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1 Improvements relating to Lighting Systems This invention relates to
lighting'systems, and in particular to power adaptors for solid state light
soutsemsa fsaeently, solid state light sources, such as light emiti i B
(LEDs), have been incorporated into conventional lighting systg%%sg{(%%)0%%%39:m
particularly those found in domestic settfngs. LEDs are current-driven
devices whose brightness is substantially proportional to their forward
curreniaRaveRiaRalMaihe Deolid state light source would be
driven by a power adaptor t e5 the cturrent through the light
source, and adjusts the current in order to control the intensity of the light
sutpuivermicaly eEagseny ' icular, salid
s‘%%?%!’i%pti . lfnits including ;ﬁl mﬁlﬂé}ﬁﬁ% b%ggl?g étpéa}it\g\ﬂ}gaﬁlﬁ goo%grkcvcec% %%a;}: ors for
eco @B aitl 6mestic settings for providing so-called 'mood
lighting, 15as described in WO 2006/018604. By providing three different

I of light emitting, diodes (typically red, green and blue), the overall
oo s R LR g S g Weas Py nave beor
insperaledtiyioaying Mtégstty@éﬁgl?hwtﬁagtf@gmrgﬁ%@ thend in

| g r ventional method of regulating LED,
e T e A T e oo e
PhiticR] s RiersrEnnalivdheisdwarsuoplyanpicatiyregtidates theareltage 4
RIFOSHRG T rasi t current driving the
FD S det’gi‘rﬁ?fﬂ%ﬁg”i:ﬁafé%%@%%‘%% R R e

UATGBLIRRRcLRe HioBE surresiatst adiviwiaviére cEmantypicaliyiav®BBal the
hoensiy graeniightiiesencoaly s hehuea ey igBBiiun apiRiangs
1ISaav

range due to (iem e@hure and manufacturing variations. A antage
RSy Uiy &2 5@% PERBBRILUBIG & He kel Selictiséatsttio poararrces
hand heoominpensity df dmmh@mm@?f;dﬁfﬁi@n@gikgégéJéakt:éa'hytrﬁ%@ lighting,
i j niform light. output between lighting units.

s A T A R e A el it el
emmmmrﬁue@ﬂye@h@?mmfm ligm)nggsywems basingdp ekl dnght output

' : ' ighti its, T isting. i t¢
?m@&%&)@ggﬁt@gf?ﬁght r%t)\?gﬁ@W?F}Sdepe%sd%r%i(}lfsvg%ﬁg\%% l%tgr?sf%)rlsof
light output from each of the different colour groups.

A conventional method of regulating LED current is to drive the LED with a
constant~current power supply. In particular, a constant-current power supply
typically regulates the voltage across a current-sense resistor, such that the
consiant current driving the LED is determined by a reference voltage of the power
supply and the value of the current-sense resistor. However, LEDs typically have
a forward potential difference that varies between devices within a tolerance range
due to temperature and manufacturing variations. A disadvantage of using a
constant-current power supply is therefore that the total power and hence intensity
of the light output of different LEDs is likety to be different. This can lead to non-
uniform light output between lighting units.

In WO 2006/018604, a number of arrangements of power adaptors and dimming
cantrollers are described for lighting systems having both incandescent and solid
state lighting units. These existing power adaptors are able to control the intensity
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2 of the light output and/or a colour characteristic of a solid state lighting

unit by producing driving signals for the LEDs using conventional pulse

width modulation (PVVM), or using a squared power law saw tooth

technique as described in WO 2007/026170, such that 5changes in the

duty cycle (or on-duration) of the LED dride current give rise to

corresponding changes in the amount of average current made available

to the LEDs via the power adaptor. This current regulation stage is

i diren bidlpt 2 Prodessiiocontioliedicosser istapathatisifed-wy RBwitchnmederoducing

POME RyRRsLP é@év@ésﬁé%%%&&i%ﬁ%n%lﬁéﬂ%é Ld\ﬁggfr{ 'wﬂo%igl%\/igi[f Wi\éil)h orusing a

power adaptors can cause harmonic currernits to be drawn from the m
SHYEHRIH R Wi RAY I RRINSHE S areaRastinatim BBEE/ NIRRT Greuss that
camm&adetbémmanqmmf(euﬂmmrﬁn@@mmagmﬁay@%m@%f@%s@fo

i T 1as.now been devised an improved power adaptor )
R o BB e R ey LEDs vi
TRrRIRE aoaInaddisasstrihteaAtivnriiastde aqmsiihecordiessto cofitstiied closed

iespeet el the byveslintn thete isVavidedif ROWRE AHRRIGHISE BB NSNS supply.
M CIE TR e )

Input for con 10t
sthtVs \wbighlet Yo tiérivpoe ARG pravidedsaha itpudssitatieoforrarivingithe: of a range

oselighsitaisuliabhaauret it ConIoleRARIE Rlives,20control signal

to the power transfer module, wherein the power transfer module includes
an LCL series-parallel resonant circuit, and the power adaptor draws
Toereenasroo thesimpavasdduiratosvef thavwoltagpiat thadnpvbrssei dhtsubstantially

j j ' r lid,state light source is contrgllable
e o e e e e L or en
the invention is advantageous principally because the power adaptor and

At ciminectelhsolishstater ightrieutee westd BRPEANEKS RYRERARIBFESIRIPL lighting

' y, and hence the solid state light source would _
e S TR Bt OGP RshPodit Rofipnnectin
'SR BRAETRIRPIO A @ vantthesisforecteledhatdHeinyeante@xterinalit and provides
aPQUBILIeUHEH B8 viand iesrativelsthr FAintgnsityff JURLAUIRHLERTY deliver a

i ight source can be controlled by a combination
cct:al}]i?raoslslgnsa toetHg pom?er transtrer moduie, where;r)}/ the power transfer module includes an

LCL series-parallel resonant circuit, and the power adaptor draws current from the input as
a function of the voltage at the input, such that the intensity of light output from the solid

state light source is controilable by an external power reducing device.

The power adaptor according to the invention is advantageous principally because the
power adaptor and the connected solid state light source wouid appear like a variabie
resistor to the mains power supply, and hence the solid state light source would act like a
conventional filament light bulb. The intensity of light output from the solid state light source
can therefore be controlled by an external power reducing device. Alternatively, the
intensity of light output from the solid state light source can be controlled by a combination

of an external power reducing device,
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of an external power reducing device, 3 and the internal controller that is
able to reduce the power drawn from the input of the power adaptor. For
eXaPnie/ tiéithternal controller may be adapted to cause a redwatigB20fs/050231
the power drawn from the input of the power adaptor when a maximum
amount of power is available, and then tessen that reduction as the

5amount of power available falls, thereby causing the solid state light

godrite fottohahcamaridingat dimbning estvecAIbaradyvantageafitRenput of

ding to the invention is that the solid state |ight
R R B R R D AP aplod to cause
3 OpFlovidetolitte @pned etemnifechaterageup ohvibeiporde ratﬁap&:hiaxll%a a
' i i ' ' r refore enables a
S e R e P o
ot RreR e bt lRED Mt prefsianyh e iV statrelipohverurce to

eRvidedda-hedEhis sipstandially equal to the average power drawn at
the input of the power adaptor. The power 15adaptor and connected LED

would therefore act like a conventional tungsten bulb when connected to a

@Wamn@g@m?dmﬁmﬁ%@é@t@?gﬁﬁ?ﬁi@li@:m@gmw&vf, ﬁhat the

ink ly,) t \ ra rom input reduces, and hence

T SG0e, CUab0 ot o FoBts k S DUlBa e L EB) S0P ee

povieeddaiptareaists cuimect dramatiredopet asaden mi@@r@é\l‘g@\tﬁ@% at

: I I t r ears as a variable resistor to .

e SO A B R o

cidightiatiag i beeapipaved thegsowesadbiitorfofiyadcapnbe iesiditisoimtale of the
put.that i jallyi,i it .

pipElRe At RS R S ST

SHEH SPHER B B ROVRYIGUEh 2h HiqriBrel PE i amrvwes gdaptor. The power

adaptor and connected LED would therefore act like a conventional tungsten bulb
when connected to a power reducing device, in that the intensity of its light output
would inherently reduce as the power drawn from the input reduces, and hence

the power adaptor does not regulate a constant output to the LED.

The power adaptor draws current from the input as a function of the voltage at the

input in order that the power adaptor appears as a variable resistor to the mains -

“supply. This is preferably achieved by: (i) minimising the capacitance at the input

of the power adaptor, (ii) drawing a sinusoidal current waveform from the input that
is substantially in phase with the sinusoidal voltage waveform at the input, and (iii)
drawing current that is proportional to the voitage, such that the current falls as the
voltage falls. These features reduce current distortion and harmonic currents
drawn from the mains supply, and increase the efficiency and power factor of the
power adaptor by removing the capacitive load presented to the mains supply.
Indeed, these features enable the power adaptor and connected solid state light

source 10 be presented to the mains supply as a conventional lamp.

