PPCYMER CONVERTER W TH AUTOVATI C MODE SW TCHI NG Thi s application clains
priority to United States patent application No. 12/370,488, filed February
12, 2009,weatnmmss2her eby i ncorporated by reference her ecmusaoomisssentirety.
Background This relates to el ectronic devices and power converter circuits
for electronic devices. Alternating current (AC) power is typically
supplied fromwall outlets and is sonetines referred to as |ine power.

El ectronic devices include circuitry that runs fromdirect current (DC)
power. Power converter circuitry is used to convert AC power to DC power.
The DC power that is created in this way nmay be used to power an el ectronic
device. The DC power that is created may al so be used to charge a battery
in an el ectronic device. In sonme applications, AC to DC power converter
circuitry may be incorporated into an el ectronic device. For exanple,
desktop conputers often include AC to DC power converter circuitry in the
form of conmputer power supply units. A conputer power supply unit has a
socket that receives an AC power cord. Wth this type of arrangenent, the
AC power cord may be plugged directlyinto the rear of the conputer to
supply AC power wWHNGR @STVERTEAR éktlet mal TQHeEC dbikerd®arLCHAINGhough deskt op
conputers are | arge enough to accommodate internal power supplies, other
devi ces such as handhel d el ectroni c devices and portabl e conputers are not.
As a result, typical handheld el ectronic devices and | aptop conputers
require the use of external power converters. Wen untethered fromthe
power converter, a handheld el ectronic device or portable conputer may be
power ed by an i nter nalRbataiyi catnen AG 3ite Hoverl§s to United

States patent application No. 12/370,488, filed February
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 line 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
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avail abl e, the power converter is used to convert AC power into DC power
for the electronic device. Conpact AC-DC power converter designs are

t ypi cal | ywbaswdsw2swi t ched- node power supply architect BceaiS2@®eios88hed- node
power converters contain switches such as transistor-based switches that
work in conjrunctilon meédh ehertgy singrager conponegsits Slcdbwasr ividilctutve and
capacitive elenents to regul ate the production of DC power froman AC

source. A fEedBAAE patitiis, P Used 4y S8 i nto the converter output and

thereby ensure that g gdesifgd JXsmald agandevels i Srdroducedimdar varying
| oads. Hi gh power converter efficiency is desirable for conserving power.
Hi gh pover aorversiare effieienc e omr beirbtahed Byewsiay @S iwidntas
convert er _tonohedl e, And. | g oss. pards-, Lyen, hen an, optimel, desion is
used, however, ere ‘are resi dual ‘pover T0sses enh operating a power

converter. rdese xed dusduliossegp o€l assaialed wdidrdeakager csd enié and
other parasitics that arise fromrunning the swtched-node circuitry of the
converter amPlYAFTTPHE Torflipts o of Fovier B HE RIS Converter even

when the powel,conver tergis, nate beldgacti el shdised, 4.0 RO -ah. el gctronic
devi ce. Power consunption when the power converter is not being used to

power an ellectdloniddeld clerarepr edent s s @rceinfe undesirablrepdwer | oss

t hat can be reduc wi t hout advelr el% affectv\il ng, rc%%we.rter functionality.
Summary A power’ ¢ rter Hey B provided t HAtST det udess &P SHer'gy st or age
circuit. Thespowssl€onmtes efwdBycdeest wer ais el S ghalvetichh@@ed 4 ne
power signal and may produce a correspondi ng output signal such as a power
signal for Eieicevreotier € ®iIFyEomHe Fowere -

Compact AC-DC power converter designs are

typically based on switched-mode power supply

15 architectures. Switched-mode power converters contain
switches such as transistor-based switches that work in
conjunction with energy storage components such as
inductive and capacitive elements to regulate the
production 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 loads.

High power converter efficiency is desirable for

conserving power. High power conversion efficiency can be

25 obtained by using efficient converter topologies and low-
loss parts. Even when an optimal design is used, however,
there are residual power losses when operating a power
converter. These residual 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 converter
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
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converter may be placed in standby node to conserve power. |In standby node,
the energy storage circuit may be used to power circuitry that can wake the
power corwerbmvodB4oom st andby when appropriate. The powePCEArSI@ON6830CI r cui t

can be provided as part of a stand-al one power adapter or nay be

i ncor por at etkvint® wiwrselectd v werdevd CaesmdN Tiulone sudahl s arttangenent ,

t he power converter may be a power converter circuit such as an

al t er nat i nGEUrtenSIRG 16 di T2 CHTENY (OSSR E HEY Hode pover
converter cif i tondive-power converter circuit may convert AC |ine power
into DC power for powering an attached el ectronic device. For exanple, the
power converter may be used for powering an el ectronic device such as a

cel | ul at teéen%lé)rne, portabl e conputer, or nusic player. The power converter
circuit rray—Lhﬂve—%l switch that is nodulated to control power flow. When the
switch is turned of f A therdoveineomeer tredy Gd Guidvidedssent ald yuddut down
and will not produce a DC power at its output. In this state, which is
soneti mes r&t TP Y oo H P St@NTHY hodel B RIEEp TRIGE T Fowera onsunpt i on by

the power converserais; m.ni ndzath) Wi ids is desl red,d.0 poyer apt tached
el ectronic device, the power converter circuit nmay operate in an active
mode i n whirghy tdeodwie ch deactdneidd mpdulated i bducsh & desigatenut put
si gnal 6e.gs.., thle outCPut. voItagC?e]Qh The. power convert er circuit may
provi déVi t s olithut: To A outPut®l i e Fhrougn swi ¥ ching GFE€W try. Duri ng
nor mal oper@dretear My ey £l dedd tipl acesddhensad tedi dgh £d Fedligdwyed N a
closed state in which the power converter circuit is coupled to the out put

line and prigtutes @DV puths UG OO Tsier gt He T ects ohivd devi ce.
Per'Od'CalL@bwéf“%ngU£§¥yr%ﬁ%é“%ﬁhthkévfﬁé*EJWEI converter from

standby when appropriate. The power converter circuit can
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 consumption 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



circuitry to isolate the power converter circuit fromthe output line. The
behavi or of the voltage on the output |line can be nonitored by the nonitor.
I n the prweenpd9sfoza | oad that draws power, the output PCRAISZ@O0esL1 Wi | |
tend to sag. Wien driven by an internal boosting circuit with no | oad
present, thectoutqut rddiel arcdd age pmyduds e (s myd atutleastsinptatal | past a
given threshold) . If the voltage on the output line rises (or does not

fall past tHe Givems Meshutdt YeHeHoni tor can concl ude that the

el ectroni c device is det aghed- feramd.he povercconvers &rofad hecyol tage on
the output line falls (or falls past the given threshold) , the nonitor can

concl ude t hattibe e eot rodirudeMiee tisratatachved alol thec powertonverter. The

power C%nv%l%/@]eirnrgna orlnpa&l l"odpeera‘ancieonr%e,r gaY m%noirt.a e.ceilrecnueing pslua?chesast}%ae capaci t or
or battery. e the power convert’er circuit IS operating in standby node,
t he noni t orswiadcidiayy poverifrpmd he enefgy stofagen eteimntchdbsvat | ows t he
nmonitor to actively nonitor the state of the output line to automatically

det er m ne HEH ALl €trOhi e it ied reat i HBHR Y the'9amst converter.

The noni tor, iy, &l S0, NI Lo the, Statds ofr the,engiay st wage elenent. |f
the energy storage el enent becones depl eted, the nonitor can direct the

power convetdwerced r ctgtiqdl ament arhid ynariasy tian drom the stiandbyngrode of
operatign to the active node of eration to repl eni sh theener t orage
oPerent 01 1R ARG 1S G B T Vel g T o etk n o e

i ndi cati ve @ftgeattachmenthofpdierel.ecdf oie wem oo ten tihe pawaguiconverter,
the nonitor may activate the power converter circuit so that the electronic
devi ce is povitt ¢thD R S TR Ures OFe the i ivent | oh, the PrRtne ahid

vari ous advaniages. il |4, &, APPANENTo AR N ACKHTRAYINY Aramgs and
the follow ng detailed
to sag. When driven by an internal boosting circuit with

15 no load present, the output line voltage may rise (or may
at least not fall past a given threshold). 1If the voltage
on the output line rises (or does not fall past the given
threshold), the monitor can conclude that the electronic
device is detached from the power converter. If the

20 voltage on the output line falls (or falls past the given
threshold), the monitor can conclude that the electronic
device is attached to 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
circuit to momentarily transition from the standby mode of

operation to the active mode of operation to replenish the
4



description of the preferred enbodi ments. Brief Description of the Draw ngs
FIG 1 is a circuit diagramof a systemincluding a power converter and an
el ect r oniwodew/ma4zn accordance wi th an enbodi nent of tReTAISR@O068801
invention. FIG 2 is a circuit diagramshowing illustrative conponents that
may be usecriargya powergeanverndrer. of T4 he dyge showe icutdhes diags am of in
FIG 1 in accordance with an enhodi nent of the present invention. FIG 3 is
a graph sholfi ngf%ow T MEGIRER VHtt age FrOm A ponett coivert emott the type
shown in FlGe % By ool veihes: an, eligctgonic dawiLea dss, detachad; f4.0m the
power converter in accordance with an enbodi nent of the present invention.
FIG 4 is anagy aphtistrové ngrchaveudie aoltaigee et eneryy Staor dgee el enent in a
power c%nveerlteertrocg‘nitchedet\y.pcee sihomoienreFAG 2 may evol ve during standby node
operati ons and energy rtep eni shrient operations in accordance with an

enbodi nent of the presefthdnverdtiwrnes Gt | snwergraph, showmgotew t he

out put voltage froma power converter of the type shown in FIG 2 may

evol ve wherfigh BHe@ oM FEhaIS il lat tfe HEF® FRAEFE Powerr ot ter in
accordance yidtdpam enhodi ment, of the t@(@wldﬁ@td%ﬂ&ae 6 is a graph
show ng how t he ‘out’put” vol tagetrom a power convertier of the type shown in
FIG 2 may ®&satnietdurni ngf a o il mgedparatdiorerass an el ectroni ¢ devi ce

t hat i? bei ng powered by the power converter remains attached to the power
convert8r in accordance with an enbodi nent of the present invention. FIG 7
is a di agr am showdrritdd st adf iehoperatimgs nodes and operations invol ved

in transitioning between operating nodes in a power converter of the type
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 to the power
converter in accordance with an embodiment of the present
invention.

FIG. 6 is a graph showing how the output voltage
5



shown in FIG 2 in accordance with an enbodi nrent of the present invention.
FIG 8 is a diagramof an el ectronic device show ng how a nonitor circuit
may be powered/dsg40an energy storage circuit to detect poaerussuppbssochanges
in a power supply line within the electronic device in accordance with an
enbodi ment ©fort he grwsentorvamerdt ot FHEG t8d Ssteowthi aigr am®f Zameaef ectroni c
devi ce shovx,i\ggL how a nonitor circuit that isjsfpowered by an energy storage

circuit may® e (R e etk " Up- & PpoeroR{ P f 1 1 e%&ﬁtrlfﬂﬁjcc devi ce that

has been placed-d nistandbydmde daccondange Wi an-gihRodiaent of the
present invention. FIG 10 is a diagramof an el ectronic device having

first and sewordpovierasgpltiestishawiwryr howeenoht tior adeeudanehatitts

powered5by an eem%eorcg%/m%srgtoroa@etkgel Lé:ruehéenn@yinb§%n sieodn] n controlling the first
and second power supplies in accordance w th an enbodi nent of the present

invention. FIG 11 is®ssdiagran ofiagrdrh | dtsdwiatd viel jpoweraadapt er housi ng
configuration that nmay be used for power adapter circuitry of the type
shown in FI®SM§ N AU iRHE Hnt Ehbodi fRente D11 Her PresetiHent i on.

FIG 12 is i diag amof.amd Ilystd atd ve pover adaptalehousing copld guration
that may be used for power adapter circuitry of the type showmn in FIG 1
and that neshdwavela MHgnet i o att@riente meictar s milp diceortidantetvé t h
anenbog' ment_ of the reste.nt invention. FIG 13 is a diagram show ng how a
pover ¢OnvertereEs riéli$  Gut'but capacitor may be used as an energy storage

device to power a mt®s £ifLu tdidyacea dance: wdtran enogdidqent of the
present invention. Detailed Description Power converters, which are
soneti mes reEf@riEyg how a monitor circuit may be powered by an energy
storage circuit to detect power supply changes in a power
supply line within the electronic device in accordance
15 with an embodiment of the present invention.

