for power
adapter circuitry of the type shown in FIG. 1 in

30 accordance with an embodiment of the present invention.

FIG. 12 is a diagram of an illustrative power
adapter housing configuration that may be used for power
adapter circuitry of the type shown in FIG. 1 and that may

have a magnetic attachment mechanism in accordance with an
6



enbodi nent of the present invention. FIG 13 is a diagram
showi ng how a power converter circuit output capacitor may be used as

an energy woohagesM@evice to power a nonitor circuit in fEaeRedeRee
wi th an enbodi nent of the present invention. Detailed Description

Power converdmsdinditchraraespreténes: iwfefired to as power adapters,
are used to convert power levels and 10 types. For exanple, a power
converter may be used & -bddstSof FEAREE" FEAWEG Netr FeREWSDC) power

level . Powercgonmaiders Ry cabitphe dgediQconvebt akberpating
current (AC) power into DC power. Power convertérs that are used in

converting ADSIerSHCEapE Powereare RotRet imEwndéser Fbeduls Herein as
an exanplse. 14 & witﬂﬂ\ggﬁeémggy}ﬁéné:%}\/%%e'ivr(é'séﬁ'c!' HiYeiBYon .

include circuitry for transformng any suit e“input signal (e.g.,
AC or DC currents and voltages) into any suitable output signal

(e.g., boost r.ed or.otherwi se transforned AC or DC currents
and 20 volt ﬁedc l.l %%%’Crl l}mvver converters such as AC-to-DC power
converters that produceweeguabated:EXs outiputh \aakt agmst { hem AT ¢ nfad

signals is rely illustrative. In at cal scenario, a power
converter na E‘eﬁyﬁoﬁﬁﬁead?ﬂkﬁrﬁ' SOt ¢ %’f CRCPINET hoRRYSE Ut Hs® #nd
wal I 2510ut I8fpesThe FAC PRWRE1EPUL GEoWERY din@éirde rpawer batuded ol ts or
240 volts (as exanples). Circuitry in the power converter nay convert
the AC |ine 3RR%r ATh&FIRser Bt VR TTHITDE Joer PORBF X%l e, FO®TAC

to DC power &RRneiet fBy Ee66iNe Ned ine d%(ﬂ%ﬁ:tabl@@rﬁél'@iﬁ? a1
supply DC 30 power at a correspondi ng out put. The output voltage

| evel may belZ2 POVES, 1BLQOPE SPOWRT anP e cosurrabre Brbasutused
| evel . in convER®:iahT &8I bEVed Ned NR: ROVRL G98VELhEL 1 fBY P& HasRd

on a swi tched node power supply architecture.
15  herein as an example. In general, however, power

converter circuitry may include circuitry for transforming
any suitable input signal (e.g., AC or DC currents and
voltages) into any suitable output signal (e.g., boosted,
reduced, or otherwise transformed AC or DC currents and
20 wvoltages). The use of power converters such as AC-to-DC
power converters that produce regulated DC output voltages
from AC input signals is merely illustrative.
In a typical scenario, a power converter may be
plugged into a source of AC line power such as a wall
25 outlet. The AC power source may provide power at 120
volts or 240 volts (as examples). Circuitry in the power
converter may convert the AC line power that is received
into DC power. For example, an AC to DC power converter
may receive AC line power at an input and may supply DC
30 power at a correspending output. The output voltage level
may be 12 wvolts, 5 volts, or any other suitable DC output
level.
The circuitry in the power converter may be

based on a switched mode power supply architecture.
7



Swi t ched node power supplies use switches such as netal -

oxi de- sem conduct or power transistors and associ ated control schenes
such as puwoeonw/@sdznodul ati on control schenes or frequeCiyyS2009/068801
nodul ati on control schenmes to 5 inplenent power conversion functions
in relativel ywtonpatinaia euives. sWhehieheusai swhigigecistchi esymhtgla

first confighraylon, pover. s transterred fLoma powel. saureeqto
storage el emBht Such as an induEtor (e> g A transformer)y or-a
capaci tor. \Vhenttde swidneds pgctl aeuptl yed@idids oddeanidn control

configuration, power is released fromthe storage elenent into a
load. Feedbatib i (R JeEd-E5 Y eBAPALELE #o (O t SSISTEF Gfer at i on
and ther epy eRsldRihaloddie coulpuliynl fageri snduintilpedvat yvaceesased
| evel . Exanpl es of swi tched node power supply topologies that may -

15 be used i FLECPovier (BRrelttEr SKaEFIHRY Heick Honveeer &, fhEsst

converters, £by4 -LONVET tRk8r €5Ctransferred £2¥ R @RGeSULLABLE to
arrangenent, which is described herein as an exanple, an AC to DC

power conver#e?teEagDe iansnénencadaasthgt AWt ATage -Peet Bf i er and 20
fl yback Convw‘?fér?%foxﬂ@i)v@rt %g%agﬁﬁi%ker Vt@f’éﬁ’_?_{]ﬁes ﬁ%‘r@t‘ch”%ﬁgpgi‘@éuiﬁ?

DC power at a relativel'y high voltage e e flybac onverter
portion Iéf thes powercaohvwentegustepsn dawwehel DCedeasedat rohetbat put

of the reCtié%é%a(%!éﬁgﬂénkpi$%ovg!Réad? Vfg ébaéy m %% %g%?aggy.|OMI
| evel for 25 oper% ing circuitry in an electtronic vice. esired,
ot her  power converterthar ghiveectuassfanyoleralsioth ahe theeebl ansure

swi t ched nod ower converter ;arrangenent that |s based on | vback
Convertor aogian e GRbE SR REPE RS T L s BoRAT AR bOTRE
power convergeimpieys SUPRIW tbGepomBle t Powdy Supdlabl@peliegteentBat may
devi ce. Exangel es of an el ectronic device, that mﬁé recei ve DC gower

t a

from an RC XS bweY S HRVELt EPNVREFEH e B H R HIE CORPREERY
mniature orpdes all B deWGe, rayBeEL abbevEornpid elatd 8

With one suitable arrangement, which is
described herein as an example, an AC to DC power
converter may be implemented using a voltage rectifier and

20 flyback converter. The voltage rectifier converts AC line
power into DC power at a relatively high voltage level.
The flyback converter portion of the power converter steps
down the DC power at the output of the rectifier circuit
to 12 volts, 5 volts, or other suitably low level for

25 operating circuitry in an electronic device. TIf desired,
other power converter architectures may be used. The use
of a switched mode pcwer converter arrangement that is
based on a flyback cconverter design is described herein as
an example.

30 An AC to DC power converter may supply DC power
to any suitable electronic device. Examples of an
electronic device that may receive DC power from an AC to
DC power converter include a handheld computer, a

miniature or wearable device, a portable computer, a
8



desktop conputer, a router, an access point, a backup storage device
Wi th wirel ess communi cations capabilities, a nobile tel ephone, a

nmusi ¢ pl ayip,zo8/008m@t € control, a gl obal positioning sysiiReR$k61
and a device that 5 conbines the functions of one or nore of these

devi ces. W tdeOneos Wdnphlce rar hangesen} , ahidde dss poenR! | HEBa6rgsT i bed
herein as an exanple, the el ectroni c device that receives power from
the AC to DCScOmRAS eV iics H1iEBnpate! %%?t%@é”ﬁé\ﬂtéé%uéﬁp%llaltlesr

handhel d el ectF oG dRMice®ohA( €admus fc PRI J& ,t &l %ﬁ%@ QbnfHSi € a
player). This is, however, nerely illustrative. The AC fo! DC power

converter ne@/lwlomsa{té@nﬂﬁ%énﬁﬁmt@@ﬁ%rt lenghy daviapl ehatectronic
device. An 'écln‘dﬁtr{easl e %MﬁE%%SQVé OBy Ifd MNGN B 12 POVELes

converter may provide power to an elecironic device I's shown in FIG
1. As shown WitlFlc@e Jsul$ytbtlerra8rmgememﬂ,ud@1@hsoar cemef i power such

as AC power source 1 [ nverter such as AC to.DC
converLer 18eanabetl BrleRRorr S Bev Tt St s CarEery Bif R &
20AC power mumeﬂmrbéromothexmmdce DGa cshardard wal & mmpaeitthat

supplies AC |i wer via a power card. I utl et po
Synrearty aativarie BevAet, SrBRuEs STt e egor bt ot ol t s,
Power canver {erg.12 amapbine! udecphPoneir Garvier bekydd) ¢i renid sdich as

AC- DC power converter circuit_ 122. AC DC power converter circuit 122
may be basedBiFVETswWIEEREY- F’r%%l‘ésbﬁz@rvesupﬁlhﬁ &esitgnPSuBR"ES a flyback

converter orcdqi@itesUinkgbhe Qgé\@ét@m%rd&{juh%@nggwitﬁl £&Y TN tGable
device 10 may have a battery use 30 in powering device 10 when

unatt ached to-953WeNi€oRGELERF 12. When power converter 12 is pl ugged

into AC power source 34 %Qu:‘é‘@%‘tf&&%ifs%@n?eﬂ%‘i‘rBﬁméQt'%%@Pt £d to
power converter 12, power converter can transform AC power that is

r ecei vedof r cravsC p@\n@er%urm@ymr@m@ PCwer to an electronic device
is shown in FIG. 1. As shown in FIG. 1, system 8 may

include a source of AC power such as AC power source 14, a
power converter such &as AC to DC power converter 12, and
an electronic device such as electronic device 10.

20 AC power scurce 14 may be, for example, a
standard wall outlet that supplies AC line power via a
power cord. Wall outlet power is typically delivered at
AC voltages of about 110 volts to 240 volts.

Power converter 12 may include a power converter

25 circuit such as AC-DC power converter circuit 122. AC-DC
power converter circuit 122 may be based on a switched-
mode power supply design such as a flyback converter or
other suitable power converter topology.

Electronic device 10 may have a battery for use

30 in powering device 10 when unattached to power converter
12. When power converter 12 is plugged into AC power
source 14 and when electronic device 10 is connected to
power converter 12, power converter 12 can transform AC

power that is received from AC power source 14 into DC
9



power for device 10. | f desired, connectors may be

provi ded at the input and/or output of power converter 12. For

exanpl e, dewiwe/@MrEyY have a universal serial bus (USBCTHGS200%068891 5
whi ch a USB cabl e may be plugged. The USB cabl e nay be used to convey
DC power betmeenr pbwerdesomeeifer 12 and el ectronic device 10. For

exanpl e, the USB cabI%Fp %thgézcsﬁlgeg@grcog%$| r%%ﬁé%d %ﬁgch
p y a

as positive power sup ine i §7use nvey a p05| ive DC
10 vol tage atnfizt wold/fsr Dueltsef opowdhetorsis i tadd azposﬁbmvexﬁﬁple,
vol t age Ievel fromconverter 12 to,device 10., This bc vg& ggF evel

S

i s somet i mestFEEe rid Y B8VebastRhEEFFhe SR LorvdPP into

soneti mes; refef dleth BRATaB1BOWEY BEPPLYgdus. orrreuiypet ckbne. mdhepd/SB
cable or other cable may also 15 have a second |ine such as_ground
line 74 thatu$ed (s Y SFoRFefOdSHr BEHIESDIRAUE SfONTF6PEsL6r 2Bt her

sui table gr O@r@cﬁ&%ﬁla;g%ekﬁ\eél 169 dByECee i1 G @spuehnas 8r Ushher
cable may also contain data |ines that may optlonally be used to

convey i nf orgaliomazeOneddigedi £6r30 hirk cHifferasePoB@tave power
When connect GO t C i
&%& ROYRr sgonyerter 12. 6ele é&ﬁg&% 58%\65;9%1%9 pay

recei ve DC hrough the power pins of connector and
cable (a9 anV@anpieM:lﬁthQSe,ob EOUSB-dunnHﬂmurswotebhﬁepDSpbmm¢

converter 1 nd ectr e oweyer. ely
illustrati ngé1 aLﬁet abI e % Iq X&ﬁ{? %Qef sl2t 22,0 pleﬁézcegﬁﬁér This DC
connectors,- wwlﬁadunmémeﬂedscenmetim@m rm@eﬁnﬁdnhajaBovaneandnhEmé 73

power convert 12 and eI ctronic deV|ce i f sired. Simlarl a
P i r od cGtait S S d 2o 0P ABREE Phe, T aek Copgey 2 BPREE SudeLf
structure, audtderocgurectas, rrayh@eusse@bmce GONRRCE rPOUBL e CAAY il €F
12 to power source 14. ower converter circuit 122

may convert QﬁfﬁxﬁMﬁqu¥%ﬁﬁ@?s8H?Eeaﬁ49¥ T pd\ter’ o8t piit UHRE n 64
and 70. Pat heS4dpYa RE cRNBOSHL ENEe POVET SMRRY Yoo iRBet-hatitsble

ground voltage level to device 10. A cable such as a USB
cable may also contain data lines that may optionally be
used to convey information between device 10 and converter
20 12.
When connected to power converter 12, electronic
devige 10 may receive DC power through the power pins of
the USB connector and cable ({(as an example). The use of a
USB connector to connect power converter 12 and electronic
25 device 10 is, however, merely illustrative. Any suitable
plugs, jacks, ports, pins, other connectors, or a
hardwired connection may be used to interconnect power
converter 12 and electreonic device 10 if desired.
Similarly, a hardwired connection or a suitable plug,
30 jack, port, pin structure, or other connector may be used
to connect power converter 12 to power source 14,
AC-DC power converter circuit 122 may convert AC
power from AC source 14 to DC power on output paths 64 and

70. Path %4 may be a positive power supply line that is
10



10 coupled to converter output line 73 via switch SW2. Path 70 may
be a ground power supply line that is coupled to ground output 75 of

converter wd Bwhospeund line 74 in the cable or other patfiyGeRPResELH N
converter 12 to device 10. 5 Switching circuitry such as swtch SW

may be basedc@ipany whidabkecekeshibeal 1 GQPONENLS sthatncans conaal
the flow of DC power fromthe out put of AC-DC power converter circuit

