WO 2006/098702 PCT/SG2006/000058 A Power Supply Field of the
Invention The invention relates to a power supply for an electrical device
and a method s for supplying power to an electrical device. In particular,
the invention relates to a power supply which has low power
cOEUWABTN2Background of the Invention It is becoming incree®isGAg06/000058
important to conserve energy and reduce power 10 losses and power
supplies with low power consumption are! becoming more and more
img&rﬁant. Séch Eower supplies find applications in many situations, for
ex R yy 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 gaghite ANEGHWh s, 1s main power supply (e.g. within a portable
telephone charger where the telephone is placed in a cradle for charging)

or ahataveAlEeRNR tsUPBAGR QN SIRFIHF ahdauiaRsdNat VeI 19 hethod

power consumption, including low power external power supplies (e.g. a

snigbrigidplyinggrivinteothn Sieciviakisgekes. th paetddridithdipivengdn@itites to
a first known arrangement, a power supply (used in a number of
ap i pai@TSURpinwHidshas fovs foower ctrespmpiiog. 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,
Background of the Invention

It is becoming increasingly important to conserve energy and reduce power |

10  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 té
detect whether the electrical device is connected or not and to switch on the

15 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).

20
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,



WO 2006/098702 PCT/5G2006/000055 2 the current through the primary
winding of the transformer (which is connected directly to the AC supply)

must be small. In order to have a small current, the impedance of the

primary winding, as seen by the AC supply, must be large. With a typical
AC‘EB&BT’?’??@Z{%ency of 50 or 60 Hz, to have a large impedanceP 5 G7e06/000058
primary winding, a large inductance will be yequired. To obtain such a

large inductance in the primary winding, more turns are required, which

will make the trans m@@%ﬁﬁglﬁ@g@f tﬁg%ﬁé%‘?ﬁ(eeamigi@connected

large transtormer, the wire tdrns can be made thinner, but

this raeaPRNIgNRL FRSISIRER MINEBLIBHAM INBANRT BHAOSSGRall current, the

Essentially, to have a very low power io consumption in this arrangement,

we neagstaeséest indpeioraef hinling usiares BnthesOsjusiinanieasblrge.

A second known arrangement is known as a switching mode power
suppkVitSiySrainiiQ seyepbyr raguenal diffefeor GO hlente MiznoadaogSMpSdance in
Whilst SMPS is provides advantages over the first arrangement, the rapid
svitcHiadpTimat windinge adaroerissléctanee yélbbereauised olse opiaip, such a large
SMPS are more complex in design and are more costly. Current|
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for a gaviReiinsiaNRUAAN8re losses. Essentially, to have a very low power

10 consumption in this arrangement, we need a perfect inductor of high inductance

and this is just not feasible.

A second known arrangement is known as a switching mode power supply

(SMPS) and there are several different implementations of SMPS. Whilst SMPS -
15 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

20 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 é
big mismatch between the actual power required for a device in standby mode

and the power consumed.
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and the power consumed. WO 2006/098702 PCT/SG2006/000058 3
Summary of the Invention According to a first aspect of the invention there
is provided a power supply for an electrical device, the power supply

oeupEsingy@) a transformer comprising a primary winding opSid¥abhoooss
side and a 5 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
deGiuaybpeyvfitble heresséorthe primary winding of the transformer and

the AC voltage supply; and 10 c) a rectifier for rectifying the AC voltage;
whieeriding sovadiist aapanteithe kwrotionthesinpnovideds thewetsiigely for
AC voltage increases from zero to a maximum and once the rectified AC
voﬁ‘é’g%e#ﬁgqhe?é%&eedh% ROMSH S4By SRiepiiiRgby providing a current

flow through the primary winding and hence a current flow through the
secondar?g ﬁ#@ﬂ%ﬁ” %yfgr\%@%\g R ARMERG ARG REBAFdsend &

b ifi It tarts.to i in. |n this .
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in BIeVEENRDY0\GMENE v3IRRyBIBr 2REYEMHEERRBNRE DY the rectified AC
voltage is preferably a

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

voltage supply; and
A 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.



significant proportion of the peak voltage and, even more preferably the
peak voltage. WO 2006/098702 PCT/SG2006/000058 4 The circuit may
further include a current limiter. The current limiter limits the current flow
through the primary winding so that power consumption can be

corg&gl:%gg{ﬁgg#%AC power supply is typically the mains power gﬁ?¥%‘§8&000058

examp VAC, 120VAC, 230VAC or 240VAC at 50 or 6
one preferred embodiment, the apparatus fyrther comprises a switch timer
for switching the switch on and off. The switch timer may be arranged to

switcH-Haec R IED RIMALSAIRBRONEARARE TRtferhACHAAIRiter limits the

increases from zer0 to a maximum. The switch timer may be arranged to
switchthe st tafbbgfonestbaniasiifigguig ¥elRgEpSiRESs derisergsRs can be
again. The switch timer may be an RC timer comprising a'resistor and
capacitaitisiieetween 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

eherg)"QAEPRMPRSERPHCIRIVBIGRYY thandrine aayene ilafharamS at

tne e An (AN et B AN BT e cmer.

the value of
In one preferred embodiment, the apparatus further comprises a switch timer for
switching the switch on and off. The switch timer may be arranged to switch the

10 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

15 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.

20
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



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

WO 2006/098702 PCTISG2006/000058 5 through the primary winding of
the transformer, by providing a maximized voltage across it when the
switaboisosavitched on. The switch timer may be coupled to a $¥tRRa006/0000s8
controller. In one embodiment, the s switch comprises a MOSFET. In one
preferred embodiment, the switch timer is coupled to a switch controller

and the switch comprises a MOSFET, and the switch controller

cothprises thetpyiistoy dénitieforf tveitchingoomar oy firdadiNgBmBENmizda

one embodiment, the current limiter comprises at least one charge
storaliroiaciess lih wheretbaswitshbp einiishedrmncurrent limiter comprises

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
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device or devices of the current limiter have 20 s
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arranged to switch the switch off once the charge storage

. MOSFET.
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In one embodiment, the current limiter comprises at least one charge storage
device. In a preferred embodiment, the current limiter comprises 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



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 WO 2006/098702 PCT/SG2006/000058 6 the
transformer so, as already mentioned, the amount of current flow through
theq’\?v{)n£ Pr?éos?sgg% be controlled by setting the value of the charggg@r‘éﬁg@““‘"’ss
device or devices of the current limiter app%opriately. 5 In one

embodiment, the switch timer is operable with a switch timer reset, the

switchUiehiesithaelao Aanar taeshle SUishdmeLALRINERN Bllough

has been switched off i.e. once Current has stopped tlowing throug

transigERahdiigyings vB esatnBE s SYMIEhRIVRhE SMHERARSWIEBra e device

again when the rectified AC signal is increasing from zero to its next
maximtigevitdos wtcbundimenhiepagptopmaslyhe switch timer may be

reset once the capacitor has fully discharged, which may occur as the
rectified AC voltage decreases from its maximum to zero. In another
embodiment, the current limiter may be omitted from the power 1s supply

a5 cultaneriembadieat dreranddnijmes b ppstablrevide arwitshiioes reset, the
preferred embodiment, operation is as follows. As the rectified AC voltage

incre 248 HMerdRsh Retngarnsehio capaking wrigb tiressatientimenitch has
is charging up and,onge it has charged a certain amount, which preferably
20 RSN TP the IO P e PR RS A OBBRA IS ERKH g, ransformer
Switcs g SHAICEAN, HHE"SCR"HIRS A SRR oW IO B when the
‘windings cotréspon |n8
rectified AC signal is increasing from zero to its next maximum. If the switch
10 timeris an RC timer, the switch timer may be reset once the capacitor has fully

discharged, which may occur as the rectified AC voltage decreases from its

maximum to zero.

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

15 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
i§ charging up and once it has charged a certain amount, which preferably

20  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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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 WO 2006/098702 PCT/SG2006/000058 7 limiter.

AbdhRgusrsssgt flows through the windings, the charge storagg,éi.e/%%{g%o 058
devices of the current limiter charge up and, once fully charged, the switc%

switches off, so that current stops flowing through the windings and power
consumption is limited. Once the RC switch timer capacitor has fully s

disithregens thetoansiar fibgdtthaiosdBBaIHRE 9 ShiehuigE BiefadBievice or
switch timer is reset. This takes place as the rectified AC signal falls from

its desiceswhthe aerenriteitagahasmetbatdhd, mitefullyreadyytal sthigciwiieh

as the rectified AC voltage increases once again. io in one preferred
enfydiehesmifiise Hatowieeahsingedowingetposighdife sdbdick sarneffpoarst
switching from off to on. The fast switching from off to on means that the
tinfRORSHER IR e lifBitRS NG SreRCsinitehid mamn ipanecitantem fsihe duces
power loss in the switg] itself. is In that embodiment, the switch ma

cofipreuged Qv frans Eﬁ'%@sas@éﬁgrﬁf‘eﬁa‘ﬁﬁ%f(%??tﬂ@%ﬂé&i@?dﬁ%éﬁ?gb
trapsi i led to the base of the. d transistor. In agddition,
LRSI B I b AR D S
firgh BARSISHRE Aadifnis, Hay B %\ﬁit}ﬁeg%%gg tSas%FéBOBnTéH%% rectified AC
arrangement may provide positive feedback because, as the 20 voltage a

the eelgsinE RN IrrRNEyERANSIstor rises, the voltage at the base of

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 fo 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
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.



the first transistor rises too, which further increases the voltage at the

second transistor collector and so on. WO 2006/098702

PCT/9G2006/000058 8 The power supply may further comprise a voltage
limiter for preventing breakdown of the device at high voltages. The
volveeolieigtomay comprise a charge storage device arrange8GHE§&00058
up as the rectified AC voltage increases from zero to a maximum. The

charge storage device may be a high s vokage capacitor. In one

preferred embodiment of the invention, the rectifier is arran%ed to full-
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cycle. 15 The circuitry on the secondary side may provide the DC output

vpltaggifsydhapalgedrical device via a charge storage device (e.g. a
capacitor) which charges up during each AC cycle. In that arrangement,

the capacitor is preferably located between ground and an output node so

that, as the capacitor charges 20 up during each AC cycle, the voltage at

the oltpmenudéenetezmbodinentiofdhe invention, the rectifier is arranged to full-
wave rectify the AC voltage. This means that the rectified AC voltage increases
from zero to a peak twice in every cycle of the original AC signal.