The solid state light source is preferably a Light Emitting Diode (LED), or a series
of two or more LEDs. Since the potential difference across an LED, or a series of



voltage falls. These features reduce current distortion and harmonic

currents drawn from the mains supply, and increase the efficiency and

power factor of the power adaptor by remO\gng the capacitive load

presented to the mains supply. Indeed, these features enable the power

adaptor and ected solid state light 30spurce to be presented to the
B B T e e e G e agy Soniols the
préfEraBPrawidrE Mitingubio aeder KD)iadTais drieavst ago prwaorsdvEDSim the input

Singsstaatpajential differanse.asioss Ay ED: OTaSBHESAE AN QLPYE power is
LED%%%%{Jbstantlally constant, the power adaptor preferably controls the

Is th
CUPFEIT IR O HeABRT IRBHAEY Y MEFTRETAIRE BVBRAYR B Bk @ control
frongihEoiopubdulystamtiallir@@nstant at a pre-determined value. The
pre-determined average power is preferably determined at least partially
by a reference signal, which may include a control 5signal provided by the

cohtfol@ret RE3pERTET IGRIRSHReIsrIng auap RURNHFRm dheufrestiha s
thed_bmluhﬂibw iﬁ@mmﬁtiailwprmp@@d | @Bﬁﬂﬁé}iﬂmb‘t\l/dmwd ; he éﬂ@%\lﬁériransfer

part It r transfer.module is. prefe adaptedtodrawa, . _
R e o SR SRR i gdaput hat s
witHipledialysoigarse vdtietivev/etondaltvwieaspuevaihet powisputanstethe power
mpgde-ArdandhmerntiolienmrelRrapbidnadas dieu Higianhat inat determines the
determl’_ges ;\?}% é)rors)cggmonatl relat!ggnswﬁgﬁ) between theEcurrent and the _

vOItRBe tRAT WaEHE YRR MO e S SHIT L 8 5 Bl R SR P B IRy A et in @ pre-
fraetatreiiap uvéFagepower traingfdrawodule mmmhe”i“dmlm}\}er msesfer module and/or
pr@@@h{vomge&égew;%&astge'@geagg\fﬁéqrmégé%g@wmﬁe%ﬁéout of the

power adaptor, and determine the required current to be drawn from th

inPRlBaRdePion AN JBIBAGE R R IBAMITeRHR BBUEP A8r plems Hisjnput based on that
inctitdgs wawehage Moaitondaddovidesfareeturesantusitige monitor that provides a
rer@&%%ﬁtéﬁk%ﬂt&&é*}sp‘fS&t&%%t%‘nt'&?tHWélt%‘};%‘%t'?ﬁ‘e’v %E)ﬂggpﬁ% 'pgwer adaptor. '
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The power transfer module includes an LCL series-parallel resonant

circuit, which may be adapted to draw a sinusoidal current waveform from

the input that is substantially in phase with the sinusoidal voltage

waveform at the input. In this case, the controller of the power adaptor

preferably determines the proportional relationship between the current

%nd the Svoltage that would result in a pre-determined average power
RARPHELRIRSRR TR tRCIABs R bE lasesias theatiul tisbendistussedhich may be

aﬂmedTmrawemzﬁmgi@r mﬁdﬂi%@%lﬁbﬂ%m%@%ﬁ E@?%%L%%{aﬂﬂgﬂy in phase

\gﬁlﬁt%r%g[g q&oatﬂ(\?s{ %t gswoatdt ut from which the output power signal is

delivered to h |g?ﬁ€ PR STHE A ARy {bib6idiaeeibignpisplatef the power

fremieheaiaiAbisdpisiynined the poeotinerestitdeshensErRSRatNO JGYSRSENd the

@ITEgB S A A ARSRRLINALL ' ree Ihe contro -

%’;ﬁiw og EQe coptroller,mgi;‘g%eg %@@gfggjggé}%%%%%%%t%%n @&ng\fvgt}lrpod?y?he nput,

Cre R S T GiFBHITR) & HRS SoHTGHAR: powered by an integrated

power supply, this 15power supply preferably draws power directly from
he FoRiastRAMEr SURRIX tRost pief via the input of the power . .
r. In particular, theﬁgégwég @u%@l@&}éss&ére?ggqoglmae rcgﬂgtﬁﬁ? Bliffgke diodes at its

adapt :
9 &Véﬁ&ﬁ’b}%’@?@&% AdRyLRRNERY g bR corRinprecLindit taftikstoroavtittte transformer
iprieteraibly ipesnoteause BRGASHYRIRISLARGHS IOW I £R5L TRELOMD)e that ro

relreuitry isateferabl ed to shut itself down during the off periods of
a mains cycle, %or%%a%%ﬁl%g\?&%)ﬁﬁag%?%wg? 88pt8HEtonnected to a
TRIAC or similar device, so that the constant current device can be low in

Thewernochense shenefisionmimicly 1B TheRows] %ﬂ%%% rr}Bﬁ&ﬁreé]%fu' risupply.

M%I'Léd%%% frqylth%ete _tion]c ircuit that disables the power transte ulé’
the event that the [oad'i8 %%S%HWW'&PW@% s dHasyatafipewer supply, this
pe}g;bﬁ#@liﬁ@ﬁ;ﬁrﬂﬁwwm;w fﬁ(ﬁﬂﬁm@*ﬁiﬂ&‘ﬁ_%wt@ﬁéﬁggﬂfﬁwgst preferably
prefenaply Bichdssian & 0 in I aintain isolation of t
Zligrht goErce from the ma%gfgjp?lq{% Kl%ﬁ éﬁuﬁ%g;%vg%ﬁu |Fr’§/uﬁ% i%r%?er;ﬁy a constant
e R BRI BT HE B RS & SHRFBIaRRa R poide FrdieniTemiatur aihibk preferably
dmfg;f%_éewmme ﬂmmmrmﬁw_peeaﬁ@mﬁ?@&ﬁfg%iQ ably
889 : cuit that regulates the power output.
B e S BRI A o ampe when the
D%\Hafigqﬁp{cgggéqﬁg%qad to @ TRIAC or similar device, so that the constant current

device can be low in power and hence the efficiency high.
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10controlling the output power during normal use. The power transfer

module may be adapted to drive a single LED, or a series of LEDs. The

power adaptor preferably includes a plurality of power transfer modules

that generate separate outputs. Most pre\&erably, the power available from

the input is identical for each 150f the power transfer modules, and the

outputs drive separate LEDs and/or series of LEDs. It should be noted

that in the absence of any control signal from the controller, the output
Thewernmoaic pbducelears theintpitasonwien tethiestoand- tiehite e twethd Power
t3PRRAMIKE A RRVE BUSRAHHIBME RIRUD e JR8 %Hﬁﬂllﬁﬁf&r@ﬁ@%y failure or

da ted to provrde a control signal that varies the reference signal
BEE ' He ol farister haramPEnd Rerre'yAfigstipia circuit preferably
1rmrede$emmmmirawmtagm mn@mﬁmmdmonmﬂ&h‘é/mestdmm the mains
s@ﬁlﬁr@t%wrﬂﬂﬁ%&&%ﬂ'%gf i ‘é(%é’é%%%i?é ?88%%?1 %%?Qér réé'f% no power

preferably able to 5independently vary the re erence signals pro

frippdbs piertiph Higaraneulirs RO fErEsames shenptatiiyerikgnce should

nemae@mmrmlahla@ﬁ)e sosiensepeAfthEDsalesniependenthput. The fault
(ijI(rjrdpf;rrtr“(‘}gIu ar, tgeacontré)ller IS pf uﬁ E%%IEY ada ted to recei ve fial £

comman rom a user’in erface MAic may ta & Yormof & % ower e e

ceadiating ihevicéoid Q@W@SWQH@WWeﬁadaptor, serlal data 10 via a hard

wired or wireless controller, or controls provided on the power adaptor

tself. The conroller | |s refer bly tg mmed with one aor more lighting

TR R R AR R i AT FEHEIIR L DB REhEDs. The

pyveeapamer Mafmﬁﬁynmdudm arplvaiigdoihomesponsesfercommiandsdrgenerate

stperelinans TIBSopuRlanpraierBoleyalarle el BRCRAIINA @ ical for cach

outputting a control srg}é{ al, 15which preferably offsets the reference signal
fi

ohifs PRVSiaEe AR IMRRRIF SheneUrRHE Shibe §%ﬁﬁﬁé\ﬁ@é@f@m§em of LEDs.
;tmwernztbansfmrommruretmbatbseeféeatedrryycmmtﬁ@regﬂﬁ@kﬂh&reowaﬂr@lIehe output

referahl e ¢ ks of the.in

P PSR AR N e e
cayafi g tHaisstdifent drawn by the power adaptor remains

substantially a sine wave in phase with the voltage at the input, and

current harmonic distortion is minimised. A further possibility is to apply a

distortion, preferably a DC level adjusted saw tooth waveform, with an

amplitude that is sufficiently low that it does not cause distortion of the

current drawn from
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25the input that is greater than allowed by the relevant harmonic standard.
This saw tooth waveform takes advantage of the squared power law to
prévidecgreeise current control at low levels as described in WELT/GB2608/630231
2007/026170. The saw tooth waveform is preferably allowed to reduce in
amplitude as the DC level moves towargs controlling higher powers to
minimise the harmonic distortion of a 30particular channel. Since each

