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present invention relates to circuits, devices and apparatuses for 5
dimming electrical lighting. More particularly, this invention relates to
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BACKGROUND OF THE INVENTION

Compact fluorescent lamps, more commonly known as energy saving
10  i{amps, are widely used nowadays because of the many advantages including a

: high power efficiency and a long operating life.

It is well known that fluorescent lamps appear as a vatriable or non-linear
load to a power supply depending on their operating modes. In order to supply an
appropriéte amount of current for proper lamp operation regardiess of the

i5 -instantaneous operating mode, a ballast is always prdvided _betweeh the main
| power supply and the. ﬂudrescent Iamb._ in general, a ballaét must provide a
required high starting voltage and current as wel! as limiting the current which can

pass through the lamp during steady-state operation.

In many occasions, it is desirable to be able to dim the electric lightings.
20 However, dimrﬁing of fluorescent lamps has been historically difficult and requires
complicated circuit arrangements and fopologies. A typical type of dinimer for

fluorescent lamps is proVided by periodically blocking the supply voltage to the




angl € of the AC power light input. These dinmers are co@bavembee?®er ed to
as, "phase control dimrers" which can be a forward phase dinmer or a
reverse -phase dimer. A forward phase dimer usually utilizes a thyristor,
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desirable if the diming circuitry '3 %}?dn%eft%&@ﬁgéugﬁret}oeq%@hj?gfc%qe\%tﬁ’"w t hin
25, a confined space commonly allowed for a standard wall socket.

Furthernore, 'it 2 However, in circumstances in which the detection of zero crossing is
difficult, for example, in the case. of a fluorescent lamp with an electronic
capaciti\}e ballast, such phase control dimmers will not be suitable. Furthermore,

15 because of the difficulty in dimming fluorescent lamps, moét commercially
available dimmable fluorescent lamps have the dimmer integrated with the ballast
which means remote dimming of conventional fluorescent lamps with integrated
electronic ballasts at remotg switching loca.tions such as wall-mounted switches is

5:) not po'ssib!e. Hence, it would be highly desirable if there can be provided a simplé
' 20  dimmer or dimmer circuit which can be remotely installed from a compact
ﬂu.orescent' lamp so that dimming of the lamps can be controlled at locations

remote from‘ the Iambs. in order that the dimmers éan be ihsta!led at locations

| reserved for, or already installed with, conventional standard wall sockets, it would

be highly desirable if the dimming circuitry is sifnp!e enotjgh to be received within

25_,_ a confined space commorﬂy allowed for a standard wall socket; Furthermore, it




21 Novenber 2006 will be highly desirable if there canZbboyembei 288 a
two-wire dinmer for a conpact fluorescent |anp so that the di nmer can be
retro-fittable without the need of additional wring. SUMARY OF THE

I NVENTI ON Enbodi nents of the present invention provide inproved circuits,
devi ces and apparatuses for dimmng a fluorescent |anp, especially a
conpact fluorescent lanp or an energy saving lanp. In particular, an
enbodi ment of the present invention provide sinple dinmers for use with a
conpact flu | ocated fromthe

orescent | aj whi ch can be renotely |¢ ]
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Furthernore, an enbodi nent qf th resent invention provide a two-wire
dimrer for a fluorescent | MSRE()P@THEWVMQN ments of the present
invention provide the public with the choice of a dinmer which can be used
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di nmi ng device tor a corrpac? FUor eSCant anp 1 hcluding an 1npudt term nal
for connewesery invention atavelersithple cimmerstfopusserithsaipphyact duorestgatitamtper m nal
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first and thepoesbnsinvectont pravideadimple dnuitrgvwhich conbe atliza® 'ndim a

compact fluorescent lamp without the need of zero-crossing detection of the AC

input line to alleviate the complicated circuitry required for such detection.

Furthermore, an embodiment of the present invention provide a two-wire dimmer for

a fluorescent lamp or the like.

Embodiments of the present invention provide the public with the choice
of a dimmer which can be used with a fluorescent lamp, such as compact fluorescent
lamp or an energy saving lamp. Of course, the above embodiments are each to be

read disjunctively with the object of providing the public with a useful choice.

According to a first aspect of the present invention, there is provided a
dimming device for a compact fluorescent lamp including an input terminal for_
connecting to an alternate current power supply, an output terminal for connecting to
a load, and a switched mode power supply wherein said switched mode power
supply includes an electronic switching means with first and second éwitch terminals,

switching control means,




3 21 Novenber 2006 inductive nmeans and capacitive neans?! Bevethber®0@&t i ve
nmeans being generally connected in series with said switching term nals of
said switching nmeans and said capacitive means being connected generally
in parallel with the series connection including said swtching device and
sai d i nductive neans and wherein the switching frequency of said

el ectronic switching neans is controllable and vari able by said sw tching
control neans. According to a second aspect of the present invention, there
i S prOV|ded a. two-term nal dlnnlng device for a conpact f|uorescent |anp

i ncl udi ng & dugtlye e and FaragiyRaneastsaidyndusiivameans| tl?ﬂ\g§ef‘%’@{'3i tapnEgedreans,

el ectroni gn Ss‘éhééSmtﬁ\&aiﬂie%ﬁ:hmgrteinﬂﬁé!@olf ¥8id eﬂ@tﬂﬁlﬁ@ means APadaid Mﬁ)aﬁﬁ{i@er and a
switching control neans, said rectif 8 nmeans 1s connected to said
\pll
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menber and said sw tching means, and said swtching control means provides

swi t chi ng alegiealcswitehing aiedns isicoateliablerasd variabiey Saidsyitehing/captroldagansswi t chi ng
signals is substantially higher than that of the input power. According to

a preferred enmbodiA@aingfto thgacBh e 8-k 6frlHe,e Blte%&ﬂ,mvtehﬁ’dne tHefe isirOVdadesl a
di mmi ng devi ce including an input termnal for connecting to an alternate

‘current pdiertersyngbtlipminghdeyinedok @ ceppach Aoressentdenp dneluding & yvitshedomede and a
" switched npgigy mwh.avmewesaweamﬂge%aﬁs e%e%&?éyw.{cﬁ.g%ézﬂgean ﬂa\ﬂ.véupp' y

i ncludes an electronic swtching means wt I rst second switch
term nal s, mgrmmrcﬁlcwgac&wﬁm&mberm Aaswitahing pehirot mearmdaid redipéing means l%al d

first and c% oot §£|Hqsﬂrﬁr%hﬁ1lgq'hea?|§'vg SIAEIRR femSR! éa?cma{ﬂﬂfl{%arﬂémb

i nduct or an sal capaci elng arranged 1n a circu oop, ereln t he
swi t chi ng doneepteeingapecdly sapatakiel érthemernies swinedion rof saidanductiee menibeoahdbl e and

_var I abl e bs}é é&b.@hﬁ}j“nﬁe%%,n&chfé s&tchrﬁ%ac%%trol means provides switching signals to
said switching means, the frequency of said switching signals is substantially higher than

that of the input power.

