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| mprovenents relating to Lighting Systens This
invention relates to |ighting systens, and in
w@aoosiieoshar t o power adaptors for solid state PCTGB2008/050231
sources. Recently, solid state |light sources, such as
light emtting diodes (LEDs), have been incorporated
into conventional |ighti ng systens, particularly those
fo ndln dorrestlc set in EDs are current-driven
; Hite e e OUNG <Hantially proportional
to thelr forvvard current. Conventionally, therefore, a
solid state light source would be driven by a power
Thissigsipoiion tdigiesite ightingsysteesc and émpatticutauidgh pover dghptors for
solicfofértcﬁ and raézl%usts the current in order to control
RS grétnssq%? f the light output, typically using
Pul se Wdth Mdulation (PWM. In particular, solid
state lighting units includin plurality of solid
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hat the Tonstant cu drivi hg
havel@teeomermpuw ia dosfestiorasstings ﬁoa@eowcﬂlngm@ wkﬁdr rr@@ﬂplllghtlng,

as RREABES in Bl BoBhicl B80S EhGEIHRRT b & BBl o B iont

emlﬂlhgtdld@és @gpibgihyee gesdH 8¢ bilie) hthe cvekrall es1ane6f ﬂh@ﬂ@ﬁt output
due _to tenperature and manufacturi ng vari ations.

of the LEEVighting ainds may b varied Ry drgan &warm@theswmﬂsyty of
nd h t t
ight GuibliEf i ieont tthe btferbfl ctiofedfBupdRy 1o P el o be

different. This can lead to no n uniformlight out put

between |ighti ngr uni ts In WO 2006/ 01 8604, a_nunber
A C%TVGQF'P%\%B%%WQSO dfagkb@\Wé@ LEGLEHEeRE 18 HY‘?ntﬁerwbED 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
constant 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 likely 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
controllers 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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controllers are described for lighting systens having

bot h i ncandescent and solid state lighting units.
wab@sa2x9 sti ng power adaptors are able to conP€DGBRIVS/050231

i ntensityof the light output and/or a col our

characteristic of a solid staate lighting unit by

produci ng driving signals for the LEDs using

of tcuRtR Bitdan oA ol b RamR sk of oo g StaredoniiRa ity
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ower sup | ower the voltage of the mains supply.
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vene I npose S on

supalmjb idwetethefvoltagang me)fnm:rw S@mdly h&rommlec $uchqdowmd@tors
drawn fromthe mains sup There has now been

can gayse @é”ﬁﬁn'lcrﬁ&‘rr @\Pé%itop%@ifa"&@ Hpfbinemais Sire s avich gray
contz%ﬂﬁéetiéag (#n\ﬁaﬂﬂé !h%ﬂrﬁﬁoéé‘ﬁrnﬁ?%\ﬁhﬁ%ﬂ?ﬁrplﬁu@éjoﬁg%&Ee of current

ant ages assocl ated wt rior
harmogios dhatgnay ba o‘rawstfrcnemrwmanrﬁs slhmolynventl on, there is
provi ded a power adaptor for a lighting unit having a
solid state light source, the power adaptor conprising

Thefhh&RBIv Bein §ORH&ES bih %ﬁ?&/e@ B EISaNET whitRRErcdmes or
power transfer nodule t 'S codgedtothelnput and

subgiaptialijenitgatestheiabave- meblienedandior vihey disadvastages
our c and a controller that receives a
ass@%&egd/g fgpbeélorqrgm the input and is able to deliver a
control signal to the power transfer nodul e for

reduci ng the power drawn fromthe input, wherein the
Accpsiig taad diptt@sPechalsthe dnvamiions Fhﬂﬁ@ﬂfh@rqudﬁﬁ a pgwgr adaptor for a

ion DAt 8D o 910" QiR Rulde hEBYel AaBEPEoBRN

or a ears e resi S
mpu’tnﬁa)rrm)rmeppd)ryto ﬁh&alpe\mwead;appkyr ammrdran@féronbblele that is

i nvention i s advantageous pri.nci because t
COURIEHLP t%mangmowa%s @Brﬁkg@t'te%mggh %Prg{ I¥ing th?@ﬁf d state light
souRRUERE AQUHbIRP rrecl:éllf@%é v\’)ﬁé ng‘ﬁ hﬁtth%rlnb@ érﬂfls able to
mai s power sup ence e so state
deliway centrol signal to the power transfer module for reducing the power drawn
from the input, wherein 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.

The power adaptor according to the invention is advantageous principally because
the power adaptor and the connected solid state light source would appear like a
variable 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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woul d act |ike a conventional filament |ight bulb. The
intensity of light output fromthe solid state |ight

waowsazooean therefore be controll ed by an ext eP€®IGB2008/050231
power reducing device. Alternatively, the intensity of
l'ight output fromthe solid,state |ight source can be
controll ed by a conbinati on of an external power

and3fis sieg otk Bt babie i Srhce S PoHe piwA Mo fednout o
the BQ\X)@F 28838k OFor ERIMBANRE RiterhBPcoMtitIER %a)ﬁ@é‘hﬁﬁbﬂeﬁrto cause

may be adapted to cause a reduction of the power drawn
a reflpetinn hfethernmmerd:fraWhérqm\t\be lm&wapf the power adanil when a

T T NN T IR e

amdute be pyweRHEAIRDId fhﬂlssﬂidrélbysb@.ﬁﬁndg e solRPaELliGR soalkdow
a non-linear dimmng curve. A further advantage of the

follogoaendingas dimaibeWiVeg to the invention is that the
solid state |light source, which is typically a Light
Emtting D ode (LED), may be provided with a
A fupthedaumritiage@f &veep@ger a@amor iancmdnl@rtottbe ajention @that the
desi red intensi i g out put power adapto
whch g

solid piate fighisSuled| B(Ptqachlaalr'gth%f‘Q)D'%@e (Rt may be
proﬁé’éd’%thtﬁop%%fefé?m#é@ Qv?rragggfﬂ{é%ﬁﬁ oﬁ’(ﬁerttaeacf %\)% eesw%d

otentia erence Most
mtewtyr(a‘grghpowmut piTbeipbeertanlaphe theRfore m&lﬁeaatpaaﬂldWar intensity

of ligghtr i adhiiaP T b bthE dhard Gl aPesssice of the

LEDYOMbdt bﬁé‘?ér%@lf %@éﬁeﬂablé%o@vérgﬂéﬂﬁabd %‘ﬂ*le LED%%@BS@WUQIW
when connected to a power uci ng device, in that the

equanpdhsiavgrage powet dr@mn @tdhpumpwmjlthie pawer adapls@rr deqwwer

acafs BRI MGl o D aish it Bt e ¢ERen it BfTen e

whehdrmectddlo b@w@ﬂh‘&iucﬁi%@é\ﬂée Adnané: thgrintensity ooite dhe output
I nput as a function of voltage at the input in

woulsh biereiytregkgs g6\ie p@u@wmwwp@rat@ I@@Ubraﬂwpeam@ hence
o B35 SHBEp P oo EEIRRA MRl Tt e B o

e capaci tance at the
i nput of the power adaptor, (ii) drawi ng a sinusoi dal

current wave ormfrom he input that |s subst
Thei R RSP PR BRSO DK 898 TUBGBTANANO[AGS at the

|
mpu'trPPHdeer ttgg g (ﬁ‘ﬁpﬁgtéﬁﬁheg?%%? tralgﬁitrlaPﬁei f?é;s@éggf {ol tﬂ@%alns
supplygl tTmlsfmlefeqabﬂy'rm&avfeelabwr(iéeminbnisimg tbaroapamtance at the input

of th% S(%v%rté tor (zu <§‘ra\r/rvt|)nnd & s?nuur30|(jr]al 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 voltage, 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 to 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
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drawn fromthe mains supply, and increase the
efficiency and power factor of the power adaptor by

WO 2082009 t he capacitive | oad presented to theP@HGB2008/050231
supply. Indeed, these features enable the power
adapt or and connect ed solid4state light source to be
presented to the mains supply as a conventional | anp.

two BRI BN S GastpttaBy R, el S aihlor i abbrsontrol
the &iMER drA@nRRSANRE ?HpLﬂ“lr{ RIS %éﬁfﬁ&@é\/éf%b pBlve® drawn

series oftwo or nore LEDs, is substantially constant,
from the lppumukmuarpttaﬂy q@nefaeat abhyresieterorined Nalueur Fhent

pre- 5 il e mbs AeBis it RrsdbreEhn LRIy bR o

refe%@e@%}@él%ﬁ% mal %IUJ@Q deherof§iRANroQlcaMS)/ tAgecAPNGRET.
is preferably determned at |east partially by a

reference signal, which nmay include a control signal

TherB;oe ég?a%%]pl?gr %gﬁ%f@ ﬁl%gghgl\rﬁd ggﬁ?@y?uqmpcﬁrﬂ thé ﬁbolﬂt that is
subd;thatiall;spr@pbsttoauaﬂ tatheyvaitagpartttheirgutt in pagicutar] t&gqoctWer
the i cﬁﬁt n particular, the power transfer nodul
P ip B éﬁ%

rangies e Boly #arpaip 81l ASBIEAE Sy feghwaveror from
the HRVPHRRT SOIUARAY iRRIash Mt the SHRRAEAIVoRaGY Wd?/ePdTﬁﬁsgt the

e Si nusol tage waveformat t nput
input, mqm\mpowwam;rﬁ@er mduleearaﬂdr thre a:drEEratIenprejHaé}iy includes a

mulfiiEs St aetaimies e shriotdraliat s B SaminS Ry i and the

volté@i IR Y duldtesMMUh G ﬂSr%Sd’étbrrhMea dVefa ﬁ@bswm Béi‘#l arahAgGfom the
power being drawn fromthe input. ower transfer

inputods bleeooav&i/ttarnsteferncdwemd/@rrtharc@nﬁrp&erea@mrﬁf%rabbtmpﬁed to

senSE At e Beb@Bn N ol PLut Wl Citiadie G eine e

requifeaéurférid beeiraRpLitorn alse thpud btabédj oviahhp@stageveswfoim. The
The power adaptor preferably includes a voltage