10
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.

15
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 preférab!y
located between ground and an output node so that, as the capacitor charges

20 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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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. WO 2006/098702 PCT/962006/000055

9 Electromagnetic emission (known as ringing) may be caused by the
rHAFBH YR off switching and this can be reduced by the usBCHfSG2006/000058
appropriate circuitry. In one embodiment, the circuitry comprises a
capacitor and a resistor appropriately pdsitioned between the secondary

winding and the output node. 5 The power supply may further comprise a
regﬂ%‘%?%?@r%aﬁmam&w BEWRRAT RAHAgE BN RaERT Rnthedseid on

load require articularly steady DC voltage, supply. The regulator. ma
be%gz ed \g%%v% na#e%'étﬁﬂ?a&étrfgé‘%%%é*&ﬁg%"gﬂ@%‘i’gﬁ circtity. In
arr | uﬁﬂf | t Q .
selgﬁ?g%qgﬁ%gﬁﬁ% : T{Iiﬁ-:-%‘lr,}:egu tgé%@s%r% p%r??eé ?%gﬁge%‘r&(%%%%&&pqording

{0 BpIBPARKIN pBUMEHE AIRARERMIHRS QR SHREIHFRISNE SnGAMSIHG Aode.
power supply as described above. 15 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
wirldie g onea suppbrynsiy usthdraccsepse aryagindiogfonragdsimgltiy Bdeutput
the primary winding being connectable to an AC voltage supply and
cirvaltpgenTitie iseasidbnheithe doag sequitesdapapicplaniddeadyDouvpliage
voltage for the electrical device;
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. The regulator may comprise a zener diode.

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;

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

d) a current limiter comprising a first capacitor and a second capacitor;



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

voltage supply; c) a rectifier for full wave rectifying the AC voltage; and d)

a current limiter comprising a first capacitor and a second capacitor; WO
2006/098702 PCT/SG20061000058 10 wherein the switch is arranged to
switeh aatsoime point as the rectified AC voltage increases fredti/z€500kmoooss
a maximum in each half cycle of the rectified AC voltage and once the

rectified AC voltage has reached a non-zer®@value, thereby providing a

current flow through the primary winding and hence a 5 current flow

throuyth eI e sudeh id eaingg et siwithle enmbaoiaitmins astegedtiied AC
limit the amount of current flowing through the primary winding b

y
stoppfRYRE EFRATEIIARZRIRIRA MeEnHER easkipefmiel eidrsectiied AC
and second capacitors are fully charged, and wherein the switch is
arran %ﬂga%es@(%iﬂ%ﬁ g?tf?@?ﬁ%i#&?)&@%ﬁé@é reRES BT FRIM AU, |

i h half cycle of th tified AC voltage. Accordi
o & SoTeLy R BTREYON BB Sty el prhenee
SUPPYIRELROHEY ’éﬂr@ﬂgﬂ%‘?&r%&?‘d’éﬁv&% thod comprising the steps

of 15 a) providing a transformer having a primary winding and a

secongRIeIM BindsrfoRt MFRGF s WREISE R BnSP IRESIRIUR 3 AR REng
supply via a switch; b) providing a rectifier for rectifying the AC voltage;
through the primary winding by stopping the current flowing through the primary
winding when the first and second capacitors are fully charged, and
wherein the switch is arranged to switch off as the rectified AC voltage

10 decreases from a maximum to zero in each half cycle of the 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:
15 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
20 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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c) as the rectified AC voltage increases from zero to a maximum, once 20
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
alfremsiiosrihrough the secondary winding to a DC output vedttage s theoss
electrical device; and WO 2006/098702 PCTISG2006/000058 e)
switching off the switch before the rectified AC voltage starts to increase
again. In this method, there is no current drain through the transformer
windings BhivittlingSfitbe andishdrfareihe maitiked Avindltrgeiaredron,
current from the AC supply is transferred to the primary winding, which
prold&8% 18 hough voltage drop to provide a DC output voltage for the
electrical device. The current flowing through the primary winding is
limited by the current limiter, however, so that the power consumption can

be FORFONRANGE, 1 NCROWEFSHRANHS YA KIRRe Wi i
supply, for example at 110VA£, 1§§VAéﬁ};&§J@h®(ﬁd§§g ?\gﬁ%'%gr%%nm
Hziepitr WY SH) DIFEYHEMAN ORISR SHIGhERETom the AC
switching on the is switch. Step e) of switching off the switch may
corsppisie i3 Saicletioncto swiishinarpiviheisyyitehich pecwdts elitgentaygihe
arranged to switch the switch on at some point as the rectified AC voltage
incvelisgs fhom teepeotide mBXnoutput Modayeittn the elentichlalaviaagBokto
switch the switch off before the rectified

current flowing through the primary winding is limited by the current limiter,

however, so that the power consumption can be controlled.

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



AC voltage starts to increase again. 20 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

zer®v/ 280akimtum. When the switch is switched on, the WO  PCT/SG2006/000058
20061098702 PCT/SG2006/000058 12 capacitor may be discharged, the
energy stored in the capacitor being transfétred to the primary winding.

Preferably, step c) of switching on the switch comprises switching on the
switcﬁag%?ggéﬁ@{éi&dmm ERRYGNTUERAGNer cRRAGEY being
SW!tCW}%ﬂs?Qr}h(? i Osp/‘itch com risegia RC switch timer switching on the
switch, t

e value of the Teg g\r"gncri‘%apacitor may be chosen such that

the switch switches on at the peak of the rectified AC signal. This
maximizes the current through the primary winding of the transformer by

proviginerer4pRyisRiEes) WILABR AAREPSR thy RAMARoHPESRIAORNY B switch

embodiment, the current limiter comprises at least one charge storage

devicelosedpeaigimeshirottigeraetificidia Curstay bt e SIBP 658w AMRing on the
charge storage devices. The or each charge storage device may be a

capadivsich samprieeeatiRidisndied) tteprejvafawitcbimthefétiisvitielvahay of the
comprises switching off the switch once the charge storage device or
devicEasistenand gapasitararay be chosen such that the switch switches on at the

peak of the rectified AC signal. This maximizes the current through the primary
winding of the transformer by providing a maximized voltage across it when the

10 switch is on.

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.
15
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
20  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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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 20 device or devices of the current limiter have fully

charged. In that arrangement, once the switched is switched off, no
RN through the windings. Thus, the amount of curP&/¥fFas6/0000s8

through the windings can be controlled by setting the size of the charge
storage devices appropriately. WO 20067098702 PCT/SG2006/000058

ciong e Ao e R i e R AR SR o

storage VICE a er

MR, e ‘?Q@t‘iﬁ&d%?f%ﬂéé%"fﬁ&réﬁ%%g i?ﬁrﬂ Xé’:’&a%e?fx‘?i‘é%\f Oy, the

preventing breakdown of the device at voltages. In that case, the

enerigygeiaterh i e idtasatng S rasHAgY SRRl ARSIRIURAIA BRAUARIN of

winding of the transformer when the switch is switched on. In"'one
enthediavia At teigiwititagsseinsioneradie wileacsyyistoibnen trseHage
resetting the switch timer after the switch has been switched off. If the
switohage timvicesatieREfeaveittto tinegprithargwitolditignef ttesetnsdyriver when the
arranged to reset the switch once the capacitor of the RC timer has fully
distmErg dyswithatifpthe switch allows the switch to switch on again as
the rectified AC signal increases from zero to a maximum once again. 15
In one preferred embodiment, the switch is arranged to use positive

om off to on. The fast switching from off

feedback to, effect fast switchipg, fr I

to(?c')’n"r‘r‘w%%ﬂ?sbﬂw Qi) ﬁ?ﬁé‘% Q%’&\?&dﬁ WA WbLE i Heppideset for

MipgUARS A dURSFREF Siter the switch has been switched off. If the switch
timer is an RC switch timer, the switch timer reset may be arranged to reset the
switch once the capacitor of the RC timer has fully discharged. 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



power loss in the switch itself. 20 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
firsttapsigtogand this may be via a feedback capacitor. This PCT/SG2006/000058
arrangement may provide positive feedback because, as the WO

2006/098702 PCT/SG2006/000058 14 voltage at the collector of the

second transistor rises, the voltage at the base of the first transistor rises

too, whitaderhtrdrolientesahibes skagadiransistoonieear heiveipge|ridity base of
and so on. 5 Preferably, the rectifier is arranged to full-wave rectify the AC
voltagBefinss tiareiRtotrisemiotetitich NENRSIngEaeR iR Yaliger Al esgcond
peak twice in evgglyﬁﬁcycle of the original AC signal. In one embodiment,

step dJBEIAVERGGIHAUBIELY peak in the secondary 1o winding to a

DC output voltage for the electrical device comprises charging up a
capacitor during each AC cycle, the voltage across the capacitor being the