Ebweotrauéaéeﬁmmnefel@ﬁﬁyrmj@mr?/verﬂ@gwa;@rcdh&m@éﬁfaieﬁl@iﬁvéﬁé’ﬁﬂ@e |
r ijable to the input of the er adaptor, the qutput
SRR S RIS e O L0 AT Sk e S o

ﬁ@ﬁ@ﬁ@ﬂmﬁ?@maammwe e & poviee fromtthe irpetensbhenegiaptor
iPavide; 3 raduged avaiaae t%@r%é’éﬁ@gm}i{%’ a5,1nsRPW rrgf\é?a'zlfggleabie to

from the input of the power adaptor reduces. However, each powe

RERBRIIIRDNHN I v v geansredionaia dirnuiriegh éosmarepnweawansien the
ingetisbainsieasgd \éﬁk&@é@%ﬁbi_ﬁnE@Hgiitf}egff%ﬂ{‘é%imé@‘b@%kﬁrﬂt@’éﬁgé Ds
vailable from

%Hgfassocjated LED, when a maximum amount of power is

PGt 3R ‘oo Fbe ER RRARGIY iR inpasiniian by grntroller is
wentraliey tolgpeside estyithecpanmeiies tsed JQrBRaKIBMAR QUIPHIARG PPke

Jmore. Asi,the external, pawer reducing device lowers the available input
R A BRSBTS RUAV A THE TR e SRR B RtcRr ! et
\baehpowerirdnsfefreieskimsbatat thecoutreft gavdefromithegomet isdapior
¥ Y er of the output therefore stays equal to .

oo B e L R s

teisigieraiecdinanrnon brighieieds evienenhesiteipqweyicedilalie fromer
tfBRsHaR ¥hafhiine REWES AJARIOL ashBesn %s;pmigggvdgﬁfém R terface. The

15available from the input of the power a normally equal the

cRoiiRiGeqRfetRBY Hre'EEhedeinmanrupioparrrYsuRInNg RdoBtchsig Tk
wogrepiyarailledBsthie prerdiansiar iedulebelowdiig,threshold will

necessarily result in a dimming of the LED. 20The controller is preferably

adapted to detect the average voltage, eg the rms
Any variation of the reference signal provided to the power transfer module that is

effected by a control signal of the controller is preferably made at zero crossing
points of the input power signal, or alternatively at a frequency less than the
frequency of the input power signal, so that the current drawn by the power
adaptor remains substantially a sine wave in phase with the voltage at the inpult,
and current harmonic distortion is minimised. A further possibility is to apply a
distortion, préferab!y a DC level adjusted saw tooth waveform, with an amplitude
that is sufficiently low that it does not cause distortion of the current drawn from
the input that is greater than allowed by the relevant harmonic standard. This saw
tooth waveform takes advantage of the squared power law to provide precise
current control at low levels as described in WO 2007/026170. The saw tooth
waveform is preferably afiowed to reduce in amplitude as the DC level moves
towards controlling higher powers to minimise the harmonic distartion of a

particutar channel.

Since each power transfer module is not a power regulator, if a power reducing
device reduces the power available to the input of the power adaptor, the output
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voltage, of the mains supply, and select an appropriate proportional
relationship between the current being drawn at the input of the power
adeptgpeirdodie voltage at the input of the power adaptor, in orderdm2008/050231
maintain the same pre-determined average power for two or more

different average voltages of the mainsgsupply. 25Where the power

transfer module and/or the controller includes a multiplier that determines
thevpropib rioina brmlamigpehip(beﬁmeﬁmHWfIW:ﬁﬂ@ﬁmﬂﬂyﬂm& rtllf’c‘ﬁﬁ‘i%illy draw
-determingd average power, the controller preferably
e N R S e Rers oroae oo
BYeRGS Vsttaige ot dicimainssupphiladedtprefacaily, the ientkaller isiapior

: i vol f .
s 3 e A AT D RSG  ve

S EpprEprEEFBrEiensRLighantpereaaritisies Ihapdeticedarratidor maximum
rgferanse: Yol fasdeOVEmSNRIRES AN bR, W&%ﬁ?ﬁ%ﬁ@lﬁﬂabfe

the r%ference ignal for the 230V rms voItagBe. 9 Convention

o dhe TRRIRIdYS BRSEBIRAQ bW ity miRduistop i aasidy Withawiroller
thEDyvidordty thenpeventdamagesde thex iy Howayarseamiig Pawe.

ea}((ggiptqr accordi%g to thg invention may be adapted to provide a 5
Bradetermined VTR BERRIN te B BY AP et e titha shaboffer
ey HED isisuthstaekiaty conigtaat ploeidad entwih be regutaledvitheytiany that

' istar- e nse regylation at the output. The
e e b SR B30, B LR e e outpu
teereies staxr ARHar nthROpYen sasbisy. Bt diltérriay wamiprise Brghalkss.

THNeAISRY ehdicOsa i AHEIB DRUAL ADSDRYE! ARaRIBPIR(CLably

also includes a rectifier at its input that converts the input waveform to one

aypldReERrpEIa iU BrafrapROAROFEIR BE R A FdIoRslenid diipatvat
aeNeLsesthe megabvedomeasHive) mgmwmmﬁm}@%w 'EFEP{)OW@Y'

ré’vaﬁ:\{re;%m' Nevertheless, there is no 15need for the power adaptor to
FIOURIEA S8ady DT T Y Y ESH thA P RER BHaHs B hedeer and
akieitae ;mmm $tonay ergapmfimog?qué@éﬁgé@a@mqmép@@gg@é’ ! result
irs itar).is preferably not provided between the input of the
! p%qv@gﬁ ad &%@%‘%\%%Pé power transfer module. Indeed, the power adaptor

is preferably substantially free of electrolytic capacitors. This enables the

TRRGIRORE AR L B AL IR G5 BN VB IYSE S
voitage, of the mains supply, and select an appropriate proportional refationship
between the current being drawn at the input of the power adaptor and the voltage
at the input of the power adaptor, in order to maintain the same pre-determined
average power for two or more different average voltages of the mains supply.
Where the power transfer module and/or the controlier includes a multiplier that
determines the proportional relationship between the current and the voltage that
would result in a pre-determined average power, the controlier preferably provides
a reference signal to the multiplier that is dependent upon the average voltage of
the mains supply. Most preferably, the controller is adapted to detect whether the
mains supply has an rms voltage of approximatety 110V or an rms voltage of
approximately 230V, and supply an appropriate reference signal to the multiplier.
In particular, the reference signal for the 110V rms voltage may be approximately

200% of the reference signal for the 230V rms voltage.
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reduced size and cost relative to prior art power adaptors for solid state
lighting systems. A bulk storage capacitor may be provided at the output

of eperuesdransfer module, but this is not essential for the fupehi@RiIn@Afzo231
the power adaptor with a conventional solid state light source. 25 The

power adaptor according to the inventiof is suitable for use in a lighting
system that utilises any power reducing device for determining the power
available at the input of the power adaptor. In particular, the power

r Ing deyice may be a variaple resistor, such as a Variac, ora '
R R RO e S oo Tomen T v st
griianoiitiere difiten cargrobytiising SGRapbaseleoNrol im@mfﬁt@ since the
llable, at the input of the power adaptor. In this case,
Eowevgﬁ%qp%%mgﬁz@ﬁ é1'(5] ﬁf@e[?ﬁa@@é% ﬁ\g?é’&%% BB 4dRiRimum
SRR TENRethaveiaies Buplyadtietp therSORestabe thiriiigstoadolb\¥e | ED
20O 120010PCGHGB20 : ' less_the lighti ,
unit is switct%ePd ofgf%% ér&%/%&%ﬁg%@i%%ﬁ%%%%%mﬁg%ﬁt%@/d}#erég?g a series
GBI Sh PresBhay e ferdaiEmsbdiaentsidne power transfer module is
adapted to draw 5power immediately, once a voltage is present at the
input of the power adaptor, such that the power transfer module enables

SUFRRE I CEIRLBIRY AHALsinsdifec R dachBHit hiaRHaiIAc R T devitents
firgeirdisoimgibeniemeainaisnaf aaine eyslecAnpiategrated GibeHaLing 1
N ARl o SRR BEeeY
ke iviberraniRIBGhdeving oavsésranob peipdoktiantpaingy. Most
preferably, the rectifier is a full wave rectifier that reverses the negative (or
positive) portions of the alternating current waveform, Nevertheless, there is no
need for the power adaptor to provide a steady DC signal at the input of the power
transfer module, and hence a bulk storage capacitor {aiso known as a reservoir
capacitor or smoothing capacitor) is preferably not provided between the input of
the power adaptor and the power transfer module. Indeed, the power adaptor is
preferably substantially free of electrolytic capacitors. This enables the supply to
be designed with minimal reactance, minimal inrush current, and long life with
reduced size and cost refative to prior art power adaptors for solid state lighting
systems. A bulk storage capacitor may be provided at the output of the power
transfer module, but this is not essential for the functioning of the power adaptor

with & conventional solid state light source.