powgh arapior prefer g pincieiessa vellramonipr thalgeovides a reduced
e FREEREE SR P S oL AT ndh S O addifor

rans e a
power factor correction circuit. Fbmever the power

factor correction circuit of the |?ovver transfer modul e
[

Thepowet iggIsierdnpeiegednay H]ﬁ'%ﬁjec% ROVEY TRHAT CRIEREHON HUsr
Howe¥el ecﬁbipaﬂvé%'fé&ilr Eo#r rdl}lt %Ctﬁé ﬁ'&%r't%‘sfé?em@d

le
feedback 1 oop romt ce I's an open Hjoop
preferatxtwdﬁfarmfrom acoovemtmnrabpower fazton doerddBDN dinguit fm that it does

not mclsude a Peeol% WErIocg:po{rr At 'ecmillf) aCtooﬁerﬁ:cl:er f%uan open loop circuit in
relation to control of the LED. In this case, the power correction factor circuit
preferably includes a multiplier that determines the proportional relationship
between the current and the voltage that would result in a pre-determined average
power being drawn from the input. The pre-determined average power is
transferred as an output power to the LED such that the LED is controlled by the
power drawn from the input, rather than the current supplied to the LED. The pre-
determined average power is preferably determined at least partially by a
reference signal, which may include a control signal of the controller, and
preferably also a current sense resistor. The current drawn from the input is
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preferably includes a multiplier that determ nes the
proportional relationship between the current and the
waoelosag®1e hat woul d result in a pre-determ nedPE/eBas/050231
power being drawn fromthe input. The pre-determ ned
average power is transferreg as an output power to the
LED such that the LED is controlled by the power drawn

prefphabN e i ah Bl amace et dsmMCS BB whichds
pref\%ﬁt@%m fafbAkith 8avirapbhdd lesityra reference signal,

may 1 nclude a control signal of the controller,
and preferably also a current sense resistor. The

ArefiER i BBt EOBNRL fod Be e RO GofardL SEHbERa g
resdhz@t err@lt, Ywhich &esdfsietMd Braw aWin@Yidausent dRiveidm from the
~ Alternatively, the power transfer nodul e may include
inpuithatde. sgbsstaegalbfanaqhaéle wids Bieasinugeidalvaltaganyareforsn at the

. q : . - h

o RSERE e HA BB SR SR Bl
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se, however, the controller of the power adaptor

case, ] .
wWoult Erseitdp Iayprﬁed%?‘rﬁ"ﬂég VREAGH BRPWRT PBIRAIdraWN 4EQMB M nput, and
henBS BRREAS {REGIENiENYsashddho(Rl L age that would result

In a pre-determned average power being drawn fromthe

i nput, and hence acts as the nultiplier discussed

e e e A Y e S b

diod&i i stdRp QU H tw RO ETe SiBRRbolver SighbVigiRiveRd tBahe light
l'ight source. The transfornmer isolates the Iight

soukseur 0 fransfotmer isalates Hgpighy soarag frove tbeenains supely, and the

one (3062 TP EnalB pES RERLSE sl ERE MR Fh S BRC B
danrigeatietigyit &durcbe control l er and/or the power transfer

nodul e may be powered by an integrated power supply or
by a connection with the output of the power transfer

e o A0 B 1SRl bl 0 R

ans

powendc by ahdotegoated coweplsypplynorsbypawennsctigel withtied evtplok vf the
dr aws 1povver irectly fromthe mains power supply, nost

powﬁfgﬁgﬁz%lmyoq}ﬁ%r the input of the power

Where the control circuitry of the controller and/or the power transfer module is
powered by an integrated power supply, this power supply preferably draws power
directly from the mains power supply, most preferably via the input of the power
adaptor. In particular, the power supply is preferably a constant current power
supply, such as a switch mode constant current regulator, which preferably does
not cause excessive inrush and is low in cost. The control circuitry is preferably
adapted to shut itself down during the off periods of a mains cycle, for example
when the power adaptor is connected to a TRIAC or similar device, so that the

constant current device can be low in power and hence the efficiency high.

Where the control circuitry is powered by a connection with the output of the power
transfer module, said connection is preferably made by means of an auxiliary
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adaptor. In particular, the power supply is preferably

a constant current power supply, such as a switch node
wa@omstiznt9 current regul ator, which preferably POESBa@S/050231

cause excessive inrush and is lowin cost. The control

circuitry is preferably ada%ted to shut itself down

during the off periods of a nmains cycle, for exanple
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adaptor preferably includes a variable resistance
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di d.
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source 1s re e vari abl e resistan
an apito-¢adlator,sn pradrendbdlate thersefiidrstaterlight dedroeiftdmahe mains
control signal, which is preferably derived fromthe
SUPR¥nt rol signal supplied by the controller to the power
transfer nodul e. Most preferably, the path for this
control signal includes an isolating conmponent, such
Theguowat tegnser rﬁ@dlademrefarablam incliidesc tault detiection Gitbuit that

cisePl Bk rRbE PR RveLP B % B8 rEiRed wih FRVBE cavsea

by faiRire @l idtonheetid of ﬂh@tllgﬂﬂt sobices fdriedaniglduTaeifault Betection
event that the load is renoved, which nay be caused b

leClﬂler%@r@bb'rlﬂél@@érﬁﬁ‘e@@tpdﬁp@mrﬂrh@fqlefdﬁtm@a i isolatign of thg light
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det ctlpn circuit would be active
durlng norma se.

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 preferably, the power available
from the input is identical for each of 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 power would reduce as the
input power reduces and hence make the LED appear like a conventional filament
bulb.
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during a fault condition only, and is not essenti al

for controlling the output power during normal use.
wab@speosee transfer nodul e may be adapted to dp¢T/EeB2008/050231

single LED, or a series of LEDs. The power adapt or

preferably includes a pl ural7ity of power transfer

nodul es that generate separate outputs. Most
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tranBRMHodASPER varf indlesPahse ¥ Sontimiod frh @L< interface. The
wi rel ess controller, or controls provided on the power
contﬁ@llmitpﬁefara@wvarlesme cdatancel sgnal éaymtéplehtlaglaycontrol signal,

. QY Qgr. e ht i il es that
whidt P ERRE e R B fen Rt B PR RiBige. 51 gna
provided to the power transfer nodules are varied in
response to commands froma user interface. The .
Anyy@rigtien oé thepredeiengB|sionad Praddeto iherrewercieansfghmodple that is
I I
cifo LY. 2 O SGH ding S or S PFEo R R0 ! 810 Sfisging
pourwef ﬂmflapanp@/ven ggaﬂal pr akechatvélg at he‘reqummytlewmharthe

IS effete by a control nal of the
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ada?ﬂcortré“ﬁld i S?Eé?‘t/l‘ﬁclg K%'t%@é‘lwav%rm Anb8E WA thelvbidbe &t the input,

requency
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
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 allowed to reduce in amplitude as the DC level moves
towards controlling higher powers to minimise the harmonic distortion of a

particular 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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frequency of the input power signal, so that the
current drawn by the power adaptor renains
waodestizntd al |y a sine wave in phase with the vPCT/&B20081050231
the input, and current harnonic distortion is
m nimsed. A further possibiglity is to apply a
di stortion, preferabl y a DC’l evel adjusted saw tooth
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rel evant arnoni ¢ standard his saw tooth waveform
powes b theaomtant, agehe foowes agqtl@tvledrqmm inpaihvot theppawerdzdaptor

reag® e 96 BSMer Banter bR YR g Be AR IR in the

currghl @aRgh ﬁr@mrtﬁélﬂrﬁ?@tlaﬂ a@ﬂﬁbﬂetaééé vafue thenPCréield fapvesimum
towards control | IQQ%'—EI gher powers to mnimse the

lightristrehefdhaiasseeiet P, whgara nayinakmaanaewal| of powes és available

fron?&%ﬁngﬁf"@frthéec%%r%{d djrul/vﬁldhsl 'fl‘?énﬂ}ﬁf??{v‘?éddceeg%\)gﬁ  cantroller

ower evi ce re uces ower a

to ptavidérenlynpeoooler tréguipaifer nealdmuor ouﬂphéandhpuhpm/veAs the
will reduce in proportion. Each power transfer nodul e

eXIGRRRY| RPWRIT REVFINO &%WGAOW@&J@@OG‘@}'@PE@'QPHB%‘WG? tpreepigoller
may IEIEH var)gﬂga RESHCR'S rc?vldi@cf&gﬁgcr?p@%@gﬁaﬁﬁ\é@ Fncfi‘)tu e so that

as the avail om'the I nput o
the tlmee malvawnddapttioe inpad u&:mre&&eﬁeaed th@auerq@e\mwer of the output

thergloPF SHY T, | Foo e FpUEo L 1R LT R doduim i pehiness

This AfRWvd el IGEI0It6 BElvé @ mBR¥ U Brighttssostéy vheh th8®ower
associ ated LED, when a maxi num anount of power is

avaitakie fram thefinpir oftbeingwar astaptorehasoean eastuseduntitiiecpower

avalb%é?rgﬁ% - hplof] tﬁgupfogger RARRS S {ng[h/ bB Bl B Lver

reqUIRIcEDY e LFBI f@%ﬁ@&ﬁﬁumﬂﬁmmné@dmmyﬂmdﬂ@wbﬁm treswert he
avai |l abl e i nput power, the controller t hen vary

avaiiahde f@he powver kagsiar ”}ﬂd@{ﬂ ﬂ%léwttblse@é% ill pecassadly result
in a!alﬂﬁm”g%gpthteq_aé[)t he current drawn fromthe input is
incre

and the average power of the out put
therefore stays equal to the power required by the LED

for Xi mum pri ghtness. This allows the D to have a
Theopireien 'ﬁrﬁr@%’%&@,da&ﬁé’nt%%ﬁdtt € qysRge é&hﬁg%ﬁgéhw B

