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A Power Supply Field of the Invention The invention
relates to a power supply for an electrical device and
w@200e098y02 f or suppl yi ng power to an el ectri cal PAESGLO6/000058
In particular, the invention relates to a power supply
whi ch has | ow power consunpti on. Background of the
I nvention It is becomng increasingly inportant to
ops}a‘F, gy and reduce power | osses and power
g‘upp ?‘é?"ﬁbﬁ | ow power consunption are becom ng nore
and nore inportant. Such power supplies find
applications in many situations, for exanple as
st andby power supplies in electrical devices (e.g. in
Fialdafdhglaventiami ng nachines), within external power
supplies for supplying power to detect whether the
€hednventian relateste a powensupplydonan eisctrigad devicevanded meathod
the main power supply (e.g. within a portable
fozlsepplyirey phaeoier ambiictridah deviek ephsarticular, thadentionaelates to
cradle for charging) or as standal one power supplies
5 Yoviiraebplyahich HasA6% Jowdr doRSUhipfiohow power
consunption, including | ow power external power
supplies (e.g. a night light, plugged into the AC wal |
socket, to provide dimlighting). In a first known
rrangenent . a power,. supply (used in a nunber of
gﬁﬁﬁgg%ﬁgﬁéfh%ﬁ?wtm a transformer, the primary
wi_ndi ng of which is connected directly to an AC power
K i pegomingdngreasingdy npertantig consemve @nerglhand saduge power
out put voltage
losses and power supplies with low power consumption are becoming more and

more important. Such power supplies find applications in many situations, for
example as standby power supplies in electrical devices (e.g. in televisions,
washing machines), within external power supplies for supplying power to
detect whether the electrical device is connected or not and to switch on the
main power supbly (e.g. within a portable telephone charger where the
telephone is placed in a cradle for charging) or as standalone power supplies
for electrical devices that require low power consumption, including low power
external power supplies (e.g. a night light, plugged into the AC wall socket, to

provide dim lighting).

In a first known arrangement, a power supply (used in a number of applications)
comprises a transformer, the primary winding of which is connected directly to
an AC power supply, the secondary winding of which provides an output voltage

for the electrical device. To have low power consumption for this arrangement,
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for the electrical device. To have | ow power
consunption for this arrangenent,the current through

wo b@opes7omry wi ndi ng of the transforner (whi chP€BESG2006/000058
connected directly to the AC supply) nust be small. In
order to have a small currentz the inpedance of the
primary w ndi ng, as seen by the AC supply, nust be

)yt A A 4 NSOl B oo

I"ar
P TP e LRI Mobto S Bl GRue faR e iEerR the
are required, which will make the transformer

impsdasce G4 ths primagewinging rasseeeby the HCRHRRY. dnusthgslarge.
transformer, the wire used for the turns can be nade
Withrentypjcab AC stpply iregueney ghiz® or 68iHz, 4o bavelas large impedance in
turn, neans nore | osses. Essentially, to have a very

thewrpeayrwingaimgy anaigenintoctants will bergguirsd. Torshtaeslich a large
perfect inductor of high inductance and this is just

ine&ctfaﬁeéiimr% prﬁnawnﬂi@%eatwgsmwéa, WARW Wi fnake the

swW t chi ng node po supply (SMPS) and there are

Vel i.ff tu I pl e 1,90S. 0 i
S R R A s TR R BRI yd earad raSrphER the
rapi d itching in that aryrangenent creates a.large.
Wi ted der theituEhs gam e madsshiimer BridhisRpRes Nighaesigiance
and are nore costly. Currently, standby power
whisp! inetsirn,.sueanamare dessegebssemially slsdiave a ypryclawm gower
have a power consunption of several hundred mlliwatts
conseveptioasintthigrareengeaventaivewssetdsa pedeetisduyctar of/pigbdahductance
power requirenment of control circuits to "wake up" a
aeyieeid jushhetifeasible.can be as low as only a few

mlliwatts. So there is a

A second known arrangement is known as a switching mode power supply
(SMPS) and there are several different implementations of SMPS. Whilst SMPS
provides advantages over the first arrangement, the rapid switching in that
arrangement creates a large amount of noise. Also, SMPS are more complex in

design and are more costly.

Currently, standby power supplies, such as those described above, typically
have a power consumption of several hundred milliwatts or even as high as
several watts. However, a typical power requirement of control circuits to “wake
up” a device from standby can be as low as only a few milliwatts. So there is a
big mismatch between the actual power required for a device in standby mode

and the power consumed.
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big m smatch between the actual power required for a
devi ce in standby node and the power consuned. Sunmary

w@booslgs7dnvent i on According to a first aspect BPET/S8GE06/000058

invention there is provided a power supply for an
el ectrical device, the power supply conprising: a) a
transfornmer conprising a primary wi nding on a primary

' e wi ndi ng on a secondary side, the
%Pﬂﬁﬂ?&jﬂfﬁg&l ﬁ‘%@ﬁg‘g connectable to an AC vol tage

uppl,y and circuitr t he secondary sid ein
BrkSiheora fist gopee o B erBer e ibided gibver supply for
el ectrical device; b) a switch between the primary
an sleaicad fevise, theaPrWe sHIPMAAIMPHEINGC vol t age suppl v;

and c) arectifier for rectifying the AC voltage;
wher ea)a triaesfoninet compriaingaa gahary winding lonan pemasp aide and a
point as the rectified AC voltage increases from zero

$&condaX IMRHThGBA PS6cOdaRy side! tHd BimAly WirldigBei@connectable
increased to a non-zero value, thereby providing a

%“é'ﬁ AR QR SEeR Ao teuil ok SUoBriuae SAe bafit firdnged to
[ ' [ . i tch of f bef

Mg plr PuipthiBlagd g the B gBIRET Cade aomi i <

this arran%ement, there i,s no current drain throu

In
h
the tPhASMIFRDCMPeRMMRRIMAN Wi elihectrAnsfouneh Antkihe AC

on. Once the switch is switched on, current flows

voltagegdupahy and nmary wi ndi ng and consequently, energy
is stored in the primary

c) a rectifier for rectifying the AC voltage;
wherein the switch is arranged to switch on at some point as the rectified AC
voltage increases from zero to a maximum and once the rectified AC voltage
has increased to a non-zero value, thereby providing a current flow through the
primary winding and hence a current flow through the secondary winding, and
wherein the switch is arranged to switch off before the rectified AC voltage

starts to increase again.

In this arrangement, there is no current drain through the transformer windings
until the switch is switched on. Once the switch is switched on, current flows
through the primary winding and consequently, energy is stored in the primary
winding. The non-zero value reached by the rectified AC voltage is preferably a
significant proportion of the peak voltage and, even more preferably the peak

voltage.



wi ndi ng. The non-zero val ue reached by the rectified
AC voltage is preferably a significant proportion of

W b@opesIi2 vol t age and, even nore preferably theCpea06/000058
vol tage. The circuit may further include a current
[imter. The current limter himts the current flow
through the primary wi nding so that power consunption

FRE e EERYlbEC sk 4 Pupeifinott tht il Bk [ e
230VAC or 240VAC at .50 or.60 Hz. .ln one preferred

GHERI TRt Toyaf PR WiNARG Rathal sibter SeDsimERn ogn be
timer for switching the switch on and off. The switch
eontedlleday be arranged to switch the switch on at sone
point as the rectified AC voltage increases from zero
to a maxi mum The switch tiner may be arranged to
switch the switch off before the rectified AC voltage

Fha NG pbRel 5G5S sStypaillp thd htaisgpbwer suPEly, forexampinat
RC tinmer conprising a resistor and capacitor between a

'i‘%\?ACV"‘I‘QG\?AFIgb?ﬁg?\dTBF SARIAENR 5085tdd ed AC vol tage,

and ground. case, the capacitor nmay be
arranged to charge up as the rectified AC voltage
increases fromzero to a naxi num Wen the switch is
sw tched on, the capacitor may be_ dischar

: fat i

. ed, the . .
e prefesed gmeediment A apparatur fuiter capirises @switeh timer for
the primary winding. The switch is preferably arranged
switching dre switch osandoofaldie pwitth et mayrke arranged foswitch the
voltage. If the apparatus conprises a RC switch tiner,
sWitcly eh @é sofme point as the rectified AC voltage increases from zero to a
maximum. The switch timer may be arranged to switch the switch off before the

rectified AC voltage starts to increase again.

The switch timer may be an RC timer comprising a resistor and capacitor
between a node, whose voltage matches the rectified AC voltage, and ground.
In that case, the capacitor may be arranged to charge up as the rectified AC
voltage increases from zero to a maximum. When the switch is switched on, the
capacitor may be discharged, the energy stored in the capacitor being

transferred to the primary winding.

The switch is preferably arranged to switch on close to each peak of the
rectified AC voltage. If the apparatus comprises a RC switch timer, the value of
the resistor and capacitor may be chosen such that the switch switches on

close to each peak of the rectified AC signal. This maximizes the current
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the resistor and capacitor may be chosen such that the
swtch switches on close to each peak of the rectified

wo\osiogeTel . This maxi m zes the currentthrough PEESG2006/000058

primary wi nding of the transformer, by providing a
maxi m zed voltage across it ween the switch is
switched on. The switch tiner may be coupled to a

BUbOT B BpL Sl oPBS AIRASTE by AN e
S tchtlrrer |scupleg:@ﬂoas tch controller andthe
‘é‘me{g@r\a%@ﬁ%h tg‘e S SWiGNEHENswi t ch control | er

conprises a thyristor device for switching on and off

the MOSFET. In one enbodinment, the current limter
conprises at | east one charge storage device. In a
Phebwitck dinsertody be mouptduetocaiswitch contnoltesr Incamgpeimbediment, the
two charge storage devices. Each charge storage device

SR¥cHPBompfises eI MIOSFET 8n vak YReRirdd embadiatdrt Othe®witch timer is
capacitors may be chosen appropriately to limt the

86’15;5]8&‘&0% s\‘%ﬁﬁcﬁ%‘ﬁ%@er B8d Md ﬁé’h %ﬁ‘rghggs LMOSHRST, f\gl the

curr ent ower sup y may be arranged suc

oifien Bt GIEr oBlEfisha gt deriPdat Sindtind Bhard 4F Y

current limter has substantially fully charged i.e.

skl t ch may be arranged to switch off once the
charge storage device or devices of the current
limter have substantially fully charged. If the
arrangenent includes a switch tiner, the switch tiner
meynd errodimeet) theocaméntdimitdreosnprisels aifi¢asinme dHarge storage

charge storage device or devices of the current
HEWEE eh dpredefréd sttt tre dulrBhslirfite! @mplises two charge
storage devices. Each charge storage device may be a capacitor. The value of

the capacitor or capacitors may be chosen appropriately to limit the current flow

through the primary winding to a desired current level.

The power supply may be arranged such that current stops flowing through the
primary winding once the at least one charge storage device of the current
limiter has substantially fully charged i.e. the switch may be arranged to switch
off once the charge storage device or devices of the current limiter have
substantially fully charged. If the arrangement includes a switch timer, the
switch timer may be arranged to switch the switch off once the charge storage
device or devices of the current limiter have fully charged and this preferably
takes place at some point as the rectified AC signal decreases from its peak to

zero. Once the switch is switched off, no current flows through the windings of
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takes place at sone point as the rectified AC signal
decreases fromits peak to zero. Once the switch is

waMosovssl2 of f, no current flows through the w Pdi/8GE06/000058

ofthe transforner so, as already nmentioned, the anount
of current flow through the wsndi ngs can be controll ed
by setting the value of the charge storage device or

Y e n
gw%ofr%%sfn%ﬁ%eﬁﬁ a%bglf%%ra& +éﬁ%5r€éd X %gég é%lnf‘ﬁ%l%{neﬁt”ﬂo‘av fhrﬂugh

I mey reset, the sw set bei a

oz in be popose! by eEhe B Yalultar e ShpREFSErcE device
switched off i.e. once current has stopped flow ng
ehdexiges ohibereuiraitt dimiter appraRriadaly: Resetting the switch
allows the swtch to switch on again when the
rectified AC signal is increasing fromzero to its
next maximum |If the switch tiner is an RC tinmer, the

Fbié Bnibodhie MR hdswitéts Bined RE6péralec@ivh el dvitcheract tdsey, the
di schar ged, whi ch may occur as the rectified AC

é\ﬁ tRESet ?&éeﬁ%}%&%rﬁrgﬁééq fo FERE: fﬂén?s\h h’-ﬁrrn%r aftBr ?‘l%é\ﬁl%h has

odi nment Imter omtted

a [r I
biEn BREfed L ofe ] a%gﬁﬁlpgmﬁ@éﬂ& R cbstormer
S e R R, S 5 e S g WiSh e
capacitor of the RC switch timer is charging up and
atifed A aignehisrigegasingdramizeraim i, nextmmpsimynel épepwiich
coincides with the peak of the rectified AC voltage,

titmer sanah RC timeserthewmtitchebndéhmay bietrebebonce ther adpacitor has fully
providing a current flow through the w ndi ngs

agbhgwn dihith fayideclikad td revtifie@ MC oleage BecréesssifBhyits
and, less inport ant Iy, discharge of the

maximum to zero.

In another embodiment, the current limiter may be omitted from the power

supply as current flow may be controlled by the thyristor device.

Thus, in one preferred embodiment, operation is as follows. As the rectified AC
voltage increases from zero to a maximum, the capacitor of the RC switch timer
ig charging up and once it has charged a certain amount, which preferably
coincides with the peak of the rectified AC voltage, the switch timer switches the
switch on, thereby providing a current flow through the windings corresponding
to in rush of current from the AC supply and, less importantly, discharge of the
RC switch timer capacitor. Along with the current through the windings there is

a current flow through the charge storage device or devices of the current
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RC swtch tiner capacitor. Along with the current
through the windings there is a current flow through

W b@oovsInge storage device or devices of the PCT/SG2006/000058
currentlimter. As the current flows through the
wi ndi ngs, the charge storage gevice or devices of the
current limter charge up and, once fully charged, the

BRSSPl RSP R4 O Al e o
RC swi Y [ h full .
SPGB B BB b oo bl s

the windings, the switch tiner is reset. This takes
switghesaaf seehabeyrrentadopsfiawgahraugh therwingingssand power
maxi mumto zero once again so that the switch is ready
canssaiition isdindtedt KncedbeiRC switAk tiveent capacitochasafdly
once again. In one preferred enbodi ment, the switch is

@éél;’r’é]?éd, bptrafsfep@sd fté vhrégefbapkadrosstiedindingd, the switch
Cc

SWi ing Tfromoff to on. The fast switching from off

tﬁrﬂgpgwr.@tggﬂ?h@@keé %&gf’%ﬁ?’{eﬁﬁﬁé@h u%i nhPrafl %,ﬁgﬁé Rdimum

IS mnli IS re S power SsS In

tosP S orl? 5 Yoatfe UG SRt By U BRI fteffiea ac

the callector of the first transistor being coupled to
Yolleae 0ereases RBCR&YSHY transistor. In addition, the

coll ector of the second transistor may be coupled to

the base of the first transistor and this my be via a

f eedback capacitor. This arrangenent may provide

Imosid preferfred éhdcddirnenty tise switsh isharrangeditpeuss posiive feedback to
coll ector of the second transistor rises, the voltage

affedtigstianrhfiy 6@ Jff tsbn .t TIRNRSS bRftching Ffonh @FF to\uh rBBans that
further increases the voltage at the second
the time for a voltage to drop across the switch is minimized and this reduces

power loss in the switch itself.