According to a preferred embodiment of the present invention, there is
provided a dimming device including an input terminal for connecting to an alternate
current power supply, an output terminal for connecting to a load, and a switched mode
power supply arrangement, said switched mode power supply includes an
electronic switching means with first and second switch terminals, switching control
means, an inductor and a capacitor, said first and second terminals of said electronic
switching means, said inductor and said capacitor being arranged in a circuit loop,
wherein the switching frequéncy of said electronic switiching means is controllable and

variable by said switching control means. |




4 21 Novenber 2006 According to a preferred enbodi ment 21 Boveintbelt X061 | S
connected between the output of said switched node power supply and said
output termnal of said dinmng device. According to a preferred

enbodi ment, said switching frequency of said electronic switching neans is
substantially higher than that of the frequency of said alternate current
power supply. According to a preferred enbodi nent, said switching control
means include a m'cro controller or mcro- processor sendi ng out

pul se-w dt h nodul a Pé\jk{% ccording to referred
rbod nent | sai d PRI § PERELGMBraan e I SEr s g et b BefR ween 1
kHz and 50thkHautpucsfos=ill B@itéredampde pewerdusipadd sart outp@ @rehaICo uid C

swi tching device can be a bipolar transistor, a MOSFET or an | GBT.

Accor di ng @"ﬁn%qeé’fcérred enbodi ment, sai d inductive nmeans include an
i nductor and said capacitive neans include a capacitor. According to a
preferred enbodi nemccomaigito(hewﬂefmrédwmﬂitﬁj‘mbmk;udeﬁvnchmgtfiehuémgr greans for

roviding rectjfjed power. supply.to.s According to a
D e o3 &l R ad HRBng i sues ratialy beRarnee et 8T tne ferdsial ot tha

out put of sfadafll lemiatecurRacsivibiregpgye a preferred enbodi ment, said series
connection of said switching device and said inductive means is further

: gggggg: gg :2 ;2: ;F%\fl:mo%ﬂlhr{% ?r]g)(r:%flegr d ﬂm ?nqgrit gaailddsw(l;tgﬁ%gléoln%ol meglqss bei ng

include a micro-controller or micro-processor sending out pulse-width modulated
(PWM) switching signals. '
According to a preferred embodiment, said switching frequency of said

switching means is between 1 kHz and 50 kHz.

According to a preferred embodiment, said electronic switching device can be
a bipolar transistor, a MOSFET or an IGBT.

According to a preferred embodiment, said inductive means include an

inductor and said capacitive means include a capacitor.

According to a preferred embodiment, said device further includes

rectifying means for providing rectified power supply to said switching means.

According to a preferred embodiment, an additional inductive member is

connected at the output of said device.

According to a preferred embodiment, said series connection of
said switching device and said inductive means is further connected in series with

a rectifying means, said capacitive means being connected in parallel with the




21 Novenber 2006 series connection of said sw tching degi Bevendat2006nducti ve
nmeans "and said rectifying neans. According to a preferred enbodi nent, said
Swi tching signals include a pulse train of signals with |evels
corresponding to "ON' or "OFF" switching states 5 and that the relative -
“duration of the Re egfeciign—of paid awitshing bdevigeadsaid ligductive i meansAandr stidg
to a preferred enbodi nent, said series connection of said swtching device
and sai d i nduct i "eetififegmeans. f urt her connected in series with a rectifying
‘nmeans, sai.d capacitive nmeans being connected in parallel with the 10 series
connection of said switching device, said inductive neans and said
rectifying means. Acc¥eerdiag to aappafertast emtrodintent|i saithswitchirg tsiynaisnimklugé 4 he
di mmi ng device is for connecting to the AC mains and the other termnal is
- for connecting tR3lgenisainf signalsnwith lowdls asirespionding dop@NT of 1ORF asaRhihglst®s 15
According to a further aspect of the present invention, there is provided a
li ghting sys®emandcihatithey relaliveatioratiomentlieof@l” dhdTTORG" Gaisics Cafntk araeRBIACt
fluorescent |anp. Preferably, the position of said dinmmng device is
. independent of tvgdedof said conpact fluorescent |lanp. 20 According to yet
a further aspect of the present invention, there i's provided a lighting
arrangenment including a conpact fluorescent lanp with an electronic
bal I ast and a di mi ng\agewding tofa pheferménb\eentoidiment! ealdsserizs. cdfieElion of said
- DESCRI PTI ON OF THE DRAWNGS 6
switching device and said inductive means is further connected in series with a

rectifying means, said capacitive means being connected in parallel with the

C | 10

series connection of said swifching device, said inductive means and said

rectifying means.

According to a preferred embodiment, one terminal of the dimming device
is for connecting to the AC mains and the other terminal is for connecting to the

electronic ballast of a compact fluorescent lamp.

15 According to a further aspect of the present invention, there is provided a

lighting system including the above-mentioned dimming device aﬁd a compact

fluorescent lamp.

Preferably, the position of said dimming device is independent of that of

said compact fluorescent lamp.

20 _ According to yet a further éspect of the present invention, there is provided
a lighting arrangement incldding a compact fluorescent ia'mp with an electronic

ballast and a dimming device of the above characteristiés.

BRIEF DESCRIPTION OF THE DRAWINGS




- 21 November 2006 Preferred enmbodi nents of the present RhNevetniberR0@6| | be
expl ained i-n further detail by way of exanples and with reference to the"

..acconpanying drawings in which: Fig. 1 is a sinplified schematic circuit
di agr am showi ng t he %ener al 5 arrangenent of an enbodi nent of a basic
schemati ¢ bui | di ng biFéelermsd embogiments akthe preseni invérdivnlties pxplainedsinfpityerof
the dinmming circuitry of. the present invention, Fig. 2 is a sinplified
schemati ¢ di agr &ffad{divay of sxamples rand withntegrenasf taathef agcompamyiice dia@thgs in
enbodi ment of a dinmng circuitry of the present invention, Fig. 3 is a
sinplified scheMiighe di agram showi ng a second preferred 10 enbodi nent of
the dimming circuitry of the present invention, Fig. 4 is a sinplified
schematic circuit diagramshowing a third preferred enbodinent of the
di mming circuitry of Fithel peeaesimpiifiedestheonatic Riiguit Sdiagram showahd fthe dgenerat
schematic circuit diagram showing a fourth preferred enbodinent of the
di mmi ng ci r cdi t Airadgenaent of psamhodimerd of a basic 5bhégtic buildigablstk P i switehing
schematic diagramshowing a fifth preferred enbodinent of the di mm ng
circuitry of ther pwitiedimode/powdrsupplFiobthe dimming chicotryiof thehreéstheim@éition,
di agram showm ng a circuit including a dimrer of the fourth enbodi nent of
the present invention utilising a MOSFET, instead of a bipolar transistor,
as a switching cont r big. Rdamssimplifiedrscheralip/ disgrannghovdfly trenganeri dorfcept of a
------- 21 Novenber 2006 Fig. 6 is a sinplified schematic di agram show ng
t he embodi ment figst prieferredl embodiment of a dimming circuitry of the present invention,

C, Fig. 3 is a simplified schematic diagram showing a second preferred

10 embodiment of the dimming circuitry of the present invention,

| Fig. 4 is a simplified schematic circuit diagram showing a third preferred

embodiment of the dimming circuitry of the present invention,

Fig. 5 is a simplified schematic circuit diagram showi'ng a fourth preferred

embodiment of the dimming circuitry of the present invention,

15 - Fig. 6 is a simplified schematic diagram showing a fifth preferred'

embodiment of the dimmin_g'circuitry of the present invention,

Fig. 7 is a simplified schematic diagram showing a circuit including a
dimmer of the fourth embodiment of the present invention utilising a MOSFET,

instead ofg bipolar transistor, as é switching control means and an enérgy saving