vord, o R s RS s AEEPA B g i
betveekpther cuncarit dheimay deavinyatetyedhputhe thewewer 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 controller includes a multiplier that
determines the proportional relationship between the current and the voltage that
would result in a pre-determined average power, the controller 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 approximately 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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required by the LED for maxi mnum brightness. Any
reduction in the power available to the power transfer
wore@alizoolbel ow this threshold will necessarily PEFGBR00BI050231

a dinmng of the LED. The controller is preferably

adapted to detect the aver age vol tage, eg the rns

vol tage, of the mains supply, and sel ect an

appropriate proportional relationship between the

current being drawn at the input of the power adaptor
CondBHtidMRIyY Hd ﬁﬂ?erﬁtstupbﬁedj RPHA LBD Fhet BEWRitcrdAPA PEsistiol in

order to maintain e sane pre-determ ned average
serigpwith the L EDyon @rdefdp@relverft@leemgeamehhagtéﬁ)oll-tcar@@roeflnce the

powi BaBlcP RSB 1n et B8 Be AddHid KL preRidk &

prediﬁéﬁﬁlﬁbﬁ%%efé% ;@dSW@thottlh@rLﬂD r@ioﬁthe%tﬁbhiﬁalhﬁﬂfd\@ﬂﬂe ohéhe LED
current and e voltage that would result in

is SLﬂ?Séa@lﬁ”&‘mnﬁ@d‘taWér%@@nbwbbe repdaicsvimautany need for a series
res@n%ﬁa?&ﬁ%?(t n%\é'kggﬁ goé‘;af R BGou Jfignal to the

on the average vol tage
of the mai ns supply. I\/bst preferably, the controller

is adapted to detect whether the i NS sup has, an
ThemawarsdaRiy BRY gﬁﬂﬂ%&ﬁﬂﬁ%ﬁvtam@vﬁg}r rﬁﬁu?'ﬁg h@gmpRigeUrents

dra\/@rﬁ) B iHEhSI s ﬁfp%}{ro tﬁ@fl Pﬁ:aiglcfém&%%ré’gh'aﬂtn%n eIectroIKtlc

rence sl gna articu
capacafcnnnsdmx&osngtmwlrkf ahetﬂwvetﬁdﬁptorqoretdr&ialgalsmmcbﬂes a rectifier

t el 0% of th f f th
at S SRR Al B Hednnus v eletin b g™ %ﬂﬂ}s?%rﬁtp%i%rmsﬁ%%t

prefbpa ) thER Rt id8 flii Wh@@%&bﬁe@tﬁﬁsré\?é@és *tr'ﬂe ﬁéE%étﬁ/% (‘Mrt h
'ED, in order to prevent danmage to

pOSIm&)ewmons ohthe altferngbrv@cuaaatpwavefatmorf‘tﬁmtheteaswere is no

neel PR o ilaioaplo f b BRe Ll %5 sBufl FERCIhRY QR dng povwer
tran@iferhh‘tﬁjdiéfhn@hém@émm ablagecosdorat (alsh@newhra ra¥droir
be regul ated wi thout any need for a serl es resistor_ or

capagiiar ensmasiBiagreaparien shpefeiahly rrisavidedihetyear the input of
the ﬁ&ﬁ@ 88%&§Yah8?|’1éjﬂgw@r r'a‘bgl%r rr"?c?1 dulid. Sldcfé%‘dt tﬁq {}O\K@dé‘&éﬁgr is

urrentstdrawn € mal ns
preférdtesubpstyniiallydirees of elestrlytic capacitest &hialemables the supply to

citor-inductor network, The power ad
be %&%‘Wy mynigRlireR¢tane’ miningak 'i”? %}C%(fef?tt %”‘F‘ g life H‘é{ih
V. r
e SOEL bl PRRBHRTD S R oR SO g ahing
systmmee A batk stomget daracitev sraydse phowideshaitthe @ufput of the power
transfer module, but this is not essential for the functioning of the power adaptor

with a 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 power adaptor is also able
to function in lighting systems that include a dimmer control utilising SCR phase
control in order to reduce the power available at the input of the power adaptor. In
this case, however, 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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positive) portions of the alternating current

waveform Nevertheless, there is no need for the power
wa@od@ptiznnie o provi de a steady DC signal at the POpPGB2@B/050231

t he power transfer nodule, and hence a bul k storage

capaci tor (also known as a 1;§serv0|r capaci tor or

snnothlng capacitor) is pre erably not provided

maifs GHas e igs NG geint s b eaan Iraper the SoRfnGEd

fundBoRinRY Gith¥ ofrRfr2Bhir8l.| y free of electrolytic
capacitors. This enables the supply to be designed

with mninmal reactance, mninmal inrush current, and

i Pl ch otk RS R S'FE BB FRbe SRR Al craw

pom@HirKrrféUﬁHtélQeo A& acioltafe B prddenpaPiicdfguttdf thE®oWer Ridiaptor,
of the power transfer nodule, but this is not

suck§wdihe PWesiranplier meditle @ﬁah@swffm@tbfo@mtma@a@ta@d smooth
coneﬂ‘ﬁétfbn"’\ogﬂ DREH oA A é?%l/lge‘crtr%ﬁ 8u tt"rﬁe reH& iR 8er 8—{15 mains
power adap

tor accor nt| on 1S Sul

cycléorAnysate'gnat@dl dirglitiof gwe;pGWemraha‘br uiddules %prefe/rabhy\mherefore
reducj ng device for determ ning the power avail abl e at

maipigachip.r SeNdpheqsReRap(baTe ik PRaN 8LNg InPuhef the power
adaBfdor BRANIGNERY ﬁﬁlﬁ@)ﬂe@ﬁsﬁaﬂ@éé ahl &t pERPbOthe AEMS

VariaC, or ar ower adapt or
cyclaptrd tsoadapied t@drawn pbwghimn@dgtelyeam cmamuonellyu]m‘eaa voltage

s PIRSHIE MEREPfsiiablvalis bl ek Bagsier 36 el whsth§avbitage is

pres%fi'ﬁﬁt fHe inp0t bihihe oWt ad%b\t@rVﬁhd seha df’c%\ﬁfoltsfgi‘ﬁf&fhe
modul e may be adapted to draw a m ni num current from

mtegrraaéedranrmt @fdbplgowej tiansfert med@ero switshéhauntaggatelecircuit to a

starily i B s ol et 8 i PBHE Mptob Sridbaralts

modéowhéﬁ"a vdlt@gér@@l@fédted gt wlanped Byrmahd®Nirddet Rempanethat
transfer ule is adapted to draw power i medi ately

the intearatec,QIQUitgs SLBPHRGWERSUEICI@aWATde DSTORaTatioRAlRUL the
pom@ﬁf\%ﬁ%r ny eHB?E ntoli‘are{?/\‘?‘égfﬂc ern‘fl T/v%rr fﬂéﬂgtﬂ F%bédap?)ly to

ent continuous™ an snDo
driv@thmsalldwstateT ﬁ@hﬂs@o@e@é clyf op@rdtldnlall mgde hie mmnhdtenheqfower
mai ns cycl e. i nt e h ircujt of the (grovver ,
tranﬁfreéﬁ%q eﬁﬁ%ﬁi e '§'%‘FQP RHPP MePaisrLInRey 1 Givfeide; solid
staté‘#éﬁ ohode when no voltage is present at the input
povver adaptor, for exanple when a TRI AC device
causes an off period of the nains

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 diode switch (TRIAC), the controller is
preferably adapted to switch 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 switched 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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cycle, and is adapted to draw power i medi ately and
conti nuously once a voltage is present. Most
w@e@baz@id y, the controller is adapted to det eRCT/GB2008/050231
whet her a voltage is present at the input of the power
adaptor, and send a control ,signal to the integrated
circuit of the power transfer nodule to switch that
integrated circuiit to a stapdby e
whéd'diBueaacablatic e to SRS PLinar aolbagre jgfiSources,
and%@e%oﬁ?ﬂﬂs@@% blﬁr&&\}" Spé%u%hérﬂﬁélé NAEconkYllers fp‘)‘i‘@f*éYably
is nmeant that the integrated circuit 1s supplied
abla/\iotlhdemrfdetntlgrawm@bvvee lmtegtaée@pécwts ointale, plwialityt dfepqyeater

tranb{eR WUie S BH sfarBy nPie . H Rl iR e T RnuBE ek fre Moty

adapdrteenadiivate Beoad iseitalighPselrce %y@ﬂf@hlﬁdﬁﬂﬁe |hféfgr@l@W rcuit of
transfer nodul e draws sufficient power fromthe mains

the gsgasigted pouvaransfas medylg t@taa‘tt@nqu)ngd%ur ce. Hence,
where a power reducing device is adapted to cause the
vol tage at the input of the power adaptor to be

Thegpuviarteethptor raay thedrbfae coegsisecarceutpat foreaylaigh, efm@ency light
exanpl e usi nl% a triode alternating di ode switch

SOUICRREYEY 25 P fgHIIOLERS. 125 WPlbPe ORBI Gy MRRFERIaHICEROf lower
efﬂc?é/H(fR/C Budihgs 'cBFo%géd(gh&I‘Flt sgidrgﬁé U rothid SRbBaiEnt! ﬂ“@é}ﬁv@ér adaptor
o e whe

fe'to a stan never no voIt
maydet adaeddo slvxrnte:hlthpmme aarmdorteol owver eﬁmmoymﬁpumddg coloured
. . Whenever, a voltage is detected. at the
ioht HiReeeted SRpERY o, WRuSFRRliTte BAGRER Ms:hise Stigency
outﬁuﬁgé@f/\wté I@ﬁt §8§Y‘Jrfc6§‘%fi! ab&(e\l@é%érrﬁ%%%mé}ﬂgvéwﬁﬁ(ﬂ{ 4982l
0des nany ti nes each second, for exanple 100 tinmes
maximom pewenievebr The BURRgemensweoulshiepult Thieryatigheffienay at the
i ntain i.gh efficiency at low cost at all TRI AC
maqniiﬁpph@éwérn@gglf romthe mains supply.Wiere the power
adaptor is adapted to drive a plurality of solid state
i ght sources, and hence conprises a pluralit ¥
Thlso%ftr@fwerﬁﬁ@trﬁié@ enablgs alightingl systemdn phéghethgdio é‘dBﬂ@r@‘ddeS

mTEFRENS RN B, LGy PSR EATGH AL 41550 o

warrlner n&mtblhght at IoWdarepm@rt leoklserinipartioutdire traohig hasdfgie ecl light
inactivate a solid state |ight source by switching the