In that embodiment, the switch may comprise a first transistor and a second
transistor, the collector of the first transistor being coupled to the base of the
second transistor. In addition, the collector of the second transistor may be
coupled to the base of the first transistor and this may be via a feedback
capacitor. This arrangement may provide positive feedback because, as the
voltage at the collector of the second transistor rises, the voltage at the base of
the first transistor rises too, which further increases the voltage at the second

transistor collector and so on.
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transi stor collector and so on.S The power supply nmay
further conprise a voltage limter for preventing

whe@akekoon of the device at high voltages. TheP@DEGZY&000058

limter may conprise a charge storage device arranged
to charge up as the rectifiedgAC voltage increases
fromzero to a maxi num The charge storage device nay

' t Cl . d .

26 Delled By TAE R0 el Biiocl R yBREd I Fof Bravertinge

o fullwave rectjfy the AC voltage. This neans that .
bieakdwi ot e dReCE GG VoTtAdEsa T B voltaHs BT fravcqaatse a
twice in every cycle of the original AC signal.
ghangerieragepiayics asangedticharge upaethe negtified 4G yoltage
full -wave rectifies the AC voltage, has been
theseasdserbmizero to aimadmuse Tiheschdrye stdragetdeviceanty bieea high
only hal fwave rectifies the AC voltage. In that case,

{O\eadecsdpdditeel AC voltage will go fromzero to a
maxi mumonly once in each AC cycle. The circuitry on

the secondary side may provide the DC output voltage
for the electrical device via a charge storage device

e.d. a.capacitor) whjch charges up duri.ng each AC
e Pt BR ESdmitOL REE R ort e ey 8%4iPhrded to fun-
pr ef er abl &é ocat ed between ground and ap, out put node
wave ragtify Hhe Arevaltgsse iThisrmeRas uad the reciifiedd\e yeRaggincreases
cycle, the voltage at the output node increases
fromezate ta aspaakdivics it evadg oyoletefdhe oTipnabdwesignabpl y
may further conprise circuitry for reducing
el ectronmagneti c
Although a preferred embodiment, where the rectifier full-wave rectifies the AC
voltage, has been described, it is of course possible that the rectifier only half-
wave rectifies the AC voltage. In that case, the rectified AC voltage will go from

zero to a maximum only once in each AC cycle.

The circuitry on the secondary side may provide the DC output voltage for the
electrical device via a charge storage device (e.g. a capacitor) which charges
up during each AC cycle. In that arrangement, the capacitor is preférably
located between ground and an output node so that, as the capacitor charges
up during each AC cycle, the voltage at the output node increases towards a

steady state DC voltage.

The power supply may further comprise circuitry for reducing electromagnetic

emission caused by the switching of the switch between on and off modes.
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em ssi on caused by the swtching of the switch between
on and off nodes. El ectromagneti ¢ em ssi on (known as

WO 2vgiossIy2 may be caused by the rapid on and of PCT/SG2006/000058
switching and this can be reduced by the use of
appropriate circuitry. In onegenbodi nent, the
circuitry conprises a capacitor and a resistor

SHE R A SR SO et
ST AT hm B A B oS oty 1

part|cularly st eady DC vol tage supply. The regul at or

PR epwadipabie theeif iy, cam@n@a@ @Lﬁa%ﬂ?b@@d arigSist

switch and may be arranged to switch the switch off if
apyeroptiately pesitiorertbetesrdthessesondatyedinding:ana tie odtpet node.
regul ator may conprise a zener diode. According to the
invention, there is also provided an electrical device
conprising a power supply as described above.

weP %u%@lly éhgy gurgg%re c;aﬁgﬁ%b é’Fefg}J‘&oP Werﬁghl%ﬂngttl'i@[)@ output

I'so pr or trical

%@fﬁ@% 3 #“%EWW#PM%%B@%LH%& Bpefiesfrb] FR84F R Yottage
SRR PP ED o Pa aEkp e oRd heioulrs BliBEF e ihe switch
circuitry on the secondary side being arranged to

andmajebaapanged frswiien ﬂlﬁgéwﬁ@? off fethel syt \@Aﬂag@mg@ds a

b) a swtch between the prinmary w ndi ng of the
seleotetidhresholth T hehegARtoomag genyurisel y zemgr diodect i fi er
for full wave rectifying the AC voltage; and

According to the invention, there is also provided an electrical device

comprising a power supply as described above.

According to the first aspect of the invention, there is also provided a power
supply for an electrical device, the power supply comprising:

a) a transformer comprising a primary winding on a primary side and a
secondary winding on a secondary side, the primary winding being connectable
to an AC voltage supply and circuitry on the secondary side being arranged to
provide a DC output voltage for the electrical device;

b) a switch between the primary winding of the transformer and the AC
voltage supply;

¢) a rectifier for full wave rectifying the AC voltage; and

d) a current limiter comprising a first capacitor and a second capacitor;
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d) a current limter conprising a first capacitor and
a second capacitor;wherein the switch is arranged to
waMoboPB70n at sone point as the rectified AC vRUT/SGE06/000058
increases fromzero to a maxinumin each half cycle of
the rectified AC voltage and pnce the rectified AC
voltage has reached a non-zero val ue, thereby
[
BREMiE s Rt o Eindadtt oAt of REmBAdI A Heltechifea Ac
vvher in the current I|mter
QIFﬁ  reeases diam 6P g a}ﬂx'mvwrﬁfw%ﬁaﬁ ﬂﬁﬁw rectfied A
primary w ndi ng by stopping the current flow ng
Vﬁf&gﬁﬁﬂd rece thevkaolifiof A& voltagechas rRachEHR NAECERVRIHE,
capacitors are fully charged, and wherein the switch
treraby proyiding a ainiant flowfthrausght the prissanyfwiadingGnd henggea
decreases froma maximumto zero in each half cycle of

tlhieenteiw tHredgi\they SédcrgiRry MRdingli ng to a second aspect
of the invention, there is provided a nethod for

FHERY kA cﬁﬁﬁﬁtr lirhiterd¥ afﬂa?u?%ﬂ't& Bi \é'aﬁﬁouﬁtrﬁ R flowing

CONprising t steps o provi a transforner

ﬁ\f?ﬂ%“'? & IRl wﬁb\e SRR fHBfon iR primary

p b) providing a rectifier for
WElng whep the TstensitachgB.cappia b dle Tk ehardedl At
vol tage increases fromzero to a nmaxi rum once the

wbetdin itlhel switcl it amaryethty switcheal @g the rectiied Ak veltage

value, switching on the switch to provide a current
fitawatbs frogha haxipunmir yenoiindiach reatfccyiclEnafethe rectified AC

voltage.

According to a second aspect of the invention, there is provided a method for
supplying power to an electrical device, the method comprising the steps of:

a) providing a transformer having a primary winding and a secondary
winding, the primary winding being connected to an AC voltage supply via a
switch;

b) providing a rectifier for rectifying the AC voltage;

c) as the rectified AC voltage increases from zero to a maximum, once
the rectified AC voltage has increased to a non zero value, switching on the
switch to provide a current flow through the primary winding and hence a
current flow through the secondary winding;

d) converting the current flow through the secondary winding to a DC

output voltage for the electrical device; and
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current flow through the secondary w ndi ng; d)
converting the current flow through the secondary

wowmdiosgJor o a DC out put vol tage for the el ect rPCEBG2006/000058

devi ce; ande) switching off the switch before the
rectified AC voltage starts tp increase again. In this
nmet hod, there is no current drain through the

trans i ndd [ LG '
cnee. ehevEspitte ¥ BeSuith teisanstkLibd AC GRS R0
sug%%ei s .transferred to the primary w nding, which

B‘F 293Ny g enough voltage drop to provide a DC

out put voltage for the electrical device. The current
flowi ng through the primary winding is limted by the
current limter, however, so that the power

botésimsthaenh there ibaoceurtentidraio. thhughAte fransformgipyindings until
typically the mains power supply, for exanple at

HEDMbiteh EAWRBedBH) \Oeetthe BHihGs alviteAe@onbBuirgnt fisrarhe AC
c) of switching on the swtch may conprise a switch

/ v : L Shep @) i tohi
YTy S Hah PRI 10né BRIty Whing, FHicR lerBdeg o 1] huah

i t . The ' ' b
Gl BBk SRl O P SRS ALAR e e
vol t i.ncrease romzero.tg a.mpxi,mym The swi {ch.
e ng e BB e @A ne W GRD i BaaH Burha e Bk fter
the rectified AC voltage starts to increase again. The
bawvewer, spribat theypaweraenRanptiegcaddifpeentioligda resi st or
and capacitor between a node, whose voltage matches
the rectified AC voltage, and ground.
The AC power supply is typically the mains power supply, for example at

110VAC, 120VAC, 230VAC or 240VAC at 50 or 60 Hz.

Step c) of switching on the switch may comprise a switch timer switching on the
switch. Step e) of switching off the switch may comprise a switch timer
switching off the switch. The switch timer may be arranged to switch the switch
on at some point as the rectified AC voltage increases from zero to a maximum.
The switch timer may be arranged to switch the switch off before the rectified

AC voltage starts to increase again.

The switch timer may be an RC timer comprising a resistor and capacitor
between a node, whose voltage matches the rectified AC voltage, and ground.
In that case, the capacitor may be arranged to charge up as the rectified AC

voltage increases from zero to a maximum. When the switch is switched on, the
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In that case, the capacitor may be arranged to charge
up as the rectified AC voltage increases fromzero to

wa20ex93Tan  When the switch i s switched on, PCT/SG2006/000058

t hecapaci tor may be di scharged, the energy stored in
the capacitor being transferred to the primary
wi nding. Preferably, step c) of switching on the

, . : . 1 each
b S I ISPy 1Bt capaSfor i

| ' it onprises a RC switch tiner
g%%%ﬁeﬁgogﬁeﬁ)ﬁg]%&@ﬂpgt he val ue of the resistor and
capaci tor may be chosen such that the switch sw tches
on at the peak of the rectified AC signal. This
maxi m zes the current through the prinmary w nding of
Preferatinsttep b ef syitghing oaithg switeh comprisg¢s\sutitching on the switch
across it when the switch is on. In one enbodi nent,
thee doeaehipebk mf thes reubifipd A soltdgd. dbtbe st of baitglsing on the
storage device. In a preferred arrangenent, the

SWitEIe Bdbmiprigeé 8rRC @RHchRser SWAtcHIRY 88 tiSd SRS, HBUaRRSof the
The or each charge storage device nay be a capacitor.

tbiBE ' ' ' i |

R PR maf PR B S AR SuREh siEnaRiehEl e
vi.ce devices.of the. current |ipter have .

385 PRSI0 B 5UHar BuBmamichs i Pursbhkieuon e primary

inc.udeg a switch timer, the switch tinmer may be

kit gtthedranafermek ePLvidingh adpaxiliead voltagenagrges it when the

storage device or devices of the current Iimter have

$WitehyIscdtar ged. I n that arrangenent, once the switched

is swtched off, no current flows through the

wi ndi ngs. Thus, the anmount of current drain through

the wi ndi ngs can be controlled by setting

In one embodiment, the current limiter comprises at least one charge storage

device. In a preferred arrangement, the current limiter comprises two charge

storage devices. The or each charge storage device may be a capacitor.

In one embodiment, step e) of switching off the switch may comprises switching
off the switch once the charge storage device or devices of the current limiter
have substantially fully charged. If the arrangement includes a switch timer, the
switch timer may be arranged to switch the switch off once the charge storage
device or devices of the current limiter have fully charged. In that arrangement,
once the switched is switched off, no current flows through the windings. Thus,
the amount of current drain through the windings can be controlled by setting

the size of the charge storage devices appropriately.
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the size of the charge storage devices
appropriately. The nmethod nmay further conprise the step

w®@Rooekes7gi ng up a charge storage device as thePCT/SG2006/000058

rectified AC voltage increases fromzero to a nmaxi mum
the charge storage device actisng as a voltage limter
for preventing breakdown of the device at high

AR P 0ot B SO BB 5 e
W|nd|n of t r rrrer when the switch i s switched
deics A8 e readist A NoRAGR InclSaha o vero 18 aghatiiyg the
wWth a switch tiner. reset for resetting the switch

eharge siorage davicesartingraha yolieas limifet taradeventing bregkdown of
switch tiner is an RC switch tiner, the switch tiner

thesdetviceyt highaoitagee dnttbatrceset thehenargytstdredrin éhe bharge
capacitor of the RC timer has fully discharged.

Stordid Hodcd RetramdfbrBd ad ke fMdisd of thestbihsfBrridr when the
again as the rectified AC signal increases from zero

e again. In one preferred enbodi nent,
% Iééhswi cf?llllggqgfranged to use positive feedback to

effect fast switching fromoff to on. The fast
switching fromoff to on nmeans that the tine for a
vol tage to drop across the switch js mnimze

Invpere paweinaenoliis SWRItIMET iheparaplecwith BNifoh Yot feget for

enbodi nent, the switch may conprise a first transistor
eesettingstbemvdichrtimel afterthe smatch diasdaaesy switcheseoff.i If e switch
transi stor being coupled to the base of the second

timenis & RC switclaticher, the,swifch tinodl restbmagfbd treasgsbtudreset the
transistor may be coupled to the base of the first

SWRES b thedbbdditop ofie RE tithér ifad RifkIharged. Resetting the
switch allows the switch to switch on again as the rectified AC signal increases

from zero to a maximum once again.