20  lamp, and




wi th an equivalent circuit representing the energy savi AgNbtwmbesddds
~equivalent oscillating circuit representing the switching control.
'DETAI LED DESCRI PTI ON OF THE PREFERRED-EMBODI MENTS 5 To assi st under st andi ng
of ‘the present invention,  a bhasic schematic building block of a swtching
or switched-node powdrd-RisH gmpliiedischematicdiagran shawing fhegmbasdimentas &ig. 7
invention is shown in Fig. 1. This basic _schematic building block 10

i ncl udes a cont Ml ap esiubrieat clsiliicrepigaepting thevenergy savingniaept antl ieuivalentes
wi th inductive neans: 12 such as an inductor U A capacitive neans 13 such
as 10 a capaci t @sciiatingcircyib Frpeesentinghtheswatching caatrdss t he series connection
of the controllable electronic switch 11 and the inductor L1. The input
node 20 of this «circuit _connection, which is the node between the

swi t chi ng device ZI andDERRILERDESCREITION OF IHERREDERBED|EMBOBIMENTSput
alternate current (AC) power source. The output node of this basic
bui I di ng bl ock, which is the node 30 internmediate 15 between the inductor
L1 and the cdpacitor le1assis wagergiandied tafnthet prasret éveotiorond dhasisalstisratf a
conpact fluorescent |lanp or other simlar fluorescent |anps, although it
will become cl eduilding thieckdelsa rswitchiba weswilehetamodan powdustpplye forethes dimirhér be
i nserted between the output node and the input of the electronic ballast.
Referring to Fi §ircyitry af fetsesent thventionds shewm iy Bign 6f Thisfhiasistscheraatir building20.
“enbodi ment 101 of ~a .di mming block of the present invention is shown. In
this. preferredblebdd inelHdes 2 pentedliaklaiafectionigraydieh it wiich Isccanectid dn Sérimsk
i ncludes the switching or sw tched-node power supply building bl ock of

ig. 1 plus an vWhdndycivameansddsueh ag anfindistard1c of capaciive aneanisel 3osuch s
nogde 30 of the basic building block 10 of Fig. 1. This additional inductor
[2 is to belBonAettrasitoeCleisncamecied bupaiallelofcrose thevisedes rmgnpention ofuthel y
10 and the input of the electronic ballast 8 -

- controllable electronic switch 11 and the inductor L1. The input node 20 of this

circuit connection, which is the node between the switching device Z1 and the
capacitor C1, is for connecting to an input alternate current (AC) power source.
The output node of this basic building block, which is the node 30 intermediate
. 15 between the inductor L1 and the capacitor €1, is for connecting fo the electronic
ballast of a compact fluorescent lamp or other similar fluorescent lamps, although
it will become clear in the description below that an inductive means will be

inserted between the outpuf node and the input of the electronic ballast.

Referring to Fig. 2 a schematic circuit diagram of a first preferred

20 embodiment 101 of a dimming block of the present invention is shown. In this
preferred embodiment, the circuit arrangement of the dimming block includes the
switching or switched-mode power supply building block of Fig. 1 plus an
additional inductor L2 which is connected at the output node 30 of the basic
building block 10l of Fig. 1.l This additional inductor L2 is to be connected between

25 the output of the switching pchar' supply 10 and the input of the electronic ballast

8




21 Novenber 2006 of a conpact fluorescent |anp. The val @eNofembatRde6 ance of
this additional inductor L2 (14) is largely dependent on the inpedance of
t he capacitive electronic ballast at the operating chopping frequency of
the controllable switch 11 and is usually larger than that of U The

~.out put node of tfiascaunpast idoresesnk iamp. Jbeivghitafdndaictance 5f thisraddiiondinductor
"Referring to Fig. 3, a second preferred enbodi nrent 102 of the present _
invention is s hg%(w is lergely gansndentenh thatiropédemce of thehiapatitive élealrstic ballas
(111), as an exanple of a switching device, is inserted in the place of
the switching dedfitoe opgratiog chopping frequehcg. of Aheloontebillable tswitn|1104ndei WwalyaY
el ectronic device, which is a 10 diode DI in the present case, is inserted
in series betwedargenthapithal cirlt r Bives ostpor nodel df this diirfitngi BlBEK isRERINAR_A With S
di ode D1 as an one-way electronic device is added to protect the

transi stor fPommpwssdlAle damage due to excessive reverse biasing and may
be inserted between the transistor QL (111) and the inductor LI (12). This
one-way el ectronic device is generally characterised in that it has a 15 '
very | owinpedance wiRsfewringite Rigpp3,opseedrel prefrasieembedimBat 162 @F MRS breeghf ent
can flowin one direction but has a very high-inpedance to substantially
prevent direct iR@hfiemis shoow imthisherefepredsnttodihertca bipdlaptiansidtbr Q8 (1RYS4sS €
bi ased. Referring to Fig. 4, there is shown a third preferred enbodi ment

103 of the di mAnreyagipiea 3 switdiing devige, ¢simsériddinené ipRide dftthé/\éw&chh@ dhRd
~that this circuit 20 connection is generally identical to that of Fig. 3
except that a sddordigerliasl 2 oAnmbdireutiond! cr ahi dehvdy élearmicidicd Xvhichlid) and
-6\di ode D2 is connected in parallel across the first series connection of
t h

e first til@nsidinderDin thelprpsantdasdids ilisered Bilsericstbetiddn #e LAt riddot he
direct current flowing directions in the first and second transistor diode
pai rs are gener d1 ypndpgpedipué node 20, This diode D1 as an one-way electronic device is
added to protect the transistor from possible damage due to excessive reverse
biasing and may be inserted between the transistor Q1 (111) and the inductor L1
(12). This one-way electronic device is generally characterised In that it has a
15 very low-impedance when it is appropriately biased so that a direct current can

flow in one direction but has a very high-impedance to substantially prevent direct

current flow in the opposite direction when it is reverse biased.

Referring to Fig. 4, there is shown a third preferred embodiment 103 of the

dimming circuitry of the present invention. It will be noted that this circuit

20 connection is generally identical to that.of Fig. 3 except that a second series

connection of a bipolar transistor Q2 (112) and a diode D2 is connected in parallel
across the first series connection of the first fransistor Q1 (111) and the diode D1. -

It will be noted that the direct curreht flowing directions in the first and second

transistor diode pairs are generally opposite.