SOURCRt I8 Y RIPERP!Y ARG COOUT {§TBPEILEHE WRIERI YR ES: z?rﬁ‘@f  one or
e e S g
such aeglan 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

outputs are inactive.
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source, such as a white light source, as well as one
or nore sources of |ower efficiency, such as col oured

wo p@hii2®@oeur ces. I n this enbodi ment, the power BCEPBI08/050231
may be adapted to switch the one or nore | ower
efficiency outputs (eg coIoHied light sources) to a
standby node, mhilst provi ding power to the high

out eg . White |ight source t.a ..
AcoRnG e & R re s ey et e "SpadedmiBbtag system
corﬂp?l‘éﬁig a Eﬁﬁeﬁéﬂéﬁ@?%%sﬁﬁ%@' ab8va! bhd'a‘hg\F@ihb UHitdAcluding at
fiCiency at the maximum power Ievel
|eaSaDﬂar$@hd§tﬁtedigbbS@ﬂabl es a lighting systemin which
the light unit provides white light at a maxi num power
| evel, and the coloured Iight effects, such as a

ThewghtBg unhtiviie tydicHly, bet’ibrdvﬂj/@,@r meuﬂaﬂwed)szollbetate light
particul ar, t'he high efficiency %t source is

sourgest én QKIS ta aehigyecdiferant ?@\@plé? aftl onfRutethe lighting unit
prefS Rl el dad §ot\8b51?5‘t% Ilggrht gglé@eg%é‘ﬁlrerﬁ |Igﬁl: gfntmfe eng%lours and

sources pr efera oure source,

moss pedfeesblab EDsaAL énnghrg hs otiretk gréer and bluegccylomm Iﬁh‘r@nermore
white | itght source to creat ?aa nore desirabl e,

the igfitingrunit Rgy@de0 Inclycle LS & g@f?émnw't@wemém grder to
ralséﬂﬁ:é’b‘c?lﬁglerérfa@?lhgﬁf’?&@i |l evels to be utilised, which may

herefore save €nergy w thout any | oss of effici ency
at a maxi num povver | evel . Where the control circuitry

Theomg{%qt hre p%q B&h@pgwgﬂﬁ?y ﬁ@}ﬁe an bt jﬁ%’%}@% or may be
houBe&EEp ARty | Nddede shpsef a@hpbtof ﬁﬁgy%e,eadéb'l@:a tb'ﬁﬁéwde power

unnecessar% power is not supplied whilst the | owe
to aglidratiyeridightog poits, eaad lightiogiundl. ineloding anglur@htmOf aaluchet@te

ian€GRFERs chbiFeioty. ey Bilrbaiafrn i ALRELLE Bur gt Bn

powanddapiorghThs Qig[lblﬂrh sygtehushalchled incRRRta poRes @édublﬁg aéeice,
i ght source. Th ighting unit wll typicall

SUCfﬂJﬁé\ﬂ Retable f@ﬁ'%obl%ﬁ’f‘@loist%l? oha dMer cmrﬁﬁ%thatgw{ses SCR phase
Conﬁ&urces I n order to ac_hl eve _dlfferent col ours of
rght output, the lighting unit preferably includes
solid state light sources that emit light of different

o e o ASE Y B il
by V\%\(}) f |W@é‘[réﬁoﬁgodly% it iR eqb tREBBEomPYATING HaNigsein which

col our 1 n or

Figure 1 is a schematic diagram of a lighting system according to a first

embodiment of the invention;

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 a power transfer module that forms part of a

lighting system according to a second embodiment of the invention; and

Figure 4 is a schematic diagram a power transfer module that forms part of a
lighting system according to a third embodiment of the invention.
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rai se the colour rendering i ndex. The power adapt or

and the lighting unit nay have a common housing, or
woreyshzoomused separately. |Indeed, the power aPEpPGBR008/050231

may be adapted to provide power to a plurality of

lighting units, each |ighti unit including a

plurality of solid state |ight sources. Furthernore,

the lighting systemmy include a plurality of such

power adaptors. The lighting systemmy al so include a
Figu?&Weshdviks %ib Atin dg’@yétéﬁh a&&amg%% firat él%b@lnﬁ@rﬁ'o?tt@é inv@&ntion.

rheostat ora dinmer control "that utilises SCR phase
Thedlghtlnglsystenemmcmbi@oﬁt mans cigduit ineludingeamains aipply LN

and PoRE AEREonfivicd it s A EhEtay, B Edlses 2 ppwer

adafior WOl a lsﬁlld\/@taﬁ@ hﬁhmg" enil 50S ThessdleBhteighting ruaim 5
a lighting system accor to a first enbodi nent of

compriges HveﬁtGOJﬂurechegmﬁt@rszwasgabéeﬁérhﬁtqqlptm afervaRnereagh of red,

gre&f&@ﬁgurepﬁﬁé tripat d‘vgér:?éda% %Jb?)lléag\nlth' &l %5 58Wer from

ure Iagram o

the pmmcutawmaﬁdns addplﬂeel td h:ahtrbbvh@seleambalqéomﬂ smipihedgo the
yst em accor di n& to a second enbodi nent of
i

30“‘3‘ ﬁiﬁé@]{'gf&)tmg AEOR JieP v sadanieieland solid §b’5rt%ﬂ195t' Wait 50
mayt BQBﬁEI%Eemlir‘?s%‘é;’rgté ﬁ%lﬁ%ﬂ rJr vﬂﬁhnii‘ﬁleddﬂﬁ%bﬂgwoﬂéﬁ{ge@a type

according to a t nt o

as deseeined an\EDQOﬁG/O]l8§Bém5 a lighting system accordi ng
to a first enbodi nent of the invention. The lighting
systemis connected to a mains circuit including a

Reféﬁh@%oﬁwﬂf’#ﬂguke 2 %Obcﬂ/vé’rod&[ téﬁ@b‘@bﬁ@n@ééﬂaﬁ%&&ezﬁf& '@jrawmg
rheost at, and conprises a power adaptor 20 and

eleogrmal goweafrem t@hmam} cifguit, 8od three powvardransierenbdgiRsi ng

402400l BRI RGO QNEA e dp BRe ™ il Ty Gt S6o.50¢
in theEdaid sthte IRPitRY Lategt. OEa@® pbwes taRbiee thoduld 465 0L 40wk
power fromthe mains circuit, and is adapted to

congesied 49 theapel 82wvia adiltepadandssstifieces.csa that aginysoidal
t T
voltgéé‘a%vgv{aflog% drﬁg/nuf%rb tgg mal 5§ 8981%(3 Qg%ﬂégm .rt? E;gﬁﬁ‘gg\é\%?gr'tagsfer

hting uni e encl
modweuat)a,g!@b 40c a8 & fulhwave oontifiedwasfognof a type as

descri bed in WO 2006/ 01 8604.
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. In
this embodiment, the voltage monitoring circuit 32 is simply a potential divider that
provides a reduced amplitude representation of the signal drawn through the filter
24 and rectifier 26.

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 outputs for supplying
separate control 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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Referring now to Figure 2, the power adaptor 20
conprises an input 22 for drawi ng el ectrical power

wo p@siizdeed mai ns circuit, and three power transPEr/GB2008/050231
nodul es 40a, 40b, 40c for providing electrical power to
each of the three LEDs 50a,ppb,50c in the solid state
Iighting unit 30. Each power transfer nodul e

Oc, i s, connected o th afilter
the PR ABPIECRY Fiedtons (s rasdue Atia Bfadh 1S e e Bs
502 \RBS®, 'éh@frféﬁéefdé?é'ﬂrﬁlhé tHBBBUP 'ah@#drtlntbﬁ3|%H8Pﬂh'eQ@hE @mitted
each power transfer nodul e 40a, Oc as a full -wave
byth@eohdsEﬂeMgNEﬁgwmﬂ3@~voltage nDn|tor|ng circuit 32 is
connected to the input 32 via the filter 24 and
rectifier 26, and acts to nonitor the average power

Each\weiamspdr rho@uleMudt 4612404 Boinbrises ﬁ’qslmé‘fﬂ‘aétorbbﬁectlon
vol t age nonitoring circuit 32 is sinmply a potenti al

circyt ¢Padrbidzgtingludinddetegsatedircet L&RPRIanggating in power transition
moc% Wh‘? @trﬁ%hﬁl gﬁfr%fﬁ?ﬁt%é\loeﬂi gﬁg"ﬁ @'ng%éhé% Bgldhea{mp des

rec power I'S a

Fillegy O‘.VPdedl GH tezs Ptam-Led- Dﬂat&} Gmfmvah Swiizktides. ahe power
Pr og ramTabIe | nterface Ch@sé) PCI)LFél The control ler 30
faCt%\%OréQPtioﬁpﬁﬁCUttﬁ@ta 482G 5s23ARIeE R Ar3Y 8rRU TR U?ﬂtt'%lge

t
s GERLAR Y R R S, SR B
outptm@oh\m sihe) ét)borzm:antva\wrage pomes pathci nlgrrerar&é}stantlally |n

h trol si I t [ h
phad§ BiBithe wolTRGe. PR avardadsr paisiofiShtom fn £3h dpihretore
mcl&’é’es Qﬁﬂjlﬁkﬂ%@%ét%té‘ﬁﬁ%é@%é’@w@énﬂﬁ%é b, %r é ﬁ/ehﬂﬁb{ﬁt

of the power adaptor 10. The control sign

voltw én erdrstthenioian aﬁmptaré@vsgagm@o\pemtputwﬁbﬁm current and

vorr gt BB rol iR T biee TG sneifieh “enfRgREVSS

corr@fiidri giclty42418215 abechiss aite tb iréiidehelitirmodfl disagtion of the
power transfer modul e 40a, 40b, 40c conprises a power

curregicdiawnclspmdbeinoaingisteplyt  42a, 42b, 42¢ i ncl udi ng
integrated circuit L6562 operating in power transition
node, which is manufactured by ST M croel ectronics of

The3pwerdattor durréhlm‘rpmd&stsRlZa%Zb ¢2c Biffe? flom @r$td@@8d power
Pl an- Les- Qu CGeneva, ovver f act or

faCt%b?Qré%qtﬁoﬁrP'r@PftérﬂJmatiﬁ%éﬁ%w Qrggﬁﬁﬁué%c lgog fram she output
to tr@;lhfegdgétetdr@ uktS THEPSHaRhERL! of thé‘ d%rtébrgé}ﬁlon circuits

e i nput power S|gna prOV|
42a,42b,42¢ are therefore increased relative to a conventlonal 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 control the reference voltage provided to the power factor

correction circuit 42a,42b,42c.