The power adaptor according to the invention is suitable for use in a lighting
system that utilises any power reducing device for determining the power available
at the input of the power adaptor. In particular, the power reducing device may be
a variable resistor, such as a Variac, or a rheostat. The bower adaptor is also able
to function in lighting systems that include a dimmer control utilising SCR phase
control in order fo reduce the power available at the input of the power adaptor. In
this case, howe\zer, the power transfer module may be adapted to draw a

minimum current from the mains supply to keep the SCR stable during the full
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cycle, and is adapted to draw power immediately and continuously once a
voltage is present. Most preferably, the controller is adapted to detect
wWHELREIBE WBItage is present at the input of the power adaptor PATcEsmeb/a30231
control signal to the integrated circuit of the power transfer module to

switch that integrated circuit to a 15 std@dby mode when no voltage is
detected at the input, and to an operational mode when a voltage is
oelostercht, thaldaptheBig hitandbiy imedéithethefinvtikatthe thiegratedied
ﬂ%@%@%qhgtﬁw{m%ﬁlﬁ&t power to be operational, but the power
transfer module does not draw sufficient power from the mains supply to

drive the solid state light source. By "operational mode" is meant that the

PoweseIansier BRSNS UG MRS ERMHIRIMABS,SUBRY 19 draw

drive the solid state light source. Hence, where a power reducing device is
PRI RPN tRBSFORAGEZE TR BRRUrRhE BN SRy dieadaptor,
gmqrm@_@m% g%d@ﬁrahte@shml Cﬂ) @fﬁawglﬁfmmf b:ﬁh@gi@grﬁéfﬂ'@@%th
alternating diode switc , the congroller is preferahly adapted to
R PE A Tara ArLuiAs B B A o fAAC Ly

apcide e mveraneivottagieoistde tectest atthedn puidaladi sgeric ptyationsbre

: ! is detected at,the input. The, int ted circuit of
L s O e e s A e

Wmefmwm@@é@maﬁﬁiﬁ@@eﬂch s806Rd AfopE yemipibol 00stimeiss
SRR 8RA00d dopR SR MR H%YnJ&é@vaﬂawﬁa@%ﬁéﬁ%zmge

efficiency at low cost at all TRIAC firing times’from the mains supp
igVHere the Yot erelaspibs ihasamed &l vdapier iaIre resipthataligiiage is
(FRYERE S ANl RBNCS: SRERSISES BB EHIrof B Shanpelstarsonroller

switch the integrated circuits of the

is preferably aple to independentl ‘ e
RGO RN RS SANEE T R b BN iBI6RERIRe Qe 0 &

- stamditlletddeoveferaiiybadgptiedtadoarniivataaisplid staiadightGuEgrR b

witching the integrated circuit, of the assqciated power transfer. module to
B e S L T B C Tea Bt o
tehighatiedneyuiyist smpbed svidhadf@iamiteoight teduzca asiweliabuinhe
BB SQUFSHS RN U not draw sufficient power from the mains supply to
drive th@ solid state light source. By “operational mode” is meant that the power

transfer module draws sufficient power from the mains supply to drive the solid

state light source.

‘Hence, where a power reducing device is adapted to cause the voltage at the

input of the power adaptor to be switched on and off at least once each cycle, for
example using a triode alternating dicde switch (TRIAC), the controller is
preferably adapted to swilch the integrated circuit of the power transfer module to
a standby mode whenever no voltage is detected at the input, and to an
operational mode whenever a voltage is detected at the input. The integrated
circuit of the power transfer module may therefore be swiiched between standby
and operational modes many times each second, for example 100 times each
second for a 50Hz mains supply. This arrangement maintains high efficiency at

low cost at all TRIAC firing times from the mains supply.
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10efficiency, such as coloured light sources. In this embodiment, the

power adaptor may be adapted to switch the one or more lower efficiency
oltpLA%IEEgHoured light sources) to a standby mode, whilst BRAeRAeps/050231
power to the high efficiency output (eg white light source), at a
pre-determined power level, such as airhaximum power level. The
arrangement would result in very high efficiency at the 15maximum power

\nelreTiiis aoresTgeTapiiralsadepedlds driightimd syistent solhithtthieghighburces,
| |
B A R RIS 0 R ciaBly
ﬂkéeﬁ@ﬁ’léﬁméﬁ@pthgﬁwz@wmét&gm@émwfa nfgha:aﬁomlt@mbeware
whilgdighbsanes, andhe-oneREMAe loner S MAC Ao gt SQWRES ably

preferably includes a coloured Ilgi;ht source, such as an amber light source
u

?&@%‘%} Rkt Re ifRiEB IRt t0\wreaby a%m@e%wsrégé@ed circuit of
Wwarseebciubie gt ERisarmegenens Naydberaiere encourage lower
power levels to be utilised, which may therefore save energy 25without
any loss of efficiency at a maximum power level. Where the control
Cireyitry of dhemowesadapteivie suppied by antniefratedighrstanireyrignt
ly, this power,supply. prefera mcludes a shut-off featur
uch% fP %%légge‘jggire ng[v%o??fs% r%)o?‘ SGN 63‘t?&led WHIEE thEfowRY &fett Li!r{%gyer

@”@wwsm .aaccm rd@ l}@ﬁt@r‘.‘dm@m wﬂhnmemsﬂem‘t@@ﬁ thesipvestiaaaptor
ANEr@ LS. G alighingSysien AAnP éﬂ?&@g R:?é(}‘\% gﬁ@g tat&% op éﬁ”ed

deScribed above and a lighting unit including at least ne S
lighli rureh®! figiatvig iy onedmpivails e pidvieswwenta ferhiely efisisiney
&Beéetl\@l@t\ﬁﬁwéq@%z leherdey, ter achisve differant selearsoblight puipy, the

hting unit preferably includes solid state light sources that emit light of

D RASGFSS%la %@%@@%ﬁm@ﬁﬁwm NERe 8%8’““@‘@8% at the
raaﬁirblue polesir idwaithermore, the lighting unit May also include LEDs
of amber, cyan and white colour in order to raise the 10colour rendering

index. The power adaptor and the lighting unit may have a common
Tosisimgngemeay bisd enseibsepiyhiiely siuteadn tveipower Bglapiol payities

vﬂq?eoﬁﬁﬂttgt%{Wé(;%WEﬁwer level, and the coloured light effects, such as a

- warmer white light, at lower power levels. In particular, the high efficiency light

source is preferably a high colour temperature white light source, and the one or
more lower efficiency light sources preferably includes a coloured light source,
such as an amber light source, for mixing with the white light source to create a
more desirable, eg warmer, “White" light. This arrangement may therefore
encourage lower power levels to be utilised, which may therefore save energy

without any loss of efficiency at a maximum power level,

Where the control circuitry of the power adaptor is supplied by an integrated
constant current power supply, this power supply preferably includes a shut-off
feature, such that unnecessary power is not supplied whilst the lower efficiency

ouiputs are inaciive.



to a plurality of lighting units, each lighting unit including a plurality of solid
state 15light sources. Furthermore, the lighting system may include a
plurality of such power adaptors. The lighting,system may also include a
power reducing device, such as a variable resistor, a rheostat or a dimmer

copkebitial WlisrRiRE Bepbass SR Webntion Adaiaried pmb C_iﬁgmagﬁggsﬁsm

invention will now be described in greater detail, 20by way of illtstr

onfyy WAtR PSrErBANE Aics A SRBRIRAR G BrM G ANgka s iner rilgnskiding at

. sclesiatie diclghataiofighlighting system; Figure 2 is a schematic
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diagram of a power adaptor that forms part of the lighting system of