9 21 Novenber 2006 Referring to Fig. 5, a fourth prefeit ddvembeogiohent 104
of the dimring circuitry of the present invention is shown. Inits

- enbodi nent, the series connection of the inductor L1 (12) and the :
swi t chi ng device Ql\M(]é%fl% as, shown.in Fig. 1 is enbedded into a rectifyin
circuitry so that, etring tenbigt onadeuriv perferred embdidiment gl 0di ofcihist dimniireg
connected to an AC source, the switching device (111), which is a bipolar
transistor QL (ﬂrf)"t"'lynoﬁcﬂi'es PERRSOLiimNention iis shopml. | do s tembfadimentate series
rectified power during full cycles of the AC sinusoidal input. Enmbodi nent. 4
is generally sifAnastionefdheinduetentt ¢12)andthe switching dévicd @1<1d1) abishgwal@vi ce
(111) is wused instead of requiring two separate switching devices as in
enbodi nent 4. 10 Fisrartbegdpd itere mectifyiy difcuittyssapthets eihien itreviaphiiroxde 129 of figawn
in Fig. 6 in which the enbodinment is generally identical to enbodinment 4
except that an HMmindoeieguitryfis comnectay totangsC isnatcapihegwitohiad dietite (Il ), ivigaie t or
L3 (16) is connected in series with the output inductor L2 (14) and an
addi ti onal capad? tfoPipefar (rempistor £t fEH) dutthisremboditent) dsl sugliclelite aM-wi
out put inductors L2 and L3 and is then connected to the 15 input node 20 of
t he di mming ci r dectifieg power isuring fult cyoteteofofhet A@ simesoiday inpat.CiBnibddiment e new
out put node is designated with nuneral 50. Turning now to the general
operating pri nciggnesilysinilae tp eabedimeant Besxcepinthlay a sirefie switdting devid (>’I1tiﬁist he

“sinplified choppi n&_ power supply circuit arrangenent 10 of ‘Fig. 1, this
swi t chi ng devi c&ised nsieadof reduiringriwniseparate switchingl devives ti€ IH gbétavbses, Whi ch
20 can be switchable at frequencies nuch higher than the AC |ine frequency

f 50-60 Hz, This electronic switching nmeans can be sw tchable, that is,

éﬂr ned "ON'lnd " OFRfifthmbodimentt95ry the preséntimventionls st@whrie Figa 63MiwhidAi Ng
control neans. The swi tching control neans can, for exanple, be an :
osci |l ator or athf embodigient isl gemerally identical to embodiment 4 except that an additional

filtering stage including an additional inductor L3 (16) is connected in series with
the output inductor L2 (14) and an additional capacitor C2 (15) branches out from
the node 40 bgtween the output inductors L2 and L.3 and is then connected to the
15 ihput node 20 of the dimming circuitry or. the input node of fhe rectifying circuit. |

The new output node is designated with numeraf 50.

| Turning now to the general operating principles of the present .invention by

referring firstly to the_simpliﬁed chopping power supply circuit arrangement 10 of

Fig. 1, this switching device Z1 is an elecfronic controllable switching device Which

20 can be switchable at frequencies mﬁch higher than the AC line frequency of 50-60
Hz. This electronic switching means can be switchable, that is, turned “ON” aﬁd
“OFF", by a switching signal Qriginating from a switching control means. The
switc;hing control means cah, for example, be an oscillator o.r a micro—contrdtler

unit which sen_ds out switching control signals, for example, switching puises of an

 25 appropriate amplitude, to the control terminal of the switching device or means.
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~.unit, which sends out switching control signals, for exa@pNeyemdai 2006i ng
pul ses of an 25 appropriate anplitude, to the control terminal of the
““switching device or neans. 10 21 Novenber 2006 The swi tching control
signal s can be, for exanple, pulse-w dth-nodulated (PW) signals with
variable swt chﬂtﬂf ﬁ‘ﬁ'ﬁ@@%?ﬁrﬁﬁﬁaﬂ% caim &g, fonexaraplas pulse-widtrambdulatedt (M)
adj acent ON and OFF pul ses can be varied. By high frequency chopping of a
portion of the a"\}%i?q[gl‘ylt@."am?w‘fqhmﬁlﬂf@ dwatixp $q that the rélatiyeadunatioh bepeden of
the AC input, parf of the AC power supply will be blocked and the power
out put from't he aH3RANHENANLQFE pylsesiearke vatjedst abl e by varying the
relative duration of the ON and OFF pul ses. The suitable range of
swi tching frequency suitable for use with currently avail abl e conmpact
fluorescent |anps ca® BighifFeauaecy ehsipgingod! @ pritien tob tiE0aveilable \Wovee from the
appropriate, _.other 10 appropriate frequencies may be suitable for other
types of flubredteiine |d4ipg a haffigycle oftthe AG inpet, gartyofkhe we pavedr dupply will be
frequency variabl e pul se width chopping, or nore conmonly known as
pul se-wi dt h- modileakee RNdFiw)Rowst capub@ons ther dieding clreuitny ichih bedadjastalsle Yyt he
amount of power output fromthe AC source, the direct application of high
frequency chopp VAl thentelative sluration of dher QN apd QFFLPUlsés OThs saitdblé AaRYebt h a
capacitive electronic ballast does not usually work satisfactory. It is .
known that the Sijelingdeqyency switableifor uee witla duntentlycamitsblevoempadt fieofdseantency
‘increases and a high frequency input current may damage the capacitive
| oad and the nof@MBes3ntha dn dempegiemof.2 kHzgeng0 &Hz. aWhepe epbropaatea Wther

fluorescent |anp includes an electronic 20 ballast at its power input and
(the el ectroh c BRPICREste fiequencies inay by suitabdefor ottier &/pbe affluotsseaht I¥mpesi gned
for use with a | ow frequency power source such as the 50 or 60
- While it is generally known that high frequency variable pulse width
- chopping, or more commonly known as pulse-width-modulation (PWM), of an AC
source can be utilized to vary the amount of power output from the AC source, the
direct application of high frequency chopping of the AC source to a compact |
15 fluorescent lamp with a capacitive electronic ballast does not usually work
satisfactory. It is known that the impedance of a capacitive load decreases when

the frequency increases and a high frequency input current may damage the

capacitive load and the more sensitive components.

In general, a typical compact fluorescent lamp includes an electronic

20  Dballast at its power input and the electronic ballast is essentially a capacitive load
usually designed for use with a low frequency power source such as the 50 or 60 |

Hz mains supply. When this capacitive load is connected to a high frequency
power source, for example, a switched mode power supply, such as a PWM
power supp.ly, wft_h a chopping frequenéy in the kHz range, the impedance of this

25 capacitive. ]oad will be substantially lowered and a damaging surge current may
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Hz mai ns supply. Wen this capacitive |oad i s connect ed 2t bogenitieg?006r equency
power’ source, for exanple, a sw tched node power supply, such as a PW
- power supply, with a chopping frequency in the kHz range, the inpedance of
~this 25 capacitiye load will be substantially |owered and a damagi hg surge
current may 11 oW g0 finesapaditee felestvoniat ballake ddgree; i will I6d SEsHIGRAR: if a
bal last. Hence, it will be problematic if a conventional variable chopping
frequency type oforuemiasekvariableosheppingdrdspienaetype tof einfiGeRA9RONERECHotABEn t he
el ectronic ballast. In order to alleviate the above problem an inductor or
an inductive neahs AGpowersouseanddhdelecieaic bhkaseut put of the high frequency
chopped power source and the input of the electronic ballast of the
~conpact .fluorescent lanp to limt the surge current that can flowinto the

el ectronic ball ast. TH @demidwatieviate theahsverpioblens uprifdstoriddanMdilRiid RRYEHCY
conponent of the chopped power signal so that only an acceptable |evel of

the adverse Ri ghs ternpstaddietwesn thatoulput bf thetigh fﬁéﬁehgyephob@eé PBREH éd'hdlfg%él%d-

However, the inclusion of the inductive neans w ring about a

vol tage surge (e ingufofithé electonit balfzseaf the conpactierdsesmtiaap ® Rhit iHaSurge
swi tching device when the switching device is switched fromthe "ON' %tate

to the "OFF" stogrrent Wat oseer Goweintchitise \eiddteaic BUIlEE PTINS! i8Mlctife GRBAR Wil e
means i s connected 15 across the termnals of the switching device to