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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out put power signal of constant average power with a

current substantially in phase with the voltage. The
w@owsn2doart or correction circuit 42a, 42b, 42c tPET/6BO08/050231

includes a nultiplier that determ nes the current to

be drawn, for a given input13/oltage, in order to

mai ntain a constant average power output with the

o 5 B BT IR e o
of whith i44i¢bisd fBﬂ/ $9e B6hFolled arsgﬁitﬁ\%ti?ﬁ%f E%Ldﬁé?‘ Historically available

distortion of "the current drawn fromthe mains supply.
at thehisppber Thiscgrablep aruser ioselect @ particulsrdighting prefile by

opefgingiiae PGy 2eFLAR 4G VEF paRELBERN obs SBsEin el
wWO@oeud18694t he i ntegrated circuit. The efficiencies of

the power factor correction circuits 42a, 42b, 42c are
therefore increased relative to a conventional power

ThelBfd8hod GBLER LOULA BEMLL raddie: POKEI. SGE4BE.48R1L BELLOR tne

crrcui ermne e currént to be
signat froimethenpltage shovgtdr B2, dikidreisenpplibe viseemrédpondiig sgyees

.of the electrical power supﬁl and a reference voltage
resigipgs ioffetetity CpniroletgnalsUPR %%P&E%C%W@lﬁr@%w is qupplied
via %%Pﬁ@aén\é*ﬂéé/r‘ﬁ%ﬁ%}s‘%%@r out put of the power adaptor

tro is therefore adapted to control
the reference voltage provided to the power factor

correction.circuit 42a,42b 2c. .In partjcular, the
TheBhiipliet &) SherdlorAgda valy B ileeaBEuhltide Lingeifwer factor
corrbB@dn Eivcut 4261805 APcOAnd RENBOVEFY tREQIRIEN: YraWR oAbl Mhins
~the input 22 and a Iighting profile stored in amenor
circwit, ynearyiogttheicosirodsignaiibanisraeny ta eaclepowes rangfer gfodule

li@ghting profiles, one of which is selected by the
40at:4(9%tédoq'l er as a function of a power historically

avai |l abl e at the input 22. This enables a user to

select a particular lighting profile b?/ operating the
Eacppauer tenstar neadued On40cC patd eenmaallygdHee thegower

sup{fERf{o 88 oo Mo ERE X P00 B 000 BOUE 2°Gis SFAS it
reduwwdegnahd heaoe tie pgakt agailabafroor thd2mainsi iftuitsedugyd. | lddwever,

cack SAPeE AR AMOLIR AOPADTAO RERIRLIES ocRtiesnot reHdes
greatdPPbWEFto the LED 50a,50b,50¢ than is required for maximum light output,
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,40c, 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,40c¢, so that the
output of the power transfer module 40a,40b,40c remains equal to the power
required by the LED 50a,50b,50c¢ for maximum brightness. In this way, the
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via correspondi ng series resistors. The controller 30

is therefore able to vary the reference voltage of the
w@owsn2doart or correction circuit 42a, 42b, 42c, BOTGBeV8®50231

vary the current drawn fromthe mains circuit, by

varying the control signal fhat is sent to each power

transfer nodul e 40a, 40b, 40c.” Each power transfer

oot I hiseiiabnaid) BB o9 Got, Bauieh Sghtness unti
the PONEBF a®iRiblRbM Bk rhhhsi dveUl cGBEIARE pod BEHIFEd blighe

power available fromthe mains circuit reduces.
50aj5dkeba for saimpowerightnass f Any medudtiondodhepbwepavaiable to the

powf BBk Eiag do J0RRER 4 p B B RTRICI PR it i diing o

the PED®BGa, 50WE80ct he power reduci ng device 10 enabl es
maxi mum power to be drawn fromthe nains circuit, and
the controller 30 is configured to decrease the power

ThefsRUE! 015 PR cBrecting i PGHGs,bf BRGhATBREE anc

selecvdn lappadiaiaA® brefiintiosalirelatianship demvet o thdeupeneseing drawn at
required bﬁ/ the LED 50a, 50b, 50c for maxi num

the WPl (R &f $he pRWeEadapiog iRQrRPhINGrQltage & e BpUs23)mb the

povE a3l 149, oleY fo BRI T 2 Bl eyt aliabe power

for tevoaditferteing rins owitades. min particulac uthe contrelleoi30) o adapt8d to detect

whefedihe BynR SUpbli Ahis P Thon BF a5 Mg BT bpan rms
volta%%bzéﬁﬁr&%é’c@ty @éov,@g]dowy &h %‘gfr@drid’f@‘#éﬁe?ence sign?lhtg the

40a, 40D, 40c remai ns equal to the power required by
muliigtiers ohireopewercfattar corectiomchieuitid2R48b,426. tihiparticaar, the

rerelleatt bl Ty niiBiedn FradiBlilhd B6 3% sy e reference

signav firlted g0 ¥/rais ddiggeri ns circuit equals the power
required by the 50a, 50b, 50c for maxi mum bri ght ness.
Any reduction in the power available to the power

Theld RIS A i 06 BELEH s WoaRRLt pddes
thoughind trahkfermatha isglatesade L& HB02,60b130e from the hMaige cioduit, and

.the mains supply, and sel ect an appropriate
a clgfle I GGHERS 118l 4P NGAIRYSCHEEUIGHS HEDLEH 1Nk ER G50 50c.

A blilk @¥tadé 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,50c.
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,50c will be regulated by the characteristics of
the LED 50a,50b,50c to a particular average value, and the average current will be
that determined by the power transfer module 40a,40b,40c to be necessary in
order to deliver the required power to the LED 50a,50b,50c. In particular, each
LED 50a,50b,50c will have a particular forward potential difference, which may fall
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the input (22) of the power adaptor (20) and the

vol tage at the input (22) of the power adaptor (20),
WO poosne®I9 t o mai ntain the sane pre-determ ned POFGBY®S/050231

power for two different rns voltages. In particular,

the controller (30) is adapped to detect whether the

mai ns supply has an rns vol age of approxi mately 110V

o[ an rns voltage roxr 23V an y an..
anyihefpitaa tcAlie read By to WihSerulidnrim N teRthBe ahgtions.
EacRQWaS SUQ@O‘BrSMHI%éré?@reCﬂebElété ?né@é\tf%b@t AB8- ou'tFBUt from the

particular, the reference Sig
asswatedgmwg tegnsfexinadulel @@‘@@%A@C te He paetfcmlarrfo erverdgomentlal

difterSfed "Ead? BwelFalSiel Btuid Afactbiale §s5850edn dlkage

currehoteaRe & ohhabebarFB 50k BUb, 56Ot fsdéteemidel tol =RRiredto
fromthe mains circuit, and a di ode that ensures that

achigye ilag desived Bawes et by dhe ConieliRih t he LED 50a, 50b, 50c.
A bul k storage capacitor is shown in parallel with the
LED 50a, 50b, 50c, which reduces the variation in the

Any\ublahggs td tengfeneppeivettaye of te pﬁ@aﬁ@anﬁ@brrﬁﬁules 40a,40b,40c
However, this bulk storage capacitor is not
that ge eifegieg! athe %?nt'iqlré'gﬁ@g%?f tae £9n8Pllen3Quate F@dérﬁtﬁero

crosdfftpoifis SRE polfty REAKn it BIE Hefolo R aidifRu0eyt a
freqappeiokeskdlsarDibe Fﬁlamscfmemu@dyeso Hatdee eu meneeravheby the power
adais BIEnTORS pubsealallh et it Pens sas e e heit, and
curr@ﬁi Iﬁ‘é‘r‘nﬁcﬁhc @|sftc§rﬂbﬁn§ﬁ'nﬁﬁf§§c§ Aﬁ@rn‘aﬁ@el? a [f@tbv'é@ﬁd}{y'sréd saw

regul ated by the characteristics
tootB@m nsoutilised, whichihas an ampd;m@ethablswfflcaemlw lowv that it

coef FEh ERGs< Wt BoitesORrort e s BrRE bholy pbitfodP Yffarer

tharf Qlldiedd B@thd RV Wan@dnRoMaAJA@. tTHs KEW tBOth Wabedh takes
In partr cul ar, each LED 50a, 50b, 50c wi |l have a

advaaiagp Alithe SHEATREMPWRITAWP ArOVide PEresR SUITRRT eINtiakpt low
Ieveisaéé aas oern"\'}vﬁ‘é ?Qi%ance range due to

ure or man uring variations. Each LED
50a 50b 50c wil | therefore regul ate the voltage of the

ut fromthe associated power tra
A Df?rd%iJO BUPHY £33 EQNNR4E EQﬂhér'”P%tr%%Pgﬁ}?o‘?%%ﬁ %G‘apter 20 via the

filtedbd GRES c i ﬁ F vitRd f
e 2{% %r%@ﬁﬁe%ngg@%ég urre tO to %e connect ed frEtDans o
modila46a4060t0a, katwellsasitteecaritradidr 86. Odis popvidesda st@ble 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,42c 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,42c¢ is therefore adapted to draw power immediately, once a
voltage is present at the input of the power adaptor.
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achi eve the desired power, set by the controller. Any

changes to the reference voltage of the power transfer
woaaliz®190a, 40b, 40c that are effected by the PONGBRI08/050231

signals of the controller 30 are nmade at zero crossing

poi nts of the power drawn fyomthe mains circuit, or

alternatively at a frequency |ess than the nains

Eachaaa Vi anae ARATHARS RIST5 AR ARBJESPER ARt detector

circliP50288bIHocitht RRiodmeiddsbtiveedtfe %Hfﬁbﬁ"@)tf tﬁ@fr&ﬁé\‘bpmer and
distortion is mnimsed. Alternatively, | evel

dlomrmmemwﬁnd@msaﬁe@@omthe lnlegwate@qwcumofcmewexrfactor

corrBGftel bl 450 nah 328" s Talif Helect G iRk Ao 4tEAsFbes ot

drav@&n&'b@‘imdr%uglhg&fo?mal Bpératinh@eRditioynst MowdlerVianhe event that an
har noni ¢ st an his saw t oot h waveform t akes