122 to the pOnwefesdisplay GrRpaE PPHes SRDEY diie@® WheR ébeepvbhee Hevi ce

10 (e.g., t i t dewvi tAar eq.
supply Ii neﬁdZ%dﬁ% - For Bﬁxéﬁ%‘i}%ﬁ{% %%ha?lﬁ‘;%???gﬁi ?%%QS%V\%WUB%

i npl ement ed ¢y Whetdermpreht ronBEst U15 BUTIRr4ST0A8 bp ABYECPHOMEr
field-ef fSGCtS I%%Jn%é%rﬁc(ﬂ% rsEElIS%s %’irﬂc%g sper H{glg %ge%%éc%ésmor{ nany

whi ch an el ectroni c “devi ce " such as electronic dévic
connect ed t csyicwrlec @ivettréral 2¢omoavesn o mhertt emnl2omayo lsehdCG I

power converter_circuit 122 supply a r supply voltage on

| i nes 64 anaogdj.cc§’\ﬂwte5hifﬁamcigg%u?‘?‘?%g%ﬁqqﬁ\%gﬁgﬁgl Fénﬁ%rﬁ sed
duri nﬁ nor lmladiz_(mﬁrtatLi.hZQn,toSQhéi pewssd :lmliﬁl;f)e_n@:lmr tledeEOaQsl&@L&téc% ne
73. This allows 2Q the DC power su vol tages .at the output o

AC- DC power ‘E%@STG«?FI@WEU??V&%‘? f(g g%%r'oﬁ%&edn%tél %Et‘?%‘fﬁ%e déli ce
via pathg 7Zrand ak4 connected toASowXsr PAWRY1CARVEE! @0 ghéCidt, 132 may

contain control circuitry for controlling internal swtching 25
circuits. THREEBHEroPSvELtFREPEr 1Ry ey rB%paKei ve BPiesepRrk using

si gnal s. Foror@%@pkn%u:eatﬁ:%gg?é@&é)aé&}{% RS USedmbPe SHARLY AliRC

power converter circuit 1 wth information on the current |evel of

vol tage Vbusidiecsutpansipher73(pever é3ficiise Durihpsnoeedbaemeration
i nformation,;{ Qa%i%% QQ”EF_Q{:tE&ﬁfé’!cﬁéinde” s’ﬁ%hDgspQWSEtEQHJ‘.’@][cﬁe%f&ce 10

circuit 122 can nake rea Ime adjustnments to the anount o
vol t agelbhatis sdmeiergeduppl pedet ocdriie magrpul , opoAEx DCoposetrec dry eratyer

R R A
supply voltage on lines 64 and 70. Switching circuitry
SW2 will generally be closed during normal operation, so
line 64 will be shorted to output line 73. This allows
20 the DC power supply voltages at the output of AC-DC power
converter circuit 122 to be provided to electronic device
via paths 72 and 74.
AC-DC power converter circuit 122 may contain
control circuitry for controlling internal switching
25 circuits. The control circuiitry may be responsive to
feedback signals. For example, a feedback path may be
used to supply AC-DC power converter circuit 122 with
information on the current level of voltage Vbus on output
line 73. 1In response to this feedback informaticn, the
30 control circuitry in AC-DC power converter circuit 122 can
make real-time adjustments to the amount of DC voltage
that is being supplied to the output of AC-DC power
converter circuit. For example, if the DC voltage on
output 64 has a nominal value Vsec of 5 volts and feedback
11



i ndi cates that the voltage has undesirably risen to 5.05 volts, the
control circuitry in AC-DC power converter circuit 122 can nake

adj ust nentwam1d/@a@e t he DC out put vol tage back to the wonusrats/ssdoue
(Vsec). 5Power converter 12 may contain an energy storage circuit 50.
Ener gy storagedttdatoad tthad (henetinege ahso wreferiredhltyo rdseantendr gy

st orage el enen may be based on any suitable circuitry for storin
oo ov° s o et Cahizey SleRhl et HE R e Fenfhsthe of

nore 10 battefi@sit Capadzhomskeehaiubhéigs ORErNAkicon tok POVWBhtput
converter 12 when AC-DC power converter circuit 122 is supplying

power to outPttit P4 8 HAEhNSUER2AsVpHIh 669y be used to route

power toenergy storagg.ell edhiepPer ThE ROYRI AL a$ éﬁ@&@? EPorage
energy storage circuit 50 in 15 this way may be used to replenish the

battery, capatfewkt 610 .ot Haeranep§yrager aecwionpondsrsietamesr elfe 50.

In the exanplerof £l Gy L %B%Qg&%;’é@&f%&é ré&t&ﬁeﬁg 6im§¥ﬁ|8§p%3§ge&00n

AC- DC power converter circuit 1 pat hs 64 an ,
however, neraty $uiltsstlcattiivenipny €oait abdeliZ) angukivng pat bs aagmbee,

used to supply. replenishing.powe om AG r._converter circuit
155 t o ener o Lo 408 EEre G Chot: PO el v 1R " BRVRRLEL CLLE
FIG 1, igowesatciommierd,ercab2cimyrsncéude nuntirgy icpgraitiouni bfypsueh as

nonitor 54. Monitor 25 .54 nm jtor the statuys of ,powe verter
12 st g pat FETEEIF g S 4PRC B8 BB RUE™ VIGH Shisrop PRt fan £r 54
may provi de €0shIPin ip@ilrs tt0cACHDE POMIEr 6 L£,0ny @alt@r s@ehCHkt pd2R 66
usi ng paths such as path 76. The control signals nay be used,to_place
AC- DC power %%hd%?t%§QQﬂtPC6PPt90PP%eﬁhU&ﬁﬂFH§ﬁi§F€r8ﬁ§r8ﬁFﬁ61HD@ :In
general , anymsdigahle thdrbes %u@@@r@@ié&%f@éﬂ%&dmeb@ﬁug@@rs@di@y

e

AC- DC power converter circuit-122 if desir Wth one suitable
arr angerent , tihs otpY giay be used to replenish the battery, capacitor

or other energy storage components in circuit 50. In the
example of FIG. 1, energy storage circuit 50 is coupled to
AC-DC power converter circuit 122 by paths 64 and 66.
This is, however, merely illustrative. Any suitable

20 routing paths may be used to supply replenishing power
from AC-DC power converter circuit 122 to energy storage
circuit 50 if desired.

As shown in FIG. 1, power converter 12 may

include monitoring circuitry such as monitor 54. Monitor

25 54 may monitor the status of power converter 12 using
paths such as paths 66 and 60. When appropriate, monitor
54 may provide control signals to AC-DC power converter
circuit 122 using paths such as path 76. The control
signals may be used to place AC-DC power converter circuit

30 in an appropriate operating mode. In general, any
suitable number of operating modes may be supported by AC-
DC power converter circuit 122 if desired.

With one suitable arrangement, which is

sometimes described herein as an example, AC-DC power
12



soneti mes descri bed herein as an exanple, AC- DC power converter
circuit 122 may be placed in an active node and a standby node. In

the activew@pgdfoowabch is sometines also referred to aspdy,iu,607080E"
d

node or nornal operating node, AC-DC power converter 122 is on an

suppl i es DC o0 Ry rzqw\.»%ﬁ;iftonzzemg%@f}ime%n%%nsge&@gs &%&UA&@ 50
and for powering electronic device 10. I'n the standby node, ichis

somet i mes r e eftraddio Mesiea slaephepefet bre [mpdepowdr chode, s Dagrower
converter citfgyit ' aced_in. a < [ i.ch_|i e -
poner 1 5 cortured T By AR o pavar Aot A eEunp s “ppbiding
AC- DC power rewiwse®CetDCeippwaict célPerset urdted sofch bydi ahpbliésngdC
nmodul atign of .its swtched-node. power. supply switches). 1f desired,
AC- DC po%er e vugcr er Ci r%(cz)ﬁi feﬁjz(gm\'ln%l v%ér{rrﬁlyt F%Péag V\E?'r‘f)%%rgoe

states (e.g.and fear Poyeatihgstat et st d Mearifadd 11y- of fnsthéegtandby
Arrangenent s icgerv\,hi ch AC-DCIBOWBI‘ converter 122 is pl iCEd in either a

standby st at® G &HIEL: MFeSSratEeT & e 88sér PR MR Phs an

exanpl e. Thilow-Soweewenae, REFBYpdtdtisddratdter Bowenigomyerier 12
may, in general, support any suitable nunmber of operating 20 nodes

(e.g., a fulBNASA FBdE, S52par tFyRIFhoddtle SireBp ROHRr s dedpuiesep

mode, et@.).by AC-DC poweWN8HnAG OG- ROWRN1GONYE! Y&l o Ci I £t fe Lddyd,S 1N
st andby node, AC-DC power converter circuit 122 is off and all ows
out put 64 t CFIVGAET] FIERAPST siThats dmrnste ofdwey 25hibbEinms been
stored 1n ene @y 358rade SLECULL HdUROARE odGki-Vensdi | 0o pAldhAf Trom
wi thin energy storage circuit 50. For exan’gl e, | ergy storage
circuit 50 ddnigisaged,battBE yporen caparitesr cirheibat22ryaprhave

capaci tor e S tte or ca .t or | t.age t.o
path 66. 30 lg“ei\?g%t gaéggu‘%feﬁ%%dﬁ%&e&néﬁ%?'ét %r g%g%}’r%ﬁj‘i@f ernat“iflﬁldbe
suppl i edbat a Hmlsarefvoktage) | eviedraagyenea tsoimnnah i ot TH DV gldwage

| evel (Vsec)_ that AC power. conyerter, . circuit 122 supplies to path
64 when AC ICTSBREFTcoRGer T o T tut Si52rs e ALARTRY 6" tode 07 o

Vol t age regulcatioe 66amayarecCebme: inees \Helsicageedupptéed by ane@inple.
storage circuit 50 vLa gath 66 on its _input I N and_ may supply a

cor r espondi Mg :Sut-fut "GBFYahe TOrut Pt SAERTEECyi aF PEST SRR TOT 12| n

the absencemRfy,ain general, support any suitable number of operating
20 modes (e.g., a fully-on mode, a partly-on mode, a sleep
mode, a deep sleep mode, etc.).

When AC-DC power converter circuit 122 is in
standby mode, AC-DC power converter circuit 122 is off and
allows cutput 64 to float. In this situation, the power

25 that has been stored in energy storage circuit 50 may be
delivered to path 66 from within energy storage circuit
50. For example, if energy storage circuit 50 contains a
battery or a capacitor, the battery or capacitor may be
used to supply a battery or capacitor voltage to path 66.

30 The voltage supplied by energy storage circuit 50 may be
supplied at the same voltage level as the nominal output
voltage level (Vsec) that AC-DC power converter circuit
122 supplies to path 64 when AC-DC power converter circuit
122 is in active mode.

13



5 load on output line 73, the voltage that voltage regul ator 52
supplies to path 58 may be el evated with respect to Vsec (i.e., the
vol t age sup doeghoByo2vol t age regul ator 52 to path 58 durpagusiendisp1
operations may be equal to an el evated voltage Vaux that is |arger
than Vsec). If, for 10cdxarpl ecgViecorS6b.hwaldceivas the exanpye),
Vaux may be 5 vol (as an exanple). . , Qut put |ine 58 ma
be coupl ed t%u%%lt]peff[ Shy ﬁ@efgyaﬁangﬁg% S By patth BE PR &“ R§ gf‘ahH%y
node, nmoni t o{nH4 NAY aﬁi@ﬂiaxz auspiych 68PtEDordlignAlowtcpusWirbeBhag to
circuitry 15 SW2 via a path such as path 62. The control signal may

pl ace SW i nParPHpdRodE VaawhteEnCr s BX and73bgr éPERBEEr PEaR| y

di sconnegf edltgé@rﬁr?%#ﬁtth@inem§COBH§C\F6ﬂgacféjtt@1lé{[t LioRe 243 Eégm@@élh
64 isolates output 73 from AC-DC power converter circuit "122

energy storage irmligs 5@ P@@hTﬁé m@ytlageelmtqﬂmp@b reRee?s é@surres
fol |l ow t
o1 o415, N80T 1 oL DUIR ELBEHL L0 1y SR LDRLIS BA; o7

depends on e status of elec nic deviceé
10 i s di sconnegrath fErSomup“oWer steonvkyt eped@t ihen sy behieagadi teuatiry

SW2 opens, 25. vol tage rel ar | ] I L eva d oIt e Yaux
to output | |%% %t Vi a pat ggu ghg& % h%irDlp S g’qa\?i 5178 ?9 V%/
| f el ectiooni exalmyice vied iscﬁnneobedst oa$)cnmeremp\lent,ewaﬂ:2 mwhenbe

nonitor 54 ope tchi ng circui el ectronic device 10 will
operate as ag Qa‘bosjatrfd (s HBGXBPB.@\P%OWEI‘ from vol t age regul at or

output OUT via |lines %tpnd 26neVoblage segithalled 223 Faypcentahd a3
current limti ng circuit that_ ensures that voltage regulator 52 wll

only be abl e2?% RApIAF &Yr BR&RI vEry WoHEd Shftdhy 8Pd€ur PeRttes o4
el ectroni c dgy %%pkﬁ%%s saurt@ﬁwc&mtwﬁ @g%%n tQJr%WlftEﬁﬁhge@g:&Q{‘tﬁy

device 10 will ul'l itor 54 ma term ne the
attachmdrt stg l}él%fa é’laéélt ﬁ@ﬁiﬂcaaew*é]é 99 bﬁ%rﬂ%ﬁfpﬁgsﬁﬁéa%mfage

Vbus on out p%:r'f add r&%ﬂ_lzhus BEEHSméﬁ e il G0 TR manLhar78 delects

arisein voltage ' en switching circuitry
electrically disconnected from each other. Disconnecting

output line 73 from path 64 iscolates output 73 from AC-DC
power converter circuit 122 and energy storage circuit 50.

20 The voltage that output line 73 assumes following the
opening of switching circuitry SW2 by monitor 54 depends.
on the status of electronic device 10.