D opfartuplirgs. 13 dhat Ay ang tothh SARAC RS Prefa@RYitage. This

located betweén ground and an output node so that, as the capacitor

charggpHRsAHENthe 3 AR Ithgevipbaassat thenputitatiBerSeak twice in every

increases towards a steady state DC 15 voltage. The method may further
compegeidhs fHepojiregwatisigribie DC output voltage. This is useful

when the load requires a particularly steady DC voltage supply.
In one embodiment, step d) of converting the voltage peak in the secondary
10 winding to a DC output voltage for the electrical device comprises charging up a
capacitor during each AC cycle, the voltage across 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 |

15  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
20 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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The regulator may be located between the output voltage and the switch
and 20 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
eYee9eaPHadice is obtained. WO 20061098702 PCP/SG200&0080%86/b&v058
According to the second aspect of the invention, there is also provided a
method for supplying power to an electrital device, the method comprising
the steps of: a) providing a transformer having a primary winding and a
sedifsAN S ihaisgcand parsahpiirinyasding dorirdeigarrded a
voltage supply via a. switch; b) providing a rectifier for full wave rectifying
the G G Eu B MO RoREE R AN Ries i e ol Tribps segrising the
mag(g%}grgfjn each half cycle of the rectified AC voltage, once the rectified
AC voltage has reached 10 a non-zero value, switching on the switch to

provide ausiskfigra A Ie RARADCBAHEY ARLARNGRPLEERkary

flow through the secondary winding, the” amoun rent flowing
througHiri Stivsi e Wi RshHath 9B JBiRERYEA EH R JEREGE SOBPNISA%
two capacitors; d) converting the current flow through the secondary
wirsiitghto a DC 15 output voltage for the electrical device; and e)
switching off the switch as the rectified AC voltage decreases from a
b) providing a rectifier for full wave rectifying the AC voltage;
c) as the rectified AC voltage increases from zero to a maximum in each
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 voltage’decreases 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;



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 20 method

for supplying power to an electrical device, the method comprising the

steps of: a) providing a transformer having a primary winding and a
secandaby/owgnding, the primary winding being connected to a AGvotase 000058
supply via a switch; WO 2006/098702 PCT/SG20061000058 16 b)

providing a rectifier for rectifying the AC voltage; c) performing the

following steps at least once in each AC cycle: i) as the rectified AC

voltage incréisesvicting zeectifier fanxaetiffingoiheeABevndiatiied AC voltage

has increased to a non zero value, 5 switching on the switch to provide a
current flow@hRSTGEHRI ShePwinedriRPa R Irastercedmrenedve cycle:
through the secondary windin tae mount of current flowing through the,
primary winding bélrit§ ﬁ%t@ﬁ’%\ﬂ? %@r\‘@ﬁ?ﬂﬁﬂf&fﬁ?}s@éﬁmiﬁ@m a maximum,

o e R R R R R W R
e RS I SR AP
INcrease ag@linding and hence a current flow through the secondary winding, the
amount of current flowing through the primary winding being limited by a
current limiter;
iy converting the current flow through the secdndary winding to a
10 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,
15 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.

20 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



15 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. 20 According to a third aspect of the
i%?ﬁ?&f???ﬁ‘é’re is provided an electrical device connectableRETAT>2(05/000058
voltage supply and operable in each of normal mode and standby mode,
the electrical device comprising: a main Hower supply for providing power

during normal mpde; a contro] for switchjng the main power supply o

and of, A TSGR E OB YR R TAUT BB ey blnelo the
suRRly.for BFVii durir m 0 the ,control for

switching on t&@%&%ﬁe\ﬁ&@éﬂ%ﬁ%ﬁ%’gﬁg\gﬁh&%@ds%pﬁy ersupply
CO'&f}ﬂﬁﬁkﬁh&D a transformer comprising a primary winding on a primary

side and a 5 secondary winding on a secondary side, the primary winding

being coryestaiefdienan AmpASAGESHRANNRASHSIH B LPHIRRISESe0 GRY a

side being arranged to provide a DC output voltage for the electrical
5 deseeyngaayswidinb etwe eedhadaryneide ytind ihofriheitding foemgroandectable

the AC voltage supply; and 10 c) a rectifier for rectifying the AC voltage;
whigréimAkevaiags sipphaagd Ciowinitcm dhesssmmdappsidabeirgractifiged to
AC voltage increases from zero to a maximum and once the rectified AC
vol?é%\é'de a DC output voltage for the electrical device;
b) a switch between the primary winding of the transformer and the AC
voltage supply; and
10 ©) 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

15 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
20 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.



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 15 wherein the switch is arranged to switch off

before the rectified AC voltage starts to increase again. The main power

supply saeplismihe power (to the device itself and also to the cea#8b2006/000058
during normal mode whereas the standby power supply supplies the 20

power during standby mode to the control $& that the control has the

necessary power to switch on the main power supply when the device

goes fraivesttandby powee sopyniheneds @ow@reo0eraipgnaaigh the transformer
PCT/SG2006/000058 18 In the standby power supply, there is no current

drain YHRSIRgS M&iiﬁﬁﬁﬁwﬁﬁ%ﬂs\ﬁm@ﬁ@g aRtiRAesshREWIEChviAtenéiahssl on, current
Once the switch is switched on, current from the AC supply is transferred )
to the T¥RHARARRHRBMITH RS IR RS R WR B dRpAtoVides a big
provide the DC output voltage far,the electrical device. 5 The current . .
e PR O R oo e g B i eltReg F bt el device.
POWerRANSHIORARMPRNT ma@%m%mm@g%ﬁﬁ%mﬂm , 50 that

embodiment, the control may be a receiver for reCeivin ctions t

switchr R EbRMAIBPRNES FYBRINJENIRSARYCHA Heeceasdiugen the

1o electrical device is a device which requires power during normal mode

for its own operation and power in standby mode for enabling the control

to switch back to normal mode from standby mode. Examples of this type

of devite firg ambeadinnegirthehtoetnd diap benicrevaiver dvereceivingetsivactions to

may be a remote
switch on and off the main power supply. This may be the case when the

10 electrical device is a device which requires power during normal mode for its
own operation and power in standby mode for enabling the control to switch
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

15 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.

20
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



control receiver for receiving remote instructions to switch on and off the
main 15 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
XAAMEaE IR vision, DVD player or a radio or another type BE®I#Ei5AI00058
device having normal and standby modes. 20 In a second embodiment,

the electrical device is an external powelsupply for an electrical

appliance, the device operating in normal mode when the electrical

apPfife ROBIEGHRHIRIGHATRRE SXAME RN sHaRlRS assirsbpiarsinga

i b h he el ical li i icall:

oo R P ST RS G0 Baakls ‘26 kg lephone)
S lj ,

oy e SR o SR GREL PR DISTP S AR B R bnvisaged.

telephone) and an AC adaptor. Other types of external power supplies
are also envisaged. 5 If the electrical device is an external power supply,

5 thelfdbatedbchigabgericensan ExtsrRABHENGNSOTNG, elRCHIPAA PRI BER ISensor
electrically connected to the device. Thus, when the sensor senses that

thefarleeniing afiatieedkcldcatiapiiaccane eledttizalip cevieetéel ¢p tilbatevice.
a telephone is placed in the cradle for charging), it may be arranged to
switBHS RN g semeesepphatitherlesrid proliaas iy elestsicalby
power Sl,I%Ft)é)g’)/. When the sensor senses that the electrical appliance is no

[

lorgEIEEii iecdryies i enieime fglephene isayaced in the cradle for

charging), it may be arranged to switch on the main power supply using power
10 provided by the standby power supply. When the sensor senses that the
electrical appliance is no longer electrically connected (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.
15
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 operaple in normal mode when the
electrical appliance is electrically connected to the external power supply and in
20  standby mode when the electrical appliance is not eléctrically connected to the
external power supply, the external power supply comprising:

a main power supply for providing power during normal mode;



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. 15 According to the third aspect of the invention,
there is also provided an external power supply for an electrical

apph@ngrsilerexternal power supply being connectable to an Ale-¥RH388 /000058
supply and operable in normal mode when the electrical appliance is

electrically connected to the external powepsupply and in 20 standby
mode when the electrical appliance is not electrically connected to the

external poveesesugpliortbenekiguhepdive eqipdalcappiistags & kaetitcally
power supply for providing power during normal mode; WO 2006/098702

PCT/SBREO6000068 cxtrnsbpouel@ismiy mod Meswitehisle dhécalain power
appliance is electrically connected to the external power supply and for
switcBiRPIEMaNE 85wadsupply on and off; and a standby power supply
for providing power, during standby mode, tg the 5 sensor for switching

on the mainpStABF RV BRIYCHRYRRAA RS PRRPS R PR SRy dBy4riode, to the

transformer i r wrndrn on a |de and a
sBcondany ?ﬂdrsr%é%ﬁﬂ sencgn AR sige” %ﬂbﬁey {hdgb%g%\@ler supply

conneg Ff an AC voltage supply and C|rCU|try on the secondary side
being arr nge fo ro provide a DC output voltage for the electrical device;

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 én AC voltage supply and circuitry on the secondary side being arranged to

10 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 rectifying the AC voltage; and

d) a current limiter;

15  wherein the swiich 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

20 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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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; 15 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
re@iedBE%oltage has increased to a non-zero value, ther@or/pE20idiongoss
a current flow through the primary winding and hence a current flow
through the secondary winding, whereitlthe current limiter is arranged to
limit the amount of current flowing 20 through the primary winding, and
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the invention may also be 5 applicable to er aspect of the invention
BrigighessrnidoseiibedapReiveteinenasaing aspects and many of the

attendant advantages of this invention will become more readily
appreciated as the same become better understood In by reference to the
following detailed description, when taken in conjunction
Brief Description of the Drawings
The foregoing aspects and many of the attendant advantages of this invention
will become more readily appreciaied as the same become better understood
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;



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

Figwie Aasisegraraph of the voltage across primary winding of traqsigidnérs/0000s8
X1 of Figure 2 over time; Figure 4b is a magnified view of one cycle of