LED:20aRPBGICHtopheordmingdthsoassociaied falinieerien preuw se
50a ZRE oA RO Rt Bws OYans iR A6 500 48 b 30HBor The feut

detgatipntcirddit dBaj4sb, WCIMam:mptaOsMamrl $etatthet EDS and
rectifier 26, %rjrﬁdﬁ IS arranged to provide power to each

50a50he?0q 2igriselatechisam tbe J0RNIGHCUBe, as wel | as the
controller 30. This provides a st abI e power supply to
the integrated circuits of the controller 30 and the

Finge\Beshdvm:a qnowemrtmsfdrcmoahhledluattfsrm%)antmj aAlRhting s«stam e

f f th t
acolgiL b S Pibaatiett ke fverlobornd bod EThedesionated
1408! THESIghRIRY sy AR BotdlelRmsRhtABb@Mmeref REReAtion is

control” signal to the integrated circuits of the power
|dertt|aaltt@rtheéur$te&mb<axﬂ1mnrt cdvesoraanadification ofonswi bl advese

ranbB ARAEIEL 4908 i Bl 1 SRR e R P Ky SRt G5 B Bover

supphes & trelfirgaenbedifringolisidh Rrovibigs EBWQF to aehpeivet transfer
ower factor correction circuits 42a, 42b,42c Is

moqUiR ABRJ0B. 4dea s avelt 2 Hessenitiller 30nindhabembpdingente The
modé@éadpﬁg\ﬁe@cﬁ&@?%ufé 1402 tHdIBte %CILZ%@S Q%’W&S factor correction

power ttanster nodul
circynt @424 aht\a fahﬁ@eitesmiotmot&mu& 1484l tn aetneitiri ayrangjeneanittto the
50a, 50Qb, 50c t hat s ect ed, between the, outp T«I. of
CormesRORGIRG PPYERLANg % 40AaesgERRG N relglipniodhe {ibsle

emdydiment.t he integrat ed circuit of the power factor
correction circuit 42a,42b,42c. The fault detection
circuit 48a, 48b, 48c does not

The modified power transfer module 140a differs from the corresponding power
transfer module 40a of the 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,40c 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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draw any power during normal operating conditions.

However, in the event that an LED 50a, 50b, 50c stops
w@omndaeting, the associated fault detection ciPCLiGB2008/050231

50a, 50b, 50c causes that power transfer nodul e

40a, 40b, 40c to shut-off. Thg,fault detection circuit

48a, 48b, 48c incI udes an opto-isolator, so that the

s0 SRR SHi ST ot BT G e
140§f|n@udﬂéélﬁt\/hﬂﬁbl%ﬁ@%i%fﬁrﬁ}éctﬁfdéﬁtrﬂgﬁ {PafleSSHE5the EE%dTﬁchted to

he invention, and is generally designated 140
outM@ath s (E:] t@bei@tyedme@r\uhm maintainisg euﬁ@tﬁn’mﬁweofat the

auxiig g 20 Bowdlt et SRl follebitn SRR 18k 400,420

andREebaBolld (0. 1 IR pﬁrﬁ@lﬁlat @hé Qﬁﬂé(@letrégsm@ diretitt1ag i§ @dapted to
vol t age DC power suppl % 28 of the first enbodi nent,
e

havendAcleased d@%StﬁB@@ asttbe pQuier sonelied by g peWab A correction

cwcwp‘i"dfﬁ Po %Ca it IL |tr]88u8é’c5‘tsru%lnlt éttﬁgL |§§1 dimmed
RN e PR ks

power ‘trans

evem Im&feenftheee fomahing @ﬂffmmw@we‘rmtm oaiput ef:thecmbwerrttzarnetfer
142a and a fault detection circuit 148a, in a_s

modyle Afga iR REWEh thaneowar : E%d%%"er?ﬁ%%#’“ti ﬂ\%%:ﬁgpl“l%cﬂﬂdethe
conﬁ&?r%s CrADGSrAte (ESi ?ltdn%ram &JSPEH%Z % bﬁof{ﬂgb‘g&? Y@Hév%éhe

fied power transfer rom -t
negkng:bheereprstwloegwpemme powasappleoldoltbe 4G sfintteasédica

me B P ) QIR 1S NGO ST aitc! RieR! e officioncy

I
ol ERALAEIS P0CARl UMM AT 09 i, nc

this arrangeemeniratiol remues, thaneedIfor as addisiopaleewenstaply.
correction circuits 42b, 42c of the other power
transfer nodul es 40b, 40c and the controller 30, along

ThepafriabRAMesistandatifcldtl 1Angasrevidediviiti &eontibipsignalfthainie derived
power factor correction circuit 142a of the nodified

fro%moﬁtf%ﬁw SRRl pdedy heacarirallerde éel thepewebfacter correction
cwc@Eg&éa t%OE%H\%}r ?)lam ﬁ#@% ﬁ%fr&é)rntg ‘ﬁgbxh% R s?éﬁceogfttﬂe

avai romt ary w ndi

variddlé resistameerciftchi 1|zk7v\mthfaananmerodﬁsroe|bbdmmover d’lhetmth of the
c ani‘%@ge control ] er.30 w | so reduce t

contiargundider i \@riables Epistanee Gt s 4 aReriseiator 146,
so tfRCHb2IA0RIACEIRS B i¥abIRNI SnTiRSMIABEROGL T CUT t 147

at enables t connected t
Only one modified power transfer module 140a is required in order to power the
three power factor correction circuits 142a,42b,42¢ and the controller 30 of the
power adaptor, and hence the other two power transfer modules 40b,40c 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 module 140a, when the associated LED 50a is fully
dimmed, in order to maintain power supply to the power factor correction circuits

142a,42b,42c and the controller 30 of the power adaptor.

Figure 4 shows part of a third embodiment of a lighting system according to the

invention, and in particular shows an alternative power transfer module 240 for use
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out put path 150a to be fully di nmed, whil st

mai nt ai ni ng sufficient power at the auxiliary w nding
waQaZebstizoopower the power factor correction circeCT/€B2008/050231

142a, 42b, 42c and the controller 30. In particular, the

vari abl e resistance circuit odt47 is adapted to have an

i ncreased resi stance as the power supplled by the

B R ABE A A ok L TG, S
of FIiR8s § RAIER T $ABI phwsrUtdFéeRbdiRVEL0 ded DGLQ@&WO@V in place

tthe power transfer nodule 142a to power the power
of threapawer fastar@oriestion circwit #8a12pat2e2 chxingirdegtaged circuit

oSG BruBhusd sy R At 1 531 PREFLUREING RaHE rinsrer
modUMeR0 TeRiNrised d @sbhentFvéssuphty BRRRty bA LTLNeslidtpaellel

hi gh power. This arrangenment therefore does not affect
resangat ereyitiheh ogs dhe vAlugdapiuraiaitad thatesanant fregdeemiygh

Xo= RF’ VR SyndfBSKE r&éétbﬁ&?e?%et%erie@qﬂgﬁ@gbc%,%%égg%@nce of the

genent al $0° Fenbves € nee n onal

cap@@tmrcesnl palallel Witk theltnmlsfcerrree,smd An iethel reauoisincd 47 th@ leg
provided with a control 8nal that is derived fro

confaifing €9t FENSIOIGAAANG Rgst | UAdeshers seeRiel Gondiiions the circutis
|deatl RSt RN alcBALEINt BBREE M BuCh BE L BB 280, aRNGalBRYthe

ath 1 r to control the resistance
poweato el leEDﬁOscbeHnbe vaiied wnlh tﬂ]é‘l(/,arlahom bétheainpet supply voltage,
e b bove. The p the,control. signal for
whidhh eles e Rablecior LPE MR € pPuer et FievigBd€ an
opto-i solator 146, so that the associated LED 50a is
isolated fromthe mains circuit. Only one nodified

Themowar deliversdeio the ddiz23a ganibe fudher megiuiated byerariagon of the

cun o 48 B8 BOUE A B S By ol rcoren

cycladppismle uivih thensehtidner 80 hamhet VIO vRErdoia k3t &f the LCL circuit
nodul es 40b, 40c are identical to those of the first

is toeqrBMLR REWE! Whirh isatitacly relatesbtodnpuioliageo s Biepeiagerat the
mpdt 253%?%%%%11}5%@05?5/7 tHgnAﬁ cﬁ‘ﬁfe%ﬂrc’ﬂ' \M?‘Fro ere |ﬂ§ﬁp2§f%'§/vs a

r power r ans
squa\rieeshadee tdowoeeraites! pr@o@O:a use theldrytndemmdulatlon of ther

mai Nt ai n _power su to the power fact
SW“E'&?? Eé%ﬁdé‘ﬁeéﬁ‘? EaNes d%’!&”@ﬁb?@z@gﬁh% taﬁéh%%ﬁ Yofags 30
decr‘@;%bg?o B%ﬁrz %%9&19 ATl PP rS RP) g@é tthé’fnp"E'JltjEf]l‘réF?t

odi nent o ing system accaording t
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

LED 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
voltage 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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invention, and in particular shows an alternative
power transfer nodul e 240 for usein place of each of

wo b@speoseer transfer nodul es 40a, 40b, 40c of t hePCT/GBRIOAMHS0231
systemof Figures 1 and 2. This power transfer nodul e
240 uses LCL technology in ace of the power factor
correction circuit 42a,42b,42c, including integrated
circuit L6562, of the lighting systemof Figures 1 and

Claifs | h particular, the power transfer nodul e 240

conprises a resonant power supply utilising an LCL
series-parallel resonant circuit that has the unique
1. feétm\eerta@aptetforladlghesgmmrtthsfwrtgqaean state Hightgource, the

powdpEHERET ShERTSI f Mo G, REsBiod oA BANE Power supRly 2
powlek aa bR Wdul@ﬂﬁht& cbSplebeo teafpan aad Prolifgs bA®utput suitable
cont ai mg{g the transforner and | oad. Under these

for dyjying the sdiddstaiedight spreces iapd @ eonteliegthat reepives awolgoe

sign%ﬁf’rccstn""t'ﬁte|Rr?l}f)‘t‘:‘%r]1 E%Jbegcgggll\?é aéb&%?s@%h tC{Tﬁt%tﬁ\écg/llé*retré’rtsfer

e power can e varl

moduié fatredocing théeoivep dtawem iphythedhpagevhanbinche pakes adaptor
sui table for use wi wer reduci ng devi ce 10.