If electronic device 10 is disconnected from
power converter 12 when switching circuitry SW2 opens,

25 wvoltage regulator 52 will supply elevated voltage Vaux to
output line 73 wvia paths 58 and 56, thereby driving Vbus
to Vaux. If electronic device 10 is connected to power
converter 12 when monitor 54 opens switching circuitry
SW2, electronic device 10 will operate as a load and will

30 draw power from voltage regulator cutput OUT wviaz lines 58
and 56. Voltage regulator 52 may contain a current
limiting circuit that ensures that voltage regulator 52
will cnly be able to supply a relatively modest amount of

current to electronic device 10. As a result, the power
14



SW2 is opened, nonitor 54 can conclude that electronic device 10 is
currently detached from power converter 12. If nonitor 54 detects a

drop i n vowoadevhes when switching circuitry SW2 i s opei@skodsRidshor
54 can conclude 10 that electronic device 10 is currently attached to

power converdedw lZomNeareyebniBniéel cd4 detianmpnes vhat ebgctronic
device 10 is attached to power converter 12, nonitor 54 may pl ace

AC- DC power convert er YOPaéairt 24292y i@ ividsmide e5taappeyt debdees 10

with pover. df dihel3nReagdsee0fo b eGldPNG198vi-ae +0118q80bus on
detected, nonitor may |eave AC-DC power converter circuit”in standby

node to consarymitpduee. 7Bf vagnpades 526 datkedls t R4t thaengyisenr age

circuit %0 has Qﬁ 0 | et e I e ion. | dby
node, no%i t or %agegaggeghAgo%;%%&ekﬁfsgd&c%%ngg?fggﬁgﬁér(gbﬂhll
nonent ari | y §W rigplogenshl, emengyost of agen concliude5@hat electronidPower
converter 12 of. Fl 1 _may_be jnpl enented ing_any_ suitable
circuits. | ICfeuvsjtcreatq;ovéscFrxgﬁ??tglptcg%wcrt?a %oﬁsgawlgﬁ ?%‘feelfﬁa‘?ﬁ i]hzg
power converltfmahd tics ShodnténtR5 Fifdp 2n kvlthgeex¥auplwhai FI G 2,
power converter circuit 122 has en fornmed usi ngEa flyback

swi t ched- nod& IsGPPFYL BRI Y Thi®PSFEL nBREVEPT nerety conclude

i1l ustrabi veshAnk1seitt-ablie pewese comvies tRirrenitGi hEYa 8Byd by Ysakf or
AC- DC power converter circuit 122 if desired. 30As shown in FIG 2, .
AC source 1FHAFBE codpl elileve HidiortdiFertefetoraineerihdal s L and

N AC power dromienie palscd andi N Iy easu¥RPbbadrt Sopddhse 20 and
22. Power converter 12 may have rectifier circuitry 16.

Di odes 18 nmEPTEdvePtt REYVRIEGQAC T Reres ZONHAATED ciecyidetids dar
(positive) sjgnals 0 i AN, 26, I ta pat hs 20
and 22 may becgﬂs}i ﬁuéng?%aﬁéa%\m%utg%t gf W}tggt ?ﬁ”%? ci?jgu‘?{t?B 16 may
be a reébifirakssinggsoifdelFot sowiot Meautca HE Fawnpectdetéetedutmputi Horom

may leave AC-DC power converter circuit in standby mode to
conserve power. If monitor 54 detects that energy storage
circuit 50 has become depleted due to prolonged operation
in standby mode, monitor 54 may awaken AC-DC power

20 converter circuit 122 momentarily to replenish energy
storage circuit 50.

Power converter 12 of FIG. 1 may be implemented
using any suitable circuits. Illustrative circuitry that
may be used in implementing power converter 12 is shown in

25 FIG. 2. In the example of FIG. 2, power converter circuilt
122 has been formed using a flyback switched-mcde power
supply design. This is, however, merely illustrative.

Any suitable power converter circuitry may be used for AC-
DC power converter circuit 122 if desired.

30 As shown in FIG. 2, AC source 14 may be coupled
to power converter 12 at terminals L and N. AC power from
terminals L and N may be supplied to paths 20 and 22.

Power converter 12 may have rectifier circuitry
16. Diodes 18 may convert AC volitages on paths 20 and 22

15



5 di odes 18, power converter 12 may include capacitor 28. Capacitor
28, which may be considered to be part of rectifier 16, converts the
rectified wer®igne30t the AC signal from source 14 into BCIDBN@V0EEIE
on node 30 with a reduced anount of AC ripple. 10AC- DC power
converter cit@Lﬁ¢0tE£ZGMawpbﬁdt@de)asp@meisonMﬂgniéﬁﬂ@@nﬁﬂoEndiiéuit

such as convedd ofc SoNLTal. Sir Ukh 380 GOUN 1 ns, 58 IBYJbesgdy O

connect conver con C|r to giou oSI'tI've pover
supply volta@he\ﬂnﬂpnw me &apphfedrtolt@myerl&nmab5beoatmebtﬁfieﬂit 38

at input 84. ]nput, 84 ovi ded with vol tage by tappin
power suppl y*1% ug]nﬁmBP dOBFrg% tr%ﬁzrq§9§§ G PB%PPQBEr y
contai n Gurr@idgdd nd,i RYweeNPEReBEEeBUCH @Sy GNR 1QideNeEeate8bst 8 S.
Transforner 32 may havé an input connected to 20 the out put of

rectifier 16C@RRFEPT0HEpUINEGRNBRY B° t SR Gthe 40 tondecRpati Por 42.

Transfor mer 32-{@y; AV, achdiBrial the SHEH: 88 A LRrkieh 88 inkuid
ratio. Sw tching C|rCU|try SWL such as a bipolar or

met al - oxi desekgEhductosops®er Lér ARsP st drC il tsgsusadneger dguratle a he

25 current If@&&ggdfgﬂggattggogghrggﬁlgrlnary side of transformer 32.
Switch SWL. may receive a control signal on control input 36 from

convert erd control ci r dOC3gowTheconveyiodr giigirall tmdy Zhaey anﬁl@@%ehcy

of sbout 20 kif. 10 190,41k (B .ap, XAARLS) o CANLLOL SlEsuLE 38,

produce 30 t e co r ol 0 reg ate t
power t hr oughi onver3ser EEoumﬂemlpemE6Imnndﬁrwaedlzolsoopecated in
active node, the control is.active and, i s 2gged eeded to

regul at e the‘ﬁhéﬂ#ﬁﬁd@ogFnglFéﬁgu%Bugo‘Wﬁ%ﬂ“béﬁé nveFPE 1§eis in

st andby nodepoudie sipply voltage Vb may be supplied to converter

15 control circuit 38 at input 84. Input 84 may be provided
with voltage Vb by tapping power supply line 26 using
bleed cirxcuit 82. Bleed circuit 82 may contain current
limiting components such as one or more resistors.

Transformer 32 may have an input connected to

20 the ocutput of rectifier 16 and an output connected to
diode 40 and capacitor 42. Transformer 32 may have a furn
ratio such as a 10:1 or 20:1 turn ratio. Switching
circuitry SW1l such as a bipolar or metal-oxide-
gemiconductor power transistor may be used to regulate the

25 current Ip that flows through the primary side of
transformer 32. Switch SW1 may receive a control signal
on control input 36 from converter control circuit 38.
The contrel signal may have a frequency of about 20 kHz to
100 klz (as an example). Control circuit 38 may produce

30 the control signal on line 36 to regulate the flow of
power through converter 12, When power converter 12 is
operated in active mode, the control signal is active and
is changed as needed to regulate the magnitude of voltage
Vbus. When power converter 12 is in standby mode, the

16



control signal is inactive (i.e., there is no tine-varying control
signal present on line 36). This reduces power consunption in power

converter wo HhdjosMmeul d otherwi se arise fromthe operatg@iyRhosnsssor
swtching circuitry SW,, even 5 in the absence of a connected | oad on

out put line ISt Fandpowar i RSPt { O canReof Ukt hgr tirﬁé’“@@%i%
openi ng optional switching circuitry such as switches SWB and SW to
reduce | eaka®@ ety e aleprgesensi g oM rf) -si ghalss rRiBATS dPRAEs T er

contr ol ci r s and/ oh bEARY L0oMPOHOE Dhknar would otndhgi &ONtT O

signal that is provided to swtching circuitry SW on |1 ne may be
a signal whozel 9 dquendyei sradptstedof cswiomirioly checarbunt S, power

that flo t nyerte e i.g ch, pul se
15 wi dt h oot AtoRCBIRE Sy ghar O RR e 7L o S0rE T hay A of o
control the Swoulity gioweewepnshapt féowsart rofgirthee cedueed dsyin
accordance wth .a pulse wdth ulati on schenme. Wth a typi.cal P
schee. e he st SetgRir Lo OBt R S Y THaTE R AP R VAU ilh
it is desirethd gWdurn sektbeb SWMkade teufemids (eusl.entisipgteoddmy and
may have a | ow value when it is desired to turn switch SW off to
prevent cur redfi"als £fE6M FPBRRAGST THE otk G- C8itgndf BRA( Phef 58 may,
for exanpl e mdig @®rSguare wave PWM signal 25 whose duty cycle may be

regul ated by control circuit 38 to adjust the magnitude of Vbus on
output 73. 1f desiredIhg FPREtehcs: FvtuldEton sseRereIadyt Hesidediing

a frequency smqyliati,0BySCREMR: nd NP GRNE Y 25198k 1 Opnbider 38, my-pe a
square wave or other control signal whose frequency is 30 regul ated
by control dig @ditus3gdt goadpubiot hdrarepvivnfdetobovert blgat bkyis The

use of PWM goptyf 3 n%ih?ﬂ%éﬁvé?t&?"‘@f AR LT gRUE Ns B POVE! pulse

converter 12 1s
15 width modulation (PWM) signal whose duty cycle is adjusted

to control the amount of power that flows through the
converter in accordance with a pulse width modulation
scheme.
With a typical PWM scheme, the control signal on

20 line 36 may have a high value when it is desired to turn
switch SW1 on to permit current Ip to flow and may have a
low value when it is desired to turn switch SW1l off to
prevent current Ip from flowing. The control signal on
line 36 may, for example, be a sguare wave PWM signal

25 wheose duty cycle may be regulated by control circuit 38 to
adjust the magnitude of Vbus on output 73. If desired, a
frequency modulation scheme may be used. In a frequency
modulation scheme, the control signal on line 36 may be a
sguare wave or other control signal whose frequency is

30 regulated by control circuit 38 to adjust the magnitude of
voltage Vbus. The use of PWM control signals in power
converters such as power converter 12 is sometimes
described herein as an example. The use of PWM control

signals is, however, merely illustrative. Any suitabkle
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descri bed herein as an exanple. The use of PWM control signals is,
however, nerely illustrative. Any suitable 17 type of control signal
may be usewotwiwwsiorol power flow in converter 12 if deRCTBER009/068801
When control circuit 38 applies a control signal such as a PW
control signaype coSwddiroSWsighhé vayrieatudesd Satcditercdepondar ylsw de
of transfornmer 32 will have.a frequency equal to that of the control
signal (e. g.fnacb% erﬁ?ﬁ(lﬂ—l\zé tl% fﬁﬁlﬁle-[%). Di ode 40 and capacitor 42

convert this AC signalwhdit @catbclvol tager a1s nada i44. aTkioatyolt agenas
provided to line 64 and represents. the output of AC-DC 10

ower
converter cifeut 22 B Eeatrel $HE“Hbnthat" doher Cup sl gﬁfﬁﬁ?t Is

vol tage on |ineciod, saddineda riys ssaBebE Mesar £f &fead 320 vhenehavasaVsec,
may be, for exanple, 12 volts, 5 volts, or other suitable voltage.

When el ect r off RIRAAX €G- $ocbhpbcPEd-t® SUtTRL 15198223 (QuBi ngabout
active 15 moge, g i Qldoage b hat pi Sa@r sEUGEH AlpLULRYL 164 BBY.PE

routed to electronic device 10 through switching circuitry SW2,
out put 73, ariipaith sAzned power at Re epreade rat afeds] ddédtr oRhesdeviexge

10. Power Cofé’%]{ﬁihd]eﬁ]r{%yﬁﬁe%?té%'? f@éé}&sar&h%oo%ﬁﬂi' 89pACj_—DC

control schene. is type of arrandenent, power conhverter 12 can
appl y a Ifr edetvermimaredeP\irsicgmaliitf t 2guehdIGwdul atthennsmgnal , power
ot her control signal .,to.switching circuit S 0 .produce.a desired
out put | evel “HF O BIE S G BaL Bt 1 Thes T3 P TadE Pale ThTef osed:
25 | oop controfeschen myche bseldsdy, proyilh nFox keeadbaek pattoFHBs,

such as feedbac ath foroped froml]ines 48 and 49. Using |lines 48 and
e } n PBECGLPEREOUGE t age

49, control TiYE% 5 CHRresliiaPteebEde %
| evel acrossgaipdes 144 iandopbetlel. tothermud pUtnevolyt ageiag benevé4) .

'f the mode, the wvoltage that is produced at output 64 may be
routed to electronic device 10 through switching circultry
SW2, output 73, and path 72 to power the circuitry of
electronic device 10.
Power converter 12 may be controlled using an

20 open-loop control scheme. With this type of arrangement,
power converter 12 can apply a predetermined PWM signal,
frequency modulation signal, or other control signal to
switching circuitry SW1l to produce a desired output level
on output 64 and output line 73. If desired, a closed-

25 loop control scheme may be used by providing a feedback
path FB such as feedback path formed from lines 48 and 49.
Using lines 48 and 49, contrcl circuit 38 can receive
feedback on the current voltage level across nodes 44 and
46 (i.e., the output voltage on line 64). TIf the

30 currently monitored value of the cutput voltage on node 44
is below z cdesired target level (i.e., below the desired
Vesec level), the duty cycle of the PWM signal or, in a
frequency modulation scheme, the frequency of the control

signal can be increased to increase the output voltage
18



30 currently nonitored val ue of the output voltage on node 44 is
bel ow a desired target level (i.e., below the desired Vsec |evel),

the duty cy@ Bifosiphe PWM signal or, in a frequency nodd@ddeidosssor
scheme, the frequency of the control signal can be increased to

i ncrease the;oudAngig).t age cBREOHUI BOFNid F3L QRIEni GLECHL Lt 38he
determ nes that the output voltage on node 44 and output 64 of AC DC

power conver@&FPwh rAfitage22ni 30880 hi gl QHEdUY OFcRE-BF PoIeeIPWM
signal or the, {requency . ofithe,60ntrol, sigpal ¢an dta‘EyE’ggg%é egsethd 0

reduce the output voltage towards itsS desited target "l Crcultry
such as convidif exiqrent ogl ther Euegusscynayf bdd goated lonighel pramerey

si de of tiran . Crcult S itaor.circyitry 5
ener gy S?0r5%%9%§$%§d2§8n?%§3?55&%?Cﬁ? dﬁifﬁgy%aﬁgyt Wﬁfagnﬁy%df-%iﬁ?d
regul at or S52tampeibddvedat ed on t he secondary side of transformer 32.

If desired, an isolation stage such as isolation stage.51. my. b
i ncl uded in feedback 5ﬁfﬁuﬁgg osﬂéﬁpﬁiﬂ%ﬁﬂW%ﬁﬁﬁrl§°ngPét%lE?$%ﬁ;§%y
on the prinafay ard 1secerdaby shdesrOfiadp dirrnsiotiehs83rm& 32 arly,

an isolation_stage such as isolation stage 78 nmay be included in
cont r ol patﬁh?éngéﬁﬁbéﬁcﬁnﬁﬁtB?HEHQ%ﬁH“EBHJ§ﬂtéﬁfCSﬁ?F%Y tFeaAg 3s8.