FIG. 9 is a diagram of an electronic device
showing how a monitor circuit that is powered by an energy
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 of 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
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to as power adapters, are used to convert power |evels and types. For
exanpl e, a power converter may be used to boost or reduce a direct-current
(DC) powewol2ewalo340Power converters may al so be used to eomuseavabgser nati ng
current (AC) power into DC power. Power converters that are used in
converti ng &G @bwernt oo DG powere sgrer sionedritesh descri bed herein as an
exanpl e. I n general, howeverhjygower, converter circuit r% may i ncl ude

circuitry for transfdrifingtany® stita@F nftt" SGYri” (2.7SAC or DC
currents and, ol t@ages) A0 anyc U tah) & oWl puts pignalsde. & ,4/boost ed,

reduced, or otherw se transformed AC or DC currents and voltages) . The use
of power comerderstsiade absAGe o-D@ Ppovera convierderst tdatt prroduce

regulated DG oul byt yoliages TTOMAG Pl signals.ds mergly, i{lpstrati ve.
In a typical scenario, a power converter may be pllgged 1nto a source of AC
| i ne power such as a wall outlet. The AC power source may provide power at
120 volts or 240 volts (as exanples) . Circuitry in the power converter nmay

convert th 1 Nis received into DC power. For exanple, an

AC to DC power converggre My, Reel e AG i ng paver,ale aied NRUt. andy may
supply DC power at a correspondi ng output. The output voltage |evel may be

12 volts, Swold ownr anewtdiey, sand abded DO outrpiert eveter Iveelgd raouitry in
t he pogﬁr ctonverterF may_ be sed on _a sw tched npde paqwer su(gptl%e

ar chi t ¢t ur'e’*Sui t chet node fpower® SUpPpti €”'lise” swi t'¢hes  Suth as het al oxi de-
sem conduct@foover tdansd d o srand asseaiat gt cadwol Schenes sdiedyr as

pul se-w dt h nodul ati on control schenes or frequency nodul ati on contr ol

schenmes to GHPITHENES Potiera cohvet ST fiin QBT & e Yt dtd Vely @onpset
LU LS, OB L 18 LS 1 54351 SO i e 1
in converting AC power to DC power are sometimes described
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 voltages). 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 corresponding output. The output voltage level
may be 12 volts, 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



a storage elenent such as an inductor (e.g., a transfornmer) or a capacitor.
When the switching circuitry has a second configuration, power is released
fromthe woansge3@kenent into a | oad. Feedback may be u®et/useomwsegshat e t he
power transfer operation and thereby ensure that the output voltage is

mai nt ai ned aditectdesiniett lewelr dxaples wie sw itcliess nmodeh powete tsaippl y
topol ogi es that may be used in a power converter include buck converters,

boost convertErs, STIVIRRK ot TS, S SN e i TUbH &%t r angenent |

which is desglihed har&ids as,@n £X85P1 & - AL AC 11 BG Paver-sonverter may be
i npl enented using a voltage rectifier and flyback converter. The voltage

rectifier corvames AC fiemipowernddit’eDOpowert sl esetedrets vied y hi gh vol tage
| evel . ghe J‘I%lbeancl:ek tconcywerrt erorport ion o ur’gchcei ower cﬁo@;vegt&glft eps down t he

DC powei’ at™thie out pdt” of the rectitier circult 1o Vo fs Y 5VBS; or

ot her suit ablycdiow ] eveled othoperiaddihgi FCtidTtyry man £l ectdtoni ¢ devi ce.
I f desired, other power converter architectures may be used. The use of a
swi t ched Wwa 'erFfCé’fe%rJrSanfg@rfb?rﬁeJ%]??ﬁ §101h 5 P VHHE & F45Backe

converter design ds desgrd.pedsareidh 845 anexapl & . A AC to DC power
converter may supply DC power to any suitable electronic device. Exanples

of an el ectromefdevte dthat FayeTecei ve DEpovier fwiomlamAC tooDC mower

converﬁgr ikpcl udeseacoha&dhoerllgi corg)uit er, a Wm' nifg ur eorse\@afraobnlle kgeevi ce, a

port abl'® cotputersCHUESKIBp OMptit et £96ut et Hn atEess Pl nt' ' a backup
storage devderagd he Méniel €Sisn €OMMUIN LAY | ESe d@Pabind f ies, ugedohi | e

t el ephone, a nusic player, a renote control, a global positioning system
devi ce, and-e9HeviT e tthatowdndiess ihe IRfct i iois BT dHee BIPYIES b t hese

devices. W, 0ng, suliahle @5ranaenenty,, Wi ihd$ SOMBLAd®S ed 1evel.
Examples of switched mode power supply topologies that may

15 be used in a power converter include buck converters,
boost converters, flyback converters, etc.

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. If desired,
other power converter architectures may be used. The use
of a switched mode power converter arrangement that is
based on a flyback converter 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



described herein as an exanple, the electronic device that receives power
fromthe AC to DC converter is a conpact portable device such as a handheld
el ect roniwodew/matge. g., a nobil e tel ephone or nusic pl &CEMS2009/D68881 | S,
however, nerely illustrative. The AC to DC power converter nay be operated
i N conj unctdedktwar hcamnyu s t abl eowelect raniacdeyd geoidn, id lsthgt i ve system

environnent in which a é)ovve,r converter n%/r@)ro,vi de power tao an electronic
device is SHOWFIH FE A W1 Brgwtih uql?a@ygl%rﬁ%owjitﬁ(ﬁ%de a

source of AC pavere S&&fbﬁ%rﬁ? POVRIs SOW LR dA, A RAIe canverder such as AC
to DC power converter 12, nd an el ectronic device such as electronic

devi ce 10. ACrowarosiourqelndl swgtdye, dforcexarpl e dewtemddrak wal | out | et
that supplies AC |i ower via a power cord. VWall_outlet power is
typi cal Py delTVaIEH Bt AC W31 1abes of ot TH0 Vol 1S90 240 voits. Power
converter T2 dmyorndcdiideslal Ponerarcpiveait ervicidicuid Sangdt ase AC- DC power
converter circuit 122. AC- DC power converter circuit 122 may be based on a

Swi t chednodi® FOwET S UPHIS- HesT g SRR a TS aC Icuiive? t4Y e ot

sui tabl e powele canvesd. el topgl agye A ecd reni & devige: 10 nay-haye.@ battery
for use in powering device 10 when unattached to power converter 12. Wen

power converderadlz ideplaggedh mo AC poter ket doh andlaviere el ect roni c
device,10 i s connect eq?.tlo power .converter 12 ower_.converter. 12 can
transf 6rm AC pover® tHAI 1% recdi Vel fHom AT pduet’ Sour ce 14 i Hit'o DCpower
for devi ce Hlveddr dasd red; clonnectorisyday e movwidest atodre i nput and/ or
out put of power converter 12. For exanple, device 10 may have a universal

serial bus FUSB)T oF MG 0t TR B USE! <t Byt Pe plidygett, St aises cabl e

may be electronic device.
An illustrative system environment in which a

15 power converter may provide power 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 source 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



used to convey DC power between power converter 12 and el ectronic device
10. For exanple, the USB cable or other cable may contain a first |ine such
as positiwe 2poves403upply line 72 that is used to conveyPaTs30i09s80DC
voltage at 12 volts, 5 volts, or other suitable positive DC voltage |evel
from convergere12fdo dexvice UO. This DC voltage |level is sonetines referred
to as Vbus and line 73 of converter 12 is sonetines referred to as a power

supply bus or output 1§ S TFHREUSE CHHT @0t HthérS e Ry 3t sdhave a

second |inej uch A% g5ounddine F4dhat denhused t o convieyr a giund vol tage
at 0 volts or other suitable ground voltage | evel to device 10. A cable

such as a UBBicahlE) mey diste contmire izt la 49 miesl that S opmdwhalino be used

to convey informti bet.ween_devi ce 10 _and canver 12.. When connected to
power cgnvev? lecrh 12,78 e%afgr/%eni%a%\eﬁovel cpehi%geréejly (r)fe}lceeitglsgé Iflszloewenrlalf tc1breough t he

power pins Wed he USHeonmer tmivandbcabien (@svan examplte)r .1 Thendise of a
USB connector to connect power converter 12 and el ectronic device 10 is,
however, meEtE§FIUstat18R. 1 Bny B tHA® B uddie jGtksSapldt t3E Pt ot her

connectors,- 051 & har e copnectd om iy dewised 4o. 4 el ganpect power
converter 12 and el'ectronic device 10 if desired. Simlarly, a hardw red

connecti on srpral suitrabl & plhay; jacksepord ,cpivesta ustairte, veorD®t her

connectaor may. be used to connect. power converter 12 to.power source 14.

AC- DC t|%§wervc}c/ldha\l/%er tr 1céi) rvcolinfts’1252 ray- TontertHAC pover*t FoR AT 'solt ce 14 to
DC power omo@uidliafathsyéd ansh 7dhnRatde 64 Jreyo hesvai qosidJ vermposesc suppl y
line that iscoupled to converter output line 73 via swwtch SW . Path 70

may be a grount FowetvSuppt ySITHe AT TRl €l 2 Froumndutpit 75 of
converter 12 %\%P&aldl%z N 74 4t 116 cabl e arg gt herg pathy, connecting

converter 12 to device
bus or output line. The USR cable or other cable may also

15 have a second line such as ground line 74 that is used to
convey a ground voltage at 0 volts or other suitable
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
device 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 electronic device 10 if desired.
Similarly, a hardwired connection or a suitable plug,

30 jack, port, pin structure, or other connector may be used
Lo 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 64 may be a positive power supply line that is
10



Switching circuitry such as switch SW may be based on any suitable

el ectrical conponents that can control the flow of DC power fromthe output
of AC- DC wowero/mssgerter circuit 122 to the power suppl yCirnseeovlossses
associated with electronic device 10 (e.g., the inputs of device 10 that
are connectethgloepaonercauppttet inesouw2 and 74) vidFowexansnw, . svidhi ng
circuitry SW may be inplenented using one or nore transistors such as one

or more powet F3%eIferd ébtCHIART S orHRPoner I TFET2E  BurG WP ¥iot neld
operation id-HEL @@l ept roni o devicer suehyas el aetd onifte devige G is

connected to power converter 12, power converter 12 may use AGC DC power
converter ciadeld ton22thier eppl e B povercsuppljewol1 age @avidaes) 64 and

70. Switching circuitry S will ener al | e sed duri,ng nor nal
o ot B0 ol R Y VR P A P SRRl S AL DO eny e oo
power supplauivddlages] ait ey outPutordn AC-DG paywet comvert edheifloat 122 to

be provided to electronic device via paths 72 and 74. AC-DC power converter
circuit 12Xy cott nfedhtriot TR 13y ForPedftior 199y’ $hiter nal

swi tching ciycuifs.;he. contd qbodr cyiddy, My be responsive. 1o deedback
signals. For exanple, a feedback path nmay be used to supply AC- DC power
converter ci¥BQuigld22ranic defioraratl ofe on. t hereurments |&velewofca/ol @ age Vbus

on output li.ne 73. In response to this feedback. inf ti t he control
oi roui BPy TGRS ST CioT T e GO G g HIE ket bal Ak 1 e O

-t me

adj ust ment sestang he, adpidh 0fg RG Mol Tage diatmd s kel g sapmded doidhe
out put of AC-DC power converter circuit. For exanple, if the DC voltage on
out put 64 HEE PNdM Ffalt 1A eS Welet BICTH 3| T fifd FERITAIG hdi ext®s t hat

the vol tage has.undesidably L1 A5 d0 F‘Saq@% .Vogslﬁiﬁ%j%&ﬁ{ﬁfo& ecﬂa(&ﬁciﬁ ry in
AC-DC power converter circuit 122 can nmake adjustnents to Iopwer the DC
out put in which an electronic device such as electronic device 10
15 is connected to power converter 12, power converter 12 may
use AC-DC power converter circuit 122 to supply a DC power
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 circuitry 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 information, 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



vol tage back to the nom nal value (Vsec) . Power converter 12 may contain
an energy storage circuit 50. Energy storage circuit 50 (sonetines al so
ref erred wo 208/@s40ener gy storage el enment) nay be based @eaTasgomosssabl e
circuitry for storing energy. As an exanple, energy storage circuit 50 may
i ncl ude oneiroligmiees bdiderites, vaeapapt thors, uretes i DRI Ngr opet atd dn. @F power

converter 12 when AC-DC power converter circuit 122 is supplying power to
out put pat hv%]fﬂft,s'a g I”F%IE}C]T‘P]asCJp%ﬁ%tﬁ%Y ney He Us &P to” rQﬂ}{‘ée%fcﬁﬁg_r to energy
storage cirguid;0.12Mhe- poweskd haty dschauted § o gher Phster age&id cuit 50
in this way may be used to replenish the battery, capacitor or other energy

st orage corponerds Yarkiteuile Sominet heelexanscof- FIG 1 , energy storage

circuit .50 is coupl edPto AG DC power converter circuit 122 b}ly pat hs 64 and

66. This is, however, or?ﬂeerrelci/orl1 ru%?rr a]tlvmea}y ,A?n%/n%aulir% abt & tout ng prfff%es may

be used to supplit repl ermshidg powesgd rom AG DG poweimeoiives telrsei rcuit 122
to energy storage circuit 50 if desired. As shown in FIG_ 1, power
converter PRI GhctURS MhiYBHIRG THIRAT r§ RN ad" oM e g2 5% Nbni t or

54 may noniLor 4he §1al us of, POWers CONVENT 81y 1a,UsiNg Pt hs, suchas. pat hs

66 and 60. Wien appropriate, nonitor 54 may provide control signals to

AC- DC powerercomnyiersterrage cuitcuP? Usinmy pathisiducimasopardre/6. The control
si gnal ioma){b bet used to%%l ace AC-DC ower, convert er cti rcui tfi n_an

appr opfiat & bperatTHg FodE L 1H Yeneral , Ayt &i Yabi & Hihet 51" Oper at i ng
nmodes may hesrsuppast e byh ACDE ponesowonves e rod f Cititclid? 142 desired. Wth
one suitable arrangenent, which is sonetines described herein as an

exanpl e, AGUXPPOVIEF dover tled QTR tPAPD Gy D PHacerh marPadt i %% node

and a st anqrpély "E)éjeuséc{] 15(her@t,%é \%Meto V@H%;} Ssts%é. MeSrcuit 50.

The power that is routed to energy storage circuit 50 in
15 this way may 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



also referred to as a hi gh- power node or normal operating node, AC- DC power
converter 122 is on and supplies DC out put power for replenishing energy

st orage cwopcoino9sd2and for powering el ectronic device 10CTius2admessvandby
node, which is sonmetines referred to as a sl eep node or | ow power nobde,

AC- DC powerc@ornetrdercicidcin t12A22nd s kit aelerbdd ian sdrataect iwvavmaede ldrid | e or
no power is consuned by AC- DC power converter circuit 122 (i.e., AC DC

power convet tereFRedit9a22 it mEd-ofs MAT ATt ng® i Bioh of its

swi t ched- moges povere SURP! o Sy tLheshh -pdde dagided, r ARG PRS- £Lonyer t er
circuit 122 may have nultiple | ower power states (e.g., a partly off state
and a ful | ynoid, AGRE) ROWRY angereEnts: | F2avhi <P AGIDE powekiecderter 122 is
pl aced i5n eoi&theurt a osm'geandpélr sjate or_an acetrileve state are sonet ] nes, descri bed
herein as an é&amﬁ €. Thi's is,p]however,g rrereﬁ%/yi Ustat v Pover
converter Izhdmasor igbwgenaidlel suppotic amyy sid tiab) e nuner ofarapef ating
nodes (e.g., a fully-on node, a partly-on npbde, a sleep node, a deep sleep
node, et c. )OS IAE DS Pkt v ert T G i 12 §19h "tdhdby node,

AC-DC power Gonyerd ern Gid Cuid-#22, dige 0f do.and-al | ows Quiput, 64 4o float. In
this situation, the power that has been stored in energy storage circuit 50
may be del inderaat tion patdt 66 frromiwiathi i ehler gyr storragesci ¥y uiansonedor
exanpl if_enge storage_ circuit 50. contai a battery.aor.a capacitor,

t he ba?Per yb%;héc_g%cacec%er nay be esreac]tr()c%lu%pjlr%g/2 a(]b'a?t’er%c g:EC awaegri t or

vol t age to patde 66 Thervol t age siupplietdyo enesgy: stiasagengi rcuit 50 may
be supplied at the sane voltage |evel as the nom nal output voltage |evel

(Vsec) thatma Bt ponett clonver't erchd ciide 227 SUpPIRRSY t9' Pet 94 when
AC-DC povery £QWe Ll Cid.ou tr Ja2- 1S9k Acti Ve fode. Vol 4 age, negul ator 66
may receive the voltage
multiple lower power states (e.g., a partly off state and
15 a fully-off state). Arrangements in which AC-DC power
converter 122 is placed in either a standby state or an
active state are sometimes described herein as an example.
This is, however, merely illustrative. Power converter 12
may, in 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 output 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 1s in active mode.