In one preferred embodiment, the switch is arranged to use positive feedback to
effect fast switching from off to on. The fast switching from off to on means that
the time for a voltage to drop across the switch is minimized and this reduces

power loss in the switch itself.

In that embodiment, the switch may comprise a first transistor and a second
transistor, the collector of the first transistor being coupled to the base of the
second transistor. In addition, the collector of the second transistor may be
coupled to the base of the first transistor and this may be via a feedback

capacitor. This arrangement may provide positive feedback because, as the
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capacitor. This arrangenent may provide positive
f eedback because, as thevoltage at the coll ector of

wao b@esesrond transi stor rises, the voltage at tPer/Baz®6/000058

of the first transistor rises too, which further
i ncreases the voltage at the mecond transi stor
coll ector and so on. Preferably, the rectifier is

TR AR S S o 2B ase o
65 B REE L85 B VG S A0 o B ene

vol tage peak in the secondary winding to a DC out put
transigts cpectohandisedi cal devi ce conprises charging
up a capacitor during each AC cycle, the voltage
across the capacitor being the DC output voltage. In
that arrangenment, the capacitor is preferably |ocated

Pedfarily ahevastifihth aftafgédts fuladeves redtifiathe AS violtage. This

capaci tor charges up during each AC cycle, the voltage

%ﬁggﬁ%ﬁéﬁﬂﬁﬁﬁb%@@%ﬁg% %rrfizé{ﬁﬁ%ypéékaﬁnﬁ?@fﬁ every

urther conprise the step o
requl at,i ng.t.he Qut put voltage. This is useful when
2 elogi{be 3@?{0?#&5%9 rticularly steady DC vol tage
supply. The regul ator nmay be | ocated between the

out put voltage and the switch and nay be arranged to
switch the switch off if the output voltage exceeds a

beore eobadimesthstap d) of entweditgoiiieniaitage preakdn dhe segondary
and e) of the nethod are repeated until a steady state

D ding put DO lougg e vbitage ier tabeddctiicalldedeoe aemplses charging up a
obt ai ned. According to the second aspect of the

tay&aidr Airing RAICA AG cabieoth Wiia@ethcross the capacitor being the DC
output voltage. In that arrangement, the capacitor is preferably located between
ground and an output node so that, as the capacitor charges up during each AC
cycle, the voltage at the output node increases towards a steady state DC

voltage.

The method may further comprise the step of regulating the DC output voltage.
This is useful when the load requires a particularly steady DC voltage supply.
The regulator may be located between the output voltage and the switch and
may be arranged to switch the switch off if the output voltage exceeds a

selected threshold.

In one embodiment, steps c), d) and e) of the method are repeated until a

steady state DC output voltage for the electrical device is obtained.
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met hod for supplying power to an el ectrical device,
the method conprising the steps of: a) providing a

wao e@esdsIner having a primary w nding and a sepOnsazNg6/000058

wi ndi ng, the primary w nding being connected to a AC
vol tage supply via a switch; {3 providing a rectifier
for full wave rectifying the AC voltage; c) as the

HREA R AR P 1B 0 P
T A bt 855 DT SL T i e

through the primry W|nd| ng and hence a current flow

steps@ih t he secondary wi nding, the amount of current

flow ng through the primary winding being limted by a

cur r ea} ptoviding a tensgiorneriymvinga paipery winding@énd a secondary
converting the current flow through the secondary

Wirtihd) ahé ‘brlmd??vﬂﬁtﬂlﬁﬁtbémé toatedted td BAC lvaﬁé%e sapply via a
device; and e) switching off the switch as t

é\ﬁﬁéﬁfl ed AC voI tage decreases froma maxi numto zero
In edch half cycle of the rectified AC vol t age.

Accor tp the s A5R ct of nv t here
e ol hPRidng saesﬁ%'*ﬂr iR B AGeltRgetn
el ectrjcal device, met hod conpr|3|n t he steps
a) prex/@%rhegre&t'ﬂ%ﬁ& valiage IRgiAARES dr9pm z%m AR rﬁam in each
and a secondary
half cycle of the rectified AC voltage, once the rectified AC voltage has reached
a non-zero value, switching on the switch to provide a current flow through the
primary winding and hence a current flow through the secondary winding, the
amount of current flowing through the primary winding being limited by a current
limiter comprising two capacitors;

d) converting the current flow through the secondary winding to a DC
output voltage for the electrical device; and

e) switching off the switch as the rectified AC voItagedecreases from a

maximum to zero in each half cycle of the rectified AC voltage.

According to the second aspect of the invention, there is also provided a
method for supplying power to an electrical device, the method comprising the
steps of:

a) providing a transformer having a primary winding and a secondary
winding, the primary winding being connected to a AC voltage supply via a

switch;
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wi ndi ng, the primary w nding being connected to a AC
vol tage supply via a switch;b) providing a rectifier

wo oooei0esT0l fyi ng the AC vol tage; c) perform ng PEESG2006/000058

followi ng steps at | east once in each AC cycle: i) as
the rectified AC voltage incrgases fromzero to a
maxi mum once the rectified AC voltage has increased

or ovi ROl ¥Tetrerist KEAYHD FRACIHLT L 1Gi ng anc

hence a current fl through the secondar i ndin
e anpesonng the Bliowd RS 2 T2t GHCE 1A baPh i Gytle:
wi nding being limted by a current limter; ii) .
conver t i ng))@sdhedeetified /K@cmltﬁae NgRasereireRczRigde @ maximum,
wi nding to a DC output voltage for the electrical

devi centsy thehmctjfied Atpvatageutgriincodasegdost nomgeradealuee,
the vol tage across the charge storage device being the

DC ousRiéhidg lonage;swiied tb \browvidé tacdlirfght dlofy thidugtwibeqsrimary
before the rectified AC voltage starts to increase

agai ”wliﬁ)’/éﬁ@% 8hd hehB8 Ll MRNARASGH HASERM finding, the

st eadi arges up suc hat, after a nunber

cycle h har e device.] T
cubst ol pf B ihe fudtgh BE ofF4sy Boiino kenairged by 2
state DC Olﬁgﬁm ~voltage for the electrical device.
Accor BY¥H8NE!IBNUET hi rd aspect of the invention, there is
provi ded an el ectri cal

ii) converting the current flow through the secondary winding to a

DC output voltage for the electrical device by charging up an output
charge storage device, the voltage across the charge storage device
being the DC output voltage; and
iv) switching off the switch before the rectified AC voltage starts to
increase again,
wherein, the output charge storage device steadily charges up such that, after a
number of AC cycles, the output charge storage device is substantially fully
charged so as to provide a steady state DC output voltage for the electrical

device.

According to a third aspect of the invention, there is provided an electrical
device connectable to an AC voltage supply and operable in each of normal
mode and standby mode, the electrical device comprising:

a main power supply for providing power during normal mode;

a control for switching the main power supply on and off; and
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devi ce connectable to an AC vol tage supply and
operable in each of normal node and standby node, the

we@bk®@enys7enl devi ce conprising: a main power suppl/gG1006/000058

provi di ng power during normal node; a control for
switching the main power suppiny on and off; anda
st andby power supply for providing power, during

Bontaliior Sk ing arane dnaii SRMPrRE NN 16 aldby eRies sypply

side, the primary w ndi ng being connectable to an AC
GOMPEgE®Isupply and circuitry on the secondary side

bei ng arranged to provide a DC out put voltage for the

el ect a) sdtangéorimss cob)prisingan peimary wirdingtdmnea primasy gide and a
wi ndi ng of the transformer and the AC voltage supply;

sacbrijarg witdihg foned séeondaey sidey th@ptitharywWintimg deiig connectable
wherein the switch is arranged to switch on at sone

. Ho > Al . ;
Fpéﬁ‘%@\?oli j %Lﬁ?l)ll Bh&‘élré&try‘ﬂr{ %esé(fbﬁgﬁ@éﬁae b éﬁéﬁged to

0 a maxi once the rectifie tage ha

LOGK nan: I . .providing a
E&M(geﬁé%??é\?’vt@ﬁrv §Ea€§fﬁetﬂgreweﬁ%?§£§e§§%éhg and hence a
currept flow through the seconday. . ndi ng, .and

wher oPha SIS RENRER the, PHTRRLWINGING, 6F theTeiTToRRpLARA the AC
the rectified AC voltage starts to increase again. The
weltageenidly;sapdl y supplies the power (to the device

itself and also to the
c) a rectifier for rectifying the AC voltage;

wherein the switch is arranged to switch on at some point as the rectified AC
voltage increases from zero to a maximum and once the rectified AC voltage
has increased to a non-zero value, thereby providing a current flow through the
primary winding and hence a current flow through the secondary winding, and
wherein the switch is arranged to switch off before the rectified AC voltage

starts to increase again.

The main power supply supplies the power (to the device itself and also to the
control) during normal mode whereas the standby power supply supplies the
power during standby mode to the control so that the control has the necessary
power to switch on the main power supply when the device goes from standby

mode to normal mode.
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control) during normal node whereas the standby power
supply supplies the power during standby node to the

W@ 0087050 t hat the control has the necessar yP@DS€2006/000058
switch on the nmain power supply when the device goes
from standby node to normal ngde.ln the standby power
supply, there is no current drain through the

BB D A B Sy A e
SRRk W RS oA 5, 5 ) BRI curen

output voltage for the electrical device. The current ]
fromithe AG pupply is transigrredrie the suimaty viging Raddhispripyides a big
wi ndi ng, so that the power consunption when in standby
enalghcwoitage droptio prdvde thenDE dutpsit vatdgesdiomiime electreal device.
control may be a receiver for receiving instructions

Tie eureahiraiferdmsitPiHe dutfertdon Beswih thehiiaryfRinginggo that
be the case when the electrical device is a device

drasBsly nBﬂWeﬁjWétQ d@gﬁf&g d’%?\gi?eESﬁtb?ﬂe% own

ralon an povver I'n stan enabling the
control to switch back to normal node from standby
node. Exanples of this type of device are a washing

machi ne, radio or mcr ven. The receiver be.

9 3 Bish LERASHTLBY, tfﬂ%&@nw@a MY, Pe Eekesrien {1 TERIVINg /indtruictions to
instructions to switch on and off the main power

swit! gn amdiaff theymaie pawercupply. dhisimay| kecthel ease when the
appl i ance which is operable in nornmal node and standby
sledeicahdevies ishe devictattdch beduirsspdver duwingmaoletal impodenfor its
use of a renote control, for exanple a television, DVD
Mvﬁ)é%@réﬂonaar'icﬂgb\ﬂepfn s’tﬁﬁéllb";e mdaderer ehablirfihel catltroll &y swikch

havi ng normal and st andby
back to normal mode from standby mode. Examples of this type of device are a
washing machine, radio or microwave oven. The receiver may be a remote
control receiver for receiving remote instructions to switch on and off the main
power supply. This may be the case for an electrical appliance which is
operable in normal mode and standby mode and can be switched between the
two modes by the use of a remote control, for example a television, DVD player

or a radio or another type of electrical device having normal and standby

modes.

In a second embodiment, the electrical device is an external power supply for
an electrical appliance, the device operating in normal mode when the electrical
appliance is electrically connected to the device and the device operating in

standby mode when the electrical appliance is not electrically connected to the
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nodes. In a second enbodi nent, the electrical device
is an external power supply for an electrica
wa@ppbiogs1ee, the device operating in normal nodECTEEIV06/000058
the electrical appliance is electrically connected to
the device and the device opewating in standby node
when the electrical appliance is not electrically
t j I £

GG S ilp el UL S P e bR S3pfiesiifes Elipiel i o

bile cel]ular tel ephone,aqr ortabl e | andline
Elrtigns-efthaiamepEalias teeRelt bf & dapebi e fsigphone)
power supplies are also envisaged. If the electrical .
anrd RO AG adaptosxPtherdypgsotleextammabpowet FupRlins are alpagnyisaged.
a sensor for sensing when the electrical appliance is
electrically connected to the device. Thus, when the
sensor senses that the electrical appliance is
€ kiR Blectilal Hediea eah %&térﬁahﬁ‘cﬂmé*eém?ﬂy,(tﬁe gonttBBMag be a sensor
tel ephone is placed in the cradle for charging), it
R RSN RIRRE, 1ol Aok 15 REIbaR] $BhnaURR S fhe device.

e sensoy senses that the.electrical | i '
TBi e e Fegr omees et # B SRR p@PedE R ol
been renpved from{he chargin radl e it . be
eennasiRdia %@ﬁW%z%QTWP%%%ﬁﬁ%ﬁ%BBW L?&sﬂu@%w%ﬁ fa
time, the power will be provided by the standby power
chagrping), inowyrki aganged leswiich anake swin gpwensupply using power
invention, there is also provided an external power
sravided htheastantiegr powensupglp! Wiendhe tseasexsenses thpbiher
supply being connectable to an AC vol tage supply and
Sieefrral SpplianeelisAb 16mEs abatchileconnected (e.g. the telephone has

been removed from the charging cradle), it may be arranged to switch off the
main power supply, at which time, the power will be provided by the standby

power supply.