Figure 4a; Figure 5a is a graph of the currer®t drain through primary

winding of 20 transformer X1 of Figure 2 over time; Figure 5b is a
magnified¥iéw of éna grapb of Higyitsae Rigomtpehirisde @R hfdfiguse 2 over time;
voltage across secondary winding of transformer X1 of Figure 2 over

time: FIRD is 1 AKGIRIEIRIGhERSRIE Bmaisasd o s invention;
2006/098702 PCT/SG2006/000058_ 22 Figure 7 is a graph of the voltage

at oufp@Hifode 206BPWR RS swtimw,'emgmat@ﬁg% BiR creRag ampadiment of

second embodime{ﬁ of the ﬁn\'/,‘esrﬁiovr\}' Jﬁi%lre 9 §hows a first circuit
implementation of 2 '0XEOHA emBo&r\wenng?he invention shown in

Fggurg- u%lﬁigure &Qo%oé(vée%éﬁ&%ﬂﬁﬂrwnmm%%eoééﬁm embodiment

second'embodiment of the invention shown in Figure 8; Figure 11 is a

block diagram of adhijfd gobesiimsAbRhtheruaaton;

Figure 11 is a block diagram of a third embodiment of the invention;
Figure 12  shows a circuit implementation of the third embodiment of the
invention shown in Figure 11; |

10 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;

15  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 primar}/ winding of transformer X1

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

20 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
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Figure 12 shows a circuit implementation of the third embodiment of the
invention shown in Figure 11; io 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
gY@M0e0B% oltage at node 200 of Figure 14 over time; FigREI/$6360§000058
graph of the voltage at node 201 of Figure 14 over time; 15 Figure 17 is a
graph of the voltage at node 202 of Figdfe 14 over time; Figure 18 is a
graph of the voltage at node 203 of Figure 14 over time; Figure 19 is a
gr%pfﬂ‘}‘f)ef fite voRAGHS:HIS SEBARYARPO R GigPor AhinsrdMaatifn inkesdlra
14 over time; Fé%ure 0is F %{%ph of the voltage across secondary
winding of tran ormer P8kt PFigure 14 overtime; 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

enRaging B dRp b Bl PhdiersBe B Sdiih 8 and WO 2006/098702
PCT/SG2006/000058 23 Figure 23 shows the standby power supply of

theigentienabldsk Hayraptend meplsmiedinkeicdeghOnsennbamed Figure 2
Preferred Embodiments s Figure 1 is a block diagram of a first
enshodisreeniroiithepmestitatiandRigatrerdbodiment. '

Referring to Figures 1 and 2, the input is AC power supply V1. The AC power
supply may be any AC voltage at any frequency 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



shows a circuit implementation of that embodiment. Referring to Figures 1

and 2, the input is AC power supply V1. The AC power supply may be

any AC voltage at any frequency e.g. 110VAC, 120VAC, r0 230VAC or
240VAC at 50 or 60Hz. The AC power supply V1 is connected to a
curiwotdemites®1 comprising two capacitors C1 and C2. As willplog/sG2006/000058
described, the power consumption may be controlled by changing the

value of those, capacitors. The AC signal ig#then rectified by rectifier 103
formed by four diodes D1, D2, D3 and D4. Note that the rectifier is a
full-wér@steetifrinpRfvitimgrd thsiocptiolotheyiming ehbermwiiekingeef the
AC cycle. Capacitor C3 acts as voltage limiter 105 to limit the voltage at

node SR bldePtcrplEr SRR SRR LRI SRR s chosen to be

oiagB o8 SB A h S AT T ey e eHAGR: S prevent
capaqigl GUIRYBS AR CARAROl B St /B0 o

below Arrangement 111 i1s a SWIt cate

sypplyianekige pimRpcAIAiRs ei4raRaiPiReA& SisRdnatnvhg @(%eis low after the

switch is on, there is a current drain through the primary winding and

whendig@vitchisiftdhedeis No current drain through the primary
winding. Resistor R1 and capacitor C4 WO 2006/098702

PCT/SG2006/000058 24 together form RC timer 107 that controls the
timing of the switching of the switch 111, as will be described below. In
additidherewittbriR] is fomamsshby ke leangiskors CibaoildRZ Avenrasistothdt2 and
there is minimal current drain to prevent

R3 and capacitor C5 and is connected to transformer X1. Switch 111 is
10 arranged to switch on very quickly through the use of positive feedback. The

advantages of fast switching on are discussed below.

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

15 state DC voltage at output node 206 for the load Ryoag.

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

20  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,



loss. Diode D5 acts as timer reset 109 for the RC timer 107 by providing a

s discharge path for capacitor C4 when the AC signal at node 200 is low

after the switch 111 is switched on. The switch 111 is formed by two

transistors Q1 and Q2, two resistors R2 and R3 and capacitor C5 and is

BR8P transformer X1. Switch 111 is io arranged to svREIHSEA00EPPO0S8

quickly through the use of positive feedback. The advantages of fast

switching on are discussed below. At théssecondary side of the

transformer X1,.diode D6 acts as a rectifier.and . capacitor C7 is a filter
SBE AP R AT SR S Nl et noce

causing
capacitor’Capacitor

volig LSRN 208 EIORGRY A0 The SPSralOn LG o

RS
arrangement of Figure 2 is as uring afir ycle' o

operafiaisi D e \Wiedrdr 1BsLIRelied Alpisiarahrid 0e&ARRMRRSIgh the

capacitors C1 and C2 are discharging (from the previous half cycﬁe) and

20 priparitaideb( aadsiapaeiori Ghd Prosentldsiars: FeingKbATGRAN an
When the voltage at node 202 (which is also the base voltage of transistor
5QLincreasdfiviwoligdeigh mhaetdGheTtiargianupibthgapatisnsBdtbisck to node
happens near the peak of the AC signal), the base-emitter of transistor
Q14830 e Tsadlack vapagiterGe ThisPCRBGoD B0 00056 26 nedsR0R
transistor Q1 to switch on. As Q1 is switched on, the voltage at node 203,
(wrﬁea ROareIYRatlALe barsrmitterarriiagn effaasister @ﬁﬁ%a&eg more

transistor Q2 to switch on resylting in a rapid draining of current through
A e R e e

anq1, leading to even more current drain through emitter-collector of transistor Q2
10 anda fu"rther voltage increase at node 204. That is, the arrangement provides. a

system of positive feedback which produces very fast switching on.

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
15 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 drob 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

20 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.



5 increase in voltage at node 204. This rise in voltage is translated back to

node 202 via the feedback capacitor C5. This means that the voltage at

node 202 and consequently the base-emitter voltage of transistor Q1 rise

even more rapidly, causing more current to conduct through

collemaoeymtar of transistor Q1, leading to even more current geaigG2006/000058
through emitter-collector of transistor Q2 10 and a further voltage increase

at node 204. That is, the arrangement proviges a system of positive

feedback which produces very fast switching on. The reason that fast
switcHiegrsatdhaftagee dsagsatiiert pignal Modiadessas or nherdteinsakstiie switch
As the switch 111 is switched on, a current flows through the 15 switch.

Voltage g SUHichEbes tRBISIeS?iM R Exled sevismy aarithiieh of current
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the voltage across the switch which will, in turn, reduce Tosses. Thus,

using peirRisekack ithieKatehthe SIWiGhteHe SRS dULIERR PR Ehpacitors
the switch itself. WO 2006/098702 PCT/SG2006/000058 26 As

describedndrce theneesilfiatpatdingl aoliag eripeadancasamiistiheakistiaoltage drop
switch 111 is switched on. This closes the circuit and causes a rapid rush

of curesnvsthisughdtie2 wirearpaside20P thadisrangfoumer Oticeu@ thndugh 43¢ fully
and C2, which charges C1 and C2. When this happens, the voltage at -

node SRy ass i emrent stops flowing (i.e. the switch is effectively switched off).

10 This limits the amount of current to the primary winding of the transformer in

each cycle.

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

15 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

20  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 aiternates in each half cycle

because of the direction of the original AC signal.



5 ground because node 200 is shorted to ground through the primary

winding of the transformer X1 when switch 111 is switched on and

because the capacitors C1 and C2 in the AC input line act as impedances
and there is a voltage drop across C1 and C2 when node 200 fallsto
PRSI C1 and C2 are fully charged, the current stopP€Bg06Hw0058
the switch is effectively switched off). 10 This limits the amount of current

to the primary winding of the transformefin each cycle. While switch 111

is capacitors C3 and C4 are discharging through the primary winding

of S AIGTHRS % CHSREL LB R AR &t o TSI aBngEX Tesuls
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maximum, capacitors C1 an h are'now charged up, can

disphaims: v AspasontyNEafeeesisiRibrL At sslecies 1908 R8sR%ion,

that negligible current is 20 drained through it. Thus, all the current will be

5 dréfimere ihroegiréhepulspanycsige tios kaosfIAEERIS JfESPINGNSRRRRIX® and
minimum. It will be appreciated that the direction of the voltages across

Clcapacdiordiéinalar gedaphhaly bjicthidectuse olittentipelstisunfithateady
original AC signal. WO 2006/098702 PCT/SG2006/000058 27 The short
purigtsrRirreliearim rRaRed alrip uicrod et REGr TS AR aoldgreisUttoviden to
corres(jaonding pulse of current flow through the secondary side of

traHSIoRAL Rk Aese b JRESKABIRIS JPerd TREMRIR FRMEFOK 1eGRveE WECh
aC%S&i%s power during standby mode.) The output node 206 provides the

10 necessary output voltage. The value of capacitor C7 is appropriately chosen to

ensure the proper functioning of Riag at the required voltage.