The
dravrr%ﬁrérrentefrwethew% qsr?e?%@boﬁ@éthﬁanO'E?@ef arthgdpputin order that
the ﬁ& Péoﬁé‘éﬂsaéé é’(}aﬂéblbnésgﬂfﬁfo ‘tﬁ’é h2id Grgﬂ%

w tches o h hal f

e resonant power sup wthin
resonant cycle, possible u5|ng the controller 30. The

2. pofehOF RIS & PETRY 1t CiATe wierelbte ioBrsdye Taaoutpu
fron’f iR st R8R 1Rfht SBBrdedUH b@%oﬁt%llé?ﬁb)? b Aald Y of AMexternal
AC current drawn fromthe input 22 | ows a square

poweh sgdcinmgpdeviee, and thescqmscélebtrmttl@ab@emtraduoertha p@wer drawn
ul ati f the.s ches to reduce the power drawn
fro gﬂpng&ﬁﬁgﬁpwgiqggpQRaA(:voltage decreases to each
zero crossing and therefore to inprove the input
current harnmonics. Wth this control, the power drawn

3. frénRawer aganionas glamed in Sigim aceesinihecaniedents a0apted to
caulglt HEERI oRE oLhfer tPRMAYRY AT B3Pl ond Buaptor when a

acli tor on Ier
maxtranrsamob ht cblh@oxneme ravdezhbleeamﬂtrten Ibbeert&&tseothnttdmeas the

t he I| ht out contain Iessfl uati 0 Wth a
amayngef p W%@H@'f«% t{%"ssnerew FRMTINGERS S¢ WLS%‘E%P tSOYFEEMP
follo%grﬁ‘ohh ne%m%f?dg@n cbe controlled to any desired

ape an magni tude to match the required |ighting
characteristi cs The circuit may have open | oop
COW rgc?vlverpaé) ptor 8 cIVéAlrthd ?nnany preooedtng claim, wherein the solid state

light source is provided with a predetermined average power.

5. A power adaptor as claimed in Claim 4, 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.

6. A power adaptor as claimed in Claim 5, 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.
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vol tage wave in order to achieve the best harnonic
i nput current content, as well as superinposing the
WO e@aite®@ad | i ghti ng characteristic on the har noPCT/GB2008/050231
control strategy as the power reducing device is
varied.Clains 1. A power adgptor for a lighting unit
having a solid state |ight Source, the power adaptor
conprising an input for connection to a nains power
supply, a power transfer nodule that is coupled to the
7. I NRUSOREadd i e 8lafe@it RHY oflidi Thhithd Bt BT WhiRin the
solid state |1 ght source, and a controller that
pre-gdetssininad averape agwvesiigdatermingd atleasihpartiabnbdy agetdseace
i A deliver a control signal to the power transfer
9NPbdul e for reduci ng the power drawn fromthe input,
wherein the power adaptor draws current fromthe input
as a function of the voltage at the input in order
8. t h&tPawer aenmer asialgioed dpperpseeasiing olaimawherair Hisspewer
: ' I : el el Led in
adaply i 8qARERTo SR ol curene Y BTVEE POPdTTe oot dion
progdrtorsallto thes Valtagd apthe isputc ce can be controlled by a
conbi nati on of an external power reducing device, and
the controller that is able to reduce the power drawn
fr i . .
I R e S i U e T
is adlaptad aptealv Bosicaacsdalacur et etaveforof fromethp onyeut thakien

subgiAB Ry Bie pasanth e abrainn S BRe aiom L I d

reducti on as the anount of power available falls,
thereby causing the solid state |ight source to follow
10. a Aapewémacdaptadi asrclaimediv Elaim 9, whereikihegeraperdrangier module

andfy BEBPn Mt cIPAES FEh ol uift ostBRh e b Br R

relaByesig Bevay@T thebcurferi@nerthadanags ties viedad meslii in £ ai m
4 , wherein the predeterm ned average power provided

pre-glgtarménechayerage aowaribging d@yyekomsthedpgitant i al |y equal
to the average power drawn at the input of the power
adaptor. 6. A power adaptor as clainmed in Caimb5,

11. whér powert daptot anslaintedin Chem 1 @wheetrpihle fovesn trdresfer

lid state |i source inherently reduces as fhe
mocfggq\@pd/z'),r & cont%”er are adapted to sense’thé Vo tage waveForm at the

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

the input based on that voltage waveform.

12. A power adaptor as claimed in any one of Claims 8 to 10, wherein the
controller is adapted to detect the average voltage of the mains supply, and select
an appropriate proportional relationship 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.

13. A power adaptor as claimed in any preceding claim, wherein the power

transfer module includes a power factor correction circuit.
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fromthe input reduces, and hence the power adaptor
does not regulate a constant output to the solid state
wo p@hii2®@our ce. 7. A power adaptor as clai ned i nPEIGBRIVS/050231
of Clains 4 to 6, wherein the pre-determ ned average
power is determined at |easfqpartially by a reference
signal. 8. A power adaptor as clained in any preceding
cl ai wherein the po is adapted to draw a
14. ¢ BT ReAR &S Biftedim Lo PE S B et g (868
COfF@éWéI%MGé ﬁ’otﬁh@lu&@'at f@@@bé&k ld3p frdtR ke ofpuf oP BVEpOWer
adaptor as claimed in Claim8, wherein the power
transfeamsddide.nodul e i s adapted to draw a si nusoi dal
current waveformfromthe input that is substantially
in phase with the sinusoidal voltage waveformat the
15. 1 NPUsowdOadabtOOAE ElarflafiP Clam 4 avedin the@aien dbrrection
wherei n the power transfer nodul e and/or the
facteeitqudl inelkdes @ mdéislier that deisrminesttharraee dprpeiationship
t l.at i
oorfidiP e S it Sy Blade et R ol hiei by il verage
poweobemgkmiam@ fdsrawhe fimmm t he input. 11. A power adaptor
as claimed in daim210, wherein the power transfer
nodul e and/ or the controller are adapted to sense the
volat ;
16. 2nd Befe SO B Sl 1L B br et AP CRR i SRR R power
transtese rmarduhe inchsches am Lﬂha&ermkpeagklwaserﬁajmdrcmm. witicp asvadapted
adapt or as one of . Clains .8 to 10, :
to AR DiA creRbele Y GiE Re el ERig stBeRBtally in phase
wﬂh%ﬁ@rsﬂﬂj%oﬁﬂéllVB@&g@@vaVBRarﬁ‘ﬁéﬂﬁe%‘;ﬁlﬁ' y, and select an
appropriate proportional relationship between the
current bei ng drawn at the input of the power adaptor

or B SaaBEe S bebee B el coffeRiiEle QUERASEor 1R pover

adap@ﬂ@@térﬂf néy\@weoﬂiroﬁbft&)n@ll fdlgtieisni J&b@fvm thel dLraes adl the
the mai ns supply. power adaptor as clained in

voltagsy that s FRUL Iamrwﬁte@mwedr?e/emﬁﬁepoweahgmgrdrﬁwadr@ﬂ the
mpdt,nﬂdJngZcéa?&gwafrﬁﬁﬁﬁf correct! on circuit.14 . A
power adap

or as claimed in Caim13, wherein the
power factor correction circuit does not include a
fe dback | fromthe output of the power
power a a tor as claimed in any preceding clalm wherein the power
transfer module includes a transformer and one or more diodes at its output from

which an output power signal is delivered to the solid state light source.

19. A power adaptor as claimed in any preceding claim, wherein the control
circuitry of the controller and/or the power transfer module is powered by a
connection with the output of the power transfer module.

20. A power adaptor as claimed in Claim 19, wherein the connection with the
output of the power transfer module is made by means of an auxiliary winding on a

transformer at the output of the power transfer module.