25Figure 1; Figure 3 is a schematic diagram of an alterative power
tran@dieRibguiaisftheisalverasmyierdiitiyarzaiineBoriyaeslisha

schematic tagtrmapewes Tarsier sl H&dﬂ@ﬁwﬁ%ﬂﬂ&ﬂﬁﬂé)@%‘{% preferably
aqgg[p&@%%d a%'é%é}%‘]{%ﬁysséﬁwe%%ﬁo{d'”% Mﬁefml}ieml'on. 13 Figure 1 ¢ oreferab
shows a lighting System connected to g A RheThERIaHsS AraTiest preferably
sdp%%fﬁbﬁf@ﬁﬂwqdi@wdﬁﬁbamn@u@m@_m@lpsucﬁtaﬁj;arrhmtat, and
CaRWAiSRmE RAVVeS ALBRTAEIHANER: SPlid siate.ighting Wﬁ'ﬁégolé%ii r?nggcgjer to raise the

sta(tj lighting unit 50 comprises three coloured emitters 50a,50b
colour aff “ohe B4RK of red, green and blue LEDs. The power adaptor
20 is supplied with electrical power from the mains circuit, and is adapted

tm@g@,{, eCifi 1 i€ t olid state lighting unit 50.
The powe%Pa%d%st%;ﬁ g@é%/\{ s@cn?dH 'g@ ig tiﬂ%\%r%tcga] Wi%?g%"e“%%&o"sfef&ay be housed
WiRFF S Hr i RRRISIRRO BE AR er comirhe RdrRieiHe ofevigpedresr
deserme@fiww%aﬂﬂ@@m_@@@éogimf ) fiiAg m@}?ldmé:éggr@a%@tmfﬁ QQ?@{]%'Eate

a 0 rises an Input or drawing electrica power rom the
e kR e D A Bl p st o
eREIALUP pdWRighiEscsy BiEfh ety sdsDEBDEIBOa, BOWS0eduding selidstateh as a

Iigbt‘iaglélF&%&%rﬁ@%ﬁ%ﬁm%@é’aﬂ}%i49&169%@%@?1%‘39}?&%%%%8!.

the input 22 via a filter 24 and a rectifier 26, so that a sinusoidal voltage
waveform drawn from the mains circuit is 15supplied to each power
tramsfiemedduidadadtintde awerfithwaleawddfiadsaveionngreater detail,

by way of iliustration only, with reference to the accompanying drawings, in which
Figure 1is a schematic diagram of a lighting systém;

Figure 2 is a schematic diagram of a power adaptor that forms part of the lighting system of
Figure 1,

Figure 3 is a schematic diagram of an alterative power transfer module for the power
adaptor of Figure 2; and

Figure 4 is a schematic diagram a power transfer module that forms part of a pdwer adaptor
and a lighting system according to the invention.
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A voltage monitoring circuit 32 is connected to the input 32 via the filter 24
and rectifier 26, and acts to monitor the average power available at the
input 22. The voltage monitoring circuit 32 is simply a potential divider that
provides a reduced amplitude represent? jon of 20the signal drawn
through the filter 24 and rectifier 26. The ‘power adaptor 20 is also

RS (R0 e O 58 A R i & e B S el AR supoly
L lengeernono rizdy cinouiesze difd shrbeo @t prre soit sapplying Segmeapewer adaptor
2600} SigRAiste RaRh eSS RRwehitRasiE mafiyes#8a. AR ARe VB ee

corresponding series resistor. Each control signal is calculated usm%the
QI BRI T e UEIRGEHIFG RIEGE 0L R HaiRes a1 blue LEDs
Thegrager polaeioaZéilablepatithenitipat2Rioithevpevienadaptosid® cifhet, and is

209p1E0l BigDAIS) Heterping. Laihe g@’g&g& %mlggoﬁlﬁ]@&té’ﬂc@ﬁ{nﬁ%ﬁb The

modules 40a,40b,40c to the LEDs ,50b,50c, and hence determine the
PRYRILFIARIP - hEISsHY/ B etate | lightiBenitfdicPByAK Roradesediilingeprrate
hS0sibgach pomwe rteansies Medeierdeiad i 40CRARNNLESES SIDNEIFRAGRE04 .

correction circuit 42a,42b,42c including integrated circuit L6562 operating

in power transition mode, which is manufactured by ST Microelectronics of
Retechemmvda Baarap des Pk, T©lapt@ £0G1HMpRs: P rmiteg-Slktedawing

e@fﬂ%&’?wmﬂﬁﬂ% %Q%&@)ﬁ@fit{%&ﬁ@gﬁt@ét%ﬁﬂﬁék %ﬁ%ﬁeﬂ%;ﬂfﬂéé@%ﬁoum for
adapted 1o garaw a curren | supstantially In phase wi e voltage = .
P B S 90 BHOVRIL SR DRtRE HORGr SO Al BPCEREL e tanting
vl Sfagegubwergithianserramcsidhd tanfidlyfiv fhasenaitedhe treltaget Theia a filter 24

aR@WeL fasteneouealiqn, dicuib dlaigb s d0ersiarg ingludss %@HQR@SEWGUH is

that determines the current to be drawn, for a given input voltage, in order
S IEHERPS LORNB AR ARG SR P B AR LRYR e waveform

15voltage waveforms substantially in phase with each other. The power

f ' ircuit. 4 I , the har ic .
SRR M £ AR AR IBIER R TN B s 2,

apgd ese TRV amg 2 PO RS VRtARa BtdhridRHb SR el DOERtage monitoring
ciequrestiensaiiplyitipihaitteneienmacsdioes feedbask ARl Msesentation of

r-pe e niearaied il Rhe sticisneis of the power factor

correction circuits
The power adaptor 20 is also provided with a controller 30, which includes a Programmable
Interface Chip (PIC). The controller 30 has an input that receives a signal from the voltage
monitoring circuit 32, and three oufputs for supplying separate conirol signals to each of the
power transfer modules 40a,40b,40c via a corresponding series resistor. Each control
signal is calculated using the signal received from the voltage monitoring circuit 32, and
hence the average power available at the input 22 of the power adaptor 10. The control

signal(s) determine
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42a,42b,42c are therefore increased relative to a conventional power
factor correction circuit. 25The power factor correction circuits
42a,42b,42c determine the current to be drawn at the input using the

JiffetEiEéBetween the voltage of the electrical power supply BR&/§B2008/050231
reference voltage provided to a pin of the integrated circuit L6561. In order

to vary the power output of the power Htlaptor 20, the controller 30 is
therefore adapted to control the reference voltage provided to the power

S ABIVDSHREIGD R EHRIRAYE AT AS¢ DS RS, SR AtkoRdrDs

5Th6 theB0er L stoHes cesesiesahbaRins RIfilas/enm Riwhick isselgeiedited
bbghthe co troller.aﬁ a func; %r(} of a power historically available at the input

P TRIE r‘?’g%ﬁ%g ﬂg%% select a particular lighting profile by operating
the power reduction device in a particular manner, as described in 5

| f each f dule.
O 0e S R D e e

cisapipfiéa. JRbcbrrensbiting sedesieesiitert, [ b2 tippeationiropsigeatransilion
rr%é%?%@l@Vi&%&&Jﬂ‘é@{lﬁ‘r@é@;m@!@é&%@?ﬁ%i%@‘é?‘é%?@ﬁéﬂ'ﬂﬂ‘?m%ﬁ%ﬂ?& des

resistors. The controller 30 is therefore able to varéthe reference voltage

Fletd pbwel ridibl 2o BEibh rElieEtn, Somart, Aniizedaed. valetnewer

raRusreIY e anym fEpBLthesmains Acuita B AR IBHG Soniral Signgl that is
e tto_.e?ch %wer transfer module 1540a,40b,40c. Each power transfer
SR PABCIBIE HEHAARHBR derPRYFEPSlishiRECtS tHade an

omﬁam B@asﬁa;&ﬁ’mﬁfﬁgla?t’ag@r?méamia@mtétﬁ nPIsEedEneH

e r ilable from the mains circuit reduces, Howeyer,
P A At en o A AU AL R Lo G B erefore
inpkaﬁ@@eagm_éti@#igbﬂvet te beniiED B?@acsﬁlaﬁm ﬂmdri_aweqtdr@dgiwn input
vﬁ%@%#%@%ﬁtﬂmﬁ%mﬁqﬁ%é B@n%?%g?pdét vﬁﬂ?ﬁlss? rrept and

maXimum power to be drawn from the mains circuit, an e controller

P
voHagmmaRia o tadhstartigy pomiscgraii each other. The power factor

correction circuit 42a,42b,42¢ also acts to reduce the harmonic distortion of the

current drawn from the mains supply.

The power factor correction circuits 42a,42b,42c¢ differ from a standard power
factor correction circuit in that there is no need for a feedback loop from the output
to the integrated circuit. The efficiencies of the power factor correction circuits
42a,42b,42¢ are therefore increased relative to a conventional power factor

correction circuit.

The power factor correction circuits 42a,42b,42¢ determine the current to be
drawn at the input using the difference between the voltage of the electrical power
supply and a reference voltage provided to a pin of the integrated circuit L6561. In
order to vary the power output of the power adaptor 20, the controller 30 is
therefore adapted to conirol the reference voltage provided fo the power factor

correction circuit 42a,42b,42¢.