According to the third aspect of the invention, there is also provided an external
power supply for an electrical appliance, the external power supply being
connectable to an AC voltage supply and operable in normal mode when the
electrical appliance is electrically connected to the external power supply and in
standby mode when the electrical appliance is not electrically connected to the
external power supply, the external power supply comprising:

a main power supply for providing power during normal mode;
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el ectrical appliance is electrically connected to the
external power supply and in standby node when the

we@bk@enes7enl appliance is not electrically connECt/ec2000000058

t he external power supply, the external power supply
conprising: a main power supply for providing power
during normal node; a sensor for sensing when the

oxt or e pREr SEABEE yrEeL Rl dpriERBE T SckRalye,
sobtrcedlp {6 mRemat PP st s BEe e anG N SR gpwer
for switching on the main power supply, the standby

sy oaahsl 9f,cnebri sing: a) a transformer conprising a
primary winding on a primary side and a secondary

wi ndi agtamiby sevarsipply for geoviding povweradyring atiindpy edde) to the
connectable to an AC voltage supply and circuitry on ‘

$Es079608WiRdHing bFghd endle p@Wea!@QpFlyE thepstavdiBg paweEsupply
out put voltage for the electrical device; b) a switch

?@hgﬁﬁp the primary winding of the transformer and the
0 gge supply; c¢) a rectifier for rectifying the

AC vol { ; dd Jim ' ' .
€ Y e a5 an
e S A SO RS e o Rt

non-zero val ue, thereby providing a current flow
tchan Aghveltage supply and circuitry on the secondary side being arranged to

provide a DC output voltage for the electrical device;

b) a switch between the primary winding of the transformer and the AC
voltage supply;

c) a rectifier for rectifying the AC voltage; and

d) a current limiter;
wherein the switch is arranged to switch on at some point as the rectified AC
voltage increases from zero to a maximum and once the rectified AC voltage
has increased to a non-zero value, thereby providing a current flow through the
primary winding and hence a current flow through the secondary winding,
wherein the current limiter is arranged to limit the amount of current flowing
through the primary winding, and
wherein the switch is arranged to switch off before the rectified AC voltage

starts to increase again.
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primary w nding and hence a current flow through the
secondary w ndi ng, wherein the current limter is

wa@eooanggg to |imt the anmount of current fl ow PGI/SG2006/000058

through the primary wi nding, and wherein the switch is
arranged to switch off beforejthe rectified AC voltage
starts to increase again. Sone exanples of electrical

§§ %ﬁnﬂgég ng%r&tr%ﬁm?w?ﬁé habe W %:h %rpﬂﬁlﬁf FAIP8L uRYerstood

I nven

S BeSiled Batler hala inventioh TBHs apRliSadn A siafiditramnt

features which are described in relation to one aspect
dgvigese nohiush these lisigd-alnsaddjiion gishoglthpe Uﬂéem%ﬁ}at features

aspect of the invention. Brief Description of the
\Bhighiang sleShebéd iremplation tespecaspant of thmipventiommmay also be
attendant advantages of this invention will becone

aYiRabRAG dnotRePaGEckbEthedigvéittorsame becone better
understood by reference to the follow ng detail ed

description, when taken in conjunction with the
acconmpanyi ng drawi ngs, of which: Figure 1 is a block

am_af t nt of the invention; Figure
g"?ﬁ@\ﬁ?cg %Pc%{ﬁ" ﬁﬁ@ﬁ@?ati on of the first )
enbodi nent of the inventiaon shown . in F ure
Bhe forgagingAspscts d RNy, éh%@?tﬁae%nt SQQIF bijnVention

over time, Figure 4a is a graph of the voltage across

wili besomnevmede figadity anriasintachas the same becgmecbettesunderstood
tinme;

by reference to the following detailed description, when taken in conjunction

with the accompanying drawings, of which:

Figure 1 is a block diagram of a first embodiment of the invention;

Figure 2 shows a circuit implementation of the first embodiment of the
invention shown in Figure 1;

Figure 3 is a graph of the voltage at node 200 of Figure 2 over time;

Figure 4a is a graph of the voltage across primary winding of transformer X1
of Figure 2 over time;

Figure 4b  is a magnified view of one cycle of Figure 4a;

Figure 5a s a graph of the current drain through primary winding of
transformer X1 of Figure 2 over time;

Figure 5b  is a magnified view of one cycle of Figure 5a;

Figure 6a s a graph of the voltage across secondary winding of transformer
X1 of Figure 2 over time;

Figure 6b  is a magnified view of one cycle of Figure 6a;
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Figure 4b is a magnified view of one cycle of Figure
4a; Figure 5a is a graph of the current drain through

w@eooraes7oom ndi ng of transformer X 1 of Fi gure PCDY€2006/000058

time; Figure 5b is a magnified view of one cycle of
Figure 5a; Figure 6a is a graph of the voltage across
secondary w nding of transfornmer X 1 of Figure 2 over

Eidlrﬁé 7Fi gu e% gfaedr?oﬁg%?éé ef o}ﬁ.{pﬂg’ e IHR SME ﬁreoé over time;

I“gur e 6a; Fi ph o e voltage at oufpu

ode 206 of Fiqure,.2 over tinme; Figure.8 i bl.ock ..
bieie Bim of s bASKHRRIL AT Aafbond chhodimeatettoR ienton
Figure 9 shows a first circuit inplenmentation of the,
Eistom8 enbsbipws aifirst cifqydt implamenigionipdite sacandyembogdiment of
Figure 10 shows a second circuit inplenmentation of the
second enbtid imventiarf shomwen imiiguré 8n shown in Figure 8;
Figure 11 is a block diagramof a third enbodi nent of

Fliré noent sRows & Bdodd oircait @nplemnaéntation bf the second embodiment
i npl enentation of the third enbodi nent of the

i nvention 5h9¥@3nb@nt%mcgyﬂﬂ'i F,’@iu?éJge 13 is a block

di agram of a fourth e ment ~of the invention;

FBHA A, K9 URAE A0S bATIL R AR Al bt

AR AR S T R RO AL N T

201 of Fi ggjnrvgntlign %g\a’ntifn rI??g;ure 11;

Figure 13 is a block diagram of a fourth embodiment of the invention;

Figure 14  shows a circuit implementation of the fourth embodiment of the
invention shown in Figure 13;

Figure 15  is a graph of the voltage at node 200 of Figure 14 over time;

Figure 16 is a graph of the voltage at node 201 of Figure 14 over time;

Figure 17  is a graph of the voltage at node 202 of Figure 14 over time;

Figure 18 is a graph of the voltage at node 203 of Figure 14 over time;

Figure 19 is a graph of the voltage across primary winding of transformer X1
of Figure 14 over time;

Figure 20  is a graph of the voltage across secondary winding of tfransformer
X1 of Figure 14 over time;

Figure 21 shows the standby power supply of the invention in use in a first
application;

Figure 22  shows the first application as shown in Figure 21 including the

second embodiment of the invention as shown in Figure 8; and



Figure 17 is a graph of the voltage at node 202 of

Figure 14 over time; Figure 18 is a graph of the
woelobaggont node 203 of Figure 14 over tinme; FPQUs&2008000058

is a graph of the voltage across primry w ndi ng of

transformer X 1 of Figure 14 gver time; Figure 20 is a

graph of the voltage across secondary w ndi ng of

ERBIE2R, i s5h o Sy LIRS HEAIOS e e
inafirst a Figure 22 shows the first

| i catiop;
appl i cati o??‘%@‘dﬁﬂﬂmaﬁﬂnﬁ gure 2 1 including the

second enbodi ment of the invention as shown in Figure
8; andFigure 23 shows the standby power supply of the
invention in use in a second application. Detailed
DetailedoDescripfioRroffRrefetedimobodmmentsFi gure 1 is a

bl ock di agram of a first enbodi nent of the invention

Biagdrd 1 §¢' adlccksdiagran of arfitst émbowihesrt f aihe Pivedtioh Bat Figure 2
enbodi ment. Referring to Figures 1 and 2 , the input

i@\@scﬁ%%ﬁgﬁti%%éfr}téﬁidn of heit &fn supply may be any

ol tage any trequency e.g. 110OVAC, 120VAC,
230VAC or 240VAC at 50 or 60Hz. The AC power supply V
1 is connected to a current limter 101 conprising two

capacitors. C1 and C2. As wil | bhe described, t poyer
SeRne Biotras T BRI ne SR B RANRLPURPIY M- J Belh ower
t hose capacitors. The AC signal is then rectified b
swnly maybe eBy ASY weltads/al i freguenay e.g. 110VAC, 120VAC,

230VAC or 240VAC at 50 or 60Hz. The AC power supply V1 is connected to a
current limiter 101 comprising two capacitors C1 and C2. As will be described,
the power consumption may be controlled by changing the value of those
capacitors. The AC signal is then rectified by rectifier 103 formed by four diodes
D1, D2, D3 and D4. Note that the rectifier is a full-wave rectifier providing a DC
output voltage with two maxima per AC cycle. Capacitor C3 acts as voltage
limiter 105 to limit the voltage at node 200 in order to prevent the breakdown of
the device due to exceedingly high voltages. If the circuit elements have a high
breakdown voltage i.e. above the maximum of the AC supply peak voltage, then

capacitor C3 may be omitted. Capacitor C3 will be discussed further below.

Arrangement 111 is a switch located between the AC power supply and the
primary winding of transformer X1 so that, when the switch is on, there is a
current drain through the primary winding and when the switch is off, there is no

current drain through the primary winding. Resistor R1 and capacitor C4
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D1, D2, D3 and D4. Note that the rectifier is a
full -wave rectifier providing a DC output voltage with

wo mwoescda per AC cycl e. Capacitor C3 acts asPeUDEGZY&000058

limter 105 to limt the voltage at node 200 in order
to prevent the breakdown of the device due to
exceedingly high voltages. If the circuit elenents

B4R A B T INEL 88 e NS BRI

be. qm d. it ill. b L. furth

Buigh | hersngBiE Aesdbed belows in fudtist czsblrydl iR hpsando be
AC power supply and the primary w ndi ng of transfornmer
barge gad cARaCtat{eh small svihat therg isinimed currest dradita prevent
drain through the primary w nding and when the sw tch

ioss oDiodet D& mets as timec esairi09doathe RErtongh1@hby providing a
wi ndi ng. Resistor Rl and capacitor C4together form RC

HisBRargbQath Gt capitbPCE Wiheh tHaCkigialtat @088l 200hs N @ftter the
the swtch 111, as will be described below. In

gﬁ%ﬁhwm%ﬁﬁ%&ﬁéﬂcﬂin.m is chosen to be |arge and

capaci t or so that there is mninmal current
drain to prevent loss. Diode D5 acts as timer reset
109 for the RC tinmer 107 by providing a discharge path

for capacitaor 4 en the AC signal at node 200 is | ogw
Ape sWitchd 1§thf<ermeﬁhy two Siansisks %Lanehﬁilwt@ﬁlsm Rsand
formed by two transistors QL and 2, two resistors R2
RicarrBcanatitonpornchis amngated to teanshermeardt.cowitch 111 is
transfornmer X 1. Switch 111 is arranged to switch on

srapged taWiich bn veghquicklydbmugh thesisel ofpdsdvelfaclibadkhdhe
advant ages of fast switching on are discussed bel ow.

Advdritagseeprdasyitshidg opf arehfisduseafiriswr X 1, diode D6
acts as a rectifier and

At the secondary side of the transformer X1, diode D6 acts as a rectifier and
capacitor C7 is a filter capacitor. Capacitor C7 charges up, to provide a steady

state DC voltage at output node 206 for the load Rypaq.

The operation of the arrangement of Figure 2 is as follows. During a first half
cycle of operation, as the voltage of the rectified AC signal at node 200 rises,
capacitors C1 and C2 are discharging (from the previous half cycle) and

capacitor C4 (and capacitor C3 if present) is/are being charged up.

When the voltage at node 202 (which is also the base voltage of transistor Q1),
is sufficiently high due to the charging up of capacitor C4 (this happens near the

peak of the AC signal), the base-emitter of transistor Q1 is forward biased,
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capacitor C7 is a filter capacitor. Capacitor C7
charges up, to provide a steady state DC vol tage at

wouiopies7ande 206 for the | oad R OCad - The operBCT/66G2006/000058

the arrangenent of Figure 2 is as follows. During a
first half cycle of operationgsas the voltage of the
rectified AC signal at node 200 rises, capacitors Cl
. . di PP r ' f

Aty iR 0° R SR ol AR QT R il G b vlih Bt node

i,hg char ged . \Wen the vp|tage, at. node 202 (which
25 nfuicR e dhe paPe dghods S iaRERel Ga)ions; nis'Cadkes
sufficiently high due to the chargi ng up of capacitor
tangiskarQA 4 pwitsh padesylfiag prakapig dradingokeyrentithraugh the
base-emtter of transistor QL is forward
priesey skeusf transforamarn Xt and ¢hrbugb resistar iR iwhidls nigdanssan
switched on, the voltage at node 203, (which is also

ifgclssm \)tﬁi(aig;@gﬁ ridet 2N Iihsd Ase ([PYoltadied Sraniitéd ®auk & node

transi stor to switch on resulting in a rapid
I ?) . o r y I
PN % RedHeK Ebp oy SR i e TRagine VERae at node 202
i ncr ' |.t age n 2 This. 4 i n
9Br SRR nkia- e "Bifag BEuaddstr R {figs Bven more
feedpack capacitor C5. This neans that the voltage at
ﬁ%lgR’QGQU%IH RYRBEE P 90'?%"%%(989 rﬁoll?%tPf\?m"F%’g%f tgnsistor
transistor QL rise even nore rapidly, causing nore )
6, deading éo evenlmare chirreny Hradio threvgb enitter-cellectdr of transistor Q2
transistor QL, leading to even nore current drain
ahdauginthemvolizge noréaset airnaale 204 Mtiadt isgth€@rrandement provides a
further voltage increase at node 204. That is, the

%ﬁéﬁﬂ@f@cﬁéiti@ faddeask whiorshRIueks RER) fasy Switeifidg ek
i ch produces very fast switching on. The reason that

fast switching is advantageous is in order to reduce
| osses in

The reason that fast switching is advantageous is in order to reduce losses in
the switch itself. As the switch 111 is switched on, a current flows through the
switch. Voltage present across the switch (in this case especially the emitter-
collector voltage of transistor Q2) will result in losses. Ideally the switch should
switch on instantaneously so that the time to drop the voltage across the switch
to ground is instantaneous. (The voltage across the switch is indicated at node
207.) However, in practice, instantaneous switching is not possible but fast
switching will shorten the time to drop the voltage across the switch which will,
in turn, reduce losses. Thus, using positive feedback to increase the switching

speed, reduces loss in the switch itself.
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the switch itself. As the switch 111 is switched on, a

current flows through the switch. Voltage present
w@eeenssdhe switch (in this case especially theCT/SG2006/000058

emttercollector voltage of transistor @) will result

in |losses. Ideally the swtchyshould switch on

i nstant aneously so that the tine to drop the voltage

ASTRREIBUE Gl 1R bEURLYBRal o383 BEHS e 6B the switch

age across e SWwtc caled a

ver, in pragt.ic I nst ant aneoys swi t chi ng, i s, nqQt
SO Bitcisit Bn abis Efiserin STank AndaLEEh SUABKL 143k & gurrent
drop the voltage across the switch which will, in i
thiergh theipdmanssideof thetransiesmeg Xjand threugh EdmnrdkCEewhich
i ncrease the switching speed, reduces loss in the
sharges Gt apt {C2A3Vhes this happensdbetvioliage at nbde @08ifgisatapidly to
voltage is at or near its peak, the switch 111 is

grdunahsstaize nBAle200 RsPoricdeojroand thrangh ¢ise! pAmary winding of
rapid rush of current through the primary side of the

RSO S R e ST SRR B pr D u g i Bppaitors
lls L gl : und_hecause i.s_short 0

CA AT C2 B AT L A R R8s SRS Uifadetaron

X1 en swich 111 is switched on a because t

ea@é?f@ Aed &2 WhrR nege; V&ftﬁﬁsxcgr%msf %?W%eéi:@(‘dégze are fully

| npedances and there is a voltage drop across C 1 and

chargedntheoelsrariGieprs flewing (heoieswitghcie effectivelv seitched off).

fully charged, the current stops flowing (i.e. the

$hist lirhits theedrhoabi ofedwrentitd dieeprimbafy winting of tha trangfbrner in

amount of current to the primary w nding of the

bahamefeener in each cycle. Wile switch 111 is on,
capacitors C3 and &4 are discharging through the

While switch 111 is on, capacitors C3 and C4 are discharging through the
primary winding of the transformer X1. Once capacitor C4 has discharged, the
RC timer 107 is reset and the RC timer 107 and switch 111 await the next peak
from the rectified AC signal at node 200 in the next half cycle. During the next
half cycle, as the rectified AC signal increases from zero to a maximum,
capacitors C1 and C2, which are now charged up, can discharge. As already
mentioned, resistor R1 is selected to be large so that negligible current is
drained through it. Thus, all the current will be drained through the primary side
of transformer X1, keeping losses to a minimum. It will be appreciated that the

direction of the voltages across C1 and C2 alternates in each half cycle

because of the direction of the original AC signal.