21. A power adaptor as claimed in Claim 20, wherein the power adaptor

includes a variable resistance circuit at the output of the power transfer module
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transfer nodule. 15. A power adaptor as clainmed in
Claim14 , wherein the power correction factor circuit

WO p@Ba®EY a nultiplier that determ nes the propCr/GBoWaI050231
rel ati onship between the current and the vol tage that
woul d result in a pre-deterg) ned average power being
drawn fromthe input. 16. A power adaptor as cl ai ned

in recedi ng ¢l aim wherein the power, tyransfer
that,ghaRlqs Rt (e Sulficlent Power avaliaia gt e Gubhanihe power
tran8idt thtbdule W pEWel thePEGRES GirkGitr aVeRwhcAUYREISERH stk TigRL
waveformfromthe input that s substantially in phase
sourgiet ras eesiuiysiiindegd. vol t age waveform at the input. 17.
A power adaptor as clainmed in Claim 16, wherein the
controller of the power adaptor determ nes the

22. Pr RSsWé OARpto ASEIAANEA P CREME® Wiidiei e Riabi fbsidi8nce
vol tage that would result in a pre-determ ned avera

. . . . . ] . . e
circyibiereasgisrip resialance e meweassypplieghtp Mergdidadate ligdht gource
is rdLEyp! ier. 18. A power adaptor as clained in any

precedi ng claim wherein the power transfer nodul e
includes a transfornmer and one or nore diodes at its
out put from whi ch an out put power sir%_nal is delivered

23. t oA PRVRIAGGPIQL 3% G'al'méﬂt'#géﬁl%%% hereR hevariaktastiance
circ@{sisgérﬁbi@%é v¥ifh ﬁ%n%fe&gﬁ?lf‘%h&lkﬁ%'ﬁen 8FRIM thd o] iidHal
circurtry of the contr er and/or the power transfe
supplistlbyethiescaumeiee tb the poweninacifeomoduteh t he out put of
the power transfer nodule. 20. A power adaptor as

clainmed in daim19, wherein the connection with the

24. oUW addoPAYBlaIhEANS BRY pfevtdify ERiMBHBeRin FRAPSwer
of an auxiliary wnding on a transformer at the output

adapfor iniugesie plurakiy < @owes diansfer madulgs fratkgengsaiptsepaaie
out cl gi med in Caim 20, wherein the power adaptor
FM l udes a variable resistance circuit at the out put
of the power transfer nodul ethat enables there to be
sufficient power available at the output of the power

25. t r ArRIwer agRNIPEAS BlagBaein Climcdhtwheret] pewet ayail fom the
. . ' i aht b | .
RGO e BAPS SRR SRS RGhARSPIIB by v

sepatats eEDstdred/vaseray of LESs.st ance

26. A power adaptor as claimed in any preceding claim, wherein the solid state
light source is provided with a predetermined average power that is determined at
least partially by a reference signal, and the controller is adapted to provide a
control signal that varies the reference signal provided to the power transfer
module, and hence varies the pre-determined average power drawn from the

input.

27. A power adaptor as claimed in Claim 26, wherein the power adaptor
includes a plurality of power transfer modules, and the controller is able to
independently vary the reference signals provided to those power transfer

modules.
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circuit increases in resistance as the power supplied

to the solid state light source is reduced. 23. A
w@oasn2@dapt or as clainmed in Caim22, wherei nPCTYEB2008/050231

vari able resistance circuit is provided with a contro

signal, which is derived fr the control signa

supplied by the controller 0 the pomer transfer

| 24, A d .
o Adieraaanio bR HP e Blafaf el dEig Chiagisadapted
to réﬂéﬁ@éé%bﬁa‘?@sﬁﬂi’lﬁ% dder b racavshd B édlﬁhll@?%%@ Rammed with

separate outputs. 25. A power adaptor as clained in
one(qraimcmemhtlmg@r@fllas pratesietenaing dine eannemin waidhripatreiesence

siorpficPoiE o e T8 BlaEE aRE Mled RSP Shed REHS BftarRidrom

the é&er |ﬁtd(pfa\@§r adaptor as claimed in any preceding claim
wherein the solid state |light source is provided with
a predeterm ned average power that is determ ned at

29. | CRSbo B AAQHbYaLY AERTPLRYGRC S $1alns 385 BRSwnore any

I'S a eacon r ol S|gna

variatéorn efsthtaheferreh@e ergmal pnogyrcwd torthgipderttianisfer mosee that is
transfer and hence varies the pre-determned

effegigeryge CBBW%' Slgll%lm the eRNTPIETiIHFLACE SiZEerR CRRAII points of the
I [
mp@%?lil{eg rs,lq'i‘l%ll Cdrgd(letg?rgat v|% ﬁﬁé ﬂbaﬁ?néy‘ol%ég tl{i‘artrz1 ﬂ%ﬂg@d\féncy of the
inpbmpduleeslgr‘ahd t he control ler is able to independently
vary the reference signals provided to those power
transfer nodul es. 28. A power adaptor as clained in

30. @ W;ﬁ@\f?gﬁ dﬁtﬁéﬁé@c%ﬂﬁe@%hh?bh@bf'Cﬁal?f@@é ?@2BOWH§|“G% ¥e
commands froma user interface, and the controller is

distgitiogiaappliedio thegaterencersigsal wghtalnragnplltudeltle@t is efficiently low

et et e B RARRDS B Rk Il K BhGRETnBu Rl B reater

thart QllcvesaBy dise fdlevarithermsarc dtahesrdace. 29 A power
adaptor as clainmed in any one of Clains 26 to 28,

wherein any variation of the reference signal provided

31. toAt&ﬁN@PMptMQ@ﬁl %eHWHWpl'&aetdlﬁgsclalm wherein the power

transfer module is adapted to maintain the current drawn from the input at an
increased 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
the power adaptor, which is then in turn reduced by the controller to provide only

the power required for maximum output and no more.

32. A power adaptor as claimed in Claim 31, wherein the controller is adapted
to vary the reference signal provided to the power transfer module, as an external
power reducing device lowers the available input power, so that the average
power of the output stays equal to the power required by the solid state light
source for maximum brightness, until the power available from the input of the
power adaptor is reduced below a threshold at which it equals the power required
by the solid state light source for maximum brightness, which necessarily results in
a dimming of the solid state light source.
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effected by a control signal of the controller is nmade

at zero crossing points of the input power signal, or
wa@bkdsnemte vel y at a frequency | ess than the fregeBegns/ 050231

of the input power signal. 30. A power adaptor as

claimed in any one of C ai 26 to 28, wherein a

di stortion is applied to the reference signal vvith an

33. ¢ RO LS SRR 16 BY lRC A BT TR Hiower
adabfdﬁ“indl&déhr §ﬁ¥t8f attlfbai'ﬁlp@{ fopvesu g hBfnb Rl ANt @F N frem the

st andard . A power adaptor~as clained in any
malmeu@rdyng cI al m wherein the power transfer nodule is
adapted to nmaintain the current drawn fromthe input
at an increased value than is required for maxi mum
34. |1 ghtovosrt RIHPtef ad BrRiIrASE a¢ CRlied3S AlhéteRi icgpdvditidaptor does
source, when a maxi mum anount of power is avail able
not m.cbmetzhbuikrﬁigrtag@fcana@t%%twe@@atbemutm it Ppwer ﬁ@ﬂpﬁoﬁ and
the éb’\ﬁlgrfrgﬁéﬁ‘g?%c@ﬁéhe controller to provide only the
require maxi mum out put and no nore. 32. A
power adaptor as claimed in Claim3 1, wherein the
controller is adapted to vary the reference signal

5. or OPOIR FGARINCES BREOR T R oMU eI (6 RN AGAAIRN i
sub&%ﬂﬁéu)fﬁgg%g%cﬁﬁyﬂg%abgmgrg t he avail abl e i nput

ower, so t average power of the output stays
equal to the power reqU|red by the solid state |ight
so rce Xi mum b htness
A9ais

i wer.
36. FP%"ESW G "f“h@'al'rﬂﬁ {N gy Ph%ceﬁﬁi‘v%ga a‘&ﬁ%rre'” the power
tranéfé‘?‘ml@@é Saiteli 6 epd pdwal |erHéH“‘atbe BALa kLS ditage ROWRIsent

required by the solid state |ight source for maXi num
at ther inghit plelbe, ponreradaptefessari |y results in a di nming of

the solid state light source.33. A power adaptor as

claimed in any preceding claim wherein the power

37. adapsewer agdp10ess alairhbd & Cidim 36, wigrdin A®integatisd Bigcuit of the
harnmoni ¢ currents drawn fromthe mai ns supply. 34. A

pOWQé\"/C@ﬂSf@cﬂédeiHe smainipined in g taadby gdewereng voHage is
t,A t.or

prod NS 1REPBLEH BTN addpide Sty BURACIOH8 e
immicoi@atplgweceta aolsdger isnppdsdret. 35. A power adaptor as

clainmed in daim34, wherein the power adaptor is
38. A power adaptor as claimed in Claim 37, wherein the controller is adapted
to detect whether a voltage is present at the input of the power adaptor, and send
a control signal to the integrated circuit of the power transfer module to switch that
integrated circuit 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.

39. Alighting system comprising a power adaptor as defined in any preceding
claim and a lighting unit including at least one solid state light source.

40. A lighting system as claimed in Claim 39, wherein the lighting unit is
provided with a plurality of solid state light sources.



substantially free of electrolytic capacitors. 36. A
power adaptor as clained in any preceding claim
wob@sarwi1e he power transfer nodul e i s adapt ed POI/GB2MS/050231
power i nmredi ately, once a voltage is present at the
i nput of the power adaptor.2ﬁ7. A power adaptor as
claimed in Caim36, wherein an integrated circuit of
h r transfer nodul.e |ned st an
modelRER 5B pEiAmed iR AoarRefe) thepighEi Rbholudes
solipStae ligeeRifEes B errﬁt REFAR efffrontdsugOver
I mredi ately once a voltage is present. 38. A power
adaptor as clainmed in Caim37, wherein the controller

2. ¢ nATRADE bR S RO Th b sthe' B8 gD B sy S the

Ilghtﬁt@ tetndnélnges @trﬁﬁﬁeﬂtr@du@rh@%vﬁceo%ubﬁgsmfadé PsdteF, a
nodul e to switch that integrated circuit to a standby

rheqfb@fcondheimmer O@Wtf%tdbali wiliges &€ifd@hase cRBLPput , and to
an operational node when a voltage is detected at the
input. 39. Alighting system conprising a power
adaptor as defined in any preceding claimand a
lighting unit including at |east one solid state |ight
source. 40. A lighting systemas clained in Caim 39,
wherein the lighting unit is provided with a plurality
of solid state light sources.4 1. Alighting system as
clainmed in Caim40, wherein the lighting unit
includes solid state |light sources that emt |ight of
different colours. 42. Alighting systemas clained in
any one of Clainms 39 to 4 1, wherein the lighting
system i ncl udes a power reducing device, such as a
variabl e resistor, a rheostat or a dimer control that
utilises SCR phase control