13



supplied by energy storage circuit 50 via path 66 on its input IN and may
supply a correspondi ng out put voltage to output path 58 via its output OUT.
In the abwerew/ws40a | oad on output |ine 73, the voltagePChaiS2000l06%8ge

regul ator 52 supplies to path 58 may be elevated with respect to Vsec

(i.e., the voltage suppliet heyoldage ¢@gudatorcdid/d oclpatio 5&dahiri ng
st andby operations nmay be equal to an el evated voltage Vaux that is |arger

than Vsec) SUHHLIGGOBERIE VHEIs BVt 10 (B dif dkapl @) , 1 Vaux may

be 5.1 vol ts,das ap axamie) PHtcd i nes dBYg hes caupled toutput |ine
73 and path 72 by path 56?[)811%%%5; stacndby rr%gne, r%nitor 54 rrayégsupply a

swi tch contqwiprwli greih to8 ska chi hepwlimeui QUY. S vike seelpssiiesuch as path

62. Thegoonirol sianaly ey place; SWB in,an openmde | Wi chdings 64 and
73 are électri cacfrfy i'sconnect ed from eac er. sconnect’i n% output |ine
73 from pativ hpsiolat eso giputs S Ind ¥ ara AQ-dNG povesi wonveddett cid cuit 122
and energy storage circuit 50. The voltage that output |ine 73 assunes

fol | owi ng t'FeOpeniy ofPSW IRy THRRUTTGF YW By Foni e Bt 4 deprends on

the status of elactddni e deyice .y |fo&lactdonic devd ey do i, disconnect ed
from power converter 12 when switching circuitry opens, voltage

regul at or 52lavwdticeduppl iaed elated vl tiagel Maape tthaut\pac) i nel 73 @ pat hs
58 and.56, therep i Vi n to Vaux. If electronic device 1Q is

connectld 1S HIREY chiRferter 1 et it (Bt SFGHETs S T RY foui try
SW2, el ectroni crilievd ceadlamdstagpesate as a | oad and will draw power from
vol tage regul ator output OUT via lines 58 and 56. Voltage requl ator 52 may
contain a current |i MY ciittiIs thaf hsirwgslehato vol tite Yetul At or 52

wi Il only be, ahl g i o;5upplys @, r¢d at iyl i, fodestadmite Ofnonitor 54

may supply a switch control signal to switching circuitry

15 SW2 via a path such as path 62. The control signal may
place SW2 in an open mode in which lines 64 and 73 are
electrically disconnected from each other. Disconnecting
output line 73 from path 64 isolates 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 voltage regulator 52 will supply elevated voltage Vaux to
output line 73 via 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 output OUT via lines 58
and 56. Voltage regulator 52 may contain a current
limiting circuit that ensures that voltage regulator 52
will only be able to supply a relatively modest amount of

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



current to electronic device 10. As a result, the powerdraw from el ectronic
device 10 will pull Vbus ow. Mnitor 54 may determ ne the attachnent

st at us ofwel2eawmsc device 10 by nonitoring the volt ageCvhisgooomessat put
line 73 via paths 56 and 60. If the nonitor detects a rise in voltage Vbus
when swi t chitegy cf r@uid e tSWhis dpeinsd, 1 0moni Torpbdl cani<caned ude t hat

el ectronic device 10 is ,currentlr%/ det ached from power converter 12. |f

moni tor 54 detects a @9 Yoltage AU Wite n-Ewi & T YR ctitTyS Swe i s

opened, monit Q] &4 A conslude thaly elgetrOnifg dgvd el des wurd et ly
attached to power converter 12. \Wenever nonitor 54 determ nes that
el ect roni ¢ deipwe 10ng s/ Attischebid Povwrd cohvertlertli2 memwnicor 54 may

pl ace AC ower_converter_ circuit 2 in.active .mde to suppl.y device 10
with pm%er .dﬁqﬁ‘e\,\ﬁse aprrelsseenclerl o\fOleqae%? E\gbnl’llsc Wcfleevrll csewjlnqqllsn%o%lrd% le%i%d,

moni t or maysWeave ASIX povetiiconves tefn cdictliddd nersdandbyctmgei d o conserve
power. If nonitor 54 detects that energy storage circuit 50 has becone
depl et ed dUEYFEDridl oyt OpEtatY dif F3 AR RIET MOt S4 Ty awaken

AC-DC powers €onyerder €4 reuide 422, mpnentalily {04 ephenighe energy storage
circuit 50. Power converter 12 of FIG 1 may be inplenented using any

sui t abl e cigwuialsing |dustuiati wesEd ricui argnadatmarayt e b etk redmpledent i ng
power nverter 12 is shown,in Fl 2. . In the exanple .of FIG_2 power
Conver L8r  GIU 105 Ths: BESH Tor Hed Usihy 2 11§ BhcIe ST cHo e, power
supply desigghvdihisr is2. hawesmesve Meiel Y- dd | ustdedd Meindycisdi t abl e power
converter circuitry may be used for ACDC power converter circuit 122 if

desired. ALSHOWPHIT FIY1ee | 10G S er ney T To Ut B i pover

converter t. terda - ! Lnals, p—
suppl i ed té%p%%ipzmoq?n% %126.%@ A-pAG R EAm LS i Nals; & A N, mey

active mode to supply device 10 with power. If the

15 presence of electronic device 10 is not detected, monitor
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. 1In the example of FIG. 2, power converter circuit
122 has been formed using a flyback switched-mode 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 voltages on paths 20 and 22
15



Power converter 12 may have rectifier circuitry 16. D odes 18 nmay convert
AC vol tages on paths 2 0 and 22to rectified (positive) signals across |ines
24 and 26§WOThw/AgI020l t age on paths 2 0 and 22 may be si raFaiSdal/oessdl t he
output of rectifier circuit 16 may be a rectified sinusoid. To snooth out
the raw recid faeetk oiitgplit (daoim diredesi dr8s 1 povero convierder2 4 2anmy2 6 ncl ude
capaci tor 28. C@ﬁécpacitor 28, which n%%/ be considered to be part of rectifier

16, convert$§ rett 39 erdiivh THE ACSHgidt FYBMSGReedd into a

DC vol tage i NAd&, 30 W the & feduced ampunty Of AL yd ppl & AG X5 pover
converter circuit 122 may include a power converter control circuit such as
converter comuplidi rcld tsBRLIGOUndg neebor eyl bleeisutrwe clormmect

converter control circuit to ground th 24. Posjitive power, su y vol t age
Vb may ge scglpop e|Sec11CE%’o %Oo“he\/rer%%}vec%n?lfgjlfcwar ui't” eatcalppnapcu t%a. hput 84

may be prowidedwidh ol tigiecVndy dappimg poved suppd Yodither26 usi ng bl eed
circuit 82. Bleed circuit 82 may contain current limting conponents such
as one or notE¥Esisths. Comrdmstoriit BC el HAVE B GThptt [dohrEct ed to the

output of rechifief-Jf and-an putput, confrected 4 dipde, 40 and, capagi tor
42. Transfornmer 32 may have a turn ratio such as a 10:1 or 20:1 turn ratio.

Swi t chi ng cieduiad yer8Wnsuch 25 @i lpol ar or net al - oxi desem conduct or power
transi stor may be used.to.requlate the current |p t fl ows t.hrough the
3 Hor Rer 3 L STt S ey Rt b i Lot o i

primary side of transfor y recei signal on

control inpdwsd6 ddrorconverdedr ot Tabucd ret 88. cdbe cont radnsignal  may
have a frequency of about 2 0 kHz to 100 kHz (as an exanple) . Control
circuit 38 WeiFprlodifce thewvhtiole styiey dif 145RE 38° &kttt ate the flow

of power thrauah Gonverter, 12 Mg POYRs, GANYESd@! A2, T Spositive
power supply 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 circuit 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 output of rectifier 16 and an output connected to
diode 40 and capacitor 42. Transformer 32 may have a turn
ratio such as a 10:1 or 20:1 turn ratio. Switching
circuitry SW1 such as a bipolar or metal-oxide-
semiconductor power transistor may be used to regulate the
25 current Ip that flows through the primary side of
transformer 32. Switch SW]l may receive a control signal
on control input 36 from converter control circuit 38.
The control signal may have a frequency of about 20 kHz to
100 kHz (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



operated in active node, the control signal is active and is changed as
needed to regul ate the magni tude of voltage Vbus . \When power converter 12
is in stamokyiomos®2 t hecontrol signal is inactive (i.e. PCThESe@9i06880D
time-varying control signal present on |ine 36) . This reduces power
consunpt i oncarmt powes 1 onverd ern & that (woul d didwer wi sen@rt e fvraony trhe
operation of switching circuitry SW,_ even in the absence of a connected

| oad on outcp?.fftqci’]nes_lﬁ?a_‘]st : t_pd?/ﬁérlJcr%fensftﬁ?pti prfrhjc%mreff@%ﬁ tHerSr educed by
openi ng optd oNalmSW 4 chi NG Gid CWddYe SUCh a5 sy chas VB 1and, SW to reduce

| eakage currents (e.g., using control signals fromconverter control
circuit 38 and/oriferonthrmnirorattgn offhevicontigd igmaltthaiWis greovided to

switching circuitry SW on line 36 a signal whaose fre ncy is

adj ust e to'contt o %%necearr%%un %nnpegc\?\’é/eer&ﬁhoaaféf O\A%u%%l%toﬁlg]hn? ﬂ?’converter or
may be a signaldispcdowdsr acqid ot e hcarodid atuoth{PWYdsdgnaly whose duty
cycle is adjusted to control the anount of power that flows through the
converter iGPHECH RNVt a5 vﬁ%%%ﬁﬂﬁl%ﬁ%rﬁ%cﬁ‘(@n@he%%ﬁ a

typical PWJ schepe, 4 he qand rf&a@%‘%u%ﬂﬂé“e(egﬁ{ mi)ﬁ;é@%’cf @i gy val ue
when it is desired to turn swtch SW on to perm1 current Ip to flow and
may have a d4iowald usraherpiterdtsedesintabt octru swid cin&Wr of fot o prevent
current .Ip fromflaowng. The control signal on |ine 36 may, for exanple, be
a squaﬁg waVd Pt g%lﬂdn'al whose duty cycle may be regul ated by control

circuit 38 to adjust e dmoniduce gfs Vousson o pittide 44 desidrethg a
frequency nodul ati on schene may be used. In a frequency nodul ati on schene,
t he controlCsiGhatrom ] e 36 iy benay Sfuat eg%ﬁ&iﬁgt I Bther T RBHTDI  si gnal

‘3’][‘059 frequencyqd ssf&gul atedh by, canmid ol Sifcui# 38,40 adiust She magni tude

through the converter or may be a signal such as a pulse

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 square wave PWM signal

25 whose 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
square 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 suitable
17



vol tage Vbus. The use of PWM control signals in power converters such as
power converter 12 is sonetines described herein as an exanple. The use of
PWM cont rwD 20i0geado2 i s, however, nerely illustrative. ARgTAISR002U06880Ype of
control signal may be used to control power flow in converter 12 if
desired. Wigypeant raintciaglcw 1grd8l app) ies wsaebdbnid atorsi gnalpsuweh @Eisova PVW
control sighal to switch SW, the current |Is at the secondary side of
transf or merr BX W Havela ijfré%ﬁnqe]rf%%ijequal to that of the control signal
(e.g., about 2 0 kHz ¢ 100, kH2)1 .- D 9de. 4k angd, capacd tasnd, convard) this
AC signal into a DC voltage at node 44. This voltage is provided to |line 64
and represettdh tdre DRPUtcOIt G DG Ponert ¢ oieralerSwEl + cie areasft AIG 1 .
The nonminal _.power supply output voltage on |ine ,Which is sometines
referred to eer%gel nseacgcpr\}}s/aer ) Sﬁla%/e boe%, %%‘?nseﬁ;oarr% re,%iﬂl%ﬁl tchsafv% Yolts, or

ot her suit abteywaldageyudthero eltect ronithdevdreerd0 4 isgrieonnecied tabaut put
line 73 duri ngT active node, the voltage that is produced at output 64 may

be routed t4 etectionitd d"é{ﬁ)ce_ 10" YH oUY ¥ T8 Hig- @ rei 1957 BV, out put
73, and pat 72 A0 poyer the £id ot tyy ofgel actyonl adevige 10,01

converter 12 may be controlled using an open-|oop control schene. th this
type of arrisngementdegpowerl convet tard Irasappt ytle predetterad med-IRAM
si gnal

freguency nodul ation signal.,..or ot ontrqol signal ta swtching
ol Pout PPy ST o Gt PO 1 i Tl Ton Bk pUTBir beRe ot put
line 73. |fsdesiy eshtpuclasedaopcantiol 6 5chame-imays beomsetndyy provi ding a
f eedback path FB such as feedback path fornmed fromlines 48 and 49. Using
| i nes 48 antCZErednt kg et B8 ardedst vel Fectidekl on the Thrtent

VO: ]Eatgﬁe' evigl, ACr0ss, Nodass A4, anhde (o fragd he waptpul; ¥ol fagg. on Iine 64)

device 10 is connected to output line 73 during active

15 mode, the voltage that is produced at output 64 may be
routed to electronic device 10 through switching circuitry
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, control circuit 38 can receive
feedback on the current voltage level across nodes 44 and
46 (i.e., the output voltage on line 64). If the