I'sol ati an stagesmRl 5a0ds¢8taBYndect osumtd:-f rsom, skaRabol £ agsT B shor
optical isolation devices, etc. 20As shown in FIG 2, energy storage
circuit 50 mdy " P6r AedeErEnPAnt B eTPrstasivagedel efrehiagsEdrear 32.

capaci tor 80:¢ RRAGHOT 280 BBYaPEo:f ARl LA s*&%h"‘%%”_i@éi%%@n and, gr aynd

(e.g., node 46). During standby operations, capacitor may be used
to power nomiavwres4ngadded| iageeedback path FB to help electrically

isolate circuitry on the primary and secondary sides of

15 transformer 32. Similarly, an isolation stage such as
isolation stage 78 may be included in control path 76
between monitor 54 and converter control circuit 38.
Isolation stages 51 and 78 may be formed from signal
transformers, optical isolation devices, etc.

20 As shown in FIG. 2, energy storage circuit 50
may be formed from an energy storage element such as
capacitor 80. Capacitor 80 may be coupled between path 66
and ground (e.qg., node 46). During standby operations,
capaciter 80 may be used to power monitor 54 and voltage

25 regulator 52. Monitor 54 can monitor the output voltage
from capacitor 80 on path 66 to determine when capacitor
80 has become depleted encugh to warrant replenishment.
When replenishment of the energy of capaciter 80 is
desired, monitor 54 can issue a wake-up controel signal to

30 converter control circuit 38 via control path 76. 1In
response, converter control circuit 38 can transition to
active mode by resuming the generaticn of control signals
on control line 36. This will lead to the production of a

DC output voltage on line 64 that can be routed tc
19



25 regulator 52. Monitor 54 can nonitor the output voltage from
capacitor 80 on path 66 to determ ne when capacitor 80 has becone
depl et ed ewagiv/@eivar rant repl eni shnment. Wien repl eni siemUS2009f068d08
energy of capacitor 80 is desired, nmonitor 54 can issue a wake-up
control si gn@ehpacoit&& aanwerat eatboﬁsrocb Jcéc:ctmrige IBpaicatoontbol path
76. In resp t ?ﬁert r controg i carllntrarismbon to
active node TreersSﬁ ahsge ﬁeleégﬁe? vt %%eo? TR ?ﬂ%’ & Sngfjs on control
| i ne 36. Thiﬁe&%dﬁgdceadt tt@lltghoaprodmttmy Giecaan@Cde@tlEu‘EdVOIAﬁge on
i ne 64 that can be routed ggltor 80 via path 66 to recharge
capaci t or 8CPREHY et BESe§ @ﬁ‘@%y t bhalget IdRsT SdyPaFEBTBele

recharged i nhidd s ey shenithey brspgEr deptaliad.coiheeRBHI e ShOERJE
el ement 50 that is based on a battery may 5 have, for exanple, a

charger circedih et édepbbehEBRYpath 66 and the battery.

Vol tage regul ator ci r%ltta%% DBy Per ST aBd- {1102 )G BE POWRES from
converter such as a DC- DC boost “converter 52A and a"current limting

circuit suche aBCdRii rmamerl@onvartPAgSEerk cas ta BB DA Pogesi Fedyerher
current lim %éz?garﬁ:? tHLJlJIte'I’I%Sl?IHlEHIrl(E ey d:l”r] g, %:,sr edib.opgB may be

conbi ned wt he vo tage regulating capabilities of power converter
circuit 132A limitivey exianplie 6EBF| G f devitedgehreguirathonlandttug rent

limting functi Sjti"shctalrvegst O%eréug?l gpierrent ed u3| g .separate Bércw ts.
iV c

This is nerecf‘-ﬁ‘/p S a5 PoWer “é6nVert 8¢ 52A and
52B may be fosnmeichdd amttnehet woltege nﬁé@;ld’l‘éﬂmq wapiabtiegratedofipeudt S

and may, if desired, include scre conponents. 20 converter
52A may be & ¥WICHEI-TEEE po % sui) WS O -€ O% Egﬁec?rcﬂ? tage

formed from eopirdidi rGld tﬁyréﬁﬂchlﬁﬁtﬁ@tm{ct@dneuhtavaBbeeﬁt or age
el enent s (capamtors and/ or inductors),. and other conmponents (e.g.,
di odes) .15EI eWtRimAN tEShPSAEAt SCRAEAC S HaEE Sray 15 5255 RFeh¥nt ed as

part of a sing g niegiat e@ﬁbﬁwstsu&wa D%&r&retomertegoem and
converter 52A nmay receive power vol tage Vstore from

capaci t or 80523)rm43ﬁ|§lﬂ frommeﬁdfﬁﬁsx om%mtaréora TomoEepEHarngeut put
vol tage on oyt &*}%ﬂ%pgﬁ Jﬁ ltteeut 1QTuat BOYEfete

converter 30 52 y | ower e vol tage Vstore.
t he exanpl e ofmE@ntx, . converter 52A is a boost converter that

produces,;a noni nal outpuf, %ng&%/%u%zr%%%gﬁat MtEH ?gpgg‘;&r

than the nom nal out put voltage t ouf put
converter cisupply &h l&fs, a boost circuit formed from control

circuitry (such as control cirxcuit 38), storage elements
{(capacitors and/or inductors), and other components (e.g.,
diodes). Electrical components such as these may be

25 implemented as part of a single integrated circuit.
During operaticon, boost converter 522 may recelve power
{e.g., a DC voltage Vstore from capacitor 80) on input IN
and may provide a corresponding output voltage on output
OUT. The output veltage on output QUT of power converter

30 52A may be lower or higher than the voltage Vstore. 1In
the example of FIG. 2, converter 522 is a boost converter
that produces a nominal output voltage Vaux on output CUT
that is greater than the nominal output voltage Vsec

produced at output 64 of power converter circuit 122. If,
20



20 for exanple, Vsec is 5.0 volts, Vaux may be 5.1 volts (as an
exanple). The voltage Vstore may range from 5.0 volts when capacitor

80 is fullwohan@ed2to a lower value (e.g., a voltage igrihododogs: Of
about 1-4.5 volts) as capacitor 5 80 becones depl et ed.

Current |imfdnGdriod,t 228 MBYshe vopiemnhed isi B 6NE Q51PN fas
resistors or other suitable circui try for limting the nmaxi nrum anount
of current t¥ate¥aBPLse -dr WG VPORPPDWEF t ohviatt éeng2ALRARN® al | vakts s
connected t | 7 0 o] rte
cireu t 122 Ve s 80das Sl TP 11 Beonen. T ELt pie+
absence of aalwoadame cut plie khnee78f Twruent-4. |5mvp|lmg)cﬁscgapa<52t33man
pass the voI ut.put of boost converter 52A to line 15 58
W th negl i glé)q’i g“ﬁ%e‘%%#lﬁ%% tude. In this situation, if the

nom nal out put voI tage:ufrlremtbmd)mtcmvcentcantszs,txa siaVahx, m}_b\bezﬁﬁlted
vol tage Vbus on output |line 7 riset g\hgg | oad, such as
el ectroni c d&Vi'te i°g ﬁlﬁrsoﬁﬁgﬁ’ F3I D CSH\J/ FPEF FHTCHHeY

vol t age Vbusfdn louwtiputhg ithe m3xWehh deoynd logd duewenBoeBA t Cafy efd er
52A will not be able to maintain Vbus at Vaux in_this situation,
because cur rER¥ iTHA RGWEFr EARYEBE strly &89 ) iLREE £ fleC ARRMEE Do
current 1fghatg e isuppkied to device 25 10. This causes vol tage
Vbus to sag under | oad. Monitor 54 can therefore nonitor
the attachnent status"ENePEERF oRPRVRIEMETEIITURY Aedshfi by $rndby

vol tage Vbus,apd QRsery @QZCaﬁﬂg%et&?éntalﬁ% RhAC 85BN ¥OUSE Wi ] B1g

controlling switching circuitry SW. 30FI G 3 shows how the voltage
Vbus on out pit qqq@@t??,lnﬁywvoq:vérwiénhanm:s@@ déraehesSeP ecar AE TS
device from yerte or e vi ce
1015 attaoHel 18 Satbr CRoRIErTEr 1o e PEcoroatThethontt eI nes

72 and 14. Pderitbomegitigibtéercluangy J.’IIQZﬂagsummde In thlS
situation, if the nominal output voltage from boost
converter 52A is Vaux, the DC voltage Vbus on output line
73 will rise to Vaux.

When a load such as electreonic device 10 is

20 connected to power converter 12, the voltage Vbus on
output line 73 will be pulled low. Boost converter 52A
will net be able to maintain Vbus at Vaux in this
situation, because current limiting circuit 52B serves to
limit the amount ¢f current that can be supplied to device

25 10. This causes voltage Vbus to sag under load.

Meonitor 54 can therefore monitor the attachment
status of electronic device 10 by measuring the voltage
Vbus and observing changes that take place in Vbus while
controlling switching circuitry SW2.

30 #IG. 3 shows how the voltage Vbus on ocutput line
73 may evolve when a user detaches electronic device from
power converter 12, At times before t0, electronic device
10 is attached to power converter 12 and receives DC power

over lines 72 and 74. Power converter circuiltry 122 is in
21



its active node and supplies a DC output voltage at nom nal out put
vol tage Vsec on output 64. Switching circuitry SW is closed during
active nodw0 2ww/h@2vol t age Vsec on out put 64 of power ROIMVE2HIIEHHS301
circuit 122 is passed 5 to power converter output line 73. The

vol t age Vbusiton ddamiere/ 3ods thdr efipp biegual DG owset abltagesabef ore
tO At tine tg%ln 3%; detﬁghes @Iectronl d VI%E 1? éo m out put
line 73. Because outPut it N8~ 739F s' Tonnect 310 outpu é wWhich is
suppl yi ng voii:agﬁﬂ@ecswzvmbt ageséﬂs)u@uﬁihg esrtajm atodeo| TsaQEhé/smlteA;e
time ti, nonitor 54 o hing circuit SW to.is te out
line 73 fronf{{fhet" c?é%%x? gf‘l B rBOfE 122V rt&rlfﬁh!lﬁai gpéﬁ pa

swi tchi ng CigeWdwer DWRAvertERI su¥gyt onGe: every thewyseeagdsvelis nbmut es
or at other suitable tinmes to check the 15 attachnent status of

el ectroni c device/31@s therefore egyaltRd/sfFa &t ti-pest bpferect? onikt

device 10 i s jQ l\ngemhcatkachgd: Lo Ut P A o/ JevhBear hEBHLE, When
switching circuitry SW is opened at tine tl, electronic device 10 no

| onger suppldesw: [loag (76 - ouB@G@u$¢rﬁ#EEPt»2GI¢hﬂ§ apl saBngbesdtier ri se
to the leve|1ﬂﬁnﬁp§£@g%hY€HX Ehgﬁ%#fkfﬂq”Udf%%g%tVgngugegkgévabus

vol t age regdfator 2, as i ndicat opi ng “segnenf curve 86.
Moni t or 194 ceamanord tadr vohitsgei $ee¢ n Vol tteige Vus mesiingrpat hos@ns When

a predefined_ thr hoId vol t age h_as. t hr shol age th2 is
reached at t¥ réi , Clr UI%g %@%'%%n% Ji G AP %e% gon?% %%VICE 10

has been reqnm&drkmmwemmﬂercmbowettrgzizDkwbnm&0545ﬁaganpémerefore

i ssue a power -.do command.to p r. co rter circuit 122 _over
control pat FYE G SCECAEPE o™ colie Mt CBFFC YT 255% P Gt
30 convert erod Ziint@sa ost a8dbyh@OWRL i TS Rlnie@N tBDEReck Ntihdi s node,

switching circuit SW remai ns open, so voltage Vbus may rise to Vaux
at tinmed t FEVRESPOES2EDSs and ?%ﬁCtronlC devicej h&-88"in the graph

of FIG 4 illustratesahowihbg yotdRgeinNSHY,e QRcRabhiB6aatidde utput
of capacitor 80 may evolve as a function of time when el ectronic

devi ce 10 i S'USOAEIFEd afEaRNPOWE? CHIRIET tleme1 I3 - At A6i ArereFulpovigien
converter 1%&1%6}1’1:1%‘ %nQEMﬂPQeSWirH tandhy ra'%d%meow ﬁ?é‘é’@fér?f

circuit 122 1s off e., not actively 'swtching 5 swtch SW) and
moni t or 54 |o§‘b@a1@,0p@mﬁ-edg@y surp ice ererlppd ocapapit ok189.73.

| niTal by, atd MLl §BR3CLOOF: 80 hasd ALLAgR VoLoL a0y e ra

he nonln out put age on out put Foduced
pomer converﬂ&nsupgﬁ;&dtalZQump@m Pohverf convteigeeregutgtiot 322 as
active). indicated by sloping segment 87 of curve 86. Monitor 54
can monitor this rise in wvoltage Vbus using path 60. When
a predefined threshold voltazge such as threshold voltage
25 Vth2 is reached at time t2, monitor 54 can conclude that
electronic device 10 has been removed from power converter
12. Monitor 54 can therefore issue a power-down command
to power converter circuit 122 over control path 76 to
place AC-DC power converter circuit 122 and power
30 converter 12 into a standby power consumption mode. In
this mode, switching circuit SWZ2Z remains open, sc voltage
Vbus may rise to Vaux at times t between times t2 and t3.
Line 88 in the graph of FIG. 4 illustrates how

the wvoltage Vstore on path 66 at the output of capacitor
22



10During tines ti to td, nonitor 54 operates to detect changes in the
attachnment status of electronic device 10. This consunes power and

depl et es c@pRBid@54080, | eading to the decrease in volt age¥shRfgsshl om
Vsec to Vth4, as indicated by curve segnent 90. 15At tinme td, Vstore

drops bel ow gy piggdaetwrnfiened khigsbel éh Vol taige Vihd. <YBeprsRn: t@svid
detects that Vstore has dropped below Vth4, nonitor 54 may issue an

activation cohtirpldateihgrd LEAMpRPTEY 6CUHERTY tUT AS -onApolRe chhy & TwaT

circuit 122..0nce powar cQnyar ket ghy Ghide 122,20 cigqplagsle | oagdi ve
node at tinme td, the output voltage on output 64 wll rise to nom nal
out put val uecrseryteas didugat @d2bys | bl Segnentnod2activatyes@Biching

Moni t . i ' . i
segrent 92 torSanr v wAds VERSEat Rl oL e Ra e P t ey |
repl eni shed statey dm capaditect 8powelnciommiént, ertcicingi til22apacitemin

active for i,ven period of tine (e a period_such as fe
seconds tha’?scgspassufaf ivc?ilgﬁfjet XS]F%Jé%a?Bg]éceacpa i*tor §§?.nﬁ?l?$jrm°%3ut
after capacitdrt=®f: as chepatr epl €md s hied, prihickedr b$4peasr SopFactsr
power converter circuit ﬁ22 i n standby node. As indicated by |ine
segnent 94, THEWdpléti BRSPr BRERE GINTSHE S EFAEHE Lob2 ¢ hih Fepedt's.