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
15 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

20 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



rectifier and capacitor C7 is a filter capacitor. At each half cycle of
operation, 5 there is a current pulse through the secondary side of the
transformer X1 and capacitor C7 is charged up bit by bit due to those
current pulses until a steady state DC voltage is reached at output node

206y dhiwdposupltage is provided to the load Rload (Rload mayptaisG2006/000058
example, be a remote control receiver which requires power during

standby mode.) The output node 206 provides the to necessary output

voltage. The value of capacitor C7 is appropriately chosen to ensure the
propestippltibhi g ipuRiodtd ge. ttidoreguir d otel thgealdsnaltiea dyathedtimfitedetting
once capacitors C1 and C2 are fully charged, current stops flowing
throudeerEdinmiripe. tindisrbedimgatstfdhpdeuentapiilstrated Ishigw®d?2.)
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

e e SIS S AR AR o e
T RS Y RSl o s

Wouldtﬁmlydmgwtﬁ@nte@xt&m MUREARIRIEDES IWiHL R GABR IR wgtém switch

drain through the transformer windings and insufficient voltage across the

windirgs-ot¥ 2R @S850 2iBkal (P& ANRSORRIRS véltagr wDiere) o

voltage. (However, note the alternative method of resetting according to
the thirtargbodindevuiudd st inventisit Wostchidel ply big aeeiflihg siitohnodees not
that it is preferable that the switch 111 switches on as close to the
there, and there would be no sudden in rush of current from the AC supply and
10 the capacitor C4 (and C3 if present) would not have time to charge up. That is,
the switch must switch on once the rectified AC signal has increased a bit, and

the switch preferably switches on close to the peak of the rectified AC signal as

this maximizes the voltage peak.

15  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 switchéd on, the energy stored in both C4 and C3 is transferred
across to the transformer windings. In practice, the contribution from C4 (and

20 C3if 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



5 peak of the AC signal as possible. This creates a maximum voltage

peak across the windings when switch 111 is switched on. If the switch

111 were to switch on at the start of the AC signal (i.e. when the AC

voltage is at zero), the arrangement would not work as it would simply be
MG/ BRTEh were not there, and there would be no suddercinsasiefoooss
current from the AC supply and io the capacitor C4 (and C3 if present)
would not have time to charge up. That & the switch must switch on once
the rectified AC signal has increased a bit, and the switch preferably
switdfilc8ipg- ddisRadned darrarticalrappfieatincs dpyrriduss eiestremasnsts
the voltage pTJeak. 15 As a&r ioned, C3 acts as a voltage limiter

d
and SRR NG SUGURELE AyPbE o e STaR PR NS
it Wélg)g %'{ﬁ%ﬁﬁﬁ]gﬂ%{;@@v@ ttﬁffectlfled AC signal increases to its

peak. Thus w itched on, the energy stored in both C4
and C3 is transferred across to the transformer windings. In practice, the

contribution from C4 (and 20 C3 if present) to the voltage peak is minimal;

stheFigltegespaakds, BHNSHIB=DBY s LYHBE WA Bfeserast dirtGbspect to
from the AC supply. Capacitor C6 and resistor R4 together form snubber

cirdinteldf7dihis hmitteocialispabiFey wiscRitThbfiguie satlugeatbandneidesses
due to the transience caused by the WO 2006/098702

P CiRST0ae0botEB=2sh Al chie ASHIwivcltnrdantipeantipat appkdatiivg to
to reduce electromagnetic emission from the circuit due to this ringing,

buBtREEBRARIGEENBERI still operate without the snubber circuit 117.

10 Figure 3 is a graph of the voltage at node 200 over time. In each cycle, the -
voltage af node 200 rises to a peak. Then, when 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

15 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

20 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



s Figures 3, 4a, 4b, 5a, 5b, 6a, 6b and 7 show various properties with

respect to time at points on the circuitry of Figure 2. The figures illustrate

the processes taking place during each AC cycle as the voltage at the

output node is rising to a steady state voltage. io Figure 3 is a graph of

the woltagetagmade 200 over time. In each cycle, the voltage atprada;:2643/000058
rises to a peak. Then, when the switch 111 switches, resulting in current

drain through primary side of transformer X319 the voltage at node 200

drops to ground. In this example, it can be seen that each cycle takes 10

ms i.eSWifetfregiesrty thethiansfotiied PTreiphwinslingGitrthe &A@ A@mpveerthat the
1s supply operates at 50 Hz. Figure 4a is a graph of the voltage across
prima%ﬁ@hﬁ@ AitpgrIBRREXavideaitare ipedach cycle, there is a

voltage peak corresponding to the current drain through primary side of
transformer X1 as switch 111 is switched. The 20 voltage peaks shown in

et s 108 Hat R e ML RGBS oS e resstorer
Figure,dh- fote inakay 'H}é@stﬂg%q%%?i&y@g%%%qgﬂp SIS AR ‘M9 % witches.

(much larger than they would be wit lor art arrangements which

have TRANVGZPRABFERE CInaSrARPIBRARRR I REMIgEa e of

transformer primary winding and the AC supply) so that the DC Output
voltagmoase i@ ruided daathe dpandtigstaritanscud Rl aohEmsd Sitw of one

through primary winding of transformer X1 s over time. In each cycle,
there tyclespilyigunediat igraiows swiigurt13bsWibeHeagth of time of the current drain
through the primary winding is determined by the supply voltage, the inductance

10 in the transformer winding and, if C3 (voltage limiter) is present, by capacitance

Cs.

With each current drain through primary winding of transformer X1, there is a
corresponding current pulse through secondary winding of transformer X1.

15 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 magpnified view of one

cycle of Figure 6a.

20 As described, with each current pulse through secondary winding of transformer
X1, the capacitor C7 charges up a little bit i.e. the voltage 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



The current drain peaks correspond to the voltage peaks of Figure 4a. Of
course, the current drains are not instantaneous and a magnified view of
one cycle of Figure 5a is shown in Figure 5b. The length of time of the
current drain through the primary winding is determined by the supply
WG/ dhductance 1o in the transformer winding and, if BX3r($GH8g@00058
limiter) is present, by capacitance C3. With each current drain through
primary winding of transformer X1, there’l/s a corresponding current pulse

through secondary winding of transformer X1. 15 Figure 6a is aﬁg@[as&gf
the VOREGS LRSS dhermPRRARG AL AR yiRse 3t PUbRIETIRRS AQGrises at

be seen that,.in each cycle, there is a voltage peak corresponding to the
B e g ST B U ST R RU AR o B R ORI A SRR

6a. 20 As described, with each current pulse through secondary winding
of transformer X1, the capacitor C7 charges up a little bit i.e. the voltage

al Mqeier2 B4 RCHSSESiaR IRl IS UBDSRYERLEYRE v Rion and Figure

capacitor C7 charges up bit by bit and the voltage at node 206 increases

shit Dyhiwkigfiret CieatgrapBraé sV PORREPBEent.
PCTISG2006/000058 31 voltage at node 206. It can be seen that the

voltage at output node 206 rises at each switching cycle and ultimately
reaches a steady state DC voltage. Figure 8 is a block diagram of a
sedberRndRIsEEInGat BTelsetondraivhatitidigilhesttagdhiofigarérstisiteaisame
implementation of that embodiment. It can be seen that the second

emBOHIM B ANRPHEREH RIGERE BPidhRadditien of regulator 119. That s, in

summary, the arrangement includes AC power supply V1, current limiter 101
10 (effected by two capacitors C1 and C2), rectifier 103 (effected by four diodes
D1, D2, D3 and D4), voltage limiter 105 (capacitor C3), RC timer 107 (effected
by 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

15 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 2086) to the
load. This is important for loads that require good power supply voltage

20 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 too



as the first embodiment except for the addition of regulator 119. That is, in
summary, the arrangement includes AC power supply V1, current limiter

101 10 (effected by two capacitors C1 and C2), rectifier 103 (effected by

four diodes D1, D2, D3 and D4), voltage limiter 105 (capacitor C3), RC
timerolds(@eted by resistor R1 and capacitor C4) and timer re3e$#085/000058
(diode D5) for switch 111 (effected by transistors Q1 and Q2, resistors R2

and R3 and capacitor C5), transformer X13%ectifier 113 (diode D6), filter

115 (capacitor C7) and optional 15 snubber circuit 117 (effected by

capadiioh deasnessisde RZ)witherealctowmeriaddititonatydidhsdbs base emitter
regulator 119. The function of regulator_119 is to reduce the fluctuation of

the D VBRATECE(IRBUBN0 (FoRSIB b thewisdtOTHiY iSWIHAR B8, the
o B S B e SRS LSBT A g e
impl [ ' t ISt 3 istar .
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diode D7 will break down. This will forward bias thé base emitter of

transiséen Rfarg aENGF trRNGiefdRBEPSMET A ItaBly SwdisbineRR&IaeHg
charging of C4 will be stopped as current is drained to ground through
resistsiogpiran drsaregisicito 871 frafiediathim’ @ittih thel Otautdsoltage at node 206
consequently switch 111 5 are switched off. As such, the transfer of
energyrdpsicthel pwile peidkdownevaltagsndbiyesiemer diedzdhéformer X1
temporarily ceases, consequently

10 Figure 10 shows a second circuit implementation of the Figure 8 embodiment.
In this implementation, transistor Q3 is replaced by optocoupler IC1 in the
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

15 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

20 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



stopping the capacitor C7 from charging, until the output voltage at node
206 drops to below the breakdown voltage of the zener diode D7. 10

Figure 10 shows a second circuit implementation of the Figure 8
embodiment. In this implementation, transistor Q3 is replaced by
OPRRWEHISTRC1 in the regulator 119 and resistor R6 and zeSITHGUWIB005S
are appropriately connected. Using an optocoupler is advantageous
because there is then no physical conné&tion between the primary and
secondary sides of the circuit. The 15 optocoupler functions as a switch in

the BRELATIRERKERFANSRIBRISIISUSE A O (oRBRMIRD JoRAGEaNoEgRPT the

node 2086 Is sufficiently hi uch that zengr dipde D7 breaks down, the
Iigh?recrlﬁl thg oo eo(f'éﬁ%%iﬁ?nct'ﬁ%u &rﬁcgl?ﬂé?cgﬁﬁg' 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 20 optocoupler.