In particular, the controller 30 is adapted to output a control signal that is a function
of the power presently available at the input 22 and a lighting profile stored in a
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from the input 22 by the power transfer module 40a,40Db,40c, so that the
output of 25the power transfer module 40a,40b,40c is in fact equal to the

Rower re%uired by the LED 50a,50b,50c¢ for maximum brightness. Where i
a llgRtiRG Profile requires an LED 50a,50b,50c to have a maxiffuHFB2008/050231

brightness, even when the power reducing device 10 has reduced the
power 30available from the mains circlitt, the controller 30 outputs a
control sli{%nal that increases the power drawn by the power transfer

RRERIE AL HOLS S n RSB BIoHRS Forfsieh Ah afitine tuniles, one
o 0aidB A emains e uRiteding ROWE Feddired E?Fm@ekﬁ@zéﬁ)@aﬁg’%é%me

maxim ightness. In this way, the 16 controller 30 is able to
aﬁé%{aﬁ’n“h??ﬁﬁ%83?56%%@0%8&{ ﬁ?ﬁﬁh@%ﬁ%@é*amma@r%@a&
ogesdlatid fropo the mdinsioincidyeguala thetpowerrequisedbyitheribed in
v@@@é@%@ Q% maximum brightness. Any reduction in the power
available to the power transfer module 40a,40b,40c below this threshold
will result in a dimming of 5the LED 50a,50b,50c. The controller 30 is

TAdapteRb R AeIREidhe s KARE ?Féﬁ&é?‘ﬁ%’&%&fépﬁ&%a?@é%te%al to the

appropriate proportional relationship between the current being drawn at
SHRAIT (B2) 6t RepBRpi bt Eojsamirniedoitgesraneridpatieoyof
rdbis i eierAURMAIAR) NRElel i) RAIBIAIR NS SaEIR PER dFRIIRed olied

average ower for two different rms voltages. In particular, the controller
MEDES %D%B\%fér}?tﬁeé'&%é?wgfﬁer the mains supply has an rms voltage of

approximately 110V or an rms voltage of approximately 230V, and supply
[ rence signal to the multipliers of the power factor
A SORIORAPSR €05 S 0 RIS L U501 S B ractor
correction circuit 42a,42b,42¢, and hence vary the current drawn from the mains
circuit, by varying the control signal that is sent to each power transfer module

40a,40b,40c¢.

Each power transfer module 40a,40b,40¢ would normally reduce the power
supplied to the associated LED 30a,30b,30¢ as the power available at its input
reduces, and hence the power available from the mains circuit reduces. However,
each power transfer module 40a,40b,40c is configured to attempt to provide
greater power to the LED 50a,50b,50c than is required for maximum light outpult,
when the power reducing device 10 enables maximum power to be drawn from the
mains circuit, and the controller 30 is configured to decrease the power drawn
from the input 22 by the power transfer module 40a,40b,40¢, so that the output of
the power transfer module 40a,40b,40c¢ is in fact equal to the power required by
the LED 50a,50b,50¢ for maximum brightness.

Where a lighting profile requires an LED 50a,50b,50c to have a maximum
brightness, even when the power reducing device 10 has reduced the power
available from the mains circuit, the controller 30 outputs a control signal that
increases the power drawn by the power transfer module 40a,40b,40¢, so that the
output of the power transfer module 40a,40b,40¢ remains equal to the power
required by the LED 50a,50b,50c¢ for maximum brightness. In this way, the
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15reference signal for the 110V rms voltage is approximately 200% of the
reference signal for the 230V rms voltage. The output of each of the

(\évzegref%ctﬁ%rl correction circuits 42a,42b,42c passes though a transformefg_g231
that isolates the LED 50a,50b,50c from the mains circuit, and Jo4 a0

that ensures that no negative current flows through the LED 50a,50b,50c.
A bulk storage capacitor is shown in p@rallel with the LED 50a,50b,50c,
which reduces the variation, in the volta lied to the LED

e being sup . )

RRUAlEER0E PRIMIRGERR BN HoFgacapac R RAPUHABERipsR Nt
thef fhevpowerilathpian A @ranc ssnentiusiechiodiowes thewpeaddlinserty e

| d hence allow a 25higher efficiency through the LED as it.
O R OIS SRk oG vt o the
poetvdratshy cactivbodes Hangter eidwleh0H 4ottt isscdrespdinditigg of
HeHR:P0%20B06, The potential difference across the LED 50a,50b,50¢

will be regulated by the characteristics of 30the LED 50a,50b,50c to a

particular average value, and the average current will be that determined

ThY e peneersassies masitedfadoR 40s %@Wmﬁ@é@wﬁ and

deliver the required power to the LED 50a,50b,50c. In particular, eac

SERP B04BRIIRSH PRV Raraaliar oM BRI RAB TSI CHFfERL G GRTaH N 2t
thaayoiall ZE7 enyhwaheresvithingadolerngesi inegmAdgde tenenarRIWEZ0bf the
manufactyrin riatior&s. lEach LI%D i%a,SOb,SOC will therefor reﬁg{ulate
PR, SRABIOBEHE L e T O D R R e St BrI Gielace power
fotGaihid@mtorits paittigear formatidywetetit@abdiferbacE (B échgamiest 1o detect
I UL provi t

e g S D A mE Ty BPan s
voltage of approximately 230V, and supply an appropriate reference signal to the
multipliers of the power factor correction circuits 42a,42b,42¢. In particular, the
reference signal for the 110V rms voltage is approximately 200% of the reference

signal for the 230V rms voliage.

The output of each of the power factor correction circuits 42a,42b,42¢ passes
though a transformer that isolates the LED 50a,50b,50¢ from the mains circuit, and
a diode that ensures that no negative current flows through the LED 50a,50b,50c.
A bulk storage capacitor is shown in parallel with the LED 50a,50b,50¢, which
reduces the variation in the voltage being supplied to the LED 50a,50b,50¢.
However, this bulk storage capacitor is not a necessary part of the power adaptor
20 and is only used to lower the peak currents and ripple, and hence allow a

higher efficiency through the LED as it approaches DC.

The controller 30 determines the average power delivered by each power transfer
module 40a,40b,40c to its corresponding LED 50a,50b,50¢. The potential
difference across the LED 50a,50b,50¢ will be regulated by the characteristics of
the LED 50a,50b,50¢ to a particular average vaiue, and the average current will be
that determined by the power transfer module 40a,40b,40¢ to be necessary in
order to deliver the required power to the LED 50a,50b,50¢. In particular, each
LED 50a,500,50¢ will have a particular forward potential difference, which may fall
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achieve the desired power, set by the controller. Any changes to the
reference voltage of the power transfer modules 40a,40b,40c that are

%ffggtg}g Ibzyi;tr})e control signals of the controller 30 are made at zero i
10CroL&{Hg Bdints of the power drawn from the mains circuit, dic /6B2008/050231

alternatively at a frequency less than the mains frequency, so that the
current drawn by the power adaptor 20/ remains substantially in phase with
the voltage of the mains circuit, and current harmonic distortion is

MRS S Y RIGAARIA0CR BRIRGRLAG RTINS BB RSN variations.
Hdiised DndvelBbasan amplitueie thab it pufigienthitiayw hathic LDEaaIBat the

cause distortion of the current. drawn f he input 22 that is greater than.
R By LT TBURIS AR B A B TSR AV oot
ditikesnadvdmeapeofithdrsgatrecpovie dizaioptovidd presigiecurantrage

Gl SR UdRKel ae clescsthed dp WO DK R0L 10 BHA TG PO 1o

supply 28 is connected to the input 2 € power adap
affeavedhimdadictfieors) ane kydirangetiadasrovide power to each power

transfer module 40a,40b,40c, as well as the controller 30. This provides a

stable power supply to the inte?rated circuits of the controller 30 and the

APBRTaR IR BireiBrPareuifiaga o pe s eHalrésEIE HascHRmieP. 400
tiefithesercicauiis:2hd Bereantsallesnsoisradamediterdetestbwhaibel dero

voltage iséggées nt at the input 22fof the power adaptar, and send a control
CEIGRA%E HE YAt G &IRY BY TRE PBwERAG 6 CofrUiidie ErRiiedy at a
fréDaptly, 2c thawitehrttzbse fintegratyd wirtuits: be awtamdby awads whepower

' t 1€,inpu to,an operational 30mode when a

o RS AR SR MR A e
ceifeatsamonyiisteritothis efireniatabtddicordiive powErGneveldiaielsted saw
tRRREANIIALGIT AIESE AR 4Put OfHRR RAMBLAAAE T ciently low that it
does not cause distortion of the current drawn from the input 22 that is greater
than allowed by the relevant harmonic standard. This saw tooth waveform takes
advantage of the squared power law to provide precise current control at low

levels as described in WO 2007/026170.

A DC power supply 28 is connected to the input 22 of the power adapter 20 via the
filter 24 and rectifier 26, and is arranged to provide power to each power transfer
module 40a,40b,40¢, as well as the controller 30. This provides a stable power
supply to the integrated circuits of the controller 30 and the power factor correction
circuits 42a,42b,42c to ensure stable functioning of those circuits.