Moni tor 194 can turn peWRRngoRYRES efi Cid G, t mba2teR 8adopéfa@ss shown
in FIG 4 for as long as required (i.e., until electronic device 10

is attached)SteHie GrapRSofPFHE BLH3FHATalés tHEWPYof t 3G Vbts may
evolve duri ng.ihe RHOCEHH; QT cBh L @RI MRl L EOREE1 BEYL CEadM 1D PRMET

converter 12. At tine ts, electronic
leading te the decrease in voltage Vstore from Vsec to
Vth4, as indicated by curve segment 90.

15 At time td, Vstore drops below a predetermined
threshold voltage Vth4. When monitor 54 detects that
Vstore has dropped below Vth4, moniter 54 may issue an
activation control command on path 76 that turns con power
converter circuit 122. Once power converter circuit 122

20 is placed in active mode at time td, the output voltage on
output 64 will rise to nominal output value Vsec, as
indicated by line segment 92 of curve 88.

Monitor 54 can monitor the replenishment process
represented by line segment 92 to confirm when Vstore has

25 returned to its fully replenished state or can direct
power converter circuit 122 to remain active for a given
period of time (e.g., a period such as a few seconds that
is sufficient to recharge capacitor 80). At time tr,
after capacitor 80 has been replenished, monitcr 54 can

30 place power converter gircuit 122 in standby mode. As
indicated by line segment 94, the depletion process of
line segment 80 then repeats. Monitor 54 can turn power
converter circuit 122 on and off as shown in FIG. 4 for as

long as required (i.e., until electronic device 10 is
23



5 device 10 is not attached to power converter 12. In the absence of
a load on output line 73, the voltage Vbus rises to Vaux to match the
unl oaded owtguueto/wadoeage of voltage regul ator 54, as shomtir/bgzobd/0868801
segnent 98 of curve 96. At tinme ta, a user attaches el ectronic device
10 to 10 powettzomxd®rter 12 (e.g., by connecting a USB cabl e or other

cabl e between device and wer verter, 12). .Once devi 10 is
connected to out put Ii]'}ﬂ]ee %,a% e\‘?ifcgggo %ebi%%sz‘%rfqeﬁagloguyﬁggagientbl'?%.
Current |imhangeedTwdiduri2l phevepbseyol s age: tdriieguleatetrb2ifr om
providing the full appunt of current that_is demanded by el ectronic

device 10. TAFY Causts Y SINEge COBUS E6  drop forhWEukat SLFRETPRF0 a

predet er g negded ieeshpolis voltt ageasHeh as M3 alorddd® b1 2as TRdEgat ed
by line segnment 100. When nonitor 54 detects 20 that voltage Vbus has

dropped to \ERSSNRME 6 194 CaR eBREREJEI RNl old& roditacgeVPEe 10
has been attaghed {90 pQWEr CRAYEH Bhe 12n1 Ml QJut%%tC%lttggéeBW e

i ssue a command to power converter circuit 122 ovér path 76 that
pl aces powervebraas traguwdiatori £4122si ahdyr kictive medaen25@8cetfpoweye

converter cipgul tAt}gc%er.es Gt ia"ﬁ%gf}_” aEPE?tE’é‘é Rt M9l f3ge dLB?%pgﬁ‘BEO

converter circuit can supp power to electronic device 1

al | owi ng ovol pager Viusrdraer $€ tle.gt s byntcoaleatdinge avVeied, cablendicat ed
by:.line segnent 102.i.n EI 5. At tinmes,after tinme tc (e.qg., al ong
" he SeqmentS it CRUGs oheyeRe AerhtR: i ge s By Euer 2o
control circohde IBvice 10 is cohh&ctédstovwsutaw Huwe may agolive when

moni tor 54 opens switching circuitry SW while electronic device 10
remai ns att achEd?s A° ﬁioﬁg Pﬁej?uﬁoﬁl\k?\{ecﬁverter 12 is

Current limiting circuit 52B prevents voltage

15 regulator 52 from providing the full amount of current
that is demanded by electronic device 10. This causes
voltage Vbus to drop from Vaux at time ta to a
predetermined threshold voltage such as Vth3 at time tb,
as indicated by line segment 108. When monitor 54 detects

20 that voltage Vbus has dropped to Vth3, monitor 54 can
conclude that electronic device 10 has been attached to
power converter 12. Monitor 54 can therefore issue a
command to power converter circuit 122 over path 76 that
places power converter circuit 122 in its active mode.

25 Once power converter circult 122 is activated,
the output voltage from power converter circuit 222 can
supply power to electronic device 10, allowing voltage
Vbus to rise to its nominal wvalue Vsec, as indicated by
line segment 102 in FIG. 5. At times after time tc (e.g.,

30 along line segment 104}, Vbus may be held at voltage Vsec
by converter control circuit 38.

FIG. 6 shows how Vbus may evolve when monitor 54
opens switching circuitry SW2 while electronic device 10

remains attached. At time tbg, power converter 12 is
24



active and is powering electronic device 10 by supplying a voltage
Vbus of Vsec. At tine top, nonitor 54 opens switching circuitry SW2.

Because elgglotbspsevice 10 is connected to power convgid®hoobRessol
vol t age Vbus drops. When 5 a predeterm ned threshold voltage Vthl is

reached at tidwifland™Ri bBhepfn§ad: CONEIdide dhateh LY 0MkS, deM £ &
10 is still connected to power converter 12 and can close sw tching

circuitry SWelogsiq dgesveisVpeef eriibl §imerimins mabévervef t aRRMVni n
(e.g., abOUtswAi-éih‘&g‘Jgt %)irEBiEf:?V%ﬁ'ﬁ. 10 &l LaL %ﬁ%gtgs}ﬁgedé\piéé o is
erroneously concludi"ng that efectronic device as been

di sconnect edcdnr@mysowse poreer tenvdteice swiltebengbesréwpsy IRn s

cl osed, power is t or. t | 7 volta s .w.l.l
rise, re§chian(f rneéfr%%ﬁ%gﬁ'lg%fi pg{&%% {%ﬁa%equgc\?&?é Si?’fg% ar ig%%ﬁ/%%ﬁtn.twe
di agram showalg hewipowet4coaresderl kR adhtdeviecerdfi oayeopss daile iisn

system 8 of FI, 1 as a _user attaches and detaghes device 10 from
converter 12 1S FEMECHER £ TS0 P S Hod8 0B olte
converter 12Zikchpergatirguborpedhy. asran A6 DEupores FELaWEy t:efmane i S
supplying power to an attached electronic device_ 10 from AC source
14. In a ty@RRHe JOhaPPoYTET ek rOmi CRPBAH de °150LbRt afpsPEpvent

rechar geabl & Ratteny ot hayiean perracharngedonien 2onelegiipniadevice
10 is connected to power converter 12. During the operations of node

106, noni t ore IS EeNAEr PEY1AS| HS k¥ tRIATNGISCPBOPEESA STROR IRAYERS t 0
al I ow pover d0 Redel hyeregyiL om 4 e B L AYERYL shd Nes 73 Ay,
el ectronic device 10. At appropriate tinmes (e.g., once every few 30
seconds, m MMWEY, i6t cepLonddi toroBduondEmearBl gndpenstays t\dhisng'ill
circuitry Sﬁ%é%ﬁ %Q%Eéﬁﬂge%ggfnéﬂ(%ﬁﬂﬂﬁy %OQ%g§8?% eiSV§%é|At time
attached. |f 'vol'tage u oes not rise when swtching circuitry SW
is openéd (efg. if voltage Vbus
A diagram showing how power converter 12 and
device 10 may operate in system & of FIG. 1 as a user
attaches and detaches device 10 from cenverter 12 is shown
in FIG. 7.

20 In active mode 106, power converter 12 1is
operating normally as an AC~DC power converter and is
supplying power to an attached electreonic device 10 from
AC source 1l4. 1In a typical scenario, electronic device 10
contains a rechargeable battery that can be recharged when

25 electronic device 10 is connected to power converter 12,
During the operations of mode 106, monitor 54 primarily
holds switching circuitry SW2 closed to allow power to be
delivered from line €4 to output line 73 and electronic
device 1G. At appreopriate times (e.g., conce every few

30 seconds, minutes, etc.), monitor 54 momentarily opens
switching circuitry 5W2 to check whether electronic device
10 is still attached. 1If veltage Vbus does not rise when
switching circuitry SW2 is opened (e.g., if voltage Vbus
falls to Vthl as described in connection with FIG. &),
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falls to Vthl as described in connection with FIG 6), nonitor 54
can conclude that electronic device 10 is still attached to power
converter % 0fwoosadi cated by |ine 108, the operations piT/asiivessnde
106 can then continue uninterrupted. 5If, however, voltage Vbus rises
to thresholdm@hiﬁbNWEﬂlcﬂm tcohicngdei toatteyedMbriis oesried a9 desstibed

n connecti on th 3, nonitor 54 c conclude that, device 1 as
baen_ dor achott LRt i S RE T E8 L hon t oA e AthEn 28 SE8e poYs

converter citgaidped it bE peweieCBNEri®s ded idhest andbynoede 114,
During standby, node 114, power converter circuit 122 is not active,
S0 power conVeltRERrTURAHt 122 is not able to deliver power for

power i ng groni tor 54. ﬁﬁih%bweQ%%Brvb§t§§%WVBﬁ%jﬂﬂé%%‘%%9E9¥e§581§99
circuit 50. In 15 partlcular energy storage circuit 50 may supply a

vol t age VSt o%h% mmuq@tmnanélﬁﬁumﬂtswkﬁ apsHSE @endesEBELSRA
(FIG 2). 1]105'&1(?%:0 Jb% Wl hagegl evel nof; Vol tHee. \ASfc%glhée hat

sufficient (| , enérgy storage circuit can used
to power nnnd@tﬂ¢emi%ﬂﬁtﬂk&e54dahdczedvoLA%g@Mﬁ@g@haﬂomGSZ10Dur|ng

this tine, to rlo t he n t of
el ectronic ewce&f&%1 @%%v% tagghég ¥?§$$(§beggt%§th Qgﬁr%nSE%ngg%f
t hese checkspasedesaridree n2cmnnecthMymmddeFmﬂ3 5, mobnitor 54 can

return power converter_ ci,rcui o) converter 12 to
active node 106, as |&H|&£ﬁé&E8 %%y mod llé) power converter circuit

122 is not active, so power converter circuit 122 is not
able to deliver power for powering monitor 54. Rather,
power is supplied from energy storage circuit 50. In

15 particular, energy storage circuit 50 may supply a voltage
Vstore to monitor 54 and to input IN of boost converter
52A (FIG. 2). S0 long as the voltage level of voltage
Vstore is sufficient (i.e., above Vth4), energy storage
circuit 50 can be used to power monitering circuit 54 and

20 voltage regulator 52, During this time, monitor 54 may
periodically check the attachment status of electronic
device 10. If wvoltage Vbus falls below Vth3 during one cof
these checks as described in connection with FIG. 5,
monitor 54 can return power converter circuit 122 and

25 power converter 12 o active mode 106, as indicated by
line 112. If monitor 54 determines the voltage Vstore
falls below Vth4 as described in connection with FIG. 4,
monitor 54 can momentarily activate power converter
circuit 122 (active mode 118). TIn active mode 118, power

30 converter circuit 122 is active and replenishes energy
storage element 50 (e.g., by recharging capacitor 80 path
66). Device 10 remains detached during the operations of
mode 118.

After vcltage Vstore has been restored (line
26



line 112. If nonitor 54 determ nes the voltage Vstore falls bel ow
Vt h4 as described in connection with FIG 4, nonitor 54 can

monent ar i | yoaeidosdpe power converter circuit 122 (acti g rimdfiobdstd:
In active node 118, power 30 converter circuit 122 is active and

repl eni shes Gt siozgerel eIpNtnd0i {dr B4 kY FRENARIbHG£apaci t or
80 path 66). vice 10 renai ns detached during the operations of node
118. After VIRTERIESNVSIOEEVRASBéetnd e FIVEAESZ61 2 skynend®y of

FIG 4), mondQr 194 Cﬁg LD POYRL r COIWY BB aGEHCHY 1 122 A, power

converter 12 to standby e 144 to conserve power, as Indicated by
line 120. If desired, IVadgscapdbeVproviafedeatrravdidgfleabnd &ifeumnt

(e.g., adevel that is gre t t.he m.ni ratl ng. vaol t age of
devi ce 18 oﬁj%{]éﬁeégéﬁ Foggséht afﬁiéﬂkbtggrggggr %%aﬁl 5%%?. In
t he exanpl e afe:RtG3g 4015agebof atelvilGe tle arsetbbrasVabixlvad usuit Hdiati S

ter than Vseg helps facjlitate the detecti th h 10
diate of Qevit e Fo VBN Loy ST sw ik So ¥ PRLE oot SE1 rhwiivch

Vaux is not greaier7,t hae Vsecofthevqesenece ehadevscgrdror wtdrer
such | oads may be detectedlgg?deternining t.hat the vol tage Vbus has

not fallen (€55 VBdsTR&s % el P&t & palt Fetl af M i HEHol d

vol tage)o 1%{GaRrf icguhatiensid nyivdd clpevay ios aneater sihan Mfsec are
sonet i nes descri bed herein as an exanple. This is, however, nerely
i |l ustrativeeCeRSTSREWAT] KREFIG VEIX tiie réitr gdcetfrothaysYerR 8 they be

i ncor por at ed, idy-Qcal LroBePREL PF AN KIRGL ISARNKC 180adeXA FHSURNR A ed
devi ce 300. Device 300 nay be a portable conmputer, a handhel d

conputi ng déi ceteamdeskgopheonpe eroltage Vbus has not fallen (e.g.,
Vbus has not fallen past a particular threshold wveoltage).

15 Configurations in which Vaux is greater than Vsec are
sometimes described herein as an example. This is,
however, merely illustrative.