As pigarsly Teatineeed diBg-ar 9 aURIRS Eiﬁaaaiﬁh@ﬁ#@?tﬂgm%ﬁ&&’ and Figure

secondary sides of the circuit are not physically connected as the
sswit@hehgvierctipouis implim@dasinefighi staingianapptocoupler may be
more acceptable for safety WO 2006/098702 PCT/SG2006/000058 33
requirements (because there is such a high tension on the primary side of
the circuit) as the two sides of the circuit are then isolated. Figure 11 is a
blobicandkpseeor thahthe shindoinhedinadh dliusteried indfid Wi (i fleis Bhe2same as
shows a circuit implementation of that embodiment. It can be seen that the

 thild e frpoemRerimrRkReRPlhabimet 1ereht08dmpodenger required and
switch controller 610 and MOSFET switch 611 replace switch 111. That is, in

10 summary, the arrangement includes AC power supply V1, current limiter 101
(effected by two capacitors C1 and C2), rectifier 103 (effected by four diodes
D1, D2, D3 and D4), voltage limiter 105 (capacitor C3), RC timer 107,(eﬁ'ected
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
15 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.

20 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



the first embodiment except that timer reset 109 is no longer required and
switch controller 610 and MOSFET switch 611 replace switch 111. That is,

in io summary, the arrangement includes AC power supply V1, current

limiter 101 (effected by two capacitors Cl and C2), rectifier 103 (effected

by feordeedessop1, D2, D3 and D4), voltage limiter 105 (capacitectl&32d8€00005s
timer 107 (effected by resistor R1 and capacitor C4), transformer X1,

rectifier 113 (diode D6), filter 115 (capacita¥C7) and optional snubber

circuit 117 (effected by capacitor C6 15 and resistor R 4). The
arrangaitehinagditherswijon 8l dsrmaB Fritahwiahimbede it @s will be described
between the AC power supply and the primary winding and switch
contrdiRPg1 ngiﬁﬂeﬂsf%?'ﬂ#@raﬁr‘am@?ﬁéﬁﬂ\%%‘a@%ﬁééﬁﬁf@%“ small so

Figure 1 and 2 arrangement will not be discussed in detail again. 20
ArrangihiiRe 15 Ty E@ﬁ*’f%&ﬁﬂ@@é{ﬁ%@‘?&ééﬂ&f fogtroller 610
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when the switch IS “on, théere Is a current draln through the primar

windirgyangd,w Rﬁ@t%‘?c%‘{’{ﬂé&é% AR imArsE e ALANJAUIN Ry Q12

primary winding. Resistor Rl and capacitor C4 together form RC timer

607 thakrerisstbedivige of the WO 2006/098702 PCT/SG2006/000058

34 switching of the switch 611 through switch controller 610, as will be

described below. In addition, resistor R1 is chosen to be large and

capacitor C4 small so that there is minimal current drain to prevent loss.

The sWiiteloperstioherf6i® affangethbpttafd-igansstior el 12ascQfbllpws. During a
Zener diode D11, and two resistors s R12 and R13) is connected to

transfirphdalk cyaiaetenssriion aslthanelaoe of the rectified AC signal at node 200

10 rises, capacitors C1 and C2 are discharging (from the previous half cycle) and
capacitor C4 (and optional capacitor C3) is/are being charged up. When the
voltage 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

15 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.

20
As described, once the rectified signal voltage is at of near its peak, the switch
611 is switched on. This closes the circuit and causes a rapid rush of current
tl;xrough 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 rapidly to



form a thyristor device, The operation of the arrangement of Figures 11

and 12 is as follows. During a first half cycle of operation, as the voltage

of the rectified AC signal at node 200 io rises, capacitors C1 and C2 are
discharging (from the previous half cycle) and capacitor C4 (and optional
BN is/are being charged up. When the voltage at REHEG20P5[600058
sufficiently high, due to the charging up of capacitor C4 (this happens

near the peak of the AC signal), the thyr?étor device will switch on as the

It C4 rises iciently high above the breakdown voltage of
e B R GR B RSB R St p @en Winding of
S itehi thyristor device, the switch 611 is .
o e B S8 e Sdotors
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threshold voltage of the switch 611. This cycle is subsequently repeated

cormgouti\ElyarRdCswieacrbad 20tcrRillkad eptilind. Sione! eoltaaed akrdfully
near its peak, the switch 611 is switched on. This closes the circuit and

5 cabesgedafie austentf sopefiowing gb. the priiteryssiffeciiviie sainsietash).

10

15

20

X1 and through Cl and C2, which charges C1 and C2. When this
hadpehimiseile rieuat Abee200 ke apidyryonudirpobibedssegdormer in
PCT/SGZO(PG/OOOOBS 35 ground because node 200 is shorted to ground
thr§85R BE€'Brimary winding of the transformer X1 when switch 611 is
switched on, and because the capacitors C1 and C2 in the AC input line
act as high impedances. There is a voltage drop

While switch 611 is on, capacitor C3 discharges through the prirﬁary winding of
the transformer X1. Once capacitor C4 has discharged through the thyristor
device, the RC timer 607 is reset and the RC timer 607 and switch 611 await
the next peak from the rectified AC signal at node 200 in the next half cyc!e.
During the next half cycle, as the rectified AC signal increases from zero to a
méximum, capacitors C1 and C2, which are now charged up, can discharge. As
already mentioned, resistor R1 is selécted 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



across C1 and C2 when node 200 falls to ground. Once C1 and C2 are

fully 5 charged, the current stops flowing (i.e. the switch is effectively

switched off). This limits the amount of current to the primary winding of

the transformer in each cycle. While switch 611 is on, capacitor C3
disshagesadzough the primary winding of io the transformer XeC@pc2006/000058
capacitor C4 has discharged through the thyristor device, the RC timer

607 is reset and the RC timer 607 and switéh 611 await the next peak

from the rectified AC signal at node 200 in the next half cycle. During the

next H&XRIBlebE Suscuridisieady sigitaPhcreliags issancbed & autput node 206.
maximum, capacitors C1 and C2, which are nhow charged up, can

dischdrys. s eltage itpravidrib iR ihe derd dfime-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 lossesto a -

O ey R R AR R G SR AR burrent
ogiNgl NG R RPongHR WMP{% m%@m BReQHiodReRts, the

current drain in the primary side of ormer X1 results in a

correspnsisT apdrp s arant fomcdnrpedhdae s esesoiey side &fflow through the
transformer X1 so that capacitor C7 is charged WO 2006/098702

PCT/SG R 00 @0dssis! Uit Dyibicchieolmtiicssteany sfamieCosnkaged.
is reached at output node 206. This DC voltage is provided to the load
Rload.

As before, note that it is preferable that the switch 611 switches on as close to
10 the peak of the AC signal as possible. This creates a maximum voltage peak
across the windings When switch 611 is switched on. If the switch 611 were fo
switch on at the start of the AC signal (i.e. when the AC voltage is at zero), the
arrangement would not work as it would simply be as if the switcﬁ 611 wére not
the}e, and there would be no sudden in rush of current from the AC supply and
15 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.

20 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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As already mentioned, once capacitors C1 and C2 are fully charged,

current 5 stops flowing through the windings. Thus, as in the other
embodiments, 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
AR EBFRver consumed. As before, note that it is preferdt§i&/H6a0a@e00058
switch 611 switches on as close to to the peak of the AC signal as

possible. This creates a maximum voltade peak across the windings

when switch 611 is switched on. If the switch 611 were to switch on at the
start of the AC signal (i.e. when the AC voltage is at zero), the

k as.i imply.b if the.switch 6 .
e R e T A S SRR R e Ve po g Eraure
AC; &%M@Q%#&%@?é?ﬂ&ﬁ@ﬁ%éﬁ{%%ﬂwm%ﬁg would not have
ha e switch 6

time to charge up. That is, t 11 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

thdt\aiteige sakihz] the fitetodnibediiasatiliGsracsy asmAgwEageidhiesame as
and, in certain circumstances, may be omitted. However, if C3 is present,

it vt hisdopmimd inhemd) exitb pE thad stines né diifiiber ACT syl ditspaiedido 85 are
peak. Thus when switch 611 is switched on, the energy stored in C3 is

traPREVERd frary 82a sane navstorans: thindirepgevertdodidssacpower

PCT/SG2006/000058 37 Figure 13 is a block diagram of a fourth '
eniyBahYAt Eﬁ‘ﬂ‘f@fﬂ%fﬁﬂgﬁﬁé‘ Pl diedepiid. PerBFtand D4), RC timer

im%amg é%ttigcrl] t%; }Q&g&mﬂqdﬁi'%e gé'pacitor C4), transformer X1, rectifier 113
(diode D6), filter 115 (capacitor C7) and optional snubber circuit 117 (effected
by a capacitor and a resistor). In this embodiment, the rectifier 103 may be a
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.