30 currently monitored value of the output voltage on node 44
is below a desired target level (i.e., below the desired
Vsec 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



currently nonitored value of the output voltage on node 44 is bel ow a
desired target level (i.e., belowthe desired Vsec level) , the duty cycle
of the PWO2ogvmB400r, in a frequency nodul ati on schene, PChaiskooogossncy of
the control signal can be increased to increase the output

vol t ageaccaainugi yingllf. canf radntcidlcuw tr38i Weierda tsnihad tHwer ottiut

vol tage on node 44 and output 64 of AC-DC power converter_circuit 122 is

too high, tHERRIE Y SYAE i tHEPVIM SGgnattGrut ne? 14 edtferidy Rt"%he control
si gnal can kg decreased 4.0 ¢ educe; 4§ heoout put, viald age: § awards 4 £ scdesired

target level. Grcuitry such as converter control circuit 38 nmay be | ocated
on the pri iy sigdebfor ridmsfioremre8y @ ridd tegntsiuch sisymmhidor Rdrcuitry
54, energy stora eeeC?Itemant 50, switc inLgC c‘if rlcuitryt SW2, . an voolletsa € 4

regul at or Crrrxaley I oocaﬁee%l%én e osuecpondarci/ 'S © Wafr;%sns]f of BT I f

desired, andsgdatiserestage such as isolation stage 51 may be included in
feedback path FB to help electrically isolate circuitry on the primry and
secondary sides of transforimef BED FHTATSE AN YOI E T ot Stbige Sch as

i sol ation sta06,48 d@y.he dpcliyded-in, conirpl path 76; hetyeensyoni tor 54

and converter control circuit 38." Isolation stages 51 and 78 may be forned
from si gnalCtransfor ners) aptigal tdsolatdwort devitesnetay Asoshmewn in FIG

2 , energy storage circuit_ 50 may be forne om . an ener st orage el enment
such agbcapezlc?%eor 8@ ’ (?a“blatc?ﬁ} 619 80" eyt e SSOVL%I et e‘f?/vetea(r%g/epalﬁg HHd
ground (e. 2 mpdertb)ccdid Ngh staniyc opelaE | ONse CApPacd i Hfo 8k ey, be used
to power nonitor 54 and voltage regul ator 52. Monitor 54 can nonitor the

out put vol thigeltF o Capiti 1T B0 Gh Pertdr 661¢ et i ae Whettapath tor 80
has becone et ed, enough {0 margant, replenishente Yhen Lepl eni shment  of

the energy of” capacitor 80 is
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.g., node 46). During standby operations,
capacitor 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 enough to warrant replenishment.
When replenishment of the energy of capacitor 80 is
desired, monitor 54 can issue a wake-up control 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 generation 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 to
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desired, nmonitor 54 can issue a wake-up control signal to converter control
circuit 38 via control path 76. In response, converter control circuit 38
can transwoOi2orp/mss0act i ve node by resum ng the generati orCofuSe@maisssbl si gnal s
on control line 36. This will lead to the production of a DC output voltage
on |ine 64 ddrsdc Casr 60 roid gehttrocapact torcl8lrad acqpaddi 66 t&0 r echar ge

capaci tor 80. Batter%/(- based energy storage el enents may al so be recharged

in this wayPWhehry e T Hept et AntEHetgy tor éi%ement 50 that is

based on a hatieryeday, haves f&f @@ty dLhargeieSiddi ! connect ed
bet ween path 66 and the battery. Voltage regulator circuit 52 nmay be forned

from a DC- BCgyowiers cories teremsticth ds EhaC-DC boost corvdratere s mand a
current 5I i r’g’t‘izeng f:(;rr ceu>i<a'5m sluch as_,cur reerntcilri rTl]ltt_! n rg:rilerccz1:ueiC§ bS@ZEBW | f desired,
the curfent 719 t] ng cap:fbi?’ltl es ofYcurtent 11 ni I Ng CiTcui 528 may be
conbi ned wigdti hes vold ages negid ety ng capabilities of power converter
circuit 52A. In the exanple of FIG 2 , voltage reqgulation and_ current
linmiting functions ha{l eEh F$Hehent ot Using Sepirate deEid sLrfhis is

merely illusti@tiye, o fdF il dde SUCh A% IPONeT, Gonuer tel o2A and 528 may be
formed fromone, two, or nore than two integrated circuits and may, if

desired, inMAAdediscretecionponenisy .CciRowert comterdaerce2 emny be a

swi t ched- node power suppl. a oost cirgcuit formed from control
ci rcui ‘f?gy m()lsluni‘:]ht as’ c%ln]&?%#/ t %Ui tshgésﬁje,Slslfeoﬁi’agtgqeelCeurfrisrn?nst (cdbacitors and/ or

i nduct or s) ,cahub Ot here £ panentsn €. Oni t hpdes)cu i El B8 mpalbeonponent s
such as these nmay be inplenented as part of a single integrated circuit.
Duri ng oper&tioriehdbist! cory ertera B2 A Sy atelded v yowerl {eg.0f PDEVol t age

Vstore frc”@éﬁ“@?%éf”cf%@uf!‘éfﬁ%ﬂ ﬂﬂ“the example of FIG. 2, voltage

regulation and current limiting functions have been

15 implemented using separate circuits. This is merely
illustrative. Circuits such as power converter 52A and
52B may be formed from one, two, or more than two
integrated circuits and may, if desired, include discrete
components.

20 Power converter 52A may be a switched-mode power
supply such as a boost circuit formed from control
circuitry (such as control circuit 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 operation, boost converter 52A may receive 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 voltage on output OUT of power converter

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

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



and may provide a correspondi ng out put voltage on output OUT. The out put
vol tage on output OUT of power converter 52A may be | ower or higher than
the vol t a0 20aKB®2 I n the exanple of FIG 2 , convert ePCHAAR2009/0688DDOSt
converter that produces a nom nal output voltage Vaux on output OUT that is
greater thafoit hexangianal veord pid Vol tage: /s ecaypr attuc etk & . outqits 6da0f power
converter circuit 122. If,for exanple, Vsec is 5.0 volts, Vaux may be 5.1

volts (as &H' SXHHIRE) - THE Vot Vgt mdY rgig from 50 & v tsS when

capacitor 8@\d;s fapdyicharged 4 o dpwals Maldie d & G owdr W Taged ;L he
range of about 1-4.5 volts) as capacitor 80 becones depleted. Current
limting cig cuittEsB mytibe jTanpiemehtabwsihyl ohev Ot foras resdast vrst or

ot her sgi tag)d ebecciorncl:eusi; thy 1feotreolli mting the maxi num anount of current that
may be drawn from power Zonverter 52A when a load i s connected to out put
line 73. \When power conwvesdterloniCindg di2zouist ipstengdlye model esamitah SW2
wll be open. In the absence of a |load on output |line 73, current limting
circuit 52B'THIY pass hd'0t iRy P DUt PutC ST of U Hobste conv@titery 52A to

line 58 with,negligible ahangsimragnitude s |0, Lhls sigpatiop,pd f the
nom nal output voltage from boost converter 52A is Vaux, the vol t age
Vbus on outgavi ifreonyPavdl cirseette VaiBdd wWen a load suchorasaEletttoni c
devi ce %0 i s_.connect ed _%é) power converter 12, the voltage Vbus on out put
line 73 wi Icfu%oeun%u 1'8d {ow. Boost converter 52A will not be able to

mai ntai n Vbus at Vauxghdh tdiweSiddtatd Oikr hecause: curay end 1d midigosei rcui t
52B serves to limt the anount of current that can be supplied to device

10. This cdiR®y viltge Vbus il sy WRier | Had-PMoh10icsLtan 1t efore
noni tor thQn@Qhﬁﬁhﬂ?nfine 73, current limiting circuit 52B can pass

the voltage on output OUT of boost converter 52A to line

15 58 with negligible change in magnitude. In this
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 electronic device 10 is

20 connected to power converter 12, the voltage Vbus on
output line 73 will be pulled low. Boost converter 52A
will not be able to maintain Vbus at Vaux in this
situation, because current limiting circuit 52B serves to
limit the amount of current that can be supplied to device

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

Monitor 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 FIG. 3 shows how the voltage Vbus on output 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 circuitry 122 is in
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status of electronic device 10 by neasuring the voltage Vbus and observing
changes that take place in Vbus while controlling swtching circuitry SW .
FI G 3 shwo=otvoss4obe vol t age Vbus on output |ine 73 nmayPeraiSe@ombssnl a user
detaches el ectronic device from power converter 12. At tinmes before tq,

el ectroni ¢ teyiae: Tk isodd tached gl power momerder A gk recei ves DC
power over lines 72 and 74. Power converter circuitry 122 is inits active

mode and sUpPHiEst LPEYut Pt E38T 145 47 donint Sttt put? Vot e Vsec on
out put 64 .S Chi NGl Mo 4T Ys SWBSi & oseds (i acdd e, drode ¢ @ the

vol tage Vsec on output 64 of power converter circuit 122 is passed to power
converter olgputon ineEcms: Theovabaege Mbussorel i fler A8LY sliherefrarssedual to

Vsec at .tines before tqg . At tine tO, the er detaches el egtronic device
10 fr om50uttpoutpcfvlqenre q]eBretcearusertdouL%tpu]tlrfel n??B iﬂ%e c%onﬁte%qeegl\&fuos out put 64,
which is supplyiTg Mol ilegeMsee, ey T age WS Jenminmss ale m0ld age. Vsec. At
time tl, nonitor 54 gpens switching circuitry SW2 to isolate output line 73

from power CoMvertertits retfit AP CHBNI I 5L Hey Sperrswit chi®y circuitry

SW2 in this, yayonce,every fewseconds: Qi M ess of s ato gtheresuid abl e
times to check the attachnent status of electronic device 10. At tines

after tine a@prwl ecd r orfiiccldend ceudOLl ¥y isnnovd lorrgeer e achedl taoyouilpt | i ne
73. As resul t., when sw.tchi circujtry SW2 is opened tinme tl,

el ectr 3§| c A 1t n‘f)ﬂ toan%ee;\gss%cppl :Eéts tyalr”lleoa 1 omcgnu]tn%)%lf i eSS This

al | ows Vbusswio: ¢ sey tdi tdei 4oy edwoft v ol duger Madixe gt ise supptigd at out put
QUT of voltage regulator 52, as indicated by sloping segnment 87 of curve
86. Monit orPBELAPHEN tOF THiE ¥ se2d n VEItdge iushasiaRfhat h 60. Wien a

predefined &hreshgld &Pﬂé&%%ﬁ&% i thieshol d yold ags M haod ssd&aghed at

time t2, nonitor 54 can con
or minutes or at other suitable times to check the

15 attachment status of electronic device 10.

At times after time t0, electronic device 10 1is
no longer attached to output line 73. As a result, when
switching circuitry SW2 is opened at time tl, electronic
device 10 no longer supplies a load to output line 73.

20 This allows Vbus to rise to the level of voltage Vaux that
is supplied at output OUT of voltage regulator 52, as
indicated by sloping segment 87 of curve 86. Monitor 54
can monitor this rise in voltage Vbus using path 60. When
a predefined threshold voltage 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 SW2 remains open, so 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 voltage Vstore on path 66 at the output of capacitor
22



el ectroni c device 10 has been renoved from power converter 12. Mnitor 54
can therefore issue a power-down conmand to power converter circuit 122
over contwol2opambZ6 to pl ace AC-DC power converter cir ®girtusi@g/oessdl power
converter 12 into a standby power consunption node. In this node, sw tching
circuit SWB(I emsy nsva@psn,asa Wlita@geVous taye ritsen tal daiporatc tddaweiscd
between tines t2 and t3. Line 88 in the graph of FIG 4 illustrates how t he

vol tage Vstof 8D Pt e Lot Rt JUt™ 61 Hpalct t or'8o i eviol PHEE a

function of.diye-whem el ectyonic dey aedo, | spdetached, from pouwaje converter
12. At tine ti, power converter 12 is in standby node. I n standby node,

power converaereieruitrd2X ilx2DfFs (dfke. (1 rot, dotl vaed il syt chi Ngelsviia ch
SW) and nonit.or i s hei ng power by st ored ener i.n capacitor 80.
Initially, Sav%l%(%hrrgs%li), %na%a%r?lotro%ﬁ%aj}sls Zb%fﬁ é%oew S %rb oaco%eec (i.e., the
nom nal outgudragspl trages@icoidpudo 64 Trvadid 11 yr aduceidnd e Powetp Lonver t er
circuit 122 when power_ converter circuit 122 is active) . During tines ti
to td, nonitbridy dpErhtase t'6deiet chidfgest i 1 e attdeHentOStRitlus of

el ectronic \Qﬂvﬂé(?gecgfgna gL CoNsWRs. pones - and-depl eies, capactor: 80,

| eading to the se 1'n voltage Vstore from Vsec to Vth4, as iIndicated
by curve segnentit9Ol2Atwhdmeedwkr strorer idropst heliow B priedet@rimaied
thresh%d vol t age VthA' .. \When. noni t.ort 54 det ectstthag Vst ore has_dropped
bel ow VPh4, nonitor 54} i SUe ant act i Vati'OH coHt rol Comand or’ path 76
that turns @ionwerhLoweriertied reihdchideht Qeeo powel €loswerdeirc circuit 122
is placed in active node at tinme td, the output voltage on output 64 wll
rise to norfifiaiCoutbhut ValueCVsBEC AL IR cHte B $ e SERENMCOBGf curve

88. Moni tory o Gan fMNiorgd e L&Dl &niSIEN. RFOGESS f8RF apent ed, by 1ine

segnent 92 to contirm when Vstore has
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, monitor 54 may issue an
activation control command on path 76 that turns on 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, monitor 54 can

30 place power converter circuit 122 in standby mode. As
indicated by line segment 94, the depletion process of
line segment 90 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
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returned to its fully replenished state or can direct power converter
circuit 122 to remain active for a given period of tine (e.g., a period
such as awbewmommsmnds that is sufficient to recharge capatiusero9®6ygsor At
time tr, after capacitor 80 has been repl enished, nonitor 54 can pl ace
power convertterclad)cuit 122 in standby node. As indicated by |ine segnent
94, the depletion praocess of |line segnent 90 then repeats. Monitaor 54 can

|
turn power converter qE,l?_er APy OW 'nd5_ olflfl%t%t_%% B PGt ofP%S | ong
as requiredydy . &01-Htdlr 8leotnon G devd cor 10 d satfaghedcr rhe- gr aph of