As shown in FPIG. 8, the circuitry of system 8
may be inceorporated into all or part of an electronic

20 device such as device 300. Device 300 may be a portable
computer, a handheld computing device, a desktop computer,
consumer electronics equipment such as a television or
stereo system, a computer display, a game controller, or
any other suitable electronic equipment. During normal

25 operation, device 300 may be powered by the circuitry of
power converter 12. This allows the circuitry of device
300 to be fully powered. Circuit components in device 300
are shown schematically as device circuit 219 in FIG. 8
and may include electronic components such as user

30 interface components (e.g., touch screens, touch pads,
mice, keys, buttons, circuitry for receiving wireless user
commands such as infrared receiver circuitry that monitors
signals from remote controls, radio-frequency wireless

communications circuitry that monitors user signals,
27



consuner el ectronics equi pment such as a television or stereo system
a conputer display, a game controller, or any other suitable

el ectroni cwequigoyessk. During normal 25 operation, devi ceCB0SotpsdoL
powered by the circuitry of power converter 12. This allows the
circuitry ofptew e r3)Grid srerkbygkl pipoweteyd,. SErsouid, earponents in

devi ce 300 are shown schenmatically as.devic ircuit 210 in.FILG .8
and may include el ect r@yc5%85ﬁéﬁt §TEULH SSSOCd%aé’r P20 PREEFFader 09

conponent s (gefmal teptahutSemeenwhehouehi padlssi M a0 keyserbet bonsry,
circuitry for receiving wreless user comuands such as infrared
receiver ciretf¥9yt thét GRoniPCoPL3SPENAT 2 F Y Tt SlorEF8nery)

radi o- f r efluefsye W ff &I RSS (GRMTUNTaaLEQRELE) rEddi Hdey dihat,ionh oy user
signals, 27 processing and storage circuitry, sensors, etc.%.
Ener gy st or ageaki ratfiiviBy reptbéngharbes eat rpgwHeenalClogepatfon.
Wien it is desiped f0.6anseiye poRer. roirGilidn1k22 £R1 Recplaged i n a
reduced- pomer%%f%nd%;}l% 5 %ﬁeto? oper ati on. pI n ‘st andt():y, Cdevi ceri/
circuit 210 »&Y measaiincdedeviinfranad Fadktete s idrati tdevioge 08DOr sherd d
resume nor mal  operati N FOTEXaBh e o PEVLEE SIS LIX 1210 TBY orner
i nclude infrared receiver “circuitry of other user 1nput Ci Vcwtry
that norid orsuiiseEyld puentact | Whey arustéhesudtl isd teablie fewentscoiifhemd a

user supplies an .infrared . conman rlother acti.vity.i s det ed_b
device circuff P1E*T tar?é“‘rvégé’l %Fn§e§%ﬁ5%$§?y o‘fevcfé%?i ce & u?? EJ21*5')h%ﬂaly
cause the votéage: oy [demavid -t efchanges Mrddiar 84 eay sense thés
change in voltage and mgy i ssue a correspaondi ng e 15 command to

-u
converter ciYebrdge 2N ilRSpdeh t96CRBAT t ortBU O 24 §5‘g‘p§?f168i Catsy

awaken conveghSigLiituidl thdd hadr AR enssihe enefdi-«sRhagagCivk ket tp 50,
as described in connection with FIG 1. If desired, circuit 210 can
i nf or m noni tSPRNDEG WRAOVEIELT] APEEUDF Bherlamdifitor’éd aMPRv ey hhs

been det ect ed, MisiNG, PN8HdtivRES yOhusk&natd ek SChemBscyfonshder, as an
exanpl e, the arrangement of FIG 9. As shown in FIG 9, electronic
devi ce 300 mespleniesha gyewery SGppRyesethcast arf AGSDAesewdPedonvert er
circuit 122 thatection with FIG. 1.
If desired, circuit 210 can inform monitor 54
20 that user input or other monitored activity has been
detected using other types of signaling schemes.
Consider, as an example, the arrangement of FIG. 9. As
shown in FIG. 9, electronic device 300 may have z power
supply such as an AC-DC power converter circuit 122 that
25 charges energy storage and power (voltage) regulator
circuit 302. Circuit 302 may be, for example, a circuit
that includes an energy storage circuit such as energy
storage circuit 50 of FIG. 8 and that optiocnally includes
a voltage regulator or other circuit that helps regulate
30 the output of the energy storage circuit when powering
circuit 210.

Processor 304 may include storage and processing
circuitry such as one or more microprocessors and other
control circuits (e.g., integrated circuits, etc.).
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25 charges energy storage and power (voltage) regulator circuit 302.
Circuit 302 may be, for exanple, a circuit that includes an energy

st orage ciwol[w@yﬁg as energy storage circuit 50 of F!}%T/lﬁztﬁd@%ﬁﬂt?fit
at hel ps

optionally includes a voltage regulator or other circuit t

regul ate 30 phe-Quutzgaf Ehepen8Lgdy St ARAS LiNeY thWhEPe POVWBSA NGk
circuit 210. ProCessor 304 may 1 ncl ude "storage and

processi ng ciecuig r3P0sgekl gdronetoflPmore microprocessors and ot her

control circuits (e.gp,l;ntegrafed (gnééxcé{!itoﬁ-; %t%re)vigg8305’rc9£?§ﬁ?r $04

may be used in controlling~”the operation o evi ce 0O"and circuit’
210. Duri ng poramlsugpérvati2cénmely deweecidihicf 3BRG s8, tpewenesyppl vy

122 may power, circuit. 302 t he ener 5 storage ci.rcuit 302 can be
char ged. I%Ci r%%cflfagflﬁlé:ﬁallsr g@%sg%rrl e%ﬁ%laawegte pg:mé%arcamj& caal?'f?operat e
normal | y. Werbddsdos ¢@gi caf be sonsssd earpbwen, opewete Shipphyl 1522 may
be pl aced in star;,sdby. (e.qg., gy processor 304, nrrtc;nitoreZlO, or_ ot her

control cir gty 1|Snd§géﬁﬁ yEOt ARSI PO st BPYGE BPPRLY t1afae

used to powese GiIraeeidt iA1QtaMebypathy 306 aRd-carsbe 9sed hénPeyerz21o,
nonitor 54 over path 308. i ) Crcuit 210 can await user i nput
such as an i rdhed FoRdEelcontFol teomuand Stagcher Shftabteevent

that indigcatas,that devi,ce 390 sbowd he tRkeR eutcRft 210 over path

! 306 and can be used to power monitor 54 over path 308.

Circuit 210 can await user input such as an
infrared remote contrel command or other suitable event
that indicates that device 300 should be taken out of

15 standby mode. When such an event is detected, circuit 210
can inform monitor 54 of the occurrence of the event by
sending signals over path 310. Path 310 can be an analocg
or digital path having one or more associated lines for
conveying communications between circuit 210 and monitor

20 54.

Once monitor 54 determines that it is
appropriate to wake up power supply 122 to handle the user
input command or other event, monitor 54 can issue an
appropriate wake-up control command for power supply

25 circuit 122 over path 76. Monitor 54 can also
pericdically wake up power supply 122 when it is desired
to replenish the energy storage circuit in energy storage
and power regulator circuit 302 via path 210.

FIG. 10 shows how device 300 may have multiple

30 power supply circuits 122. 1In the FIG. 10 example, device
300 has power supply circuit PS1 and power supply circuit
PS2. Power supply PS5l may be a high-power (primary) power
supply that supplies tens or hundreds of watts of power,
and power supply PS2 may be a low-power (secondary) power
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15 standby node. Wien such an event is detected, circuit 210 can
informnonitor 54 of the occurrence of the event by sending signals
over path ¥bo10Aesf2310 can be an anal og or digital paticheszidgessoe
or nore associated lines for conveyi ng comruni cati ons between circuit
210 and noni §@sp RPShatOe@pieskt Desbldpcieder fa nes thhat ort feser watts
appropriate to wake up power sgggly 122 to handl e the user i

ut
command or othdtoiant , [RoRitEBF B4 faM i S Yaieap FPEFPMEL 8" whk®- up

control conmmepg-fQin PRUEY. ,SUPRLY) 26f Ci & Uidt ik22 velr paphcTfy Madidor
54 can al so periodically wake up power supply 122 when 1t is desired
to repl eni shE*HEP Ener gﬁﬁsé*r age verely tiisdierdgyesegragécand power

regul ators cipcipt, 3025613 @i%tlha,géloseg&%aéleyo Shons, haw %%i £8v800n yray

have multiple 30 power “sdpply circuits 1. In“the FIG 10 exanple,
devi ce 300 hasitpdwer rowsyl pupklyubaPRSIt @Rl Powesidegply circuit P52.

et SRy Pob ey 2fgdel ANEROCo  PLLITI Y o RRMELBURD Yot My e

supplies tens or hundre power, powe may
be a | ow power {isecardary)stporeen@imayupmplit Fatweguppl ceschess2 pomer

(e.g., ten or_fewer tts _of r). ln standhy, each_s |y y
consune onlyp%P?%%ﬁﬁ%%§ 4(8?8.89€gi0@8mQﬁn?§%§ d%iﬁ%glﬁgmggBéaﬁggity
(as an exanpt®@)serfhesevaire petekysipbUstral ingy ecamibesd b5nPai hewy

supply PS1 and secondary supply PS2 have any sui t abl ower
suppl y capac??i%®s qq&éﬁéﬁ Fé&ee whel £url Rﬂﬂﬁrhdfh8PﬁaPe8§8$ation,

power suppl yr, ARl B, RRuweR kuppagt Pye Sdale: Fihimmy isUBpkidPEVEs to
clreult 21O’t:onserve power when active operation is not required.
During standby, energy storage and vcltage regulator
15 circuit 302 may supply power to circuit 210, as described
in connection with FIG. 9. From time to time, the energy
storage circuit in circuitry 302 may need to be
replenished. As described in connection with the circuit
of FIG. 1, monitor 54 can monitor the state 0f the energy
20 storage circuit. When replenighment is desired, monitor
54 can issue a replenishment control signal to power
supply PS2 over path 314. 1In response, power supply PS2
can awaken from its standby state. Because power supply
P32 uses less energy than power supply PS1 and because the
25 entire device 300 need not be powered during replenishment
operations with power supply P52, the use of power supply
PS2 to replenish the energy storage circuit while power
supply P31 remains in standby can help conserve power.
If circuit 210 detects user input or other
30 activity that indicates that device 300 should enter its
active state, circuit 210 can direct monitor 54 to wake up
power supply PS1 via path 316. Monitor 54 can also awaken
power supply PS2. If desired, circuit 210 can also use

processor 304 to issue wakeup commands and cther control
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processor 304 and ot her conmponents in device 300. To 10 conserve
power, power supply PS1 may be placed in a | ow power standby state

when full ReWejodosionot needed. Likew se, power supply RZ6abioRessor
pl aced in standby to conserve power when active operation is not

required. DukdmigerdandibroceBergy3st ohage W selfage [eQdl @b ofouldr
circuit 302 may supply power to circuit 210, as described in

connect i on w¥RPRI G519 WhERGHETT HEST ol e, 18 HeceAdrgy sEbrabec ety cui t
in circuit ryz_lt%g? Me%%e%_okggpflz%ﬂ)%pr{n%"ﬁ:b%edaqnd%ﬁ%ﬁhaegp'}g'owetli]e

connection w the circuit , honitor 54 can nonitor
state of theswnslig\S20 (sisoragexseipkel t. Wien repl eni shnent is

desired, cnonitor 54 c I; eni.s t t | I ower
suppl y P§2 over path %%4?§ﬁﬁgFg%%§§%é3h3§%§%a§3%%|§8ks§5§§% %%%ﬁ%%
fromits stamipuct atse poBecaadeprpeonelr2 sup NG .P32 igsebokessn enBF gyL1.

t han power suppl.y PS1 and becausge the 25 entire device 300 need .not
AR . s I e v i ot sy e Lo A P ey S
use of powerswippisy hidS2ihe sepl eni s dtheiererigy yStQeages ctietlittwhi | e
power supply P51 remains in standQ§ican hel p conservgﬂgomer. |

circuit 210 det¥ctfdCusér "PEphE BYUDBtHEr SOTEECGIHVEYP il Bfede

that devigce 3) shoulbdnepternbt sodet laiptleat @0 atr Cuhe gdd£an digiect
nmoni tor 54 to wake up power supply PS1 via path_316. Mnitor 54 can
al so awaken FoWERYsifplyersho FPukRIUEPt Sileaile STomcaderlad Isdo

processor 3Q4 {2 d33uguakedp, COPTEN G AR OLRELSEANEE Ok on QRIS .

Processor 304 may, for exanple, wake up power supply PS1 whenever

user input igPwescEReden th elecuienixiGlevilser s nbaRtert & JRdy Mz
used i n waki ppl y-PS2: €e)y.5 '|hH§¥L ive
configuratigﬁgfg%rggag%pggép%e%gﬁ%JgS%ﬁgggﬁégag% % 3p€2$é1 0 %3(3 1
i s showddi n skir@tilies AsedhbdmncowpHr@ nibict péapoweanddaplarharey have

a housing sugh .as _housing 318 in ich circuitry such as circujtry 12
of FIG T i e SRou: B PR CHI S G gL B30 Ray Y e A
connect the npoverinadaptesli ch#&e |ame qadwebleCabibe322f megntre-tssed to

route output_ signals _fropmadapter 12 to connector_ 324 _Connector 324
my be used 1§ %ﬁﬁngétat “Bowet -t OB ¢ SeMEERH¥nt L HEViE VFo.
Connector 324 may be, rior exagmdws ahcileRi A1CABBEET OFe Qboudle datpRer
that ISZO arrangement. In the configuration of FIG. 12, rower
adapter circuitry 12 of FIG. 1 is mounted within housing
326. Connector 328 in the FIG. 12 example may be a
magnetic connector such as a MagSafe® connector from Apple
Inc. of Cupertino, California. This type of connector
25 uses magnet attraction to help secure connector 328 to a
mating device. There may be, for example, magnets in
portions 330 of connector 328. Plug type connectors may
also be used in power adapter 12 if desired.
As shown in FIG. 13, energy storage circuit 50
30 may form part of AC-DC power converter circuit 122. For
example, converter circuit 122 may be a converter circuit
of the type that has a capacitor across its positive and
ground output lines (e.g., for filtering). In this type
of arrangement, energy for powering monitor 54 and for
31



15 sonetines used in coupling nmusic player and tel ephone devices to
conputers and power supplies. Connector 324 may, in general, have any
sui t abl e nwoero/@Biocont acts. The use of a 30-pi n arr angeImEuE20094068801
nmerely illustrative. FIG 12 shows another illustrative power adapter
20 arrangenep@weiinqPuinnmﬁﬁsgauahi@a oir@uii ZLD (ewercead@pierthe

circuitry 12 F unted within 26. nnector 328
inthe FIG ?Lgéexiasr%p & ieﬁm &4 rgr%gné?l C connec t% suéEC?as a

MagSaf e(r) ccmwmmitﬁrflwammépmlehénﬁee@ff&lunﬂdmunmna@abnbmgylatoﬂ&@@
type of conqsctor 25 uses nagn t attractlon to hel secgre co nector

328 to a nat{RY R ce FREFE Sy BRTIY of t WhaHDIE T agnal'sT Rk

portiOns5330f@§m@@nm&ﬁt@mySQ&mbE&ugftyﬁ&t&@maeﬁh@b&eﬁaﬁ akspabet dised
in power adapter 12 if desired. As shown in FIG 13, energ ¥ st orage
circuit 50 3PPHeSTITTMESEr? BRIABDERS peRRORSHieEer TOFRCEH %H@Lzazlorit%r

exanpl e, converdeft £idiCiialy LE2-RRYi NEG a1 CANURIHEr QirkeYit QB Lpsedpe
that has a capacitor across its positive and ground output |ines

(e.g., for f¥#lierdsmred.n EnpBPigpeseth s driferddustensigy for
f it 210
powering ”D”éérﬁ]e Fl%lqm QU %%G pOY"eéﬂlcﬁ‘gl§'aeré“ Sreﬁ_'[\}ﬁ?%@tﬁﬁ}%é?ﬁé.