5 It can be seen that the fourth embodiment illustrated in Figure 13 is the

same as the third embodiment except that current limiter 101, and voltage
limiter 105 are omitted from the circuit. In summary, the arrangement

includes AC power supply V1, rectifier 103 (effected by four diodes D1,
D2waensadd7bp, RC timer 107 (effected by resistor R1 and capexiteG8ekypo0oss
transformer X1, rectifier 113 io (diode D6), filter 115 (capacitor C7) and

optional snubber circuit 117 (effected by a38apacitor and a resistor). In

this embodiment, the rectifier 103 may be a half-wave rectifier which only
compristseal gy reafrrieofthe NtiEEat sadernAg avelitas Whenvaliags at node
controller 610 of the third embodiment are also present in the fourth

emborihElsi-tisRdemrerencarIM Gt Hedimged dds ¢harged through

[ bodi ill be di di ' in. Figures 15, 16,. .
R S Do AR R R ek e
10 timee31 SO IpCGEERAULA VBIBHE dfinEAliap SIS alts ffistor device

circuit characteristics taking place during each cycle as the voltage at

20 thegivbpesiedadigingteftsiRary il ¥abass draleinBcavith kS is also
made to Figures 15, 16, 17, 18, 19, and 20 when describing the operation

of thes{gsta desRbptlBRRIMOMZPNE ARS8 HAIREIE PEWKIAAP08RRAR3 may be

Figure 15 is a graph of the voltage at node 200 over time. When voltage at
node p2&Rratsivt svotdtesd foonvherctheapeltiigs vnotiR COnadaibditsspeak value.
charged through resistor R1. When the voltage across C4 (voltage at

node ¢ syrvrmoimisRitiomena pecaitainetheybreatinbihe tioiegenstantof the RC

Zener diode D5, the thyristor device
timer 107.

10
Once the thyristor device is 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.

15 In order to enable the charging of C4 during a next cycle, the thyristor device
has to be switched off before the stért 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.

20
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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5 formed by Q1 and Q2 is switched on and subsequently, the switch Q3 is
also switched on. In order to maximise the available power output, switch
Q3 may be preferably switched on when the voltage at node 200 attains

its peak value, This synchronisation may be attained by varying the time
CBALPPE IRe RC timer 107. 10 Once the thyristor device i®ESWHEHIEEH/BAISS
it continuously drains current from C4 and R1. As R1 is of high resistance
and C4 is of low capacitance, the voItag%’ across C4 (at node 201) drops

ickl h in Ei 16. 15 in order t le the charqi f C4 .
oG S e RS PLAT R RASA Beeg. RCHs P gTaee |
t A itchi thyristor devi
e R A S OSYITERASTS which ¢ unabe 1o provde

enough current through R1 for the thyristor device to remain in operation.
20 Referring to Figure 17, it can be seen that when the thyristor device is

swhisties] cone th €l gaieyvial the e oty Siring honeassg ORkriatmgb adbss R4
and consequently turns Q3 on. When Q3 is "on", current flows through

thénodien 203 dredingsifatesrss fampelikélp stteau¢higanertf).iv\dtendd opénation,
form E =/2 LIZ, where E is WO 2006/098702 PCT/SG2006/000058 39
enbg garyeliags Oifdd cepreassamdjieiiimppwisrinitagativcieanstorMar

and | is current passing through the primary winding.
switches off when thedifference between the gate and source voltages drops

below its threshold voltage. Once Q3 switches off, the energy stored in the
primary winding is transferred to the secondary winding. Figures 19 and 20
show the voltages across the primary and secondary windings of transformer

X1 respectively.

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 aférementioned 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.



As the current flowing in the primary winding increases, the voltage across

R4 s (node 203) demonstrates a ramp-like pattern (Figure 18). When in
operation, the gate voltage of Q3 decreases while its source voltage
increases. Q3 switches off when the difference between the gate and
sowvee2(wieger drops below its threshold voltage. Once Q3 switehes208k/0000s8
the energy stored in the primary winding is transferred to the secondary
winding. Figures 19 and 20 io show the voltfiges across the primary and
secondary windings of transformer X1 respectively. It should be noted

that (F%HRCRESBAVE o ROMY BvRR!Y URRY iNameeriemat pelweF RyrRivL Sor

shows switching taking place at a frequency of approximately 15 120Hz.
Ther&GERR2 t%ﬁ%ﬁ@h%%mg&rmﬁmmﬁd below.)

invention have lower switching losses compared with conventional
switching mode power supplies which operate at higher frequencies.

Figurlei%%rg W&‘JS\%PQHVQ@%&( 24 ﬁ}%ﬂ}/&ngogoirp ngcsz% ol a%rﬁ]sé&g power supply

application 20 and Figure 22 shows that application irnc |tn°g

@“bqgjm%iﬁé%ﬂ}b?mﬁﬁim%@rﬁgé‘ Kol ﬁfﬁ%ﬁ%ﬁé{}’ when in

by
show the power supply used as a standby power supp

applispeeation rantdDat iSleisrber AT MARs BT BRR RN ES dfandby
directly connected to an AC power supply for providing power for its own

operatiotedinihgce e Sethe/seh BAOEE0DRYOR/ HEANE20GENPORS 40pply
(Figure 23 shows the power supply used in an external power supply, for
exanmiple3arbBeedininrofteptiohdrctivs gasarttiaditeotifsontisads implemented
below. '
us)ing a remote control receiver 1105 in the appliance, which may have external
10 control means (e.g. the remote control) and internal control means (e.g.
automatic standby after some period of idle). The appliance also includes a
power supply 1107 according to the invention for supplying power during

standby mode and a control circuit 1109.

15 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

20 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



Figure 21 shows an appliance 1101 which is connected to an AC power
supply 5 (e.g. mains supply). The appliance operates from a main power
supply when in operational mode but is able to be switched from
operational mode to standby mode and vice-versa. The appliance 1101
tYHRGNYHEDA main power supply 1103 and some form of cATFHAGRIHPg0058
case, the control function is implemented using a remote control receiver
1105 in the appliance, which may have &kternal io control means (e.g. the

t trol dint | control .g. t tic standby aft
Co EHER D RIES AL SENE d e T RO P B Ly o

econting fale ISaInIar suRling paner Auring, SRR mOE R 0fou

a control circuit eration of the"arrange t will now be

desartershinHENSHbES R DYERGVBPT1B5 U BBAR ARG ARRIANGS: supply

1101, the main power supply 1103 provides power to the remote control

rece]od td Katemadaipttisingtans efohe appliance. When an
instruction is given to the remote control receiver 1105 to put the system

5into standby mode, main power supply 1103 can be shut down 20 and the
remote control receiver 1105 can control the main power supply 1103 to
switiguotf ¥astmweolisirauirigkdehef Sigywly Gflpesirey therproystasigiyly of
mode to remote control receiver 1105 will then be taken over by standby

poWisiues §diye- the meernrhetnbadimery abpady Arasibednastbastpadnspower

the instruction to switch gon the system. When an instruction is passed to
swittRRb HhE7SFERLAPSRI SIS et IEsoml e RssdescRgRigh

remote control receiver 1105, standby power supply 1107 can also

10 Figure 22 shows an AC power supply connected to main power supply 1103
and standby power supply 1107. The main power supply 1103 is connected to
an output for the main functions of the appliance when in normal operation. The
main power supply is also connected to control circuit 1109 which is convnected
to the output node 206 of standby power supply 1107 and to the remote control

15 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

20  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



provide the power to switch on the main power supply 1103 via control

circuit 1109 and the remote control receiver 1105 can control the main

power supply 1103 to switch on via control circuit 1109. 5 Figure 22

shows the arrangement of Figure 21 using the power supply of Figure 8
(i.ewtbemenayd2embodiment already described) as the standby wem&t2006/000058
supply 1107 and operation in more specific terms will now be described. io
Figure 22 shows an AC power supply conrécted to main power supply

1103 and standby power supply 1107. The main power supply 1103 is
conné&érarior & dunsevéntate Tham thadlicrimsirthe7appd aeossduentin the switch
normal operation. The main power supply is also connected to control

circuift 11 eoaheibnsiitdieseeted Vs MeansihiatrgEnsopesaRrasstisnden the
supply 1107 and to the remote control 15 receiver 1105 which acts as the .
oad 5P SORRY S100P SROFRFAPIRATE SENEPLARHG BB ML
supplgsesltgggvcpcr)éo the micro-controller within the remote control device.

When the main power supply 1103 is on (i.e. during normal operation), the

20 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\WeWtﬁ%HhﬂF%oWe?-sWﬁlWﬁhQ@U§%¥h€.&&§%ﬂg‘§i§ﬁdﬁﬁr®§i§£@h?{ the
Q3 in regulator 119 to be forward biased, causing transistor Q3 to switc

on. Thisitaeastsolitptichodsn 2od wilbditupihedolo e brebikdovasieitaitlairener

. transistor Q3 so that charging of WO 2006/098702 PCT/SG2006/000058

42 diode D7. As transistor Q3 is switched off, the RC timer 107 will be switched on

and the switch 111 will activate i.e. proceed to switch on and off twice during
10 each AC cycle in accordance with the RC timer 107 and timer reset 109, so as
to provide a pulsed current drain through the secondary winding 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
15 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.

20 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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capacitor C4 is prevented. Thus, the RC timer 107 and consequently the

switch 111 are both switched off. This means that, during normal

operation when the main power supply 1103 is switched on, the standby
ower supply 1107 is switched off. 5 When the main power supply 1103

¥ BAY%4%8¥fing standby operation), the voltage at output nG§&/SG8(6R00058

drop below the breakdown voltage of zener diode D7. As transistor Q3 is

switched off, the RC timer 107 will be sititched on and the switch 111 will

ivate i. dt itch d.off twice during i AC cycle i
o A W R i 165 P RLP et 10805 Ao-laAthovio -

pulsed cyrrent drain through the secondary winding 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

CoRigakece8ivrRowS 4 BRtaiuAN g Sirtdup pApde oA for ibeadinestentd gorer,

standby power supply 1107 may also provide power to switch on the
mavhiploisesosnppigdL tO8WAC pomtes| stirmlit (616 9mwedien shppdy)s Raring normal
instruction to switch on the system from the remote control receiver 1105.
200PRrfation3showin thewss\eepelyo bR d Millepiiovideithreinaveer ity shedoeddt the
application. Figure 23 shows the power supply used within an external

pONHEPUE BRSO IBER MR B LSBT SRR tRuitehRsom R A&

the AC powe ly and provides power supply, more commonly in the

foRGFESH Yo AR St AP B RIS © be Charged Is
connected to the charger) and switches it off when the load is removed. During

standby mode, the power is provided by the standby power supply 1307.