FIG 5 illustrates how voltage Vbus nay evolve during the process of
attachi ng electdonit dewen ey pover convert erime tht elamtraic

el ectroglccgey.l ce i S not éa\%té';lcchhee t o _power converter ]g Ipn tte absence

evice 13 N tO er converter S
of a | oad on ou%pu]t I'i'ne % e voltag bus Fi'ses 10 Vdux to match the

unl oaded ouwyrHdnawldBage fadvald agecgegul ator7 B4, t1as whiovmgdbwduide segnent
98 of curve 96. At time ta, a user attaches electronic device 10 to power

converter 1289 0 ‘WHEIMERTTHY FUSE I v GttherV CHRE Bt ween devi ce

10 and power, Copyer &t k2)or nce deviga 10, i s connagtad tog qut pUi ld ne 73,
device 10 begins to load output line 73. Cirrent limting circuit 52B
prevents voltagertr egutaattor, 52 dgom Ppricdiod e tdmet fatdc abpunte of 0 cur r ent

that is.denmanded by el ectranic, device 10. This cause | t age Vbus to drop
from Valx ato e T8 404 predit i el SHCSHoTE vol 15oe Sich s Vi ha at
time tb, ascihdh cateie Medvden segmard 10GnIerddnidore Hdedet@ct s t hat

vol tage Vbus has dropped to Vth3, nonitor 54 can conclude that el ectronic
devi ce 10 HIELDHEY i achelP tBPPEreE orv ettt 12l 1Nbni 1ordsa &ant ¢ her ef or e

i ssue a corg@gnldng Q. POVEr5 A&t ef; . reuit 122 over path 76 that

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 100. 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 circuit 122 is activated,
the output voltage from power converter circuit 122 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
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pl aces power converter circuit 122 in its active node. Once power converter
circuit 122 is activated, the output voltage from power converter circuit
122 can swippbw/qewer to el ectronic device 10, allow ng worfsg@onwbessito rise
to its nom nal value Vsec, as indicated by |line segment 102 in FIG 5 . At

times afteradiine tand el g.govad wingy |4 Inectsegmentdddid)s Mbusy rayodiey hed ca at
vol tage Vsec by converter_control circuit 38. FIG, K 6 shows how Vbus nmay

6
evol ve when’ Mordor/ B8 dpenSSewi t Hi g8 ricth 1 miPTVEe whi 1 R85t r oni ©

device 10 rgmaifs & tachead: ¢ dude g o panes) Lonvalteradd dsacs ive and is
powering el ectronic device 10 by supplying a voltage Vbus of Vsec. At tine
t op, nonit ororBkE OprErhst St neprigcidt ry2 SWo ltRBer dlses elews onivdhadevi ce

10 is connected tao power canverter, 12, volta Vbus_ dr ops. n .a

o eddot ep ot I CSHI T ol e T o R REPBr s Taeis? S 54 can
concl ude t hail elmeetiront ccdevircesdi-lsdestiddt connecteth ¢ alpowes converter 12
and can close switching circuitry SW . Vol tag]g%Vbus preferably renains

above vol t atfet Mni FP{EE G54 dBb RO S FBNEF) L0 ot VENCH €EtTThi ¢ device 10
from erronegus| 3 Gancl Uding thadyel ecldoni & dgvi€e, 10 hag, been di sconnect ed

from power converter 12. Once swtching citcuitry SW2 iIs closed, power is
restored t cloutputoHiawe A8uiand(val {agddbust w [Tokise,ty eachisg: non nal

out put .yol tage | evel Vsec. at t/ tfn. A diagram show ng ho ower

Sonver t8r 12 G UGV G TG ey opetat e { S B IO HHGT RS 5 user
attaches ang gtetaghies deviee 10 Haomaonverd@nde-isd shown gawdd G 7 . In
active node 106, power converter 12 is operating nornmally as an AC-DC power

converter &PV stippldd ndPemet” o tam at® ached o ett4 ont Cdeifde 10 from

power is restored to output line 73 and voltage Vbus will
rise, reaching nominal output voltage level Vsec at time

15 tfn.

A diagram showing how power converter 12 and
device 10 may operate in system 8 of FIG. 1 as a user
attaches and detaches device 10 from converter 12 is shown
in FIG. 7.

20 In active mode 106, power converter 12 is
operating normally as an AC-DC power converter and is
supplying power to an attached electronic device 10 from
AC source 14. 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 64 to output line 73 and electronic
device 10. At appropriate times (e.g., once every few

30 seconds, minutes, etc.), monitor 54 momentarily opens
switching circuitry SW2 to check whether electronic device
10 is still attached. 1If voltage Vbus does not rise when
switching circuitry SW2 is opened (e.g., 1if voltage Vbus
falls to Vthl as described in connection with FIG. 6),

25



AC source 14. In a typical scenario, electronic device 10 contains a
rechargeabl e battery that can be recharged when el ectronic device 10 is
connect edwbaopaset2zconverter 12. During the operations @eCTmsd@968801 nonit or
54 primarily holds switching circuitry SW2 closed to all ow power to be
delivered fni@middmnes B4 40 @uiquidd ittent7 3 ladck wlreict radmnticcadeMi cies 149001 1AL
appropriate tines cé\?ﬁc? once ever%_rfew seconds, mnutes, etc.), nonitor 54

monent ari | y* OpEme SHIMY GIEHRTTSE SV t o T etk WhetherY et rlothi ¢

device 10 i stiddratigeheds ddc Ml tage Vbus daesciiol &d.gewhen switching
circuitry SW is opened (e.g., if voltage Vbus falls to Vthl as described

in connectiwnnvigtr®Ed6), nonitor 54 can concl ude that el ectronic device

10 is still attached ff) Rower convverlttea[ elZVbdASs i.nsdeiscattoedtkp l,i ne, 108, the

operati ons of active node 6" Can tren Conti nue uni ht errup ed.° C% however,
vol t age Vbuschd sesert suiv@shod b M2 shernsew 1€higighed radlidegyc:SWd s opened
as described in connection with FIG 3, nonitor 54 can concl ude that

devi ce 10 higs GeEiEdetdeed:? Al Shoin TR iGe A2 hoifi OS2 &t t hen

pl ace powergoonvert@rntl nedit Jd22% ands power gonyerter 2 im gt andby node
114. During standby node 114, power converter circuit 122 is not active, so
power converdrertai rehicarl22hes motcalpeidn delvamrepowercior poiveridg

noni t or .54. Rat her ower_ is,supplied fromenergy storage circuit 50. In
parti céloar P eher g%/dns‘{)eor\r/gegre fc2| rlcrgiﬁtqsrﬁj%ym% epgl 1yly'a vol tage Vstore to

monitor 54 and to inmiiridy ofcdhoosi wewerter &AL Hdaverjer Sordiong as
the voltage | evel of voltage Vstore is sufficient (i.e., above Vth4),

energy storage & r t250-Ean Yo RIFWE (P POWETe ok 191 gl 4 reuit©B4 and
vol tage regyl At or, Sg.1 LU0 o fd Se il MRy, PN Of pd JBYs periadical Iy check

the attachnment status of electronic
power is supplied from energy storage circuit 50. 1In

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

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

25 power converter 12 to active mode 106, as indicated by
line 112. 1If 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). 1In 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 voltage Vstore has been restored (line
26



device 10. If voltage Vbus falls below Vth3 during one of these checks as
described in connection with FIG 5 , nonitor 54 can return power converter
circuit M0 2and9pwrer converter 12 to active node 106, a&sTiusdéooasssdl by | i ne
112. If nmonitor 54 determ nes the voltage Vstore falls below Vth4 as

descri bed igeqoamecid onf Wi, HM)G monitmoni 3HOrmbd camuroneniarily activate
power converter circuit 122 (active node 118) . In active node 118, power

converter GHERIFRFILECE iV dtf eI Thi SHEL Erer gy storigd Eement 50

(e.g., by necharging capacidre §path £6); nqewiLe O 1a@ins det ached
during the operations of node 118. After voltage Vstore has been restored
(linesegnment 92 of FIIG dpsirawhi t\GrubLamyds et govert cormdefrtsarert rcui t

122 and.power._conyverter 12 to standby. nmode 144 tqg conserve power, as
i ndi cat gd E@e‘feﬁneyel%i’ 15 laee%elfet ,éiR/alqu ‘an be ptﬂqoabrll Zhae at-'a di'tferent

| evel (e.d.opardeme) ddlatads @f edtercd han dhethdnt muntopesad ing: wHdtage of
device 10 or other such load but that is not greater than Vsec) . In the
exanmpl e of F @Rt Lreafer gthagpier) - t hg! U st e t Hat s

greater than Vsec helps facl |4 at e e detiection ofg the Atd.achpent state of
devi ce 10 when opening of switch SW . In scenarios in which Vaux i s not

great er thamasserslathel pricsierces ofhaleld cectlioorobttier sucdchoads may be
det ect by determning that.the voltage Vbus has not | (e.g., Vbus
has no?gf al 1 &h pas e\glacﬁ ?lc%lwg}erf hc?peesrﬁlorf% ?/%I%Walgtes% .S@hf %nur ations in
whi ch Vaux dserH€iaierid hat Msecaf e Saet | Jesa s e fpeds her eithas an
exanple. This is, however, nerely illustrative. As showmn in FIG 8 t he

circuitry SITSYRtEME M B i Htdporated St adormparts stetgtigi®ct roni c
devi ce Sucrbyasdéj@é/fn?ﬁﬁi?}@'t}%e“% Qﬁpcpl%e %@s pord arpc!ﬂe fallen (e.g.,

Vbus has not fallen past a particular threshold voltage).

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

As shown in FIG. 8, the circuitry of system 8

may be incorporated 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 210 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,
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conputer, a handheld conputing device, a desktop conputer, consuner

el ectroni cs equi pnent such as a television or stereo system a conputer

di spl ay, wogamasmnatrol | er, or any ot her suitable el ectPomius2@gos$snent .
During normal operation, device 300 may be powered by the circuitry of
power convesit@redindlhirsd adl ovsyd hei ciu et ysaofsaey] cec300. to be fully
powered. Circuit conponents in device 300 are shown schematically as device

circuit 210 in FIG &P Yy IrIude BTect roniet difpomsitES d¥ user

interface compomenise {£: thn. t QG SOF eeNSie 4 OUCD RAdSNdE GR KB¥Sy, buttons,
circuitry for receiving wreless user commands such as infrared receiver

circuitry thiatcwphitdr scai dgralsldeam Fremteedomdateier ath eideguency

wirel ess ca ni cations .circuit t.hat .noni tors user_sign processi ng and
stor age%ci rﬁgﬁ? r%/,ﬁ Ospeenrs%trlscfn'et cfr;/ st ndebr{{y Cr{s %lr%egeClcricruclui tai @% mrfaég/ be

char ged durdwwi thordml vioperatdomnndteitdd disatdesdviatke t30 Cots@IME power,
circuit 122 can be placed in a reduced-power (standby) node of operation.

I n standby, BT Citeli IPAXF rRly: avieit REXTRARy IHAECT riehi &t st ¥ hat

device 300 shoulg, resumeior i@l QReraldon,e Fari exampl e, o deyiee. GidLui try
210 may include infrared receiver circuitry or other ‘user i1nput circuitry

t hat nonit orPwseriiaputriacthat tyorort othersswitrablte avientisty WierptEharser
suppl i ?6 an ing;]rbalr ed command WQ{}; ot her activi ty. i s detected by device

ci rcui t V210 U1 HE oSt Tl ng behavi 6t Bi° deti e 17 it (1210 ey CAUSE Y he
vol t age on di necher tar-change. 1 M dart & wandisense dhisochange, ithe/ol t age
and nmay issue a correspondi ng wake-up command to converter circuit 122 via
path 76. M 3ort B RaPalsor pef | Gl 63 |5 Haker? ot t&tusd ridifit 122 to

repl eni sh epergy, storage.cifeuid 50,45 desgribed 4n copnectionpwih FIG 1
. If desired, citcuit 210 can informmonitor 54
change in voltage and may issue a corresponding wake-up
15 command to converter circuit 122 via path 76. Monitor 54
can also periodically awaken converter circuit 122 to
replenish energy storage circuit 50, as described in
connection 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 a 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 optionally 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.).
28



that user input or other nonitored activity has been detected using other
types of signaling schenes. Consider, as an exanple, the arrangenent of
FIG 9 . westumaswozn FIG 9 , electronic device 300 nmayPhans2@opesser supply
such as an AC-DC power converter circuit 122 that charges energy storage
and power (Rroddege)r raguladwroaivoid t1802ntGialcing 302 myye he; 1 droro exanpl e,
a circuit that, includes an energy storage circuit such as energy storage

circuit 50 GV FIG G aHf thatCWptional |y incl udes a vol tage regul ator or

other circuit that hehpsifegidatel tdheoutpit of dhe ener@y stargge gircuit
when powering circuit 210. Processor 304 may include storage and processing

circui try suwremassunelorl e ymrrodht oviessorts dh cthetheomewlycircuits

(e.g., kntegrated circuits, c.). Processor 304 o] i n,controlling
t he ope?atiSgcnoroaifgedecvlircceu tOOB(génch)Crll rbceui% azrl%e.égmrﬁ%cunlgtr Lrrbxsajledjo"jpneo} ation of
devi ce 300 pfodd4509 30pavwet stippdwed2? 4y awedpetdetlito 302,180 t he
energy storage circuit 302 can be charged. Circuit 210 and processor 304

can be powel& and tarfopereft & hdrtrtTy e WIIIE 1 BY e si U ¥ ol Tod¥ef ve

power, powefe Sipplys 122 dmay, &g, placed iny, standhys (€. &4, byoPracessos, 304,
nonitor 210, or other control circuitry) . In standby, the energy storage

circuit cambettsed coipowerciciceuity)210 bvert patdy 306camthaiagly be used to
power nitor 54 over a.tth 308.. Circuit 210 can await. us rOin ut such as an
infrared renpt’e Tontto ulcorﬁ%nndoeoruso?%etro i THbI T event 1hat® i Hdi%Hies t hat
devi ce 300 siwulih heart akenugud ©f Ssdehdbyornde: Mhesvsugdran Bvent is
detected, circuit 210 can informnonitor 54 of the occurrence of the event