10

15

20

primary wi nding of the transformer X 1. Once capacitor

4 has discharged, the RC tiner 107 is reset and the
woRobiovssn2 107 and switch 111 await the next peRKI/SGm0%/000058

the rectified AC signal at node 200 in the next half

cycle. During the next half cycle, as the rectified AC

si gnal increases fromzero to a maxi num capacitors C

r@gglgy ulé’l?bone rﬁrc{e}g?ﬁsl I?ﬁé%ﬁ%d‘}g'snocqa t?lbgf:a{}%?%ﬁer% results
i"” domasponiing Pre it piiihinuiah (e RegoHP BN She
E‘ﬁl mary side of transformer X 1, keeping |losses to a

Rsfetrner Xi. 4 the srconggresidatal dhe Hapstoi@egiXlediadsrP@acts as a

the voltages across Cl and C2 alternates in each half
myatifier bed aapacitdr Ghis alfiterceapacitof. Atleacbrhalf cyalle afoperation,
signal . The short pulse of current drain in the primry

fedg i9h cuhrent pareftarduigh the ettty Ssidie oftHROF ARTOPRSH Xt and
pul se of current flow through the secondary side of

trans';oor rrer ci(g igecﬁhg?ﬁ&ﬁgggg@%ghoge?@gﬁr}tfﬂ;ufsesnlgml alsteady
SRS Dl Lot sTrderidd ofLuiFPeu g thistiE Selfte as°¥r°ov%ed to
econg y sjde of the transfornmer X 1 and capacjtor

3’5@@! RrabMaYpieris@mple ke araavie copire ?C%'M%\é@'c

until a steady state DC voltage is reached at out put
rRresgewerdusinoGtandpiagedes raouiped npde 206 prewdes the
Rl oad - (Ri oadmay, for exanple, be a renote control

necessaey output holtagrli Tresvadoeef cdpacitoy GI snalipropoately) chosen to
The out put node 206 provides the necessary out put

¥AslrddRe pfoserahbiforihg GRRAG! AttheGéqlitfedpoltayy.i ately
chosen to ensure the proper functioning of R Gad t the

requi red vol t age.

As already mentioned, once capacitors C1 and C2 are fully charged, current
stops flowing through the windings. Thus, the value of capacitors C1 and C2
can be chosen to set the current flow through the windings to a desired level.

This controls the amount of power consumed.

Note that it is important, in this embodiment, that the diode D5 is present as this
enables the switch to reset each cycle. If the diode D5 were not present, the
switch 111 would never reset so the arrangement would not work, because,
after switching on the first time, it would not switch off and the arrangement
would simply work like the prior art arrangements with a constant current drain

through the transformer windings and insufficient voltage across the windings to
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As al ready nentioned, once capacitors C1 and C2 are
fully charged, current stops flow ng through the

wowmdiosgys2 Thus, the val ue of capacitors C 1 apdi/€22006/000058

be chosen to set the current flow through the w ndings
to a desired level. This contgpls the anmount of power
consuned. Note that it is inportant, in this

SRR0 42Z Bh L VPabhrg R Rtk B AR B tppof ofgessting

6o R R e ARSI ATh e Pen ioB fuSESto 1 BloGre 12.)

switching on the first tine, it would not switch off

and the arrangenent would sinmply work |ike the prior

art arrangenents with a constant current drain through
At hoterthabit repreferabllenihat thedswitchul 11 switohey ohtaagsose to the
across the w ndings tosupply DC output voltage.

pEaKRY e ACoélgnélfh% podstilaarhi% erambs edmakini@f’iolth§8 peak across
according to the third enbodi nent of the invention

r t .
e WIS PR SRH"CL1 shitfy38 P lrinG Siltch 11 Gyere fojquitch
the eak n siple. .This creat a
aBate sl of ﬂgs AC st r%&?&avsneﬁ‘ﬁwﬁ‘é-vm Seinal Eibling
111 is switched on. If the switch 111 were to switch
gffapgemest worid n%‘i‘WP'era%@’@U&ﬁllmR'Y b@ asyhthe switchwere not
voltage is at zero), the arrangenent would not work as
itheraoam@trﬁrepvqukb@eam siddemeingwsh ofi cuerest inom thaek@ supply and
and there would be no sudden in rush of current from

the cAsacitop Ri4y(amadC 3 ifpresesty ivoald (8t Havedtirdd to tharggsemtThat is,
woul d not have tine to charge up. That is, the switch

PRESEwRIM htl3t SHitBR SR Jrite thé‘-‘rébtfﬂe%dAé\%@ﬁél 'h%'s ihG@ased a bit, and
increased a bit, and the switch preferably swi tches on

%é’é\ﬁlt&? pFé?gra%Wg\Nﬁéhééqgn E%%E'tf) "d‘?é]I pégk %'f ﬂ{éallecﬂﬁed AC signal as

this maximizes the voltage peak.

As already mentioned, C3 acts as a voltage limiter and, in certain
circumstances, may be omitted. However, if C3 is present, it will charge up,
along with C4, as the rectified AC signal increases to its peak. Thus when
switch 111 is switched on, the energy stored in both C4 and C3 is transferred
across to the transformer windings. In practice, the contribution from C4 (and
C3 if present) to the voltage peak is minimal; the voltage peak is primarily

provided by the in rush of current directly from the AC supply.

Capacitor C6 and resistor R4 together form snubber circuit 117. The function of

snubber circuit 117 is to reduce the ringing due to the transience caused by the
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this maxi m zes the voltage peak. As al ready nenti oned,
C3 acts as a voltage limter and, in certain

w@reoeyEsdances, may be omitted. However, if C3PEEHSG2006/000058

present, it will charge up, along with C4, as the
rectified AC signal increasespydo its peak. Thus when
swtch 111 is switched on, the energy stored in both

g Triste phagd ﬁriéFa%%ﬁg%oﬁdﬁ??f'@n% R bBE R hagnetc
oBitsipR ERRIRa Qe i PR it e PHanBRmogt bt

current directly fron1the AC supply. Capacitor C6 and
p@graﬁ,ewthmttmg@mb@erpwcméﬂmbber circuit 117. The
function of snubber circuit 117 is to reduce the

ringing due to the transience caused by thesw tching.
This is added in practical applications to reduce

elRFES QMBS i3, BB 881 619 ahtl TRV vEFi6 G pfopdies Rith ReéSpect to

ringing, but the arrangement will still operate
Mwo@g%rﬁ@%tb@%ﬁgw iﬁpg%ﬁl’% ZTuhsé: h%@sﬂ L?étra‘%é‘t Brocesses
on,the cir

LR ek oG eath A0 AER e OA@gﬁ%ﬁéﬁéﬁwfmﬁ naﬁéﬁirising to

during each AC cycle as the voltage at the output node
sStW(g{ﬁ@tQﬁOE‘g@t eady state voltage. Figure 3 is a
graph of the voltage at node 200 over tine. In each
cycle, the voltage at node 200 rises to a peak. Then,
when the switch 111 switches, resulting in current

Hicaira 3tibraograph pfithewyltsgelat wddd 2odsler time. M dach bgcle, the

vol tage at node 200 drops to ground. In this exanple,
Vblt&gNalfofe200 tiBas teadeaky Theénwkes the switch 111 switches,
resulting in current drain through primary side of transformer X1, the voltage at
node 200 drops to ground. In this example, it can be seen that each cycle takes

10 ms i.e. the frequency of the rectified AC signal is 100 Hz so the AC power

supply operates at 50 Hz.

Figure 4a is a graph of the voltage across primary winding of transformer X1
over time. In each cycle, there is a voltage peak corresponding to the current
drain through primary side of transformer X1 as switch 111 is switched. The
voltage peaks shown in Figure 4a are very spiky. Of course, the voltage peaks
are not instantaneous and a magnified view of one cycle of Figure 4a is shown
in Figure 4b. Note that, with this arrangement, the voltage peaks are large

(much larger than they would be with the prior art arrangements which have no
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10 ms i.e. the frequency of the rectified AC signal is
100 Hz so the AC power supply operates at 50 Hz.

wo-r@anegs7dn i s a graph of the voltage across prPCES§2006/000058

wi ndi ng of transforner X 1 over time. In each cycle,
there is a voltage peak corresgponding to the current
drain through primary side of transfornmer X 1 as

. o o ; I .
BYIES Bebidep b0 er AHEA2L AR BEAER ARCARIR sg pat e
re not instantaneous and i fied view of one

PRyt Vﬁﬁ%@-’r gan eipéoﬁ'ﬂﬁﬁzo g?ﬁg%a&ure 4b. Note that,
with this arrangenent, the voltage peaks are | arge
(rmuch larger than they would be with the prior art
arrangenments whi ch have noswi tch between the

Figure foar iser gnaphradite curdnnthreugh plirmaACyswlind v) transforraer X1
the DC out put voltage can be provided to the | oad.

bverfimeSh éactcglatherd istdSpiky cuRBAt AP HE BWRREH MEIMYswitches.
wi ndi ng of transfornmer X 1 over tinme. In each cycle,

fo : . . .
THE Erlent Ay pRAKE KERERbofl B Do iRRic bh ke of
eaks of Figure 4a. O course. the current drains.ar
GRS, SlesRorEhluus s e R isiebSus 20 BnaHb R b B one
Figure 5a is shown in Figure 5h. The |length of tinme of .
evdeat i 'éi%howwa@aurt%b-&h%lﬁﬂgtwﬁm @f the current drain
determ ned by the supply voltage, the inductance in
threugh dine pomasy Wividing isydelednined mathevasippdgeoltage, tle inductance
is present, by capacitance C3. Wth each current drain
ihtheuigdmgformanr windinglamd), ibC3t(valtegfeolimiter) J6 fresehgrby ¢caparitance
correspondi ng current pul se through secondary w ndi ng
gfz.transformer X 1.

With each current drain through primary winding of transformer X1, there is a
corresponding current pulse through secondary winding of transformer X1.
Figure 6a is a graph of the voltage across secondary winding of transformer X1
over time. It can be seen that, in each cycle, there is a voltage peak
corresponding to the current pulse. Figure 6b shows a magnified view of one

cycle of Figure 6a.

As described, with each current pulse through secondary winding of transformer
X1, the capacitor C7 charges up a little bit i.e. the voitage at node 206 increases
a little bit. That is, over several cycles, the capacitor C7 charges up bit by bit

and the voltage at node 206 increases bit by bit. Figure 7 is a graph of the
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Figure 6a is a graph of the voltage across secondary
wi nding of transformer X 1 over tine. It can be seen

wao b@b/098702 each cycle, there is a voltage peak PCT/SG2006/000058

corresponding to the current pulse. Figure 6b shows a
magni fi ed view of one cycle og; Figure 6a. As
descri bed, with each current pul se through secondary

o> i 1 _
U B Bt 50551 85, o L AP oy B oo o
aljttle bit. That i over several  cycles e
SaphemiEne vl aue uinAtehirepgher 8 stear gt b eliacs

node 206 increases bit by bit. Figure 7 is a graph of

t hevol tage at node 206. It can be seen that the

vol tage at output node 206 rises at each sw tching

Eygure Sisch block itegrbm ofemsbemdembedityerdtadttiee DR@ention and Figure
voltage. Figure 8 is a block diagram of a second

QMW B fitst@ircLit impRYIRstitaitsh enthabeaibodirlestions a first
circuit inplenentation of that enbodinment. It can be

seen that the second enbodi nent illustrated in Figure
8 is the sanme as the first enbodi ment except for the

ddi tjon of .r lator 119. Th IS, u r t.h
Kenh@rede tiidht SebondeinaMentiBostaled 1ERIYe g8 The same
limter 101 (effected by t capacitors Cl an A
p&d ‘??‘f%re”i Inent exeent f%ﬁ/t\ﬁ%cﬁ&ﬁtb?fbaé@gté@m@?g-%zadﬂr“d In
D4), voltage limter 105 (capacitor C3), RC tinmer 107
sunfeatyethepgrargenent inRudead\@ ppwer supplgA1, gsuorent liwsiter 101
reset 109 (diode D5) for swtch 111 (effected by

(effected bygriwoQ@abpasitors@1 and LAt redlifieR 103 defitech by four diodes
capacitor C5), transfornmer X 1, rectifier 113 (di ode

PR, D, iD3 ahd DY), (SIRRRAIhiGsT 106 (APECIIHCINRC §MePROT (effected
circuit 117 (effected by capacitor C6 and resistor
B@resistor R1 and capacitor C4) and timer reset 109 (diode D5) for switch 111
(effected by transistors Q1 and Q2, resistors R2 and R3 and capacitor C5),-
transformer X1, rectifier 113 (diode D6), filter 115 (capacitor C7) and optional

snubber circuit 117 (effected by capacitor C6 and resistor R3).

The arrangement additionally includes regulator 119. The function of regulator
119 is to reduce the fluctuation of the DC voltage at the output (node 206) to the
load. This is important for loads that require good power supply voltage

regulation.