“provide a | ow i rspppreas thedhiginfrequench coppsaent@f thatiophbe BRE} SRa1s8 th
surge: On. the other hand, the addition of this volp{pagg surge prot e%ﬁ?"n

capaci tor may i @nt acgeptableulevel of dhé ardyersdi Bighafr@fiensy 'uRBAt Wi HOE ihﬁPﬂ\e

onprising the capacitor and the electronically controllable swtching
(;Lj,‘!evi ce whenl@he cepaditiveiloag.devi ce is initially closed. This discharge

However, the inclusion of the inductive means will bring about a high

voltage surge (Ldi/dt) which will appear across the terminals of the S\nfitching

device when the switching device is switched from the “ON” state to the “bFF”

state. To overcome this voltage surge problem,‘ a capacitive means Is connected |

15  across the terminals of the switching device to provide a low impedance shunt or

by-pass to limit the maximum voltage surge. On the other hand, the addftion of

~ this vqltage surge protection capacitor may in turn result in a large discharge

~current in the loop compriéing the capacitor and the electronically controllable

switching device when the switching device is initially closed. This discharge

20  current may damage the switch.ing device or can cause breakdown of the

electronic switching device. To alleviate this problem, an inductive means is

connected in serjes with the switéhing device to limit the maximum discharge

current that can flow in the lqop now comprisiﬁg the switching means, the

capacitor and the switching device protecting inductor.




20 current may damage the switching device or can cause2bNeetherngP06f t he

el ectronic switching device. To alleviate this problem an .inductive neans
is "connected in series with the switching device to limt the maxi num

di scharge  current thlat can flow in the |oop now conprising the switching -
nmeans, the capaci t or'Ngeietahdt wilihechnter thak theciadyntancecaluegofithelinduotor (12021
Novenber 2006 In general, it will be noted that the inductance value of the
i nductor (L2 or 1414 the Figusestiwhighels)conpeated between tiec dietndreionee butpoe and e
power output and the ballast input (node 40) is dependent on the inpedance
of the capaci ti \Rallastdanut gnnde 4Q)ds depsndent antibe érhpgafainog of the wapasitivecdledtiic

di mrer power output. The capacitive 5 value of the shunting or by-passing
capaci tor (O orPallasti# haechppping dsaueecy diethendiemter qrowten eoutitlt U fcapadifg
inductor (L2 or 14 in the Figures) and the chopping frequency. The

i nducti ve vaPue vgfuet Rk thexcshunting ion bykpassing t cpatitprd@l o8 -1 apasd tFuréd) fsoop
wi || depend on the value of C1 and the current limt of the swtching
device (Z1 or 1Hependent o ther walye of @uirut iiductdre(LarmT eF iirptied Figimds) i dhdt iR
enbodi ments of Figures 2 to 7, the conponents L1, L2 and Cl1 are arranged

as a "r-filter ichepriay frgquensai Theindsetiviealdiye ofberedicest ih KRB eWvREHing B8vie-
capacitor which branches out from between the inductors to the input node.

Such an arr ange®gpaciiar IGdvloap esill tdependivar the valdeest €1 afd thaccupieab liFfiESUGRCY
- chopped power input on the capacitive load as well as 15 protecting the
swi t chi ng devi céwitchingiderdes (ZA1torvil lin thecFigyrps)eci at ed that the | ong wel | - known
probl em of applying high frequency PWM power to a conpact fluorescent |anp
can be alleyiated by utilizing a switching device in connection with three
6} mpl e passi®e conpotewtisbe appreciated that in the embodiments of Figures 2 to 7, the
components L1, L2 and C1 are arranged as a “T'filter including a pair of serially
connected inductors and a capacitor which branches out from between the
‘inductors to the input node. Such an arrangement alleviates the adverse effects -
of the high frequency chopped power input on the capacitive load as well as

15  protecting the switching device Z1.

Hence, it will be _appreciat_ed that the long well-known prbblem of applying
high frequency PWM power to a compact fluorescent lamp can be alleviated by

utilizing a switching device in connection with three simple passive components

D :

N : L1, L2 and C1 as shown in the above preferred embodiments. These three
20 simple components are arranged iﬁ a simple three-component “T” shaped form
which can be easily éccommodated within a confined spabe. Also, it will be
underétood’ that the symbol Z1 t_'rs'ed in Figures 1 and 2 is merely used to illustrate

an e_lectronic switching device. In aqfuai a'pplications, the switching device will be -
an electronic switching device capable of high frequen.cy switching between, for

_25 example, 1 to 50 kHz. Suitable electronic controllable switching means satisfying
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L1, L2 and Cl1 as shown in the above preferred enbodi nent2$ NoErese2dthr ee 20
~-sinple conponents are arranged in a sinple three-conponent "T" shaped form
whi ch can be easily accommbdated within a confined space. Also, it will be
understood that the synbol ZI used in Figures 1 and 2 is nerely used to
illustrate an elhicire@iifemenhi inelide gbidelar cleansistoractiield offeel itensistns , (RETS),
switching device will be an electronic swtching device capable of hi g)h
frequency swit chMR$HEds wewaulatedrgatsbipslantrbesistarst(lGB®) kHz. Sui t abl e

el ectronic controll able switching neans satisfying 13 21 Novenber 2006
this requirenment include bipolar transistors, field.effect transistors
(FETs), MOSFETs or iRefelringewwwytet Egb8,pibkanirctit anangentsrt 102 @gsneraleidentiéad
now to Fig. 3, the circuit arrangenment 102 is generally identical to that
shown in Fig. 2 tedeatphowhdn Figh2 exeént dhmtribe switehing mesmdbasnidcddybypa Gigep Pl
5 . and a bipolar transistor QL. The bipolar transistor is provided as an
exanpl e of a3suiansha biphiag trafsigtou@mc The Wigotdri trmisdey i€ groMasd b anexahitd ¥f a
connected diode is included to protect the bipolar transistor from danmage
due to reverse bilisblaghigMequetrydswitetingl @@visbama i Eérhlly Lohfe&8A ik Ys
Identical to that shown in Fig. 3 except that an. additional pair o

transistor @ aritclydesttogroteet thie bigelaP@ansistof frdfl darRYE dae tGRvbRathifise- Wi dth
~modul ation switching can occur during the positive and negative cycles of
the AC line source. By allow ng pul se-wi dth nodulation during the full

~cycle of the AC |ine Hewntmdinaenti108shoan geFigl 4 ROyéHeral)jidstioRS tHABhoWR in
achi eved. To .achieve the effect of the enbodinent of Fig. 4 while

m ni ni zing the FiG hextept that asvadditiohalgpale st tansistor aRhaiefeteetivd 8icas e iat ed
{cantrol, the two pairs of swtching devices in enbodiment 3 are replaced
y a full wdle weedddd & thabgatshevidth modulation switching can oceur during the positive
and negative cycles of the AC line source. By allowing puise-width modulation
* during the full cycle of the AC line source, a wider range of power adjustment ¢an

be achieved.

To achieve the effect of the embodiment of Fig. 4 while minimizing the

15 number of switching devices and therefore the associatéd control, the two pairs of

switching devices in embodiment 3 are replaced by a full wave recfifier together

with a series connection of an inductor i_1 and a switching means Q1. This series

: («n o connection of an inductor L1 aﬁd a switching means 111 forms a conducting part

in both the forward and reverse paths of the rectifying means.