by sending signals overr Patth B10.CPatd BI0 T LRI afitftlog Drani gi tal path
having one A £ RS alsesn%:ﬂéat&%dfwscén%and 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 analog
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
periodically 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. In the FIG. 10 example, device
300 has power supply circuit PS1 and power supply circuit
PS2. Power supply PS1 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
29



conveyi ng comuni cati ons between circuit 210 and nonitor 54. Once nonitor
54 determines that it is appropriate to wake up power supply 122 to handl e
t he user wopoato/®stwerand or ot her event, nonitor 54 can i PSHASAVIANSODPri at e
wake-up control comrand for power supply circuit 122 over path 76. Monitor
54 can al ssyeslioditcal | yuppakies pl gronesowsippley. d22 wdremnt tfdwedesdtred to
repl eni sh the energy storage circuit in energy storage and ﬁomer r egul at or

circuit 302ViRPHAh 210! FEN0 stows HEw devite B0 Hiy ul tiple
pover supply-Lid G t g 122, d.mdhe & G d0 examl g wdevd 68300, hass payer
supply circuit PSI and power supply circuit PS2 . Power supply PSI may be a
hi gh- power €panovegly) povese supplinetdiat Sulppd tiest tehsemamhiarir eds of watts
of powecr, d. power_ suppl y, PS2 y.be a.low pawer ( andar ower suppl y
Chat “suppl res TERE STER T s it AR o7 BT E HRL T andby,
each suppl ysumyasionsesmee 0 yoEl f reatd ot {es gif dedidf9d of its active power
capacity (as an exanple) . These are nerely illustrative exanples. Primary

supply PSI and seconddty RUpHYIPSPRRNA hate SR SUi THIR & power&udist y

capaci ties jf desifed During noldml, Pp&raii P oROVer, supply; P dqray be in
its active state and may supply power” to circuit 210, processor 304 and

ot her conpanemssdar deld cerB00:heio conseraret poverdepower3Euppl¥o PSI may be

pl aced.i,n a_ | owpower st andhy state when || _power is not needed. Likew se,
power %hppl%/o Cart ve é%cloewaeri nsusgfpan%b%/éﬁt omag%ﬁeer%lza ower” v@nglnowacti ve

operation oWt JeMiEedtu ingestandbysownergy sdornageieand vol tage
regulator circuit 302 may supply power to circuit 210, as described in

connect i on MH FG PYEFrBRRINE T T3S e @ergy Stordye Krcuit in
circuitry 39@55@9@4“5%&éf)Jﬁ%n active operation is not required.

During standby, energy storage and voltage 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 of the energy

20 storage circuit. When replenishment is desired, monitor
54 can issue a replenishment control signal to power
supply PS2 over path 314. In response, power supply PS2
can awaken from its standby state. Because power supply
PS2 uses less energy than power supply PS1 and because the

25 entire device 300 need not be powered during replenishment
operations with power supply PS2, the use of power supply
PS2 to replenish the energy storage circuit while power
supply PS1 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 wvia path 316. Monitor 54 can also awaken
power supply PS2. If desired, circuit 210 can also use

processor 304 to issue wakeup commands and other control
30



repl eni shed. As described in connection with the circuit of FIG 1 ,
nonitor 54 can nonitor the state of the energy storage circuit. Wen

repl eni shwoerzp10/®3gesi red, nonitor 54 can issue a repl eniPEhESA0906830T Ol
signal to power supply PS2 over path 314. In response, power supply PS2 can
awaken fromadrimsarsiandBr stead e r BeAusey poiver s e PS2 kuseso lessener gy

t han power %#)gl y PSll and because the entire device 300 need not be powered

during repl IPET T UNS S % h-THoWer- Suppi S 'B52, Wi e Use BT power

supply PS2 410y r eplenish tdhe energy sipnage,&id cul twa’u&iﬂgg ngpydwéyppl y PSl
remai ns in standby can hel p conserve power. If circuit 21 etects user
i nput or otherrEctiS4 tes et dxmiict)es that device 300 should enter its

active state, circuit, 210 can direct monitor 54 to ke u ower supply PS|
via path 316. Moni torA%4lolclaunS d%0" ana oennfl %%lsounppﬁl\é;r @P@plaﬁa e%ellfed,

circuit 210z atu@l s Usrr aeessStEr 304 d0 FEsSUel wak esiowomrardss and. ot her
control commands. Processor 304 may, for exanple, wake up power supply PSI
whenever udet §HPGR i% FeeiVed Wit PG CHICRAF Ther s mMtsilsa may be

used in waking, up; power; . sUPPl Y RS, As, ah exampl@)sucfind [dustratiye
configuration for power adapter 12 such as power adapter 12 of FlI lis
shown in FIIG dil.FKAS. showy ilve Fia@nted . t Heorpbweer 1 et apt®rg sre32 havey dohousi ng

such as_.housi ng 318 in ich circuitry,such as circuitry 12 of E 1 nma
be rmuiped.usceondtuoct??/%ne\g&ontg}se W%ﬂ%aéoutuesre % gAd(;onlnréectpCfvheer povéear%laedapt er
to AC |ine powelay Gablesad2 2 drayolbee usethdto o€l dut it sdgned:s 11 om
adapter 12 to connector 324. Connector 324 may be used to connect the power

adapt er to @ERGFoh Sdevi CCHTECEDhnect a2 B2E iLbe C fHNS@EhpHE a
30-pin connesier A)Jaeé%@f Fy&%ﬂé@éréﬁéo&gié@%we%{h&f&@i§294 S| ¢
pl ayer and ‘'t el ephon evices to conputers and power supplies. Connector 324
be, for example, a 30-pin connector of the type that is
15 sometimes used in coupling music player and telephone
devices to computers and power supplies. Connector 324
may, in general, have any suitable number of contacts.
The use of a 30-pin arrangement is merely illustrative.
FIG. 12 shows another illustrative power adapter
20 arrangement. In the configuration of FIG. 12, power
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
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may, in general, have any suitable nunber of contacts. The use of a 30-pin
arrangenent is nerely illustrative. FIG 12 shows another illustrative
power adapoeniensangenent. I n the configuration of FlI G PCZ/USp@sesssadapt er
circuitry 12 of FIG 1 is nmounted wi thin housing 326. Connector 328 in the
FIG 12 exampierimay dier@ inagneidic aomectwirt stich asa ddagiSafien (the connect or
fromApple Inc. of Cupertino, California, This type of_ connector uses

magnet att rEdti o tOFHEH R s dtaf ¢ o DrY 8281 o- i Srelt i gt devi ce.  There

may be, forcgxample:, nronets: I thPUuddOns 3300f ¢ canmedd - 328« Bk type
connectors may al so be used in power adapter 12 if desired.” As shown in

FIG 13, em&aACstorage aguauat, SOqmyy forampza tciof NG DO poviero<onvert er
circuit 122f FIr(l)rd e€<raor'g1)laeri cnoun\ﬁoeerrt ere CsiuriCtUil;[lelzczo naé/nebnetsa Co(,jnv(,jecr.tteor Sci rcuit
of the tsype that” has a Capaci tor acr 0ss 1ts posfltlpf V& and ground out put
lines (e.g.hatftdridd t eridg) .add tHd s typoaicmrd angenenin enetdya fate
powering nonjtor, 54 and forpowering circuits such as circuit 210 (device 10
in the FI GCll%c%&tairﬁ?%)m%W%eC@?%f@P wite P s FHI9Ert Tagaci¥ore™ wi t hout

the need foy addiddonal energy, siorage, deviaes.; in,generale energy storage
circuit 50 may be forned fromany nunber of suitable conponents

(capaci t or ssorbatdwrd vison et . HIGhd t hese Chrmponem s iyl florsnsttaind: al one

ci rcui or may be cofrbi ned into ot h.erh Ci rcuil;t sd.i n system8 if desired.
Exanpl 8 such as the 1T ISP ATVE onft gilt ation SIS F'GS™ 1 and 13 are
merely ill ustiatdaseind+taceardame wWd hiare eiadtrend , (B0) power
alternating-current (AC) to direct-current (DC) power converter to which an

el ect roni ¢ YEWTE Hayt be'tiihett ¢t StHerP T 1C 1 40 es el tP et
el ectroni c deyi cg wid 'Héit‘aﬁr&?‘”@é &?&Wrerﬁk?é év]g?cp{roélﬂjgce%é\/kﬁaée I holydes. a

power converter circuit at produces a DC tage froman AC
power converter is provided 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 coupled between the
power converter circuit and the output 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 output line.

In accordance with another embodiment, the power
converter also 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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vol tage, an output line to which the electronic device may be connected, a
swtching circuit coupled between the power converter circuit and the

out put | iwe 20tva3qeri odi cal |y di sconnects the power conPemrtuse000iosss0it from
the output line, and circuitry that determ nes whether the electronic

devi ce is atdrached to ddref opiqgrd 4d nei dyectotid ardamgrabl dagenditeviel s on the
out put |ine when di sconnecti nq}et he power converter circuit fromthe output

line with tHESWHchihP @TTuits BH e COrHEce wi T h @hot et Ehistidi mént, t he

power convefdgs inclddes, @ qantdoln gy Gide aftbd heLigeiddy includes a
nonitor that directs the control circuit to place the power converter

circuit in Gestamdys gkt upoh determi Hiqgpdhalenmntel ect¥oriie devi ce has

been de%ached from.the output line. In accordance with another enbodi nent,
replenished, .

t he power converter afso includes an energy storage elenment that stores

energy for powering the dmitdanahen thepowesr comvelingintc] rcdt is in the

st andby node, where thenonitor is configured to direct the control circuit

to monent artA iacks tHP hoiere € orfv et tetClei i 3T it Sh St FWE nidtle i nst ead

of the standby-Jdmode Wishs t he, mpnidor detarm ngs dhat, dhe,engray Sl age
element is'to be replenished. In accordance wth another enbodi nent, the

moni t or i s dordinguriew ttdhai ridet ¢ leectcomroldeyrouitas dgdrace: tdamgbwer

converter circuit i thg ctive npde upon determning that the electronic
devi cetlﬁas Heen eatcfugcﬁ% ]talon? h‘@ug% pciﬁeoﬁ %n%len%%kfee BPEHat i HY The power
converter ciediit iih tire sdandhyy mosges. | n accordance wi th anot her

enbodi nent, the ener storage el enent includes a capacitor. In accordance
wi t h anot her enbodi n%,acfcfféf%ﬂf@ with another embodiment, the

energy storage element includes a capacitor.
In accordance with another embodiment, the power

15 converter also includes a voltage regulator that receives

an 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 output when the voltage regulator output 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 line and the
modified version of the energy storage element voltage 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 regulator output 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 voltage and the modified version of the
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converter also includes a voltage regulator that receives an energy storage
el enrent voltage fromthe energy storage el enent and that provides a

corr esporipregiommeioki ed versi on of the energy storage el eCEAIS2000/06880E On a
vol t age regul at or output when the voltage regulator output is not |oaded by
t he el ect r amarglevdtcerada slcaosrdancel tadd anof hert enmbddinreiiis  drher power
converter also includes a path that electrically couples the voltage

regul at or otPRIT C1HEHut' FUtt395e and the nodified version of the energy

storage el enent vol tage dsdMAe Whah (e e v A liage ipducad Bysddie power
converter circuit . In accordance with another enbodi nent, the power

converter aswdmcdudéstisnedralem lneduder) cipail tthat erlosedidal the path
that electrically cquples the volt regul.ator .output to the output |ine.
Pt S Th ool T AT O% RO dgb. Pbul SEOre | Tl

I n accordance “w ano age regu iTicludes a
DC- DC swi t chedl-tfdengbwere Comes i@t dhathpraduces ddherampdidiecner si on of
the energy storage el enent voltage and the nodified version of theenergy

storage el effehtadfltagy i Lifaterdt Hdif the Enerdif stioidye eI vherte vol t age.

I n accordangg, tdyanotdher enbodiqent, the power converter defined also
includes apath that electrically couples the voltage regul ator output to

the output |ine and the amthfdad e ersiloraoftiide anerdpnstior dgee el enent

voltage.is no larger than.the vol tage pr.oduced by the power converter

circui ‘E?O I r{noa%lctoc?lgalnscec?/ﬁftjtg%rneo he? 1%0%%0[@}% ,C?rhtey%n?]tlgcfulits “onfi gured
to direct tdies &OMHOp&id€Udntoridace thei powertiednerief dd<Uigod n the
active node upon determ ning that the electronic device has been attached

to the out plRESIHEIHT | ' @perhft i T ¢ Heopowete Eotfv diderbeen 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 converter 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 between 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 controls the switching circuit and
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circuit in the standby node. In accordance with an enbodi nent, an
alternating-current (AC) to direct-current (DC) power converter to which an
el ect r oniwodew/atoray be connected when it is desired t@CpaBRI006RS01

el ectronic device with the power converter is provided that includes a

SwW t ched- node: powercloainerderp@igc uidnidiate praidiwest a DC vol tage from an AC
vol tage and that is operable in an active mode in which the DC voltage is

bei ng produced and a St dHdHRF HHYS i ' vhi TH tHe ERUBFLGE i stiHot  pr oduced,

an output ljde ¢o- whi %ﬁﬁ'ﬁ@ﬂ&?tﬂ&%&n&%ﬂﬁﬂﬁ%&? enneeted, e, receive
an output line voltage equal to the DC voltage produced by the
swi t ched- notier poMery conviertlert i rleui qut howere theore| tdet romni techtedi ce, a

swi t chi E_g cnlloré;w};tovg:eorupcl ed bett ween. t he .power. ¢ erter circuit .and the

e oqver er ¢1rcu W]%le(%H/(Power converteﬁ
out put I ne,” an ‘energy Storage elenent that produces an energy Storage

el ement voldiage;ia Mol iragehd egid @atormddat Teaeivesot hehedtesgyeisd or age
el enent voltage and that has a voltage regul ator output coupled to the
out put | i ne@UERiF al ghitOrtadfatt hishi t'9tst ¢ Hd e et R storiyet &l enent vol t age

and the outpylrlide ¥old age and: dhaly Ged ds.dheswd i hg cideuw b andthe

swi t ched- node power converter circuit. |In accordance wth anot her
enbodi nent ,indiecatonia orhdts Wonfe prtadhbnioc mareintarid Waperhadhet swi t@he ng

circuitry to isolate the output |line fromthe swtchednode power converter
Gl 1 oui € i The BOVE Fonvatt er® ST E 16 T The etV Hode. S o moni £ or
whet her the;outqa 44 1es Wil 11ageciid sascpvu | el ddel dutgita ddderisn igad at ed
fromthe sw tched-npbde power converter circuit, indicating that the

el ectroni c YEVIFE T I RINRIE U THE et Ceohw ertErCa arith t'6 Honfiltor
whet her the, nid Neevold age fallsahid e the outout.ling.d s isol ated

fromthe swtched-node power converter circuit, 1ndicating that the
In accordance to another embodiment, the voltage