Figure 9 shows a first circuit implementation of the Figure 8 embodiment. In this
implementation, the regulator 119 consists of a transistor Q3, a resistor R6 and

a zener diode D7. If the output voltage at node 206 (see Figure 7) becomes 00
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The arrangenent additionally includes regulator 119.
The function of regulator 119 is to reduce the

w0 bawe9sI02 on of the DC vol tage at the out put (POOSGRO0&Y00058
to the load. This is inportant for |oads that require
good power supply voltage regsd ation. Figure 9 shows a
first circuit inplenmentation of the Figure 8

t .
5@%&%@% 1850 B Sut B SEROHE: B GE I e s emiter
ode D7. t he. out put vo e at  nod 06, (,see
Bl arestoy O o LR GRS Qe Syisbron By aisig pp Q3, the
break down. This will forward bias the base emtter of
chaigingebe4 adll besieprrs 2 aneest isdraipeddo grpunththsaugByesistor
switching on @3, the charging of C4 will be stopped as

Rdrarehtransisidr €1 31dul effeciy tieiRE timeo d 7 andsiasisequéntly switich 111
transistor @B. In effect, the RC tiner 107 and

aRNSWRICIRI b, A¥sLEM thé lra%‘sfér%ﬂehé?@ﬁfr@fnfthe/bﬁrﬁé&?%ldé ftethe

transfer of energy fromthe prlrrary side to the

SEEANERY it Sanglt ?or e"i“jélf ]ceta%gEo(E%f?défq)éently

Ceéases,’ consequeéent opplng paC|to?

SBPpidthe ﬁéf)%?'@g@oﬁﬂ"\fghré@bt ﬁ?ﬁ B 5 RSB 200

Figure 10 shows a second circuit inplenentation of the
Aropsrie kelewibrrratdownvalirgs ofide espgt diods)’-

transistor B is replaced by optocoupler ICL in the

regul ator 119 and resistor R6 and zener diode D7 are
appropriately connected. Using an optocoupler is
aimatidshowns dHecenrse cirkidt ienplsmehtatiomoofithy Higurk 8 embodiment.
connection between the primary and secondary sides of

Ihhi$ ImSIBhfentdtit, @r@h@%ﬂ#ﬁb@ﬁs feplsdd o o ﬁ)c@uﬁléﬂr‘l@ﬂ i the
the circuit just like transistor @3 in Figure 9.

regulator 119 and resistor R6 and zener diode D7 are appropriately connected.
Using an optocoupler is advantageous because there is then no physical
connection between the primary and secondary sides of the circuit. The
optocoupler functions as a switch in the circuit just like transistor Q3 in Figure 9.
When the voltage at output node 206 is sufficiently high such that zener diode
D7 breaks down, the light emitting diode (LED) within the optocoupler emits
light and the phototransistor within it is turned on. This causes current to be

drained to ground through resistor R1 and the phototransistor of the

optocoupler.

As already mentioned, the optocoupler means that the primary and secondary
sides of the circuit are not physically connected as the switching function is

achieved using light. Using an optocoupler may be more acceptable for safety
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When the voltage at output node 206 is sufficiently
hi gh such that zener di ode D7 breaks down, the light

we@piobn98102 di ode (LED) within the optocoupl er eP@T/SG2006/000058

light and the phototransistor within it is turned on.
This causes current to be dragmned to ground through
resistor RL and the phot otransi stor of the

RS o A0 P08 o 5 LR S5 oo o

cjrc not, Lcally. connected as the sw tching

PR 3<§nt Pzw ‘%/é fhgGing 'tlﬁrﬁﬂf en 89/3i§9an opt ocoupl er

may be nore acceptable for safetyrequirenents (because
there is such a high tension on the primary side of

the circuit) as the two sides of the circuit are then
Faplratidds afblgck diagtamsofa third dmblodigrestnobtheainvéntiah and Figure
enbodi ment of the invention and Figure 12 shows a

qDrshisls 4 BRGENBIDIeeptatioh dfipat @fibediniaitt . 1t can be

seen that the third enbodinent illustrated in Figure
11 is the sane as the first enbodi nent except that
timer reset 109 is no longer required and switch

S84 5 el TS ] PR e o

ower supply , current limter 10 1 (effected by
F%f'féaﬁﬁ‘&oﬁﬁﬂgn@xcﬁﬁatf@é)ﬂmqf deset 109 '31"633,|°(‘S€f ERAUE kﬁﬁd
four diodes D1, D2, D3 and D4), voltage limter 105
(swaplacontmlleﬂ;gm £ ([ M%FET@WIKbeG@clte@dBGWSWlw $1brTRt s, in

and capacitor C4), transfornmer X 1, rectifier 113
6dinpekey e, arfandemenitlibcl(idap &G poweCEpeind/ 19 guirentlimiter 101
snubber circuit 117 (effected by capacitor C6 and

(eﬁ’f?éc%éd) by R/vé})cap'arBl@or@rG ABEST)! rerdflet 10D adifacteéd Bl ¥él@diodes
MOSFET sw t chi ng

D1, D2, D3 and D4), voltage limiter 105 (capacitor C3), RC timer 107 (effected

by resistor R1 and capacitor C4), transformer X1, rectifier 113 (diode D6), filter

115 (capacitor C7) and optional snubber circuit 117 (effected by capacitor C6

and resistor R 4). The arrangement additionally includes MOSFET switching

device 611 between the AC power supply and the primary winding and switch

controller 610. Sections of the arrangement which are the same as the Figure 1

and 2 arrangement will not be discussed in detail again.

Arrangement 611 is a MOSFET switching device located between a rectified AC
voltage and the primary winding of transformer X1 so that, when the switch is
on, there is a current drain through the primary winding and when the switch is
off, there is no current drain through the primary winding. Resistor R1 and

capacitor C4 together form RC timer 607 that controls the timing of the
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device 6 11 between the AC power supply and the
primary wi nding and switch controller 610. Sections of

wo b@eassrengenent which are the sanme as the Fi ge@ESG2006/000058

2 arrangenent will not be discussed in detail again.
Arrangenent 6 11 is a MOSFET s tching device | ocated
between a rectified AC voltage and the primary w ndi ng

SRS B B I 1 oo
B el P B o S g At s

C4 together formRC timer 607 that controls the tim ng
thatithesvis mainimgl orrans drainite gresent losshlbedgiwitoh eagtiroller 610
controller 6 10, as will be described below In

fddined dry, twodsarsisiorsR 111 sandh@3$ 2 na Zenbedicded?1 hrahd two resistors
capacitor C4 small so that there is mninmal current

W@ ahd R1BY RVESHnecRsPto (FARfSMhECK1 CPY frahsistorS tH11 and Q12
(formed by two transistors Q 11 and Ql2, a Zener diode

AN ?ﬁ\?r jstors R12 and R13) is connected to
tran%I o) }rgteergpgéqsé'The transistors Ql1 and QL2 forma

thyristor device. The operation of the arrangenent of
Figures 11 and 12 is as follows. During a first half

c¥1cle of operation, as the vgltage of the rectified AC
dingreperalionetibesimndepant of fpgides disand 12 inas lloyyse During a
di scharging (fromthe previous half cycle) and

Siegd daiftayclecaf qpatatioptasohel voltaga of the ractified G signekatnpde 200
charged up. Wen the voltage at node 702 is

sinéé, cdparitbrs Off gind Ciard distheargitig (fgm dhel predfiowsabalé cycle) and
C4 (this happens near the peak of the AC signal), the

chpatitdrT4 (o &stiomal) baﬁé‘éifcﬁ*@(&)ﬂs/ﬁﬁe bBmg\VeHdr§8® up CYIFES the
A rises sufficiently high above the breakdown vol tage
%Itage at node 702 is sufficiently high, due to the charging up of capacitor C4
(this happens near the peak of the AC signal), the thyristor device will switch on
as the voltage across C4 rises sufficiently high above the breakdown voltage of
the Zener diode D11 to forward bias the base emitter of Q12. Subsequent to the
switching on of the thyristor device, the switch 611 is switched on. The switch
611 remains on until C4 has discharged through the thyristor device and the

voltage at node 703 drops below a gate threshold voltage of the switch 611.

This cycle is subsequently repeated consecutively.

As described, once the rectified signal voltage is at or near its peak, the switch
611 is switched on. This closes the circuit and causes a rapid rush of current
through the primary side of the transformer X1 and through C1 and C2, which

charges C1 and C2. When this happens, the voltage at node 200 falls rapidiy to
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the Zener diode D 11 to forward bias the base emtter
of QL2. Subsequent to the switching on of the

W boosiogd70r device, the switch 6 11 is sw t chedP@RSGXi0€000058

switch 6 11 remains on until C4 has discharged through
the thyristor device and the yoltage at node 703 drops
bel ow a gate threshold voltage of the swtch 6 11.

é'?&%cfgé%ﬁxéesnéd@ eéﬁdr*’ 3LRY tﬁl%nuéﬁctHé 'le%éfY Vfﬁdlng of

eScCr | once t er gnal age'l

nea eak, the sw,tc tche

6 LrabbPrBeE 1 en SHEB1Tis Swltios By R bausi i papacitors
throu h the prinmary side of the transformer X 1 and

G 8082 Eha R bt lipe ent en bichdinedanaag thereyavoltage drop
thi s happens, the voltage at node 200 falls rapidly

eogrssubt ahd G whenosle2ZD fadls 3o grows. t@Qnagr Gdiaunck (EZ@megfully
the primary winding of the transforner X 1 when switch
€haigads tisavcticbricstops flawihgogeatheeswiich isasffeetively Switched off).
and C2 in the ACinput |ine act as high inpedances.

TR Rinits tife ¥RLUABSE @UrPéht% rtI‘Pé ﬁ;ﬂar@%% WheHe !?Qﬁ’ﬁoﬁﬁgr in

falls to ground. Once Cl and are char ged,

stops fl ow ng (|.e. the switch is effectively
%55{1%&&8 off). This limts the anobunt of current to

the primary wi nding of the transforner in each cycle.

Wiile switch 6 11 is on, capacitor C3 discharges

t hrough the primary w ndi n of the transformer X 1. =
Wbite Switet b1 gﬂs on, mcap@,@gai@éwrwﬁ Buguah He prpanswisding of
device, the RC tinmer 607 is reset and the RC tiner 607
Smaitransfoohes X1 1Onaweicapabiéome4 hap elidchiarged threugle the thyedtor
AC signal at node 200 in the next half cycle. During
degiceettie REltimeyBdRis raset Avd iR RCT firaer 607 ahg¥@litch 611 await

i ncreases fromzero to a

the next peak from the rectified AC signal at node 200 in the next half cycle.
During the next half cycle, as the rectified AC signal increases from zero to a
maximum, capacitors C1 and C2, which are now charged up, can discharge. As
already mentioned, resistor R1 is selected to be large so that negligible current
is drained through it. Thus, all the current will be drained through the primary
side of transformer X1, keeping losses to a minimum. It will be appreciated that

the direction of the voltages across C1 and C2 alternates in each half cycle

because of the direction of the original AC signal.

As with the other embodiments, the short pulse of current drain in the primary
side of the transformer X1 results in a corresponding pulse of current flow

through the secondary side of transformer X1 so that capacitor C7 is charged



10

15

20

maxi mum capacitors C 1 and C2, which are now charged
up, can discharge. As already nentioned, resistor R1

w0 20088985061 ed to be |arge so that negligi bl e cuP@ESG2006/000058
drai ned through it. Thus, all the current will be
drai ned through the primry sggle of transformer X 1,
keeping losses to a mninmum It will be appreci ated

L 6t e Tkl 8 eyt e OC! RS Fetheli ot iy (rfode 206,
| h th h
g’&#[ﬂ& or| Ica??ngovg@&:”%lgéﬁﬁl\ga%urtreﬁt oglrglrn in the

primry Ssi de of the transformer X 1 results in a
correspondi ng pul se of current flow through the
secondary side of transfornmer X 1 so that capacitor C7
As alesdyademtidried, bopceicapdcitoraid1 anc G aredylly chargeDCcurrent
voltage is reached at output node 206. This DC voltage

sopeIflowing throagh hige Wasding®. OFitLis, As imttiecather BRiiddimedts, the
once capacitors C1 and C2 are fully charged, current

Ztéﬁlgsoffdng‘é/bwst@f gHalcd E‘ﬁn BeRPHEES to $8Ue élﬁrérﬁ flgﬁﬁ’chrough the

er enbodi nents, the value o capaC|tors

W 9 S

preferable that the switch 6 11 switches on as close
to the peak of the AC signal as possible. This creates

Asrhsieieu rotetheiiids peeiRrable tiad theswiteh 814 gavitehes onvas elase to
6 11 is swtched on. If the switch 6 11 were to switch

the peak bethet ACtsigifal Blsgos€ibde.gitas cleates awhaxinune valtage peak
voltage is at zero), the arrangenent would not work as
atrosgithd wihdiby wiereswitdh 6 TreisssWitahedCord. If thier swiftht 611 were to

there, and there would be no sudden in rush of current
E0/R8h bRgitAfe SURPLMHANEC signal (i.e. when the AC voltage is at zero), the
arrangement would not work as it would simply be as if the switch 611 were not
there, and there would be no sudden in rush of current from the AC supply and
the capacitor C4 (and C3 if present) would not have time to charge up. That is,
the switch 611 must switch on once the rectified AC signal has increased a bit,

and the switch 611 preferably switches on close to the peak of the rectified AC

signal as this maximizes the voltage peak.

As already mentioned, C3 acts as a voltage limiter and, in certain
circumstances, may be omitted. However, if C3 is present, it will charge up,
along with C4, as the rectified AC signal increases to its peak. Thus when
switch 611 is switched on, the energy stored in C3 is transferred across to the

transformer windings.
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the capacitor ¢4 (and C3 if present) would not have
time to charge up. That is, the switch 6 11 nust

waeMobo9870n once the rectified AC signal has i nPCESESHU6/600058

bit, and the switch 6 11 preferably switches on cl ose
to the peak of the rectified AC signal as this

maxi m zes the vol tage peak. As already nentioned, C3
acts as a voltage limter and, in certain

ci rcunst ances, may be omtted. However, if C3 is

resent, it will. char | o Mth C4, as the .
Pltis foan oot graram it Abueh srihdioegt ghtne ivemianand Figure
switch 6 11 is switched on, the energy stored in C3 is
4 shewera eicuiidmpdementation of thatarabedimantndi ngs. Fi gure
13 is a block diagramof a fourth enbodi nent of the

invention and Figure 14 shows a circuit inplenentation
of that enbodinent. It can be seen that the fourth

REBANEESEN Thak Hsd forir@ternbodin@iht flubBrated inEiga/e3 astheheame as
third enbodi mrent except that current limter 101, and

W fhitd eenl\tit)?peiﬁw?nt éQéeeﬁ}rtﬁaPm rFe%rﬁﬁggfegg’O‘I hgng ivbﬁ%%% i}n\ﬁ}grl 1 05 are

sumrary, rrangenent 1 nc power sSsu

rectifier 103.(effected by four di s D1 D n
bt the g e Fimdty 5 apEopE R ol e A Ftifer
capacifor C4), transforner 1, rectifier 3 i od i
Benply M1, f%qt'f'ﬂéoéda%%@ﬁtﬂ&v fé% digdgs fa% iR 951 §ﬁég}f§r RC timer
circuit 117 (effected by a capacitor and a resistor).