The controller 30 is adapted to detect whether a voltage is present at the input 22
of the power adaptor, and send a control signal to the integrated circuits of the
power factor correction circuits 42a,42b,42¢ to switch those integrated circuits to a
standby mode when no voltage is detected at the input, and to an operational
mode when a voltage is detected at the input. Each of the power factor correction
circuits 42a,42b,42¢ is therefore adapted to draw power immediately, once a

voltage is present at the input of the power adaptor.
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18 Each power transfer module 40a,40b,40c preferably also includes a

fault detection circuit 50a,50b,50c that is connected between the output of

the transformer and diode arrangement, and a disable pin on the

integrated circuit of the power factor correctn circuit 42a,42b,42c. The

fault detection circuit 48a,48b,48c does not draw any power during
SHecmabapetadindec onstitiensOdiodever, dreibelslyend dhatiaddsEDaul detection circuit
58 30¢ f19Ps &9 %&QB% iat It. detection circuit , ..

50a,50b,50c causes tﬁat powe?%ﬁfi@gm%%?jég}{%ﬂ %)ér?g 's r&(%-%'f?ge o
THERM e cigR clirahiupia, 285hedaiRtRIGESEFHB SoIke IagYESiE ditageection circuit
LER150a 20075 Rcr R inpdatesh fEponiths mmnsiet (labsLOGIBH® 3rsheWRer during

an alternative power transfer module for.the po da f Figure

e e A e R s oo ctops
identiosling th efmigaledianidiriesdive foicainiddifiCatiicofoneschtigower transfer
PeweniransieoEasuies AR imeder foJamaie heneedfopihedow e udes an opto-

voltage DC power ly 28 of the first embodiment, which provides
p'aafa%o{o %@Wﬁ%&iﬁ%@%ﬁR?o%@ﬁ@%’ﬁ%ﬁ%%%@‘%@?%tﬁéw‘t-
controller 30, in 15that embodiment. The modified power transfer module

140 therafors includes apower factor garraction ?ﬁe Ci% 3%@%&&%%&%? Figure 2,

detection circuit 148a, In a similar arrangement to t

2CHIC . : (ne ponaing
pBliER FaRiTRFNOHRAE DRSa b &deribdaTreRtiBIT ddigig ey stamdsddeniical to that of
nitglified posver dsapste smastie stidbaotlifersfinehe-carsesponaiREies 140a in order
r dule 40a of the first embodiment in that th . .
e O P ALy b ha st pagiment,which
reERifARY RRVEE arrpel AR eRbaRHST, Tothée fhaetiadlt. corveltientbragintroller 30, in

fltﬁaﬁé?ﬁ%@imﬁifi¢ﬂ@ﬂW&FEH@ﬁ§tﬁfmﬁﬂéﬂ& %l@ﬂ%'};ﬁ&é‘?@(&@ﬁw&@es a power
ctor carrection circyits, 42b,42c of the other power. transfer modules

A6 R LSt PR oy hASiroleh S5 b Ar AR fpangement t
thiee upes sintiegpiowverr faetofaronedtiont Circiss diRd of thiaimodifiEgpewdrand 2.
transfer module 140a is reduced to zero, in order to fully dim the LED

connected to output path 150a, the power available from the auxiliary

wilRg Y4 BPELEPTTEEp R Rt difeabane fReitsase ngpupgwer transfer

anddtie é0atodlier first embodiment in that the transformer includes an auxiliary winding
144 that supplies power, via a rectifying diode and a bulk capacitor, to the power factor
correction circuit 142a of the modified power transfer module 140a, as well as the power
factor correction circuits 42b,42¢ of the other power transfer modules 40b,40¢c and the

controller 30, along path 245.

In this arrangement, if the output of the power factor correction circuit 142a of the modified
power transfer module 140a is reduced to zero, in order to fully dim the LED connected to
output path 150a, the power available from the auxiliary winding 144 to power the power
factor correction circuits 142a,42b.42¢ and the controller
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19 30 will also reduce to zero. For this reason, the modified power transfer
module 140a includes a variable resistance circuit 147 that enables the

LED connected to output path 150a to be fully dimmed, whilst maintaining
sufficient power at the auxiliary winding 144do power the power factor
correction circuits 142a,42b,42c 5and the controller 30. In particular, the
vaflablealesistdnce toiceud. 1437 ihadapted, ihd aveldisdnoreasedieBistanide 140a

aﬁ%@?%@%ﬁggglﬁg Q&A € A %‘Eé??c{%t é}é&%l%f& r,l Clr%lf_'ﬁtc]t‘)él%%é[ eg}ﬁ) output path

assoclated LED is reduce suc that the L Immed even w
tHeRerinh Rd g cifieTeast yowelrRRIMalong i BeaR Wr&twrﬁswwmmdmg 144 to

143adotnewer thepaves fretncarcertan zirauis 24 2a,42b,42¢ and the
conng)hler 30 T eg&ngble reS|Ftance circ | 147, |§) 10also a

e con a{ﬁ;éa Eﬁrbicgs‘l?i 12 §§38th to have an

igible reS|stance V\ﬁ1€ﬂt e{p%"ve\"/é/raglaj |f’e98%
td@rﬁf@mﬁm@ﬂam FEWer . Wm@rawanlweﬁh@f@*@&fr@d@esq@c@aﬁe@mum 142a to

theeetlisionsy @1 the BoxrIcadapien atanediverahig) RRWRES, é’\‘igﬁr\ﬁhen there remains

g‘@ﬂ ’i/ is |mportant and this arrangement also removes the need for an

i BV PR e P RRble RSRA S U clieadd ROpRsftfbpwer factor
withraationtaiicsitinéd thatds decived fremdtitectenttd| Signabsappliedisydbe circuit 147 is

CQ%QJ!?J&&%%Q%"Y%%T@%@ :%%%%WE%%&%%%?Q%@B% RN D is

130a, in order to control the resistance o variable resistance
cIF@uﬁafﬁ‘? thfthe manner described above. The path of the control
2Psiginal forribe yeviabla nesistangermicuitddibinclude s angptotisotRiency

Q soglate Qa is isolated from € mains circuit.
R o R oo RS Bregent. and s
POWBIORIESRT B pERTe e tbe m&@éﬁbﬁm@itgmgawmmmnd the
controller 30 of the power adaptor 25and hence the other two power

S s 0 e e a1 A S OINSTL 1 om

aeguieitsignal supplied by the controller 30 to the power factor correction circuit 142a, along
input path 13043, in order to control the resistance of the
variable resistance circuit 147, in the manner described above. The path of the contro!
signal for the variable resistance circuit 147 includes an opto-isolator 146,

so that the associated LED 50a is isolated from the mains circuit.

Only one modified power transfer module 140a is required in order to power the three
power factor correction circuits 142a,42b,42c and the controller 30 of the power adaptor,
and hence the other two power transfer modules 40b,40¢ are identical to those of the first
embodiment. The controller 30 of the second embodiment is adapted to take into account
the increased power required by modified the power transfer moduie 140a, when the
associated LED 50a is fully dimmed, in order to maintain power supply fo the power factor
correction circuits 142a,42b,42¢ and the controller 30 of the power adaptor.

Figure 4 shows part of a power adaptor and lighting system according to the invention, and

in particular shows a power fransfer module 240 for use
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the increased power required by modified the power transfer module

140a, when the associated LED 50a is fully dimmed, in order to maintain
power sup to the power factor correction circuits 142a,42b,42c and the

contzro(W EEBY f the power adaptor. 30 Figure 4 shows part of %CE([)W“WMZM

adaptor and lighting system accordln%to the invention, and in particular

shows a power transfer module 240 f Puse 20 in place of each of the

power transfer modules 40a, 40b 40c of the li A%htln system of Figures 1

NRIEE TSP G HNEF HARIRS BISHSss RIghsr g swstem
otirgposyet tat)iﬂcﬂ c@fl’"reqit@metzltm%@m%mmlmmf@@ﬁ@@d@rw;ﬂlace

562 oft eI ht| stem of F| d 2 I artlc lar, the power.
o e s R R B onah A el e
L@éﬁ%s@;éamlkg h@@@r&&&t@@‘r@ﬂf@u@t@l&m‘s ahe EImdqupeféa:tujm thest ptie transfer

SR AFTEAIBNEYs XX ngth épctt%tesag oIS pagﬁ tfhsﬁﬁeret%%-paranet

inductance, Xp=reactance of t apacit
fet$9ﬁ§f§rﬁ*f§fuJhmma%tﬂﬁ?etﬁéﬁéﬁatﬁ@ﬁﬁtﬂ‘@ie&j dntassing thisamansiormer

xandlopd. Jdenthess specia s onditionss therirsHitds A Qideal for driyinge.a

constant power load, such as an LED 250. The value of the power to the

CRASIFHGC A Sefwitls RNERrATRh @?%%Luﬁphﬂestﬁ?ﬁta%ﬁ@ééhe eg
covinigh m@ath@&ntaﬁgﬂ@abi@rfgwmwntm;amwg@@y@mgz devigadds, The circuit is