20 The fifth embodiment 105 of Fig. 6 illustrates the possible use of an’
additional filter stage including a further serially connected inductor L6 and a
further shunt connected capacitor C2 to further protect the. capacitive load while

allowing high frequency chopping of the input AC source. It will be noted that by
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with a series connection of an inductor L1 and a sw tchihoveeares20Q8. -Thi s
series connection of an inductor LI and a switching neans [1]1 forms a

conducting part in both the forward and reverse paths of the recftlfy‘l ng
means. 20 The fifth enbodi ment 105 of Fig. 6 illustrates the possible use

of an additi ondhclfiding addﬁtoaglefiﬁerﬁingiaggs,athbumtélﬁgg SrRFAAstics Yanesd Sflter
“inductor L6 and a further shunt connected capacitor C2 to further protect

the capacitive |coattolldd ref thalvhloss bﬂthl&iréﬁbtiﬁléémﬁ%%aﬁmﬁpge f the input AC
- source. It will be noted that by 14 21 Novenber2006 Including additional -
filtering stages, the filtering characteristics can be better controlled

and the val ues of theThecsysteny of BgeTillsFateaan e §&%&%imﬂbﬁ'cﬁ¥ﬁg?@oﬁhﬂ%9'

7 illustrates an AC.source, a dimrer circuit 106 simlar tot

embodi ment 105 db theeurth embotiniehy $05 bPfe\Wrddant iRGertivh Wihithd sHRMiiSEad e A1
controlled by a mcro-controller (M) .23’6, and a conpact Pﬂuor'g{céev!ﬁ ﬁarrp

i th an 6l eaiontolled! Byeh hfiero-cAkoRAAMEL) 200! SFF§ Rbripd e Esceft BRIRP e
g\?mot \(I:Mh 81an(408) is al s%a?l | ustrat gd So irzdi cate them?vmatef!:% ngceon and” of f

of the main powaithtan eledtRniosaNast 361 AHY £H5REcch@lBe 3 .-AV}'IE%HB&‘Q& e gyover
supply to the conpact fluoerescent lanp 300 is turned on, th um nous

| evel of the cormeytis falsuqnmgwattohﬂdibﬁt@ﬁh@%ﬂit&%g?&%ﬁﬂo:ffﬁtg B0 hatpb g B

the mcro-controller by sending-PWM sw tching contro si gnal

swi t chi ng devi cene’omfBct Viadnesesht IdtAp 3D NG the Wt bOePudiifto e 20AnSEF
I'ed to

pul ses of the PWM signal, the power output that can e s

el ectroni c bal | Agbreeesht Mmedho % RineBin Ihe Witaihbls ré%lydf'lﬁ? tﬁ@%ﬁ%‘%ﬁ‘%@%ﬁ 15 |

i.e., the ratio between the duration of the ON cycle to

e o s, o okt sy 4 o e b s Pl <
switching controlling signals to the switching device Z1. By varying the relative
"~ duration of the ON and OFF pulses of the PWM signal, the power output that can
be supplied to the electronic ballast can be adjusted. By gradually varying the
duty cycle, i.e., the ratio betwsen the duration of the ON cyéle to the OFF cycle of
15 the PWM pulses, dimming can be gradually effected. It will be noted that a

MOSFET is used as the switching device Z1 in the present example.

A series connection of a capacitor CZ (18) and a resistor RZ (17) is further
connected in parallel across the terminals of the switching device Z1 in order to
protect the switching device from damage due to high voltage surge as a result of

20 high frequency switching at its control terminals.

A simplified equivalent circuit 107 of the arrangement of Fig. 7 is shown in

' Fig. 8 and an IGBT is‘ used as an examplé of switching device in this example. In
this example, _the energy saving lamp 300 Including an electronic ballast is
illustrated in equivalent form as including a paralle! connection of a capacitor and

‘25 - a resistor together with a rectifying bridgé. The various problems that have to be
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connection of a capacitor CZ (18) and a resi st @t NREnbe73006s
?u?'?[}la(ras connected in paral Ioel across the termnals of the swtching device
~ Z1 in order to protect the switching device from damage due to high
vol tage surge as a result of 20 high frequency switching at its control
termnal's. A sinpYareanesiireeidier i achievei a sinitfe 407 verbatilb elimmingngRienil 0bcdths: 7
Is shown'in Fig. 8 and an I BT is used as an exanple of sw tching device
in this exanpl e.apnarentifion hicetapheiiiva bquiientgircuitofiting corapact 806ebagh liHipag an
electronic ballast is illustrated in equivalent formas including a
paral |l el connection of a capacitor and 25 a resistor together with a
rectifying bridge. ThEhe dablesishelovobdetnautt bedmpies eoft sorhe co]nﬁ)o%nm&@@?efor
2006 overcone in order to achieve a sinple and versatil i mm ng devi ce
wi || become app#fasenceiromthis capacitive equivalent circuit of the
conpact fluorescent |anp. The tabl es bel ow set out exanples of sone :
corfponent valsue rlef Exa le 1 22Wenergy saving lanmp Z1:
MOSFET 900V/ 8A 'ﬂ% Frequency 20kHz 2nmH 100 pH
0.015 F 5kHz 3nH 120 pH e 2 44Wenergy saving |anp
- Switching Frequency L1 L2 pH 0.02 F On the other hand,
~if other conditions remain, the vaI ue of the reactive

Switching Frequency : L1 L2 __C1
20kHz 2mH 100pH | 0.015pF
5kHz 3mH 120uH 0.022pF

C 0

Example2  44W energy saving lamp

Switching Frequency L1 L2 C1
20kHz 2.5mH 110uH 0.02uF

On the other hand, if other conditions remain, the value of the reactive

15 components.éan be lower by increasing the number of filtering stages.

From the embodiments described above, it will be clear that a dimming

circuit suitable for use with a compact fluorescent lamp can be achieved by simple

™
9

connection of a small number of electronic components. These components,
;including the switching control signal whiqh is, for example, a single,chip micro-
20  processor generating by co-processor, can be accommodat.ed-in ‘a very conﬁnéd
space such as the size of a conventional wall socket. With this simple and
versatile design, waII—mountable dimmers can be: installed in- wall sockets
replacing conventional “ON” and “OFF" only switches for dimming and switching

of energy saving lamps and other fluorescent lamps using electronic ballast.
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15 conponents can be | ower by increasi ng the nunber of fzﬂNpmheg2®§ages.