167 {effectedrbydesietar Rt aed capacitardi4)1 ansfgymee X4, rectifier 113
hal f -wave rectifier which only conprises a single

(Hiodke D6 HiteMISBECapatitor G 7) andieoptiomab sddblserdiswittidi (effected
controller 610 of the third enbodi nent are al so

By as®ipacitdr 4he afreyistdt). Rl icsBdimeae tthe Rsctlier 108 may be a
circuit which have been described in

half-wave rectifier which only comprises a single diode. The MOSFET switching
device 611 and switch controller 610 of the third embodiment are also present

in the fourth embodiment. Sections of the circuit which have been described in

prior embodiments will not be discussed in detail again.

Figures 15, 16, 17, 18, 19, and 20 show various characteristics of the circuit
with respect to time at points on the circuit of Figure 14. The figures illustrate
the circuit characteristics taking place during each AC cycle as the voltage at
the output node is rising to a steady state voltage. Reference will be made to
Figures 15, 16, 17, 18, 19, and 20 when describing the operation of the fourth

embodiment.



prior enbodinments will not be discussed in detail

again. Figures 15, 16, 17, 18, 19, and 20 show vari ous
w@ehb@oaed7er i stics of the circuit with respect tRCT/BGEO6D00058

points on the circuit of Figure 14. The figures

illustrate the circuit characdgeri stics taking place

during each AC cycle as the voltage at the output node

R 15 e et o BB i 28 oy R i ¥oitagBt node
2R Blarutise omesia, aapagior Gt L Binbragy s ghemectfgyon

200 over tine. When voltage at node 200 starts to rise,
fasisior R oWhesdheivolirgeacrissHed (yeliageidnade 2¢hsleun in Figure

t hrough resistor RL. When the vol tage across C4
(6 picaabes #ie bedkd2dh witage of thé-Zgneedibde D& dba disyrisher device
breakdown voltage of the Zener diode D5, the thyristor

figiviedanyf Qnrd QF isBwioltedBnighdssidsefadnty) ta@dwitch Q3 is also
subsequently, the switch @@ is also switched on. In

%@ﬁ{aey& gn.qﬁ)grg%ﬂ:obl?ﬁgﬁinﬂgéitﬂé"%b%lnébﬁggwt@ﬁgH t, SWitdhCd3 may be

e pre sw t che voltage at

BRI RER R P ReliSn YonRfe NeltRue & i 20D POk e
FeCHRENTAARIOR TRAPRRRGLhY VRMITH 55 UG RNEIANAGT fae RC

is of high resistance and C4 is of | ow capacitance,
timer46¥t age across C4 (at node 201) drops quickly as
shown in Figure 16. In order to enable the charging of

C4 during a next cycle, the thyristor device has to be

swi tched off before the start of the next cycle. This
onick ¢hé Bgyrivtdr ddvidei® switched on, it continuously drains current from C4
and R1. As R1 is of high resistance and C4 is of low capacitance, the voltage

across C4 (at node 201) drops quickly as shown in Figure 16.

In order to enable the charging of C4 during a next cycle, the thyristor device
has to be switched off before the start of the next cycle. This switching off of the
thyristor device occurs when the voltage at node 200 drops to a value which is
unable to provide enough current through R1 for the thyristor device to remain

in operation.

Referring to Figure 17, it can be seen that when the thyristor device is switched
on, the gate voltage of MOSFET Q3 (node 202) rises sharply and consequently
turns Q3 on. When Q3 is “on”, current flows through the primary winding of

transformer X1. As such, energy is stored in the form E = % LI, where E is
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thyristor device occurs when the voltage at node 200
drops to a value which is unable to provide enough

w@o6e9R701 hrough R 1 for the thyristor device POI/S€IA6/M00058

in operation. Referring to Figure 17, it can be seen
that when the thyristor devige is swtched on, the
gate vol tage of MOSFET B (node 202) rises sharply and

SRR ¢ OB o DRRR iyl Bir anc 1
As sych, en Ls,stored in the formE = 4 LI2, where
%'fr%fﬁﬁéﬁawggb%mths Ry WIBHkGce of the primary

wi ndi ng of the transformer and | is current passing
through the primary winding. As the current flowng in

the primary wi nding increases, the voltage across R4

As tiiecoa)t fibaviog én thet prdmanr winding nergasesethe yeltageracross R4
18). When in operation, the gate voltage of B

(oeecrs) HemvristratdsSa sampdike\(ittong €Figoes 8% &¥hekh operation,

switches off when the difference between the gate and

tﬁﬁ&ﬁ%&@%\??%ﬁm‘j& f §a§fé WHiId itS sbOF@ShiageViRbicag8s. Q3

es o e energy stored in the primry
Wi .hdi ' fepr Q r | ndi
Hikeort §nbhdnS biieElos et BEANE aha X Poltages grops
and secondary w ndin f X1 .
Seopats huRsnpld Voltage, Srare@BrrattiEen vt theseasioy Steisddn the
and off only once during half an AC cycle._ Figure 15
RiOAE WiRdindisitansiired tpthecsecandary wiglirgdyigees 19 and 20
approxi mately 120Hz. Therefore, this and the

stiaw threwvliayescaeoto thenpirharyodnd kecgndssy mtindinge of fransformer
have | ower switching | osses conpared with conventi onal

X\Miréspudiigely.

It should be noted that Q3 switches on and off only once during half an AC
cycle. Figure 15 shows switching taking place at a frequency of approximately
120Hz. Therefore, this and the afdrementioned embodiments of the present
invention have lower switching losses compared with conventional switching

mode power supplies which operate at higher frequencies.

Figure 21 shows the power supply of the invention in use in a first application
and Figure 22 shows that application including the second embodiment of the
invention (as shown in Figure 8). Figure 21 and 22 show the power supply
used as a standby power supply in an electrical appliance, for example a
television or washing machine. The appliance is directly connected to an AC

power supply for providing power for its own operation during normal use.
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node power supplies which operate at higher
frequencies. Figure 2 1 shows the power supply of the

WO pwenes7on in use in a first application and FPQUs&208&£000058

shows that application including the second enbodi nent
of the invention (as shown imnoFigure 8). Figure 2 1
and 22 show the power supply used as a standby power

ﬁ*@? e/ ZB%h%Wseljh‘éggfmi/ecr@#ggﬁp% iS\Pean E% e‘? s@lpply, for

evi Sron or wa he app

%’Iéé@fgef%mq?}'lgem%&g%?aﬁ?%%cﬁ%ﬁ%hgg i eﬁg&ﬂ et

23 shows the power supply used in an external power

supply, for exanple a nobile cellular tel ephone

charger, and will be discussed below.) Figure 2 1

Eigones Zahslacpmﬂ; Aarappliancd 10681 ethichsisceonnectastioran A6 paver supply
power supply (e.g. mains supply). The appliance

@g!r bt SuppN)aThsiapphanes opaiRidy/ frafhed main ppReasuppiglwhen in
node but is able to be switched from operational node

E)e%l%\g aﬁ?@%oﬂ@ it AEHI%IHS %evﬁMﬁff‘ied-lfﬂﬁ'n Q)?@Pétgﬂfég n?o’a%]{o standby

has a main power supp form

f €O I [
gl i 4 S0 8 AR i oo
1803 Bisonrers %o#m%iylpqﬁﬁim‘ééi Brantd Reiepre gRglemented
(e g. automatic standby after some period of idle).

FRiBg Apismelecenaiol teaeiver dd85 ia theaepliangspwpichLoray have external
according to the invention for supplying power during

stanolbyeams . g nithearenwi¢ cohtrol) madiintetridl Con@pbmzaine rfe gf.
the arrangenment will now be described in general

hefomatid3thhdgy BRENSOME Peiiiatlicindlef. Theeagiincartsd ihtities a
the mai n power supply 1103 provi des
power supply 1107 according to the invention for supplying power during

standby mode and a control circuit 1109.

Operation of the arrangement will now be described in general terms. During
normal operation of the appliance 1101, the main power supply 1103 provides
power to the remote control receiver 1105 and for other functions of the
appliance. When an instruction is given to the remote control receiver 1105 to
put the system into standby mode, main power supply 1103 can be shut down
and the remote control receiver 1105 can control the main power supply 1103 to
switch off via control circuit 1109. The supply of power during standby mode to
remote control receiver 1105 will then be taken over by standby power supply
1107 so that the remote control receiver 1105 can wéit for the instruction to

switch on the system. When an instruction is passed to switch on the system



power to the renote control receiver 1105 and for
ot her functions of the appliance. Wien an instruction
WO 20060983 t 0 the renpte control receiver 1105 POI/pG2006/000058
the systeminto standby node, main power supply 1103
can be shut down and the renoiie control receiver 1105
can control the main power supply 1103 to switch off

MR Pl Sl e O SR o/ S8 107 bR aleo

Meeﬁw%ﬁﬁ’v?%r 2 ng ndb%ﬁ%\éﬁ:"r{:gﬁﬁg&,qpr}]{%%pﬁglé Ic?ontrol circuit

instruction to SMAtCh on .the system Wen an .

il H9 ADd the remetereridead receivel 1100 e eariralibe apaiRPeWEE supply
renote control receiver 1105, standby power supply
1107 te awiteth oo via contde dineeitdd@@r to switch on the main
power supply 1103 via control circuit 1109 and the

renmote control receiver 1105 can control the main

power supply 1103 to switch on via control circuit

?@9 %Ql%\ﬁs e §H9M‘§eﬁ1€ﬁt &f Fighee '?qr\.txsﬁé td pwer dupply of
t he pomer supp

y of Figure 8 (i.e. the secon

Tl N -
LGRS T SR el SRS ESUBR R

supply 1107. The main power supply 1103 is connected

to an output for the main functions of the appliance

when in nornmal operation. The main power supply is

Blgeme 2hsleows antAC pomter sLpplyrauninectetio® maingtower supply 1103
connected to the output node 206 of standby power

sH@ Btahdbypovesrsupplyt NE07.ETHY Bafropdwer stigsigi1ve8 id ¢6dnected to

whi ch acts as the |load for standby power supply 1107.
-arh%u?f%trfor the main functions of the appliance when in normal operation. The
main power supply is also connected to control circuit 1109 which is connected
to the output node 206 of standby power supply 1107 and to the remote control
receiver 1105 which acts as the load for standby power supply 1107. The main

power supply 1103 also supplies power to the micro-controller within the remote

control device.

When the main power supply 1103 is on (i.e. during normal operation), the
voltage supplied to the remote control receiver 1105 at output node 206 is set to
be slightly higher than the breakdown voltage of the zener diode D7 in regulator
119. This will cause the base-emitter of transistor Q3 in regulator 119 to be
forward biased, causing transistor Q3 to switch on. This means that current will

be drained to ground via resistor R1 and transistor Q3 so that charging of
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power supply 1103 al so supplies power to the
mcro-controller within the renote control device.

wOb@e/ 094182 mai n power supply 1103 is on (i.e. deET/65G2006/000058

normal operation), the voltage supplied to the renote
control receiver 1105 at out pgat node 206 is set to be
slightly higher than the breakdown voltage of the

é ke itof CAAE Iplpg\fér{fe& eﬁﬁh ttl?é gtlﬁmem by égidoéor%%gﬁtégﬁ%@e switch

emtte ransi I'n regul

0 5 B SO0 AR bt Bhai cTrd! bR yhen the

reS|stor R1 and transistor B3 so t hat char gi ng

BREnpaWEt srpriy 17193 s swilghedonTihestandy RoWef mplxdﬂw is
and consequently the switch 111 are both switched off.
Switchetkaffis t hat, during normal operation when the main
power supply 1103 is switched on, the standby power
supply 1107 is switched off. Wen the nmai n power

supply 1103 is off (i.e. during standby operation),

g\ﬂ?e VLIRS iy 1968 sz&@ i ldurifly ¥a ﬁbé Affon), th
rea lgown vcfﬁ age zenerI di o e D%m gs transis troron ©

f e

i R P Elioc 306 oo Toiardfe B RBuT U eaoet her

) on and off tw ce i n
é’é’&'@% R iensintor (8 kesvwichen o Mf'm%%?&@!oemtched on
so as to provide a pulsed current drain through the
ged dretawicinil idiwil aglivete her BrRresdda gitgh ameangbofi wicgeduring
capacitor C7. This neans that, when the nain power
sagpAC dyHi8Sin accorandeditbitiie Re timetb Yl O anelrtinseipreisgt 109,750 as
will be switched on to provide power (DC voltage at
b iden® Bals28@uricht Hisin tigrsRbA theBEEGhdAr§eahdiRY and thereby
steadily charge up the capacitor C7. This means that, when the main power
supply 1103 is switched off, standby power supply 1107 will be switched on to
provide power (DC voltage at output node 206) to the remote control receiver
1105 during standby mode. As already mentioned, the standby power supply
1107 may also provide power to switch on the main power supply 1103 via

control circuit 1109 when there is an instruction to switch on the system from

the remote control receiver 1105.

Figure 23 shows the power supply of the invention in use in a second
application. Figure 23 shows the power supply used within an external power
supply. An external power supply is a device that takes input from the AC power

supply and provides power supply, more commonly in the form of a DC voltage,
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1105 during standby node. As already nentioned, the
st andby power supply 1107 may al so provi de power to

WGEM0b09870n t he mai n power supply 1103 vi a contP@I/SG2006/000058

circuit 1109 when there is an instruction to switch on
the systemfromthe renote caontrol receiver 1105.
Fi gure 23 shows the power supply of the invention in

e N L e b

xternal power supply is a device that takes input
¢?HHPEhe AC power supply and provi des power supply,

nore conmonly in the formof a DC voltage,to its | oad.