B R S L e Tt Gt b ENe it Lt

phatfrrestrahECyE) passiblearsidgvitetbonvtrolitinB&:f The fnprmah pply voltage,

wﬁfbﬂﬂ%ﬁ@ tl? s?fz%tﬂ é‘%l’ § rcwtths et(é (egl\?%\gu% gg %§| &\g]\}%'é '?Od irectly related

to Input vo tage the vo tage at es sinusoidally, the AC
current drawn from the input 22 follows a square shape. However, it is

T@@%attt@rt@ew@rt!tﬁtet'h%rﬂ%@9@5'eﬂ%ett%@%%&tm&%tﬂ%%m?m the

power drawn from the input 22 as the AC voltage
duty ratio of the switches of the resonant power supply within each half resonant

cycle, possible using the controfler 30. The normal characteristic of the L.CL circuit
is to draw a power which is directly related to input voltage. As the voltage at the
input 22 varies sinusoidaily, the AC current drawn from the input 22 follows a
square shape. However, it is possible {0 use the on-time modulation of the
switches to reduce the power drawn from the input 22 as the AC voltage
decreases to each zero crossing and therefore to improve the input current
harmonics. With this control, the power drawn from the AC supply has a sin®
waveform because both the current and the voltage are sinusoidal. The addition
of a capacitor on the output of the rectifier can smooth the power delivered to the

L.ED such that the light output will contain less fluctuation.

With a profiled control of switching times, the current drawn from the input 22 can
be controlled to any desired shape and magnitude to match the required lighting
characteristics. The circuit may have open loop control profiling with an AC input
voitage wave in order to achieve the best harmonic input current content, as well
as superimposing the required lighting characteristic on the harmonic control
strategy as the power reducing device is varied.
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decreases to each zero crossing and therefore to improve the input

current harmonics. With this control, the power drawn from the AC supply

has a sin2 waveform because both the current and the voltage are

sinusoidal. The addition of a capacitor onil:fe output of the rectifier can

smooth the power delivered to the 25LED such that the light output will
c%ri\éemgsless fluctuation. With a profiled control of switching times, the

current drawn from the input 22 can be controlled to any desired shape

and magnitude to match the required lighting characteristics. The circuit

may have oReR oA RNE) RTRNIRGNINALOGIIPHL BOGIAIENALE e, the
order to achieve the best harmonic |rcfput currentcontent, as welras
shpeidinpdsrigtite reyisieg dghtingt dharastsrstionmoterhaimqrieeostipbly, a
SHSW&W@@?&%W&&@%‘@C%% ed'?ovﬁ{ée%?]ﬁa%@gﬁv?dep‘s QR%%'%put suitable

adaptor for a lighting unit having a'solid state light source, the power
atfustoviognhpeisintdastabplipfdrscompectod to conteitispaertsufspiyena control

5 fer i le inpUL an i
R I bSO AN TR hotuces
defilerla senaoinsipria et polhweirarinsied heduayavrsieirichdpawearurrent from
trans incly ie r [ECLLI .
P B e B o ot
tiferippUiTaudheseiteiatensind splige koourpu b theaokickistets! ljghwver
SF@HBSE%%\H&’Q%"? by an external power reducing device. 2. A power

adaptor as claimed in Claim 1, wherein the [CL series-parallel resonant

circuit is configured such that Xs=XF)=XL at a resonant frequency, where

15Xs is g seRctanshel thegsresdndusiance. XWpLS e FRar @A D  aralle!

resonant circuit is configured such that Xg=Xp=X_ at a resonant frequency, where
Xs is the reactance of the series inductance, X is the reactance of the
capacitance in parallel with the load, and X_ is the reactance of the leg containing
the load.

3. A power adaptor as claimed in Claim 1 or Claim 2, wherein the power
adaptor is substantially free of bulk storage capacitance between the input of the

power adaptor and the power transfer module.

4. A power adaptor as claimed in any preceding claim, wherein the power
adaptor draws current from the input as a function of voltage at the input in order

that the power adaptor appears as a resistive load to the mains supply.
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capacitance in parallel with the load, and XL is the reactance of the leg
containing the load. 3. A power adaptor as claimed in Claim 1 or Claim 2,
wherein the power 20adaptor is substantially free of bulk storage
capacitance between the input of the power_adaptor and the power
transfer module. 4. A power adaptor as claimed in any preceding claim,

wherein th r or draw fro input as a function of
véjltage étﬁ?@ﬁx}!&?% orde? 5% aet#he pg\}vngr aé(g% (f'?r3 igp?ﬁga?g ntro eris able to
re@kuee dozehiootheigmalrie ﬁump@w@%ﬂfmuwed a@ammraﬁrelaﬁheeddwer adaptor

C ars eée\]ért% %o%tg %%hél%ﬁw %llveracontrol signal to the

r er transter mo suc & power a&gﬁ S appears as a variable
resrstor to the marns supply. 56.A power adaptor as claimed in Claim 5,

erelnAhg uIe Sraabée Wfelver @ gontrol signal ta the | 5%1\? Sfler i Js able to

transfer ucrng t e power drawn from thé input.

adalbter ae:cllaimeai@m alny pinecedivey ttairmiavieceiniehio coerﬂmt!eg Ihrs power drawr
ap T control signal to the power transfer module for reducing
the@ﬂ‘%&} m‘? \rt\?n from the input, such that the intensity of light output from

the solid state light source can be controlled by a combination of an

eaf(rerna oh C %M%@V&? And | H%ﬁﬁgﬁ%ﬁ%&g p@fcﬁ.ﬂ?‘%ﬁ{e%gﬁ!o{ﬁé controller

as claime wherein the contr 0 cause
rédlabtdipoiativepenesrrdralwiginehialibenpuvef thenptsvenadalstdewhednaing the

power drawn from the input, such that the intensity of light output from the solid
state light source can be controlled by a combination of an external power

reducing device and the controller.

8. A power adaptor as claimed in Claim 7, wherein the controlier is adapted to
cause a reduction of the power drawn from the input of the power adaptor when a
maximum amount of power is available, and then lessen that reduction as the
amount of power available falls, thereby causing the solid state light source to

follow a non-linear dimming curve.

9. A power adaptor as claimed in any preceding claim, wherein the solid state

light source is provided with a predetermined average power.

10. A power adaptor as claimed in Claim 9, wherein the predetermined average
power provided to the solid state light source is substantially equal to the average

power drawn at the input of the power adaptor.

11. A power adaptor as claimed in Claim 10, wherein the intensity of the light
output from the solid state light source inherently reduces as the power drawn
from the input reduces, and hence the power adaptor does not regulate a constant

output to the solid state light source.



10

15

rhaximum amount of power is available, and then lessen that reduction as

the amount of power available falls, thereby causing the solid state light

source to follow a non-linear dimming curve. 20 9. A power adaptor as

claimed in any preceding claim, wherein solid state light source is

provided with a predetermined average power. 10. A power adaptor as

clajmed in ] in the termi V. ) er_proyjde

e san b T B e R A U RSB Bover

dizanafat thedopuisofdayisolerradiesn. tha carppvelradaptonasdaimetat an

in Clal rei ' ' the i f t i e. :

e B A e e SO R RIE st Sratea soii

rétitiedighirmd nerscertherps webaiaptorioes hot pegsate availsdintrom the input of
19 g tate: li C 7 lai :

e T s S b T B AR S R fShide ony

niagnEsiveheasiiast Wamafiow thelimplitacandrivrgased value than is

required for maximum light output of the associated solid state light

source, when a maximum amount of power is available from the input of
5ie potrdarakRiptsianiiosisisreh itufriasducadbieteedbntaisreder is adapted
' s ired f [ - 13, A
e S B e T s i oxtema
VRRYy Ve pefegsteceayiital prevedie vk plevisptibpsiseined dhstdbaaverage
; : : . : | '
e e BP0 U T o
tﬁ@@@ﬂ@fﬁ@ﬁg’ﬁ?%@f@l@ﬁﬁmﬁﬁmﬁh@m@{aﬂﬂhfm&”@ﬁvﬂé@ input of the
BWR e depstolne 18aLLEk beiaRvie AdaR 1 (KPR DRI AHDTE8NR required

at which it equals the power required by the solid state light source tor

nscdRsUsR stigiaisekshihaneRcedes ssanipptesumdahtness, which necessarily results in

a dimming of the solid state light source.



15a dimming of the solid state light source. 23 14.A lighting system
comprising a power adaptor as defined in any preceding claim and a
lighting unit including at least one solid state light source. 24 15.A lighting
system as claimed in Claim 14, wherein t%lighting system includes a
power reducing device.

- 14, Alighting system comprising a power adaptor as defined in any preceding

claim and a lighting unit including at least one solid state light source.



24

15.  Alighting system as claimed in Claim14, wherein the lighting system

includes a power reducing device.