- Frorh the enbodi ments described above, it will be clear that a dimmng 4 b
~circuit suiritable for use with a conpact fluorescent [anp can be achi eve y
s'i-'rrpl e connection of _a smal| nunmber of electronic conponent S. These

- conponents, i ncludi ngC% B¥aENet dhe rimming rmﬂ:u:b||rgmadlng/\/r1h@f3wn$:hlnboﬂ%\ﬁ@éﬁ,mmbe,
a si ngle chip mcro 20 processor generati ng by co-processor, can be y I
accommodat ed i n ®cif¥ing meansndae Bynsive dilfeingassi¢rhentsi ard ofhea sGABMIARA! %,3,%
wal | socket. Wth this sinple and versatile design, wall '-rmt'mtabl e drmrers
can- be i nstal | eddI¥NerafiapI CRIb ok MG carpll deimaunterhue at single wallhburd Adusif ﬁ/ﬁh
only switches for dinmmng and switching of energy saving | anps and ‘ot her
fl'uorescent | anp¥ indtthigreinat andrmincoltputl tahinall SuidbleNoy e8B&KtRG 4P ek8ling wall
exanpl e, the dimming circuit including the swtching device, the _ I
rectifying nfanssockef®. passive filtering el enents and the sw tching signa
generating CPU. or MCU can all be nounted on a single wall-nmunt housing
with an input termnal and an output termnal suitable for retro-fitting

in existing wall 5 SWcretexanyde af scpassitie nuddiftanes o Napialidt rbirC Bl Abhva"
variation fromthe above- described enbodi ments, it will be appreciated
~that "a di nmer swiesglipedesmbardiments, it wilbbéapprchitéd Tt BUIMENER swibiP Rl iﬁélh#éjf[ Rg
bl ock of Fig. 1 while the output inductor L2 is connected as a part o e

' t | amihehasic mwitehing poweriseibplyeuliting ibliektof Fi 1akhileRe L8SE MADLE,
I)Ltrloggf?elnn geggral , it wll be appreciated that the dimmng circuitry of

. H - Q . . . . . h
the present i n\&niscomnected asteparhobihe flabredcdm tenp are imBEdiBlel, Kdi5e4hd indi ©
i ncl gdes a controllable switching neans (Z1) with a first and a secoﬁg

(Swi t chi ng t &0 ni whihe electronic ballast.
In general, it will be appreciated that the dimming circuitry of the present
invention includes a switched.mode power supply circuit which includes a
controllable switching means (Z1) with a first and a second switching terminal, a
capacitor C1 and an inductor (L1), which are included in a circuit loop. The
15 capacitor C1 and the inductolr L1 are for protecting the switching means

respectively from voltage and current surges.

While the present invention has been expiained by reference to the

(\;_ - | - preferred embodiments described above, it will be appreciated that the
embodiments are only examples provided to illustrate the present invention and
20  are ndt meant to be restrictive on the scope and spirit of the present invention. _

The scope and ambit of this inventidn sho’uld be determined from the general

principles and.spirit df the invention as described above. In particular, variatioﬁs

- or modifications which are obvious or trivial to persons skilled in the art, as well as,
improvements'm_a_lde on the basis of the present invention, should be considered

25 as faling within the scope and'bo_undary of the present invention. Furthermore,
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- capacitor Cl and an inductor (L1), which are included i 21&oenmteu?ds| oop.

- The 15 capacitor Cl and the inductor L1 are for protecting the switching
means respectively fromvoltage and current surges. Wile the present
invention has been expl ained by reference to the preferred enbodi ments :
descri bed above, While \MEBI piesenip inveatiar ethst bagn tlaiitb oY FEBiHCET B %%ct :
exanpl es provided to illustrate the present invention and 20 are not ant
‘to be restrictivBueaseent lanmpé shodldsp appresihtet N8atine FRBAtGTY %ﬂg'whem&
scope and anbit of this invention should be determ ned from the general
~principles and syith ot without ineodifivation, ito fludtesd@s kipgaed above. In particular,
variations. or nodifications which are obvious or trivial to persons '
skilled in the art, as well as inprovenments made on the basis of the
present invention, should be considered 25 as falling within the scope and
boundary of the present invention. Furthernore, 17 21 Novenber 2006 while
t he present invention has been expl ai ned by reference to conpact
fluorescent lanps, it should be appreciated that the invention can apply, -
whether with or without nodification, to fluorescent lanps. i 18 -
--------- - - -- ------ - - 21 Novenber 2006 Reference Nunber List 10
di-mrer block 11 electronic switch 30 Qutput node of switched power supply
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40 Qut put node of dimrer Cl capacitor C2 filtering cap&tNpwmber008i ode D2
- diode- L1 inductor L2 additional inductor L3 additional inductor QL

bi pol ar transistor @ bipolar transistor S1 main power switch ZI

sw tching device tom,; 19 21 Novenber 2006 CLAIM A di mm ng device for a .
conpact fluorescent lanp including an input termnal for: connecting to an
alternate current. power supply, an ouﬂaiereneemumﬂerfmst connecting to a '
| oad, and a switched node power supply wherein said switched node power
suppl y includes an electronic switching means with first ‘and. second switch
termnals, switching control neans, inductive nmeans and capacitive neans,
said i nducti ve neans bei ng general I y connected in series wwth said
switching term nals of said gsw tcBi ng nmeans and said capacitive neans

bei ng connected generally inpara I"@%GW? 9¢k t he series connection incl udi ng
said swtching deV| ce and s#i d I BRdGbhiY ewii@pns and wherein the sw tching

frequency of
q y 30 Output node of switched power supply

40 Output node of dimmer

C1 capacitor

C2 filtering capacitor
D1 diode

D2  diode

L1 inductor

-~ L2  additional inductor
L3 additional inductor

Q1 bipolar transistor
Q2 bipolar transistor
51 main power switch
Z1 switching device
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said electronic switching means is controllable and var 2abpeentbpr 2096d
switching control neans. 2. A dinmning device according to claim1, wherein
an inductor is connected between the output of said switched node power
supply and said output termnal of said dinmng device. 3. A diming
device according to any of the preceding clains, wherein said swtching
frequency of said electronic switching neans is substantially higher than
that of the frequency of said alternate current power supply. 4. A dinmng
devi ce according to any of the pr ecedi(glg\@l ai s, wherein said swtching
control neans include a mcro-controll ® micro- processor sendi ng out
pul se-w dth nodul ated (PW) switching signals. 20 21 Novenber 2006 5. A

di i ng. deyi ce_AQRAR) BElidedord irath 1uBRSERE BmbYciageh fidGrahaIRa. | nol udes

a pulse train of signals with | evels correspondi ng
sw tching stat@#ne 'natqaﬂea!t@@a@tquvenmnwismplsofantoht@ut't@mmdri@r "OFF" pul se

can be gradual | Yonn¥ nggalcﬁ—ld ﬁxodé SPdAgd %l??equeﬁ@elgwgrew é’wﬂ:fnﬁa he

pr ecedi ng cl ai ns, er el n sal SW tChI ng sal sw tchni ng neans
i s between 1 kHPOSMBOVED SuRyingludes ah ietdatngnigenriitchingaoeardiwith first amy of t he

precedi ng cl ai n@ecoﬂ’@%%@hﬁls sk?ﬁfhgig?aunﬁgﬁmgé@hhﬁ%ﬂ%&ﬁs%ﬁa be a

bi pol ar transi st devi ce according to
any of the prec@ﬁﬂanigvezhlaam$ald\hdmcwv¢1mam$bemmwenalbecqmm in nerfascdthan

~inductor and Saéagd &ﬁﬁﬁlﬁb Eér%%ag%?gas d swi chyn%emeaans an 9 ga%d %gpacxtlve means

being connected generally in parallel with the series connection including said
switching device and said inductive means and wherein the switching frequency of
said electronic switching means is controllable and variable by said switching

confrol means.

2. A dimming device according to claim 1, wherein an inductor is connected
between the output of said switched mode power supply and said output

terminal of said dimming device.

3. A dimming device according to any of the preceding claims, wherein said
switching frequency of said electronic switching means is substantially

higher than that of the frequency of said alternate current power supply.