15 regulator includes a boost converter that provides a
voltage regulator output voltage at the voltage regulator
output that, when the electronic device is detached from
the output line and does not load the output line, has a
voltage level that is larger than the DC voltage produced

20 by 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 output 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 output line is isolated from the switched-mode
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el ectronic device is attached to the power converter. In accordance to
anot her enbodi nent, the voltage regul ator includes a boost converter that
provi des wovolowmgm2r equl at or out put vol tage at the vol t age/useguloegsor out put
that, when the electronic device is detached fromthe output |ine and does
not | oad t heowt pidnitd mesr haisr @ Mol tiage devielg titadt itshd arlgert ddvaic t he DC
vol t age produced by the sw tched-nmode power converter circuit. In

accor dance Cérﬁ?‘flhc%mjo? H%e_rtae?ﬁﬁﬁ%lim ER VBT g gt at qarn%lts% i ncl udes a
current |imiddng cintditet hate ensysies that e pedi 14 ne Mol tiage drops
when the electronic device is attached to the output |ine power converter
and t he switicheai-radet ipovaro bbrivertertivd rouinut slinsdlat e draormd hier @ut put

| i ne by.opening the switching circuit . In accordance w th another

enbodi mgnt,et gswrrl}&n(%}%eo\%r ITilosollecgonc’?vfegrurceo 1% onen racrl’lulncy’ olpne&nl%aﬂtems e&% i ng
circuitry tithd soladerdiie: adpide |iheadvrndde: swHe hedmde-powertconvert er
circuit while the power converter circuit is _in the active node, to nonitor
whet her the output |ilfe ¥STTEHGE Hods HotaF fNPPRIICTE i v et tHieshol d whi | e

the output ling dsisol %ﬁ&i{ﬂ&@ the swidched-mdepover. converger circuit,
indicating that the electronic device is detached fromthe power converter,
and to nonidiorewthetthereitthe(lut pravd i neoviot ttage fledd hawran tharputhe gi ven

t hreshol.d while the output line is isolated fromthe swtched: ngpde power
convertdr ot td TRIEAT ot He B BRET I% Hovi LU T SCa (RCHRA to t he
power convert efs ddksacsdrdanss:ad tithan erbodimentded deetiioth ish¢rovi ded for
operating an alternating-current (AC) to direct-current (DC) power
converter tRRACHaPHELGRPut19ie Ty T H#PEIectFomas devi'te the be

connect ed when ido S, desiyedd0 POver; £ he, &l ect ranl.c devige W thedhe

mode in which a DC output voltage is produced and a

15 standby mode in which no DC output voltage is produced.
The method includes momentarily isolating the switched-
mode power converter circuit from the output line,
monitoring voltage levels on the output 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
monitoring the voltage levels includes determining whether
the monitored voltage levels of the output line have risen

25 when momentarily isoclating 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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power converter, where the power converter has a sw tchednode power
converter circuit that is operable in an active node in which a DC out put
vol t age iwopnowdys®d and a standby node in which no DC oRCpAIS2000/06880E | S
produced. The nethod includes nonentarily isolating the sw tchednode power
converter cigliean Whamnidnesoid pity | gl athiong tidré nge MotiHagrend v edsvan t he
output line, and in resgonse to the nonitored voltage | evels, controlling

whet her t heée W cHed HowerOT e rtErP Rl rctit Operates’d nFitde @i ve
nmode or the standhy; dmde, i ddh Becardance: v i anal hete enbadisrent,c where

nmonitoring the voltage | evels includes determ ning whether the nonitored
vol t age | evEls nfthidie g putnd furke haveaisen vhetv noresit-ardds veotati ng t he
swi t ched- m)cdoe power coinrvceuritterirgzi rﬁ:euia'gcf.r‘pemnt1 h >, Qut put eI ienremflnnd i r;cdri1 cating
that the elBctionic device is detached fFoMYHe Bu puc% THE et hod

al so i ncl udgse pd acd tup it he & iehatkdogeponweraconyerd edh€idweipdt i n the

st andby node upon determ ning that the el ectronic device has been detached
fromthe ou]th’tFE- line. In accordance with anot her enbodi mnent, where

moni toring the vol tage, | avel sidngl ugdes, deterd ni g, whstdher, the. yoni tored
vol tage | evels of the output |ine havefallen when nonentarily isolating the

swi t ched- node) powerna overtert aje cdte f¢ oma hedoutputi idmiend ndicat i ng t hat
the el ectronic_ device s been attached to the output |ine.. The t hod al so
i ncl udéd pl'ati WY s hlee‘é%?ﬁ ched frotd Bolnet” conve rntlegfrkpocé Ul linncrhtLh%eESact ive
nmode upon detwsny Nthd hadn tther eleot roniLodem e hasn been attaehed to the
output line . In accordance with another enbodi nent, where nonitoring the

vol tage | eVEISS iR HEN T | Hgh Thet vio teye 1evBta AT AP noni tor, the
met hod al so includes In accordance with another embodiment, the

method 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 output 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
circuit includes an infrared receiver and the circuitry
includes at least a portion of a television.

In accordance with another 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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powering the nmonitor with a capacitor when the sw tchednode power converter
circuit is in the standby node. In accordance with another enbodi nent, the
nmet hod alwo 20raiosdes nonentarily placi ng the sw t ched- mpd@/ysesesessonvert er
in the active node while the electronic device is detached fromthe output
line to nmonmentarily pImodusss tdwen dC wildipuinvidl 4 agend@d insehar gend he
capacitor. In accordance with an enbodinent, circuitry is provided that

i ncl udes a F57SH POt SUPPIS FTT Ut (RO IS¥e didF Pover “&ipptS circuit, an

ener gy st orager thi<dH tso and & fC Uittedt hate i Shponered, by d hei energy; st orage

device when the tirst and second power supply circuits are placed in

st andby st ater e edrset vierdpowet . camt acordant evalie hrandthere aarbbdi nent, the

circuit cincludes cir uitrg t hat .nonjtors user activity. l.n accordance with
c¥rcul O g.Lenls .Lhe ‘ene %’yec

5 OWEY ? . . e storage
anot her “entodi rren%?pg CiTcui ihelUdes ' an i ntrare eiver®and t he

circuitry igictades wttH®@astwak ooy tipneiof &t evdved Orsuppl yaccor dance with
anot her enbodi nent, the circuitry also includes a nonitor circuit that
receives signals fromtfEGTERATE e 13 dife fitP Yettls ddt$ vity and

that wakes jp, fhe- fd st power- SURP ys L tet Gy payer- 1:he, o rawd rohwhen
the signals fromthe circuit are received.|ln accordance wth anot her
enbodi nent ,cihmiici r&aierys o Solviney udest almbinidtors cilrauithe hatrdwsitry

configured t.o determ ne en, the ener torage circuit is depleted and
that i gbconﬁoguglrée g oo%ﬁvge}c%dp t'he' seto adlspodov?er lunp%lnﬁ/o%? r nuﬁgttq}eo repl eni sh
the energy rsdorage €ireuid v tduti pwakd g diprdihe dp riste powedt Seppdy. In
accordance w th anot her enbodi nent, the nonitor circuit receives signals
fromthe ciTERtY vhierfiHe 3 rRAUTIT detectst @etha tH tHREPIHER et €4°e hat t he

circuitry signals from the circuit.

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-mode
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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shoul d be operated in a nornmal operating node and the nonitor circuit is
configured to wake up the first power supply circuit to power the circuitry
in respornse 20w/mBm®2si gnals fromthe circuit. | n accordamCe/usao/06330t her
enbodi ment, the energy storage circuit includes a capacitor. In accordance
W t h anot hexlenhoth irentgvide €£ner gynshoiage adrcilbidr iaictades eha@apaci t or,
and the capacitor, and the secondgower supopl circujt for\r;gerfarts of an

t f(%xf)

al t er nat i nd" CUFHEH 2 (SO 110" diteddt ciiden T IS 0MeT er'Tircuit. In
accordance Wi an-&ebodi eifge amel ectdoni i devd &and & P@vi dagk t hat
includes a first swtched- rmdqé alternating current (AC) to direct current
(DC) power muppl ysudwlowicitdiatt opermatiess istarthwenearl 51 andbyediides, a
second AC-tp; PC Rouer. sypbl . £11cHiL) L hat. OREIates | nactive and standoy
nodes, an energy storaﬁi:]e Circuit that® i's @t | east” Soneti mes © argecfleby t he
second AC-torfxsjpower supply circuit while the first sw tched-node AC-to-DC
power supply circuit is in its standby node, and at | east one circuit that
i s powered using the BHeriyr IOy e Tt 1Y whet e §i¥stoSviitehed- mode
AC-to- DC power, supply &f rapid and the,second, sw b chedsamde. AG 4,05 DG power
supply circuit are operated in their standby nodes. In accordance wth

anot her entodimmedt byt hdelextFloni edevi cehalaot incihudes deproni iy Tigrcui t

t hat C(ignurgﬁi(kgzat es with the at.tle ttﬁ)ne. circuit and that is configured to
change'the 17 st & t¥Hed*Hode™ AL t 0D 'hover Elpply circuit fromits
standby node to its active node in response to signals received fromthe at
| east one circuit . The foregoing is nerely illustrative of the principles
of this invention and various nodifications can
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be made by those skilled in the art wi thout departing fromthe scope and
spirit of the invention.What is clained is: 1 . An alternating-current (AQ
to di rectworoemv3{oDC) power converter to which an el ect PomiuS2@eWs88e1 may be
connected when it is desired to power the electronic device with the power
converter, Whet powerl ciomverier conprising: a power converter circuit that
produces a DC voltage from an AC voltage; an output line to which the

el ectroni c device may1 be C%hr?e]cqeelff}atal%%?ﬁ“?ﬁ% cfArCc)_uitcC_) c%]u]iﬂcetd' bet ween t he
power convertere i rost @kt he ot putr et hat perd rdicall - diseannect s
the power converter circuit fromthe output line; and circuitry that

det er m nes mgHetdrercarhee @l et twhorm clidend ckedsreat tarheave o thee out put |ine by
nonitoring vol tage | evels. on the output |ine when discannecting the power
convert er cellreccu%%rflr%rﬁ?\ﬁleceou %ﬁq ti%lleﬁ WTh G rlevesrv\i/l_’?rc’hitnqqge chor“&egrit. 2 . The
power convefdreredefd neshgni clredm 1 wherein the power converter circuit
conprises a control circuit and wherein the circuitry conprises a nonitor

that directs the control & rRAUT tPPIACEE Hel Power vt iBtUET it in a
st andby node- upon. deat ef i g Adhal, tiheyel ectroni c device has been detached
fromthe output line. 3 . The power converter defined in claim2 further
conpri sing an energy storage ®lemEnt]l triatt stvoriesh erfer gyl dorrgpoweri ng t he
noni t or vvhe& the power. converter ng rcuit is in the standby node, wherein
the nonit or®§'s Conttgured V8 Ui*¥tt the control circuit to nonentarily

pl ace the power converter L£idgwiddhidy afaetivedmsteed 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 standby mode upon determining that the

electronic device has been detached from the output line.

3. The power converter defined in claim 2
further comprising an energy storage element that stores
energy for powering the monitor when the power converter
circuit is in the standby mode, wherein the monitor is
configured to direct the control circuit to momentarily
place the power converter circuit in an active mode

instead of the standby mode when the monitor determines
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i nstead of the standby node when the nonitor determ nesthat the energy
storage elenent is to be replenished. 4 . The power converter defined in
cl aim 3 whenreions4ee nonitor is configured to direct thePconSe@v/06880CUIt tO
pl ace the power converter circuit in the active node upon determ ning that
t he el ectr artiat dewvd cendiasy heerradd achedrito thec@uiputepliare: sthed & operati ng
t he power converter circuit in the standby node. 5 . The power converter
defined in claim3 wherein the energy storage el enent conprises a

capacitor. 6 . The pawer convesdesr defdneddn fdaimad furdhery conprising a
vol tage regul ator that receives an energy storage el enent voltage fromthe
ener gy stordgereienemn ol tdatl proviidesized ory edponeti ngharodiftiedl ver si on
of the energy staorage el enent, valtage on a voltage regulataor,_ output when

t he vol tag ecq%r/recguujl ta?%r pgluafcpeu?C k|les o eqﬁ caded lbtye]i he ‘eT'6c rlonnitched ea{/(’&cle‘{e 7 .
The power coivkerdm@in difddeeinihe! @ian 6cHaird heft comr | &wnigcda Hed hddrat
electrically couples the voltage regul ator. output to the output line and
wher ei n t hé MotiF§ed ¥ ersd dit ol t hel h ety St Grge Breneit RYitage i s

l'arger than.dhe DG yvaliage produced by, the, power converter circuit. 8. The

power converter defined in claim?7 further conprising a current limting
circuit interposed in the path that electrically couples the voltage

regul ator output to t5he ouf,put %V%egfbﬁog%%%%er p&é/@{p[%?%eg%&e%riﬁegi ned in

claim 7 wherein the voltage T&y sesa chedrmode power

converter thtadrprodieesetdiey o i a6k wersian dordie anergycsiofager el enent
vol tage and wherein the nodified version of the energy storage el enent
voltage is greater than the energy storage el enent voltage. 10. The power

converter defined in @Jajr@ﬁ% power converter defined in claim 3

further comprising a voltage regulator that receives an
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 output when the voltage regulator output is not

loaded by the electronic device.

7. The power converter defined in claim ©
further comprising a path that electrically couples the
voltage regulator output to the output line and wherein
the modified version of the energy storage element voltage
is larger than the DC voltage produced by the power

converter circult.