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



43 to its load. An example of such an external power supply is a telephone
charger. Figure 23 shows an external power supply 1301 for providing

external power, s which is connected to an AC power supply (e.g. mains
supply). During normal operation, the main power supply 1303 will
provideibeoeeryer to the load at the output. Sensor 1305, whichayda6og/000058
current sensor, switches on the main power supply 1303 when a load is

present (e.g. when a device to be charged #& connected to the charger)

and switches it off when the load is removed. During io standby mode, the
powemniagioeis|edityp e stantivyqeoanet stippldadcss Wiiehaararmpenaite in normal
works in a similar way to the arrangement described with reference to
Figuresogie and szandityanade) nvdthipsitarsappiwesegnslissitensdpplyifigepower to
during normal mode), the standby power supply 1307 is switched off. 15

WherPgfetbuheihaiing elegricaldamigedsrmynacser Prinet sakio aiirthes the

ff the mai ly 130 d the st ly 1307 i
cwicHERTO AN LRSS aWE LB A7 58 SARES SHEBENEF o gigndlone
sensor $A03,10, e o the E\é\éetrh%!tlP&%Y)i%g’?o?tbgfé%%%r%gggxwﬁon,

ain
ower suglp ies for ele ﬁ%]c*e
modeto normal mode when the load Is connected to external power

S“"’“Yné%%&@»ﬁ ﬁ%&%ﬁe@ﬁaﬁ?%@?%‘ﬁ%@@ﬁfigqﬁ&mm%lyegged into the

invention provides a power supply with low power Consumption.

powengtpaly dhaivebad pRA e annYightiRkgatiRRs ERERpIRY draBlications may
consumption is important. Some examples are as standby power supplies

in eleelidealslenigesy@dg. in televisions, washing

10  The power consumption of the described power supply can be very low and can
certainly be as low as a few milliwatts, which, as already mentioned, is a typical
power required to “wake up” a device from standby. This is in contrast to typical
power consumption using conventional methods, which is commonly frorh
several hundred milliwatts to several watts. The actual power supplied can be

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

components.

20
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WO 2006/098702 PCT/SG2006/000058 44 machines, microwaves,

stereos and other devices which are operable in normal mode and

standby mode), within external power supplies for supplying power to MCSLLP
detect whether the electrical device is connected or not and to switch on

the main power supply (e.g. within a péttable telephone charger) or as
standalone 5 power supplies for electrical devices that require low power
CbAdMBption, including low power external power supplies (e.g. a night

light, plugged into the AC wall socket, to provide dim lighting). Other

examples of applications may also be envisaged. in The power

consumption of the described power supply can be very low and can

certainly be as low as a few milliwatts, which, as already mentioned, is a
typical power required to "wake up" a device from standby. This is in

tontradt petypicsu ppbifer eorelestptohdeyinectie eateriss upellicusnlisshg:

is commonly from several hundred milliwatts to several watts. The actual
power &L iliriistaniss fosuprigioordingNearRUiniNgms, dpdmaiyiatenand a
values of the circuit components. 20 MCSLLP 45 CLAIMS 1. A power
seEpasy ayinslngrivakdesscsdney sitvetkappignesynpiisling Bagaconnectable
transformer comprising a primary winding on a primary side and a

to a 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.

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.
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secondary winding on a secondary side, the primary winding being
connectable to a AC voltage supply and circuitry on the secondary side
being arranged to provide a DC output voltage for the electrical device; MCSLLP
a switch between the primary winding of the transformer and the AC io
voltage supply; and c) a rectifier for rectdying the AC voltage; wherein the
switch is arranged to switch on at some point as the rectified AC voltage
mcreaSasefpmweae s fply ofeunire, andepeie tiwe seitihethhde iy ehapiebias a
increased to a non-zero value, thereby providing a current flow is through
shetphinamyratieding 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. 20 2. The power supply of
claim 1, wherein the switch is arranged to switch on close to each peak of
fhe reciifiehdwerditagsy 3f thamolyéursigpboaimigingla tuthett limiter
comprising a switch timer. MCSLLP 46 4. The power supply of claim 3,
avhengiedtihe ldwitdhdisranimnt ofi pladdnt dloswirighttoanighl itre priffterp ovireding.
supply of claim 1, further comprising a current limiter 5 arranged to limit

the amount of current flowing through the primary winding. 6. The power
supply of claim 5, wherein the current limiter comprises at

6. The power supply of claim 5, wherein the current limiter comprises at

least one charge storage device.

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, further comprising a voltage limiter for

preventing breakdown of the device at high voltages.

10.  The power supply of claim 1, wherein the rectifier is arranged to full-wave

rectify the AC voltage.
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least one charge storage device. io 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 devic#!CSLLP
of the current limiter has substantially fully charged. 8. The power supply

of claim 3, wherein the switch timer is aferable is with a switch timer

reset, the switch timer reset being arranged to reset the switch timer after

e swiltle pasvee & splitcifedanit. . Wherpowbestipplitgf ataihe dcwtidary side
comprising a voltage limiter for preventing breakdown of the device at
pighigettdye AP UltO oliag ¢ fovehsuppbirafall diwite wizeseth thea attifisyesdevice
arranged to full-wave rectify the AC voltage. IMCSLL.P 47 11. The power
whpptycbbatgmul ddnémgiediol di€Ceinteon the secondary side provides

the output voltage for the electrical device via a charge storage device

which charges up during each AC cycle. 5 12. The power supply of claim

1, wherein the current flows through the secondary winding when the

$@itch Thewitchedseffplg ofakaétn dd vidresapplyie g poerr ftoves teleetghdhe
device, the method comprising the steps of: 10 a) providing a transformer
Secomgl arp iviTadin g iwt ey thedsaviselt om dawijclhvad diffg, the primary winding

being connected to an AC voltage supply via a

13. 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

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

increase again.
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switch; b) providing a rectifier for rectifying the AC voltage; c) as the

rectified AC voltage increases from zero to a maximum, once 15 the

rectified AC voltage has increased to a hon zero value, switching on the MCSLLP
switch to provide a current flow through the primary winding and hence a
current flow through the secondary windgng; d) converting the current flow
through the secondary winding to a DC output voltage for the electrical

davice Taath2&R) SWiteling oF, tidsmite RlegfencothaviestifigtonGheodaeh
starts to increase again. MCSLLP 48 14. The method of claim 13,

BOIRRIBH VARG BiE IHIAMHIEAEC Fo CRIBIP TR IVHSBIRLAMOAC
switch close to each peak of the rectified AC voltage. 5 15. The method of
gatayd3, wherein the current flowing through the primary winding is
limited by a current limiter. 16. The method of claim 15, wherein the
current limiter comprises at least one charge storage device. 10 17. The
method of claim 16, wherein step e) of switching off the switch comprises

switchimpeofhthesEEDIginge §)avblrsge tHoragedit e pigdeviiashathéhsrimary
current limiter have substantially fully charged.

winding is limited by a current limiter.

16.  The method of claim 15, wherein the current limiter comprises at least

one charge storage device.

17.  The method of claim 16, wherein step e) of switching off the switch
comprises switching off the switch once the charge storage device or devices of

the current limiter have substantially fully charged.

18.  The method of claim 13, further comprising the step of charging up a
charge storage device as the rectified AC voltage increases from zero to a

maximum.

19.  The method of claim 18 wherein the charge storage device forms part of

an RC timer for the switch.

20.  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;
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is 18. The method of claim 13, further comprising the step of charging up

a charge storage device as the rectified AC voltage increases from zero

to a maximum. 19. The method of claim 18 wherein the charge storagé\/'CSLLP
device forms part of 20 an RC timer for the switch. 20. 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 gL SPFdN SWIRHRGHROINE T AINScIRS M sRRHSH MhE SHLENd9 a

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

power supahdtRy peavidisgmMWRSr BEENgistapeReMmadentpshmdisntielder to the

switching on the main power supply, the standby power supply

EOMFSIFBI Widhm g VS REMBEROPHIS A BN NIREYstENE g rowa Psipaly
side and a secondary winding on a secondary side, the primary winding
bempriamgectable to an AC voltage supply and circuitry on the secondary
side being arranged to provide a DC output voltage for the electrical

device s haranisfdtipetneenghsing R anandiRtheinh o i ansfpnasr 986 and a
the AC io voltage supply; and c) a rectifier for rectifying the AC voltage;

whretnipevavdiel nadrasgeddargwitth encabserae paidiag hengatiatkctable
AC voltage increases from zero to a maximum and once the rectified AC
uoBAORC 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.
21.  The electrical device of claim 20, wherein the standby power supply
further includes a current limiter arranged to limit the amount of current flowing

through the primary winding.

22.  The electrical device of claim 20, wherein the current flows through the



has increased to a non-zero value, thereby providing a current flow

through the is primary winding and hence a current flow through the

secondary winding, and wherein the switch is arranged to switch off ~ MCSLLP
before the rectified AC voltage starts to increase again. 20 21. The

electrical device of claim 20, wherein the standby power supply further

includes a current limiter arranged to limit the amount of current flowing
Syeviaatyaphanagwmiasing evitthesalastbisalidsyice of claim 20, wherein

the current flows through the MCSLLP 50 secondary winding when the

switch is switched off.