(device 10 in 13 exanp may be store ter
capaci t a0, w t hout thdnn@edotdanaﬂdwitMN&n sanerdgynestor age devi ces. In

general , ener rage Cir t fornme ny nupber of
SU|tabIe conﬁ%%égqé£€§§a acrégks(gg %r%%ﬁ?c%ﬂﬁy%f%andqﬁkg é wel
conponent s mmmﬁdwﬂaﬁuﬁndhabbnEnceI@@mt@ntﬂ deayt dee me@nbenednnadt oed

other circuits in system@8 if ired ampl es such t he
i |1 ustrative tOhfiguraticsAr68 g?GEPW%F éﬁ%!E?%ﬁ%?oﬁéFeaﬁv?F?u@%?%l?%%.
10l n accor dagnep= WMddhwair tebadi peotidéd that includes a power

15 converter circuit that produces a DC voltage from an AC
voltage, an output line to which the electronic device may
be connected, a switching circuit éoupled between the
power converter circuit and the cutput line that
periodically disconnects the power converter circuit from

20 the output line, and circuitry that determines whether the
electronic device is attached to the output line by
monitoring voltage levels on the output line when
disconnecting the power converter circuit from the output
line with the switching circuit.

25 In accordance with another embodiment, the power
converter includes a control circuit and the circuitry
includes a monitor that directs the control circuit to
place the power converter circuit in a standby mode upon
determining that the electronic device has been detached

30 from the cutput line.

In accerdance with another embediment, the power
converter alsc includes an energy storage element that
stores energy for powering the monitor when the power

converter circuit is in the standby mode, where the
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alternating-curent (AC) to direct-current (DC) power converter to
whi ch an el ectronic device may be connected when it is desired to

power the Qlekidg@RRs device with the power converter i Spif@shdResshpat
i ncl udes a power 15 converter circuit that produces a DC voltage from

an AC vol t agfon 8fbOUtP Wl e b ¥BI ghrdde wleclenhe devigecnay be
connected, a switching circuit coupled between the power converter

circuit and RHeEHRAPULY HilReSt REE PerebArTRI4nrodi ScaRANest SNt e poviers
conver ter Cm&&%}tiﬂ%&@%ﬂ tﬂﬁeOHEQgéb+'rﬁl§je mnc'tﬁ%uhBEXt%Pat
et ev

det erm nes er the electronic ce Is attached to the output

| i ne by nonideoremynes tthge ktovebseny t fleommaepgticliens wheho be

di sconnectin n converter circuit fromthe output line with
the sw t%hi njgel%:llhe%clusﬁvég'%l n accordance with another enbodi nent, the
power converter includesaacoodtnot eitlcurtotdard eheodimenit ryhe ncl udes

a nonitor that directs the.control circuit to place the.power

Conver tor CITEH 150 5 COrEATRY ol SHAF Udte: RORCAE t RAFSE e t0

el ectroni c demide s pheer dehashedr 30 faam tike taut putilé NRodd nupon
accordance w th anot her enbodjnent, the power converter also includes

an energy stHEE S STt athiPesEbrest ¥Het GP 6P PERePPRY Fher TS t or

when theopowed GRNeIer ChheULhils dpeddia st andbyomBdeconhereait he
nmonitor is confiqured to direct the control circuit to nmonentarily
pl ace the povierciddnvér tef erpBEPY T9P%n active node instead of the

standby node when the roapLgtqgdeter i fes ddialk ! BRreAShEY: Stosage
elenment is to be 5 replenished. In accordance with anot her

embodi ment , entEavositesRIRs eteNeigurrd udediar separhgotentrol circuit
to place the power Coﬁ}éeéééér&éﬁgé“&iﬂr[‘ atn%e%n%%t 'e}{BoHQﬂS%HP%e Rquer

determ ning that the el ectronic device has been attached 10 tot
out put [ibne asmives teperdsbngnthedpovervcldmger tregudaboni than tdmeives
st andby nDd%ﬁﬁ energy storage element voltage from the energy storage
element and that provides a corresponding modified version
of the energy storage element voltage on a voltage
regulator cutput when the voltage regulator cutput is not
20 loaded by the electronic device.

In accordance with another embodiment, the power
converter also includes a path that electrically couples
the voltage regulator output to the output iine and the
modified version of the energy storage element veltage is

25 larger than the DC voltage produced by the power converter
circuit.

In accordance with another embodiment, the power
converter also includes a current limiting circuit
interposed in the path that electrically couples the

30 voltage requlatcer ocutput to the output line.

In accordance with another embodiment, the

voltage regulator includes a DC-DC switched-mode power

converter that produces the modified version of the energy

storage element veoltage and the modified versicn of the
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I n accordance w th anot her enbodi nent, the energy storage el enent

i ncludes a capacitor. In accordance wi th anot her enbodi nent, the
power 15 cwovmtd/@s4oal So i ncl udes a voltage regul at or thetT/vs0e06881 an
energy storage elenment voltage fromthe energy storage el enent and

t hat provi desnargorgespardicigmandi foedayer 53 greaaftadrhehenety sherage

el enent voltage on a vol tage regul ator output when the voltage
regul ator outpUfa9s FGH S WS&%gaeby the el ectronic device.

I'n accordance with anatrhefccerbadcaent cht e rwelertomieehel 8h8Opower
includes a path that electrically couples the voltage regul ator

output to thEOBRTRAT [AaTengAdaLRE AbarrieY ¥ &GPt efEcERerayly

storage e} enefip Vol tage vl tdgel @é@ﬁiaﬁé‘ﬁnoﬁﬁﬁl@@oVQ'h%ag_ﬁtﬁ’ﬁ@dyi?ﬁél by
t he power converter circuit. _ I n accordance with_anot her
embodi ment, @%@ pEnEtoHdieer Versaps oo f nelft R 1Y Yo FredAL el FAFRERG

circuit int ef&?éa?é’e L the 1B§[E_;Qrt @ﬁénekﬁ(%hﬁé C@cll't%g“eow'g%cgﬁeb?othe
vol tage regul ator” output to the output line. In accordance with
anot her enbodbwentgorntteerbegl tageutegul at or i ncl udes a DC- DC

swi t ched- node power converter u t A versjion of
t he energy storage e|§ﬁ%%FC§59%§§% g%ggtﬁﬁﬁﬁ% |fﬁ§%d@g§ngnE§ t he
ener gy ditlor agen et ereiridt cvolftiggeedstgréatert ttlen ddmtrefecgycsior age

el ement vol t age. | n accordance. wi.t h _another._enmbodi nent

the power cdnvETE &l Rdd ares: ﬁﬁl%ﬂ%%u%Fhﬁiﬁ%thF éVScP?g%aT$9ﬁ5

coupl es the qotdagenireguhatorheutpytttonidhalatiiqeuthalsi Been attached
to the output line while operating the power converter
circuit in the standby mode.

15 In accordance with an embodiment, an
alternating-current (AC) to direct-current (DC) power
converter to which an electronic device may be connected
when it is desired to power the electronic device with the
power converter is provided that includes a switched-mode

20 power converier circuit that produces a DC voltage from an
AC voltage and that is operable in an active mode in which
the DC voltage is being produced and a standby mode in
which the DC voltage is not produced, an output line to
which the electronic device may be connected to receive an

25 output line voltage equal to the DC voltage produced by
the switched-mode power converter circuit to power the
electronic device, a switching circuit coupled hetween the
power converter circuit and the output line, an energy
storage element that produces an energy storage element

30 voltage, a voltage regulator that receives the energy
storage element voltage and that has a voltage regulator
output coupled to the output line, and a monitor that
monitors the energy storage element voltage and the output
line voltage and that contrcls the switching circuit and
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and the nodified version of the energy storage el enent voltage is no
| arger than the DC vol tage produced by the power converter circuit.

| n accor daweeodofwanot her enbodi nent, the 10 nonitor i G@Rldodkdsed
to direct the control circuit to place the power converter circuit in

the active npde m%hfé@tﬁlbme\r;\ﬁsae%h@én&%@ QGleRic device has been
attached to the output |ine ile operating the power converter

circuit in the standby™mBgeordsnae attlh ciidoni eALaf 1 BABbdI Bemt, an
al ternati ng-GUrent i%A@:nEQngé Ct 5 CHEf&Ha 1B oB_%We_EhEOE'Mf{é}gfngt 0

whi ch an el ectronic device my %e connected when it is desired to
power the el®ctquitiny deviigelabehthdeopawdy dowvdéirtar the pwbidlded t hat

| ncl udes 2 syidohed ode, 90 poper; canverfien Lihubh Lhat,produses a
DC vol tage from an vol t age and at is operable in an active node
in which theiDewial tisgeéni shbeaoyi pe athuted tanchoaisbandbytimede:hen whi ch

the DC volta i ot _produced, an output |ine t ich the

el ectronic 0‘3&13613 gd?ebgoggﬁ%%cfjeﬁe? ow}fjglceei 5 Sﬁgﬁ\é\@ogfﬁﬁtl?i ne

vol t age equalsdladdie fBCmveht agei pelosiraetidycidee svhirehedr metecpicwyer
converter circuit to power the e|lectronic device, a svvitchén circuit

coupl ed bet wetH BHrd "okt cbRT eF1 /T XIHCLIdeVARE tReIBbEPRY | F AR

energy 300r agfical @RRerthal RRQOIUS aSo@t ANGHAY hekOrRgeoet BNt im0
vol tage, a voltage regul ator_that receives the energi/ st orage el enment
)

vol t age and tHdeIRadadlforkade Hegyuuinit dututscobapl eted of ¥R st put

line, and a f{pnRidR-hBak PBRLE OLSnddie SNQNGY-LSLOr 2981 8h MRt tage
and the output line voltage and that controls the switching circuit

and the swialstddomddedpvnes tonveradreditoctihe, power converter.

In accordance to ancther embodiment, the wvoltage
15 regulatcr includes a boost converter that provides a
voltage requlator output voltage at the voltage regulator
output that, when the electronic device is detached from
the output line and does not load the cutput line, has a
voltage level that is larger than the DC voltage produced
20 Dby the switched-mode power converter circuit.

In accordance with another embodiment, the
voltage regulator also includes a current limiting circuit
that ensures that the output line voltage drops when the
electronic device is attached to the cutput line power

25  converter and the switched-mode power converter circuit is
isolated from the output line by opening the switching
circuit.

In accordance with another embodiment, the
monitor is configured to momentarily open the switching

30 circuitry to isolate the output line from the switched-
mode power converter circuit while the power converter
circuit is in the active mode, to monitor whether the
output line voltage does not fall past a given threshold

while the ocutput line is isolated frcom the switched-mode
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In accordance with another enbodinent, the nonitor is configured to

nonentarily open the switching circuitry to isolate the output |ine

fromthe swawhews43 node power converter circuit whil eP@HESHVIS8301

converter circuit is in the active node, to nonitor whether the

out put |ine por¢agemicggsnwiiilreutthe oondpcatingehag ithel afledtfoonTt he
swi t ched- nod power, converter %ircukﬁé indicatiQ% t hat thg glectronic
device is detached ftom aﬁeego 68ﬁer conver é??laﬁ&efo Abni tor

whet her t he st ptdr [WHeeheal thgechiaplhs Wid erdmceutipatl sl mbeei shan

i sol at ed fronlthe.smjéﬁP ower converter circuyit, indi

d- ti
that the el ett¥ o' ﬁ%?hggggwgé&ﬁeah?cPQWﬁ?ﬁu%h&e &6n6§P%@FggI%Pgm

accordance teohangtheiheiriediemiiiert BEnvVottagaileuieqguliatiokat ey ubest a
boost converter that provides a voltage regul ator output voltage at

the vol t age FRRURARTT BHPEEVERSL FSwAkREEHRE dl%edtfoRPEegeFPBEST EST -

detached from the outpyt Ald-BeqaRdedeesn Not dr@rdhitRe tQubPHELhbAe; shas
a voltage level that is larger than the DC voltage produced 20 by the

swi t ched- noderpowtad donvepespténgcant alternating-cupgeaécdhdante with
anot her emo&if@é‘ém&é}%n‘éo'(b@geﬁéﬁgy' Al e Al SO HA¢ H‘égfggessg'ré%ﬂ“

limting circuirt that ensures'that the output [1ne vo ps when
t he el edtr onl tnalend cdhiich ant athetronitc hdewiutputayl bre cponert28 when

converter and. the suiLehed  Tpde poygr COOVEILEL. GLLGULY i 3yl Splat ed
fromthe output 1ine by opening thé swiching circuit.” I'n accordance
wi t h anot herpembodiomenrirtetrhewhanit ohe i gowanfdogueedetrohaenensai ttlyed -

open the switching 30 circuitry to isplate the output line fromthe
T chod b G S LY LR O A i S s RbI L B e Lyt 1 0e

circuit is ifoddemehive B00E, o@Dy d Diagdhetsheroiieeaubpdt 21 i ne
vol t age does not fall past a given threshold while the output line is
i sol at ed f r ofir 3K % WOTENd- ftBdeh no DC output voltage is produced.

The method includes momentarily isolating the switched-
mode power converter circuit from the output line,
monitoring veltage levels on the cutput line, and in
response to the monitored voltage levels, controlling

20 whether the switched-mode power converter circuit operates
in the active mode or the standby mode.