3. The power converter defined in claim 7
further comprising a current limiting circuit interposed
in the path that electrically couples the voltage

regulator output to the output line.

9. The power converter defined in claim 7

wherein the voltage regulator comprises a DC-DC switched-
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further conprising a path that electrically couples the voltage regul ator
output to the output line and wherein the nodified version of the energy

st orage ewermemoIsmktage is no |larger than the DC vol t agecCprusdaomdssby t he
power converter circuit. 11. The power converter defined in claim2 wherein
t he noni t ormade qonfd gured/dotal riecdt thw o s adheinedi fidd i aceont hef power
converter circuit in the active node upon determ ning that the electronic

devi ce has ﬁéeer?_%ﬁlfc%}ék%ﬁflf&lﬁei He- Gt put” 34 Mg Swite %%thi Ng'® he power
converter Gidgeuifed n/d:he st andbyhdmdes rJ2. s A Ald ernatd ng-wareent (AC to

directcurrent (DC) power converter to ich an electronic device may be

connect ed wheshliar ishaesirednorpoverotdne ef evtewnicodevdee with the power
converter, the power converter conprising: a sw tched-nbde power converter
circuit that produces a DC voltage froman AC voltage and that is operable

in an active node in wmhjchrided¥ewaldragerisr it Michgpd oducedhiand a st andby
node in which the DC voltage is not produced; an output line to which the

el ect roni ¢ WA M be: Tothet tabtt o ae & VaC tant Gt putC T4 v ottage equal

to the DC vpl{age. produced, by, (&, swW 4 ched-smds, Pomele conyefieregircuit to
power the el ectronic device; a swtching circuit coupled between thepower

converter cilreuiadahiced heexatqutod ites <reenergyosaar agecredrehent 1 tdemt
produces an, ener rstorra,tghe rleI e%nerg v&(}lta e aVv Itea<?ek?%e uel atorert hat
recei ves the ehergy Storags’ et Sment voﬂ%@e Hnd tha s Vol tdge
regul at or aidprdrcoupt ec-dioc t he output line; and a nonitor that nonitors
t he energy storage
11. The power converter defined in claim 2
wherein the monitor is 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.

12. 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, the power
converter comprising:

a switched-mode power converter 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 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 between the
42



el ement voltage and the output line voltage and that controls the sw tching
circuit and the switched-node power converter circuit. 13. The power
convert erwdebiomesozn cl aim 12 wherein the nonitor i s comCIrgiseed/ 068301
nonentarily open the switching circuitry to isolate the output Iine from

t he sw t chegbwmde: povertaonverdert cdrduitie whit@att hiei power converter circuit
is in the active node; nonitor whether the outgut I|ne volta e rises while

the output line is isolat&d fFomIhe’ Switch Tt Tircuit,

i ndi cati ng 4/hat %tgecceﬂ&_gé IO g e} $e: d & det ached from t he power converter
and noni tor V\:h% er the output line vol age falls while the output line is

i solated fromthe swi tchedimdelfpiﬁ/%rr@m,@mlertkeﬁi? cmqei\'rerﬂji@eﬁti ng that the
el ectronic deV| ce i.s attac ed to theltpovver teqr hce

stor e V.0 e arl ol
converter defir in—c eénv%erel h The Vo tage regul at OF T r| ses a

boost converdeqrldthat cpItqyutd&So@l@ittagetHeegwtqiLw Dittputandl t age at the
vol tage regul ator output that, when the electronic device is detached from
the output line and does rtNIBEPY HE DUt 1977, t%@%%t%@eq%@m t hat

is larger thanpdhe @g d age; predused, by the. swiched-smde pove

convertercircuit . e power converter defined in claim14 V\,her ein the
vol t age regmrattmléf LHHQ1G¥WJCWﬂ$eSiJaJLULH raamt tdhen gvigcleddowde tdhateensur es
t hat the out i ne voltage drops when the electronic device is attached
to the out pctﬁo 19 nteerpo?/verc%gfh\/erter and the switched-node power converter
circuit is isolated fromthe output |ine by opening the swtching circuit.

13. The power converter defined in claim 12

wherein the monitor is configured to:

momentarily open the switching circuitry to
isolate the output line from the switched-mode power
converter circuit while the power converter circuit is in
the active mode;

monitor whether the output line voltage
rises while the output line is isolated from the switched-
mode power converter circuit, indicating that the
electronic device is detached from the power converter;
and

monitor whether the output line voltage
falls while the output line is isolated from the switched-
mode power converter circuit, indicating that the

electronic device is attached to the power converter.

14. The power converter defined in claim 13
wherein the voltage regulator comprises a boost converter
that provides a voltage regulator output voltage at the
voltage regulator output that, when the electronic device
is detached from the output line and does not load the
output line, has a voltage level that is larger than the

DC voltage produced by the switched-mode power converter
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16. The power converter defined in claim12 wherein the nonitor is
configured to: nonentarily open the switching circuitry to isolate the

out put | iwe 2brozys4oke swi t ched- node power converter circRCI/Uskodomo6sshe power
converter circuit is in the active node; nonitor whether the output line
vol t age doesimoiitfal | past a given threshold while the output line is
isolated fromthe sw tched-node power converter circuit, indicating that
the el ectronic device is detached fromthe power converter; and nonitor

whet her the output line voldagej&t | ot e dhalk e gi menetdneshol d while
the output line is isolated fromthe sw tched-node power converter circuit,

i ndi cati ng wheateithelled ety whwiloet ds Attt tdedhied anoe 1t hee ponerucrivier t er .

17. A nmethod faor. operatin | t ernatingcurrent (AC) to direct-current
(DC) power Olclonﬁlvtelrr% rcjt%%%ﬁ%gts%%n ou upru?S Igcichnaet ?t gq Sui CH B le]I rleect‘?oolnti T devi ce
may be conngcdmed wihen dHe il desidreitt tdepiowerid hec el cdd o ccrgdevdweeouwd th t he
power converter, wherein the power converter has a sw tched-node power
converter chrt@iRCHHatCIy Ypetamd i an BtV RS iRPWh I BCE But put

vol tagei s produced and; & standbypde,d nyp.eh no, PG puU; vpl diage is

produced, the nethod conprising: nonmentarily isolating the sw tched-node
power convestigrcleinguiirduiom the output line; nonitoring voltage |evels on
the output line; and in response to the nonitored vol tage | evels,
controlling whether the sw tched-node power converter circuit operates in
the active node or thes st andbypdmde.converter defined in claim 12

wherein the monitor is configured to:

momentarily open the switching circuitry to
isolate the output line from the switched-mode power
converter circuit while the power converter circuit is in
the active mode;

monitor whether the output line voltage
does not fall past a given threshold while the output line
is isolated from the switched-mode power converter
circuit, indicating that the electronic device is detached
from the power converter; and

monitor whether the output line voltage
falls more than the given threshold while the output line
is isolated from the switched-mode power converter
circuit, indicating that the electronic device is attached

to the power converter.

17. A method for operating an alternating-
current (AC) to direct-current (DC) power converter that
has an output line to which an electronic device may be
connected when it is desired to power the electronic
device with the power converter, wherein the power
converter has a switched-mode power converter circuit that

is operable in an active mode in which a DC output voltage
44



18. The method defined in claim 17 wherein nonitoring the voltage |evels
conpri ses determ ning whet her the nonitored voltage | evels of the output

| i ne havewoiesosdeen nonentarily isolating the sw tchedPCDAS2@ONESS01
converter circuit fromthe output line, indicating that the electronic
device is def gohethdadmridhes atipuiby} inngle tihe wretdiochd urd hert@onpri si ng:

pl aci ng the sw tched- node power converter circuit in the standby node upon

det er mi ni ng’ +Hat9% he® et Sific devitde-Has BEEN detEthed from the out put

line. 19. The method defi ngdnd £} @iy L& whered neyondf-ordigy theyvol t age
| evel s conprises determ ning whether the nonitored voltage | evels of the

out put | i necdvesse dahvertavhent roheht ardn yehis oghwtdwy e swi t ched- node power

converter circuit fromt hemoou.t ourti | i ne itnéjiecaj'; i‘peqls'g har'g thee eltecl}tr oni c
devi ce has been attached to the ourfgbut ]Iin%, ‘he mstchodtbf urther conpri si ng:

pl aci ng t helisvé i ched- node power converter circuit in the active node upon
determ ning that the electronic device has been attached to the output
line. 20. The nethod defi ngd F$SRIH I 4D Mfe rEi hnohitoritg-da¥e vol t age

| evel s conprdgess monitord ng thevoliage deval s Uslng, xdmpitor, the method
further conprising: powering the nonitor with a capacitor when the

swi t ched- nodepovierr com@riterodraigs is e tdaet standbye modethe21. The
met hod defi%ed ikn claim2 0 further conprising : nonentarily placing the

swi t ched- node power " €onverter in the active node while the el ectronic

device is detached fromthe output line to nonentarily produce the DC
out put voltage to recharge the capacitor. . . .

18. " The method defined in claim 17 wherein
monitoring the voltage levels comprises determining
whether the monitored voltage levels of the output line
have risen when momentarily isolating the switched-mode
power converter circuit from the output line, indicating
that the electronic device is detached from the output
line, the method further comprising:

placing the switched-mode power converter

circuit in the standby mode upon determining that the

electronic device has been detached from the output line.

19. The method defined in claim 18 wherein
monitoring the voltage levels comprises determining
whether the monitored voltage levels of the output line
have fallen when momentarily isolating the switched-mode
power converter circuit from the output line indicating
that the electronic device has been attached to the output
line, the method further comprising:

placing the switched-mode power converter
circuit in the active mode upon determining that the

electronic device has been attached to the output line.

20. The method defined in claim 19 wherein
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22. Circuitry, conprising: a first power supply circuit; a second power
supply circuit; an energy storage circuit; and a circuit that is powered by
t he ener gyosvuvamg®2devi ce when the first and second poweCTAISPEOWY6RSNT Cuit S
are placed in standby state to conserve power. 23. The circuitry defined in
cl ai m 22 whesrei to it hey cilre urd 1 tcornprises] idau tirged hain oo troy sthuser
activity. 24. The circuitry defined in claim?22 wherein the circuit

conpri ses affirAFarEd’ Feteietd ahd Wher®im tHe RG YU thy ' divpri ses at | east
a portion ofoptedgyysion. 25 The circuitry defined in claim22 further
conprising a nonitor circuit that receives signals fromthe circuit when
the circuit detects activirgwemnidd hadte wakeist up wheh fd resarpovierr suppl y
circuit to oewerwitth&cei _cu&gery V\V/peern tohnevesitgenral S. fruoim tihse icri1 rtchueit are

recei ved. 26. e Ci rcuiII%ry det'i Hed 90 €1 & m 22 TUr t het conprising a
nmoni t or ci retdiddhatods. configured to determ ne when the energy storage
circuit is depleted and that is configured to wake up the second power
supply circuit to replenish the energy storage circuit w thout waking up

the first power supply. 27%yJdhe GidEuid#hdefined 4, ol@im26,mherein the
monitor circuit receives signals fromthe circuit when the circuit detects
activity thaampmnidiicates that the circuitry should be operated in a nornal

operating node and wherein the tm)n.iltor lci rcuit i s cong;i u%_ed Ct{o wake up the
first power supply circui t"¥'6 Pover’ ¥ He 25+ Ty T'H %%ep nse 1 & the
signal s framdhercds Cui tth@8&ctihee ahddlidiyl dlefided ddx edrai dn & wher ei n t he
energy storage circuit conprises a capacitor. .

1s detached from the output line to momentarily produce

the DC output voltage to recharge the capacitor.

22. Circuitry, comprising:
a first power supply circuit;
a 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.

23. The circuitry defined in claim 22 wherein
the circuit comprises circuitry that monitors user

activity.

24. The circuitry defined in claim 22 wherein
the circuit comprises an infrared receiver and wherein the

circuitry comprises at least a portion of a television.

25. The circuitry defined in claim 22 further
comprising 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
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29. The circuitry defined in claim22 wherein the energy storage circuit
conpri ses a capacitor and wherein the capacitor and the second power supply
circuit fwompas®20f an alternating current (AC) to di Pegtusecamnesspl ( DC)
power converter circuit. 30. An electronic device, conprising: a first

swi t ched- noder @l tternathiarg il rengnd 1IAC) f t@n diecti curirentrd DE)cqgowet. suppl y
circuit that operates in active and standby nodes; a second AC-to-DC power
supply circuit that operates in active and standby nodes; an energy storage

circuit that is at least sppetdnes, gede e d hey secongd AC 0-De poner
supplycircuit while the first sw tched-nmode AC-to-DC power supply circuit

isinits stamubysimties namltanr |@astuiohetlodr ciug tcahatgusegower ed using the

energy storage circuit wh the first_ swtched-npnde ACto- ower_supply
Gircul t and THe Satont S LEhet: Hste HO T DE BORert SUpRTSr S Fou 1%r 6

€ secon
oper at ed i ncideiis stantbynmdess wke The ®ledsomd wewceswafiped in claim
30 further conprising a nonitor circuit that communicates with the at | east
one circui tCadthatC i CRIGHT: Yurldtf tTHBhge: ST | Tt t'EHeRHode

AC-to-DC payer; sYPR Yered reuids fgami ts,standby node to its active node in
response to signals received fromthe at l'east one circuit
27. The circuitry defined in claim 26 wherein

the monitor circuit receives signals from the circuit when

the circuit detects activity that indicates that the

circuitry should be operated in a normal operating mode

and wherein the monitor circuit is configured to wake up

the first power supply circuit to power the circuitry in

response to the signals from the circuit.

28. The circuitry defined in claim 22 wherein

the energy storage circuit comprises a capacitor.

29. The circuitry defined in claim 22 wherein
the energy storage circuit comprises a capacitor and
wherein the capacitor and the second power supply circuit
form parts of an alternating current (AC) to direct

current (DC) power converter circuit.

30. An electronic device, comprising:
a first switched-mode alternating current
(AC) to direct current (DC) power supply circuit that
operates in active and standby modes;
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
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circuit while the first switched-mode AC-to-DC power
supply circuit is in its standby mode; and

at least 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.

31. The electronic device defined in claim 30
further comprising a monitor circuit that communicates
with the at least one circuit and that is configured to
change the first switched-mode AC-to-DC power supply
circuit from its standby mode to its active mode in
response to signals received from the at least one

circuit.
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