An exanpl e of such an external power supply is a

t el ephone charger. Figure 23 shows an external power
Bigopd \231tws an eptesnakih owerestppiyn 480 p favgprovidiricéxtesal power,
connected to an AC power supply (e.g. nmains supply).

WHIch8 cBAREEtEd 30 ahaAC PowerRappB (@agmﬂ@ihs%upplyy. D363 normal
will provide the power to the load at the output.

ORI i TP L R M R it (i R ot the
. ' h ' .
Pl o753 305 VR «Pey Borf CURER seheSF SATENES sk dfen
PAROBIRIDIER 15  loeS Present(p  ecR PeWleiS Beipharoed i
simlar way to the arrangenment described with _
carinaated to the ¢hajoer ang switohesboff when the doaghisrepived. During

supply 1303 is swtched on (i.e. during normal nobde),

staedby amnatlyy tihopewes ispployide8ithy fhe standimhpdwef suppdl07.
the load is renoved (i.e. during standby node), the
sensor sw tches off

The arrangement works in a similar way to the arrangement described with
reference to Figures 21 and 22. When the main power supply 1303 is switched
on (i.e. during normal mode), the standby power supply 1307 is switched off.
When the load is removed (i.e. during standby mode), the sensor switches off
the main power supply 1303 and the standby power supply 1307 is switched on.
The standby power supply 1307 provides the power for the sensor 1305 to
switch on the main power supply 1303 from standby mode to normal mode

when the load is connected to the external power supply 1301.

It can be seen from the above description that the invention provides a power
supply with low power consumption. The power supply may be used in many
applications where low power consumption is important. Some examples are as

standby power supplies in electrical devices (e.g. in televisions, washing
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the main power supply 1303 and the standby power
supply 1307 is swtched on. The standby power supply

wAa3®é/op7oxri des the power for the sensor 1305 tPRCHS6:20060000058

on the main power supply 1303 from standby node to
nor mal node when the |load is gonnected to the external
power supply 1301 . It can be seen fromthe above

lqﬁ%%ﬁ rr‘nle@.t HoolARhs L A6 rd JAVSGTY ¢ b’qﬁﬁé 859%199 9@1&%’1 ﬁf@’\@nger%gféoilnynormal

oW power "consunpti on.

used a at j,ons r onsu

mocle At %%H%bv %&d@%\ym@@f’” rae&%%%ﬁ Bing Bower to
supplies in electrical devices (e.g. in teIeV|S|ons

defert whatherithr glectical gauipeds cgm@?fé@@ o5 Aat BRthéd Switch eaghe

whi ch are operable in normal node and standby node),
micimpowex seppinl(e gowithirsa pprtable tetephonppihgrger) poae stanglalone
detect whether the electrical device is connected or

polvePBbplRsToF Elebtrizal HbdceR it PeYEIre RMPPOWeK €orglsumption,
within a portable tel ephone charger) or as st andal one

P\%\Wn%}dﬁp bisr é%n%l ?%Wgr%gbf)g@v?’géﬁa hgﬁ{t Lfg%equo the

power consunpti on, pomer

R

appl.i cations y al so be enV|saged The power
gﬁ Y‘%@Q%PHt he descri bed power supply can be very
Iow and can certainly be as lowas a fewmlliwatts,
whi ch, as already nentioned, is a typical power
required to "wake up" a device fromstandby. This is

The pomter ashstmptigpiof te geseribedpravan=upply cei bg very low and can
conventional nethods, which is commonly from sever al

BeahRbaThs I|ovwabta8fewmﬂm~sﬁ§lwwiam L& alfésd\aglentibnddViea typical
supplied can

power required to wake up” a device from standby. This is in contrast to typical
power consumption using conventional methods, which is commonly from
several hundred milliwatts to several watts. The actual power supplied can be

set according to requirements, by changing the values of the circuit

components.
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set according to requirenents, by changing the val ues
of the circuit conponents. CLAIMS 1. A power supply for

wa@eooelgsodz i cal device, the power supply conpriBCTI§G2083/000058

a transformer conprising a primary wi nding on a

primary side and a secondary 4 ndi ng on a secondary
side, the primary w ndi ng bei ng connectable to a AC
%Ehﬁﬂge supply and circuitry on the secondary side

€l ng arranged to provide a DC output voltage for the

el ectrical device; b) a switch between the primary

wi ndi ng of the transforner and the AC vol tage supply;
and c) arectifier for rectifying the AC voltage;
wherein the switch is arranged to switch on at sone
point as the rectified AC voltage increases from zero
1.0 a Ampowersuaply fonas elénirical devides the\power supply samprising:
increased to a non-zero val ue, thereby providing a

cur r egf a tlag¥foried semprisimgrd primiayy Widlhg @nangritencside and a
current flow through the secondary w ndi ng, and

%{kgirﬁigg\{ Mﬁé@&é@&s#&rﬂ%@&%%ﬁ@p%%in@ﬁg b&ihg'®nnectable

ol tage starts to iIncrease again. 2.

65 ARGk St ho B o RSB Si3F B dfenged to
piovtdres FR AR VABEGE Gkthe ARoRiREl SVIoPhe power suppl Y
of ¢ g)l ;n S\?\/’itcmgw\?ciegn Ehheepfci’rw.aﬁycvt}intdiir?; chf ’ihsé t(r:e(ljnuse&?rr?ertaondathe AC
voltage supply; and

c) a rectifier for rectifying the AC voltage;

wherein the switch is arranged to switch on at some point as the rectified
AC voltage increases from zero to a maximum and once the rectified AC
voltage has increased to a non-zero value, thereby providing a current flow
through the primary winding and hence a current flow through the secondary
winding, and

wherein the switch is arranged to switch off before the rectified AC

voltage starts to increase again.

2. The power supply of claim 1, wherein the switch is arranged to switch on

close to each peak of the rectified AC voltage.

3. The power supply of claim 1, further comprising a switch timer.



10

15

20

switch controller. 5. The power supply of claiml,
further conprising a current limter arranged to limt
wao bweasssont of current flow ng through the priPEr/§G2006/000058
wi ndi ng. 6. The power supply of claim5, wherein the
current limter conprises at 4dseast one charge storage
device. 7. The power supply of claim6 , wherein the
ower
P oo FIE BRvEr s Bl of SRR S Ao i ime! BRfupleg o o
on. char Pojl storage device of the current limter has
trajier y fully charged. 8. The power supply of
cI a|m3, wherein the switch tinmer is operable with a
switch timer reset, the switch timer reset being
arranged to reset the switch tinmer after the switch
has bEles pswet sheply af claif. 1, Tagheoeempdsipg laycusferd ligiiter 1,
wherein the switch is arranged to use positive
aeasharto it eid aflouhest c@‘feritcfhivﬂg%fmmughfﬂﬁe pamany wiiding.
The power supply of claim1, further conprising a
voltage limter for preventing breakdown of the device
at high voltages.11. The power supply of claim 10,

o ?tﬁ%tp*ﬁzvﬁéggb@g%gﬁ%g R RS I oiRrage

vol t age Creases om zero to a maxi mum 12. The
|§6We?n%9gbﬂgﬁ %pra&e GMI%. wherein the rectifier is
arranged to full-wave rectify the AC voltage. 13. The
power supply of claim1l, wherein the circuitry on the
secondary side

7. The power supply of claim 6, wherein the power supply is arranged such .

that current stops flowing through the primary winding once the at least one

charge storage device of the current limiter has substantially fully charged.

8. The power supply of claim 3, wherein the switch timer is operable
with a switch timer reset, the switch timer reset being arranged to reset the

switch timer after the switch has been switched off.

9. The power supply of claim 1, wherein the switch is arranged to use

positive feedback to effect fast switching from off to on.

10.  The power supply of claim 1, further comprising a voltage limiter for

preventing breakdown of the device at high voltages.
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provi des the output voltage for the electrical device
via a charge storage device which charges up during

w@2awh/ofZorycl e. 14. The power supply of cl ai mBCT/SG2006/000058

further conprising circuitry for reducing
el ectromagneti c em ssion causgd by the sw tching of
the switch. 15. The power supply of claim1l1, further

Fpmpry eé B%@r El.ﬁéﬂg%tf laiffo W{eﬁﬁwg?@tgﬁemiﬁykeﬁoﬁges a

vaol t age. ower supply o erein

SHirbERoraod fRvicRarattects TRFORLRS MelPoliikd A VoG
CcO

conprising a power supply according to claim1. 18. A
ineraases M 2arpio AMAXYBWE: to an el ectrical device,
the nmethod conprising the steps of:a) providing a
transfornmer having a primary w nding and a secondary
wi ndi ng, the primary w ndi ng being connected to an AC

¥2| t apie puRH Buppl§ of clilint T Wwherpirptheviediifier ia arreayet ite full-wave
for rectifying the AC voltage; c) as the rectified AC

ARk yatﬁgé%@X%ﬁ%%‘?s fromzero to a maxi nrum once the

recti tage has increased to a non zero
val ue, switching on the swtch to provide a current
flow through the primary w ndi ng and hence a current

flow through the secondar i ndi ng; d onverting th .
L 1 ohie OB SHPBMGH I Loestau e g ufiRooR e, Sgeendiry side
out put voltage for the electrical device;, and .
provides the output voltage for the electrical device via a charge storage device

which charges up during each AC cycle.

14.  The power supply of claim 1, further comprising circuitry for reducing

electromagnetic emission caused by the switching of the switch.

15.  The power supply of claim 1, further comprising a regulator for regulating

the DC output voltage.

16.  The power supply of claim 1, wherein the current flows through the

secondary winding when the switch is switched off
17.  An electrical device comprising a power supply according to claim 1.

18. A method for supplying power to an electrical device, the method

comprising the steps of:
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e) swtching off the switch before the rectified AC
voltage starts to increase again. 19. The nethod of

W@ b@onvsr®, wherein step c¢) of switching on thePGIEGLI6/000058

conprises switching on the switch close to each peak
of the rectified AC voltage. £0. The nethod of claim
18, wherein the current flow ng through the primary

Wi ndi i s:lim i . T
et noa BV s Rer HATELS o Hingifg and & Gecondary
conpri ses at | east .one charge storage ice. 22, The..
s 167 PBiman MahdiRE RSttt B Bo AR pRadi Pl yia a
the switch conprises switching off the switch once the
ewiehje storage device or devices of the current

limter have substantially fully charged. 23. The

met hobl) prfovidiag enréétifichrdon testifyingrihe ACupltape; st ep of
charging up a charge storage device as the rectified

AC VOJC:F agthd nretifies A Voltugeziateases romxeroin a Ahxiribm, once
met hod of claim 23 wherein the charge storage device

ﬁ\g rﬁ%gﬁ)%c; hcolol@Refad inBRIaska to Efors ¥erothlued Switdhing on the

cl alm23 wherein the charge storage device
SitcnyBp By & R T Rirolh 488 PR DendS AR
St A DR LR b o e Seconcers
d) converting the current flow through thé secondary winding to a DC

output voltage for the electrical device; and

e) switching off the switch before the rectified AC voltage starts to

increase again.

19. The method of claim 18, wherein step c) of switching on the switch
comprises switching on the switch close to each peak of the rectified AC

voltage.

20. The method of claim 18, wherein the current flowing through the primary

winding is limited by a current limiter.

21.  The method of claim 20, wherein the current limiter comprises at least

one charge storage device.
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27. An electrical device connectable to an AC vol tage
supply and operable in each of normal nbde and standby

worpwe/0947be el ectri cal device conprising: a mai PCPSGEI06/000058

supply for providing power during normal node; a
control for switching the maig power supply on and
of f; and a standby power supply for providing power,

?%r | gL S HARALY o'FBQ 2O v\{ﬂ%‘?elf\%@%%g b of Q\Mta%%%ﬁ;ﬂg sAfitch

mai N power supp power

BN AT  ——

secondar side, the pri rrary wi ndi ng pbei ng connect abl e
the citrentliputer QQEG%BNW"@%M'VIC&‘QFQ% on the secondary
side being arranged to provide a DC out put voltage for
the electrical device; b) a swtch between the primary
wi ndi ng of the transformer and the AC voltage supply;

28d cThé nigthbd bif elairhoi, fertharfoomgridifieg thsstepldf aparging up a
vvhereln the swtch is arranged to swtch on at sone

mm ﬁu é\/gcgéé tretretiv® N gsitd h@l%%\%ésfffdhﬁnzéﬁﬂéa

once the rectified AC vol tage has
E’[ﬂ&}”ﬁ ed to a non-zero value, thereby providing a
"flow through the primary wi ndi ng and hence a
current flow through the secondary w ndi ng, and
wherein the switch is arranged to switch off before

the rectified AC voltage starts to increase again,
24.  The method of claim 23 wherein the charge storage device forms part of

an RC timer for the switch.

25.  The method of claim 23 wherein the charge storage device acts as a

voltage limiter for preventing breakdown of the device at high voltages.

26. The method of claim 18, wherein the current flows through the secondary

winding when the switch is switched off.

27.  An electrical device connectable to an AC voltage supply and operable in
each of normal mode and standby mode, the electrical device comprising:

a main power supply for providing power during normal mode;

a control for switching the main power supply on and off; and

a standby power supply for providing power, during standby mode, to the
control for switching on the main power supply, the standby power supply

comprising:
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28. The el ectrical device of claim27, wherein the
st andby power supply further includes a current

WO povbes70ar ranged to limt the anmount of curr ePCT/SG2006/000058

flow ng through the primary w nding. 29. The
el ectrical device of claim27p wherein the current
flows through the secondary w ndi ng when the switch is

Swi t C!f)eé]I tBh&former comprising a primary winding on a primary side and a
secondary winding on a secondary side, the primary winding being connectable
to an AC voltage supply and circuitry on the secondary side being arranged to
provide a DC output voltage for the electrical device;

b) a switch between the primary winding of the transformer and the AC
voltage supply; and

c) a rectifier for rectifying the AC voltage;
wherein the switch is arranged to switch on at some point as the rectified AC
voltage increases from zero to a maximum and once the rectified AC voltage
has increased to a non-zero value, thereby providing a current flow through the
primary winding and hence a current flow through the secondary winding,
and
wherein the switch is arranged to switch off before the rectified AC voltage

starts to increase again.

28. The electrical device of claim 27, wherein the standby power supply
further includes a current limiter arranged to limit the amount of current flowing

through the primary winding.

29. The electrical device of claim 27, wherein the current flows through the

secondary winding when the switch is switched off.