In accordance with another embodiment, where
menitoring the voltage levels includes determining whether
the monitored voltage levels of the cutput line have risen

25 when momentarily isolating the switched-mode power
converter circuit from the output line and indicating that
the electronic device is detached from the output line.
The method also includes placing the switched-mode power
converter circuit in the standby mode upon determining

30 that the electronic device has been detached from the
output line.

In accordance with another embodiment, where
monitoring the voltage levels includes determining whether

the monitored voltage levels of the output line have
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35 power converter circuit, indicating that the electronic device is
detached fromthe power converter, and to nonitor whether the output

l'i ne vol t age hdhdesepore than the given threshol d whil e ddiquQutoRkisor
line is isolated from5 the sw tched-node power converter circuit,

i ndi cating that)ddherelheabhanttrdeyi £8o 15 idld %%@egwaech@@-r@@a@rpower
converter. In accordance with an enbodi ment, a nethod is provided for

operating arc¥IeErteat CRGCEEEr BAPM (LY QUFRMt danecbnfens t1TL) thygndihe
converter tk@i‘eéﬁ%n@'& QULRHL lersllbélﬁj to el ag @h@%r&%{: feyd ce

may be connected when it is desired to power the 'electronic devi ce
with the poviEre emerdt édsowhereudde powaima dipesvetchad-mode power

swi t ched+nmo C i i t 15.0 b i . act.i v
mode. i mShi CR ety el g et e tibe He iRl ik
in which no ﬂMé(mngmMIommbtagelcs mﬁsxhﬂanjatfheh&dthodth@cémmhux
nonentarily |solat|ng the sw tched-node power converter circuit from
t he out put I% ,'nDnltorlng vol tage |l evels on the output line, and in
response to the nonitanedcyottiages [veMal sinccortr ehbbagn@it wheteesr t he
swi t ched- node power, COﬂVEFtE{tCIrCUIt 0 era;es in the active node or

t he standby oring the voltage & A AABE het 1 ehbdti nent

where napoi t Gurci1ﬂﬁlgteh@e\é@htsag§1ﬂ1§vdeIr@odlrt@rqd%edﬁate@hsa nk g Whes heted he
noni tored voltage |levels of the output |line have risen 25 when

monent ar i | y REGITANEn FRehBOB W € Hebkthot € 3PaRé - 08 onber t Be ke T om

the output ljipe ?B@e&”@bﬁ@ékf@ktéﬁﬂcJﬂEEﬂ@ Qt%QE'§t9§&$me&§ad3taCh3d
fromthe output lin The nethod al so includes placing

swi t ched- node power céhvefterdai¢ewitth gnokéest adeyineule upgtn
deter”‘”'ngnethod also includes momentarily placing the switched-mode

15 power converter in the active mode while the electronic
device is detached from the output line to momentarily
produce the DC cutput voltage to recharge the capacitor.

In accordance with an embodiment, circuitry is
provided that includes a first power supply circuit, a

20 second power supply circuit, an energy storage circuit,
and a circuit that is powered by the energy storage device
when the first and second power supply circuits are placed
in standby state to conserve power.

In accordance with another embodiment, the

25 circuit includes circuitry that monitors user activity.

In accordance with another embodiment, the
circuilt includes an infrared receiver and the circuitry
includes at least a portion of a television.

In accordance with ancther embodiment, the

30 circuitry also includes a monitor circuit that receives
signals from the circuit when the circuit detects activity
and that wakes up the first power supply circuit to power
the circuitry when the signals from the circuit are

received.
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30 that the electronic device has been detached fromthe output |ine.
In accordance with another enbodi nent, where nonitoring the voltage

| evel s | ncivadesi/egatoer m ni ng whet her the nonitored vol t aRE/UE0EV 58301
the output line have fallen when nonmentarily isolating the

swi t ched- nnde power cdmvercterdenceuvtthiramittee eubpdtimente thdi cating

that the el ectronlc devi ce .ha een attached t.o th tput line. The
net hod al so Trcr uc1tesY aIasé)l ﬁ&cﬁﬁe tc(ﬁedtor rc(SIV\/(;%r %gagonverter

circuit in tda@nﬁmum ni@deleuxp@mdet ehah Nt g drfmigyt ke oehget eonteit is
devi ce has en attached to the out ut I|£e. In accordgnce wth

anot her enbo PRt ieE ERRENE EoFPRETTRECY BIT 4589 &PelF8Si REFORs

noni toring thewdd Migiageikeveks tustagl en B4y enthgymetbedgal so
i ncl udes powering the nonior with a capacitor when the sw tched-node
power conver¢FCEil ddtoMd WAKERE P ahedyf otfe Power supply. |

accordance wi th anot har, exbedaBAL, wi@@ apihed ahdedipehddesne
nonentarily placing the swi tched-nbode 15 power converter in the

active node Wit He rgluddt FeRREVEBVS EENd s datcac fag FASARE heWiaeR pte
line to moment gLy é:%ft%%l&%eak@ﬁv%ﬂby%%tlﬁ&é A%8 Laatechar 8&&@& y

CapaCItor | n accordance with an iment, circuitry is provid
that i ndlmdesh@ulfd st opeweresuppl § tormad topeara20 ngegond povl/ethsuppl y

cirouit, an ShErdY. SLorage elr ol oanda eir.oul LADAL 13, povered. by

t he energy storage Jevice 71T d'%econ d "‘powner
circuits aresy@icediimuitandbpostat ehd ocmemye ipowespohneatgotigance
wi t h anot her enboldl r?rom trhgecircuit.
In accordance with another embodiment, the
15 energy storage circuit includes a capacitor.

In accordance with another embodiment, the
energy storage circuit includes a capacitor, and the
capacitor and the second power supply circuit form parts
of an alternating current (AC) to direct current (DC)

20 power converter circuit.

In accordance with an embodiment, an electronic
device is provided that includes a first switched-moede
alternating current (AC) to direct current (DC) power
supply circuit that operates in active and standby modes,

25 a second AC-to-DC power supply circuit that operates in
active and standby modes, an energy storage circuit that
is at least sometimes charged by the second AC-to-DC power
supply circuit while the first switched-mode AC-to-DC
power supply circuit is in its standby mode, and at least

30 one circuit that is powered using the energy storage
circuit when the first switched-mode AC-to-DC power supply
circuit and the second switched-mode AC-to-DC power supply
circuit are operated in their standby modes.

In accordance with another embodiment, the
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25 circuit includes circuitry that nonitors user activity. In
accordance w th another enbodinent, the circuit includes an infrared
recei ver awehhwossgcuitry includes at |east a portion m@fr#2009/068801
television. In accordance with another enbodi nent, the 30 circuitry
al so i ncl udes) e tmMNilOteGh EEULL sé hatc @] e moniignal itsem theat
circuit when the circuit detects activity and that wakes up the first
power suppl YCUUIFEWIES Pohkr thher ki et pansencrhé 3Rgnehat from t he
circuit are &8c@iN8@d to change the f£if@GLAIARGENWEL A ADOLNSF
enbodi ment, the circuitry also includes a nonitor circuit that is
confi gured tRPR éupPAe Gheauthef eorerigis sttemayey opdeure 1S deplisted

and that i s GON iguredobouake up,ihe. Secand.h ouRr csuplY Slrowds

to replenish the energy storage circuit wthout wa I rst
power suppl ycircuit. In accordance w th another enbodi nent, the
nonitor circuit receiyes signals fromthe.circuit when the_circuit
detects activity that%gﬁdggg? %l??uﬁstﬁﬁ§ﬁﬁyré§#PF§riglE%dﬁfdjﬁ%

oper at ed i n @rinarigdlesopér aki ngi mpeker aord drfde vamAbuer medt £iddtichs can
configured to wake the first, power supply . circuit t ower t
circuitry i E?&Eﬁ@ngg Fgo?ﬁesg}bﬁﬁrngﬁgﬁiﬁﬁE 3?FEEPF.§E$%Itlng'¥%Om
| n accondanagamdddpanahbesperbodifmedis ith@ntSoanergy storage circuit
i ncl udes a capacitor. Ln accordance w th anot her

enbodi ment, the energy storage circuit includes a capacitor, and the

capacitor and the second power supply circuit formparts of an
alternating current (AC) to direct current (DC)
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20 power converter circuit. In accordance with an enbodi nent, an

el ectronic device is provided that includes a first sw tched-node
alternating current (AC) to direct current (DC) power supply circuit
that operates in active and standby nodes, 25 a second AC-to-DC power
supply circuit that operates in active and standby nodes, an energy
storage circuit that is at |east sonetinmes charged by the second
AC-t 0- MG pover ~SUpRkY €kkcuit while the first sw tched-node AC-to-DC

power

supply circurt"1s in its standby node, and at |east 30 one

circuit that is powered using the energy storage circuit when the

first

swi t ched- node AC-to-DC power supply circuit and the second

swi t ched- node AC-t o- [ C] .t ar e i i
standby nodes. | %'acc?%rlgg%\g%r%l%)%%nﬁ r%?lten@g i (r%g)npﬂggté &é%]g%ﬁ oni c
devi ce (%I(ﬁo i nglrugggvgjf,g%tm tor .circuit that comunicates with the at

| east

swi t ched- nod

one cFréuit “and T2 EHHHT Gt &d FE FONANgESY RES T P4 PR
node to

AC-1 0- DC_ power su y circuit fromits stand
its actcf’\r}geg%ﬁgdg Fi ?’tésb%nciees%%piitgonﬁoé“’erreég‘ievﬁaief:%ﬁ?fﬁeg Y1Feastth
one circuit. The foregoing is nerely illustrative of the
pri nci pP&EsPEYSEFERYRVERT i o AP Al iSO SRS Gt CERPFOAsNEan be nade by
those skilled in the art wthout departing from 10 the scope and
spirit of the inventidrPOWsMaROTH &S Redcugt that produces a IDC An
alternating-current (AC) to direct-current (DC) power converter to
whi ch dRléRget Foancaledd ceodmdoase connected when it is desired to
power the electronic device with the power converter, the power
converter conprising:an output line to which the electronic device may

be connected;

a switching circuit coupled between the power
converter circuit and the output line that periodically
disconnects the power converter circuit from the output line;
and

circuitry that determines whether the electronic
device is attached to the output line by monitoring voltage
levels on the output line when disconnecting the power converter

circuit from the output line with the switching circuit.

2. The power converter defined in claim 1 wherein
the power converter circuit comprises a control circuit and
wherein the circuitry comprises a monitor that directs the

control circuit to place the power converter circuit in a
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a power converter circuit that produces a DC voltage froman AC

vol tage; an output line to which the electronic device may be
connect ed; a switching circuit coupl ed between the
power converter circuit and the output line that periodically

di sconnects the power converter circuit fromthe output |ine; and
circuitry that determ nes whether the electronic device is attached

to the sautply hibae bﬁoﬁvaét@fmﬂgm@lﬁr@ﬁ_dr@@@&%hﬁ@ QuipuL hige
when di sconnecting the power converter circuit fromthe output |ine

Wi th the SWHkEALRGACEREH the output line,2-fultBcROWBL,EPOYREL e
defined in claiml wherein the power converter circuit conprises a
control circuit and “Qﬁfgﬁ%‘réhesfdfac derfeRTPEH3ES s f o HRD! ér?érc#hafor
directs the control circui o place t he power converter cireuit in a
st andb %p%?nUpﬁﬂed%tSE énigﬁhg t the electranic device.@as bceenth
det ach&d “Frofivt A& olr PUr T i e fUls RS o fprvSithgy C1rcutt is inthe
an ener ora el enent that stores energy for powering the nonitor
when tﬁg%8§&¥rmg§ﬁ0erter circuit is in the standby node;

a voltage regulator that receives an energy storage el enent voltage
fromthe energy storage’elEAEntIosd aaodt HedviF8e§1HSEof P e PRI ng
nodi fi ed version of the energy storage el enent voltage on a voltage
regul aféPraaepat eRfieh Thbtadt tfaga rtégulearssYoatpuadpsehemetpaaied hiat
the el ectroni c device; and a path that electrically
coupl eprekédesl aagerregpddiory owdidiiado vielrs 1ont pat thé nene By T het poaes
converter defined in claim2 wherein the nonitor is configured to

di rect eflhmenontobdtagerouid ol tragreentegnillay opl aceptihewpenet he onvierd s
circuit in an active node instead of the standby node when the

noni t oredel etatr nestpilnati 4 heoterneragyecstgr age el.esepbnis devbes; and
repl enished and is further configured to direct the control circuit
to place the power copueftiertitiy @uidctird chheyaebiyee S0 WAt age
determ ning that the el ectronic device has geen attached to the

out put rkhReawbi | uoPer atd nahd hedpeMer sgenverter circuit in the

st andby node and wherein the energy storage el enent conprises a
capaci tor.

3. The power converter defined in claim 2 wherein
the monitor is configured to direct the control circult to
momentarily place the power converter circult in an active mode
instead of the standby mode when the monitor determines that the
energy storage element is to be replenished and is further
configured to direct the control circuit to place the power
converter circuit in the active mode upon determining that the
electronic device has been attached to the output line while
operating the power converter circuit in the standby mode and

wherein the energy storage element comprises a capacitor.
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4. The power converter defined in claim2 wherein the nodified
version of the energy storage elenent voltage is |larger than the DC
vol tage produced by the power converter circuit and wherein the

vol tage regul ator conprises a DC-DC swi t ched- node power converter

t hat produces the nodified version of the energy storage el ement

vol tage and wherein the nodified version of the energy storage

el ement vol tage s orgaLesoLhan-Lhe. SN6r G SLALAGE eh guRny ypLi

further conprising a current |n1t|ng circuit |nterpos I'n the pa th
t hat el ectrical.l coy les the vol tage regul ator out ge out put
i ne. %e mO%lflgd g P%ﬁen %ﬁe?h%oﬁg%r e%&ﬁéﬁﬁﬁegﬁ enFalﬁi %%e%%in

the nonitor is._con u direct the ¢ ntr circuit to place the
power _ddngert Shag: Fht PE o DStk pde BEVEFnEAPRETERGL t he
el ectroni c device has been attached to the output line while
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of the energy storage element voltage and wherein the modified
version of the energy storage element voltage is greater than
the energy storage element voltage, further cemprising a current
limiting circuit interposed in the path that electrically

couples the wvoltage regulator cutput to the cutput line.

5. The power converter defined in claim 2 wherein
the monitor is configured to direct the contreol circuit to place
the power converter circuit in the active mode upon determining
that the electronic device has been attached to the output line
while operating the power converter circuit in the standby mode,
wherein the modified version cof the energy storage element
voltage is no larger than the DC voltage produced by the power

converter circuit.
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