4, A dimming device according to any of the preceding claims, wherein said
switching control means include a micro-controller or micro-processor

sending out pulse-width modulated (PWM) switching signals.
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9. A dinmm ng device according to any of the precedi ng cRaNaembeuziOper
including rectifying nmeans for providing rectified power supply to said
switching nmeans. 10. A dimi ng device according to any of the preceding
clainms, wherein an additional inductive nenber is connected at the output
of said device. 11. A dimm ng device according to any of the preceding
clains, wherein said series connection of said switching device and said
i nductive nmeans is further connected in series with a rectifying neans,
sai d capacjtive ans heing connected in parallel wth the serjes
Sonnect | ontof  SAPETANg SeHeRsoape deciia (vherareRd Plchig sivgalpitdes Aq
rectifying neansuselriin 4 stinBRiwag 1611 eRedpdhdifg O TONICr “OF rasumesiegt | amp
according to ag& one of the precedln% clainms, said inductive neans being

adapted for |inttatPhgnd thegelative dusation ohthes@Nuansd Ot Pyles FaNka gradualli d di nmi ng
device due to tgegW tching of said 21 21 Novenber 2006 sw tching neans,
sai d capacitive neans being adapted for Iimting surge voltage across said
first and second switch termnals of said switching neans. 13. A di nm ng

devi ce accgr di ”&dﬁrﬁni?‘ﬂe@e%@%ﬂg t&h@) Fend ;%éelg% s, ‘d«lFi’ieFkﬁh &;gecond

i nducti ve neans, said second I nductive neans berng included in a | oop

cont ai ni ng sai dsvifchivg frepdensyiofl said switehingngprtais bebveesdl kHzamd &hi ng neans and
~said capacitivgqyeans, said second inductive neans being adapted for
limting discharge current in said |oop due to said capacitive nmeans. 14.
A di mmi ng device according to Caim 13, further including rectifying nmeans,
sai d rectifyi ng tiewnRg drvioggpceerding da @ df thequwegedingwlaims, ydieeeinssdid chi ng means

gggpl fy or converdldianig Quibri] Qo8 BHbE &tipcldr #heibrla MSSHEPLSnGRET Nt POver

8 A dimming device accordfng to any of the preceding claims, wherein said
inductive means include an inductor and said capacitive means include a

' capacitor.

9. A dimming device according to any of the preceding claims, further
inctuding rectifying means for providing rectified power supply to said switching

means.

10. A dimming device according to any of the preceding claims, wherein an

additional inductive member is connected at the output of said device.

11. A dimming device according to any of the preceding claims, wherein said
series connection of said switching device and said inductive means is further
connected in series with a rectifying means, said capacitive means being
connected in parallel with the series connection of said switching device, said

inductive means and said rectifying means.

12. A dimming device for é compact fluorescent Iamp.according to any one of the
preceding claims, said inductive means being adapted for limiting surge current

at said output terminal of said dimming device due to the switching of said
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a direct current flowing in said | oop of said switchingZ2irbayember1Z06 A

di mm ng device according to Claim 14, wherein said rectifying neans bei ng

a full wave rectifier configured to feed current of the sane direction into
said swtching neans. 16. A dimm ng device according to Claim13, further
including a filtering stage, said filtering stage conprising a second
capacitive neans and third inductive neans, said second capacitive neans
bei ng connected generally in parallel wth the serial connection of said

capacitive neans anpd said second inductive  nmeans aid.third inductive
rregns bei ng con %B@g MRS etd T @PRFYE @ﬁ?rﬁe@? Pf%dﬁﬂd@t'ﬁ'ﬂﬂé”%ans and said

out put term nal ydkagé aérdsslsaidTiRbar@desifi swith terffEM6F sakiaaehihg Meafigans and
said third inductive neans being adapted as a filtering stage for

Conpact 111r ook Bmint fgviPe avcshfiny© 2 Big-Fafe AR du s TER IR A9 Thi ch
i ncl udes recti figdwgiveaaass, saldaetor@iihductigavnkahs gng@ainded iam [bapduct i ve

menber, a capacitive ne r.and a switchin control nmeans, said rectifying
Tane | - connoctatARg SH Brss S S REoBR AT Sls0s AL RGN i a o d

i nductive nmenbedaid éapaditic@maahd, isxig sBEIHAGHdUcivERBAR R ARPRUFS! Ivniting par al | el
with the series connection of said inductive nenber and said swtching

means, and sai dJISHPIEHUNGHB sRIFdIOPAYSAR SHF GaRagiive MS&@NE-chi ng signals to said
switching nmeans, the frequency of said switching signals is substantially

hi ghe(rj t haty.t hisvt\ dmfmmbeaﬂcmaﬁconmmg.c@&13,Au;]drmerihaum?lfﬁctiﬂinlgmaeags,dev: ce
according to claim 17, wherein sai swi.t ching signal s, include a pul se
train of ‘si gnal SIEHYinG REegs BERP SemsRIEE fsarss wiktald svitching means ardd

for converting an alternate current from said alternate current power supply into

a direct current flowing in said loop of said switching means.

15. A dimming device according to Claim 14, wherein said rectifying means being
a full wave rectifier configured to feed current of the same direction into said

~ switching means.

16. A dimming device according to Claim 13, further including a filtering stage, said
filtering stage comprising a second capacitive means and third inductive
means, said second capacitive means being connected generally in parallel
with the serial connection of said capacitive means and said second inductive
means, said third inductive means being connected in series with said second
inductive means and said output terminal of said dimming device, said second
‘capacitive means and said third inductive means being adapted as a filtering |

stage for protecting a capacitive load.

17. A two-terminal dimming device for a compact fluorescent lamp including a
switched mode power supply which includes rectifying means, electronic
switching means, an inductive member, a capacitive member and a switching |

control means, said rectifying means is connected to said
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or "OFF".switching states and that the rel ative durati o@! bpveniber 2008’ and
"OFF" pulses can be gradually varied. 19. A two-term nal dinmm ng device
according to clainms 17 or 18, wherein said series connection of said

swi-t chi ng device and said inductive nmeans is further connected in series
with a rectifying nmeans, said capacitive nmeans being connected in parallel
with the series connection of said switching device, said inductive neans
and said rectifying means. 20. A two-term nal di mm ng device according to
any of clainms 17 to 19, wherein one termnal of the dinmng device is for
connecting to the AC mains and the other termnal is for connecting to the

el ectroni c bal | agtchdl ntaR®WRASH ifduBNeRRERPr, s Bapadibve MebeNsi NG
arrangenent including a conpact fluorescent lanp with an el ectronic

bal | ast and a df9ffPfed ernprale ngraraliglwid the periasonnactorpd saiginduativg ght i ng
system i ncl udi nge@nék 4mAisAA s@zﬁéﬁirﬁ‘gemgéns?l 1d Slid SAiRhiG cdntioPmeSnlyides Compact

fluorescent lanp with an electronic ballast, wherein the position of said
di mi ng devi ce $Wtching sigaaielerpaidsiwitching mepns edraswenmof sdid awiichisgsionals| anp. 22

is substantially higher than that of the input power.

18. A two-terminal dimming device according to claim 17, wherein said
- switching signals include a pulse train of signals with levels corresponding to "ON"
or "OFF" switching states and that the relative duration of the "ON" and "OFF"

pulses can be gradually varied.

19. A two-terminal dimming device according to claims 17 or 18, wherein said
series connection of said switching device and said inductive means is further
connected in series with a rectifying means, said capacitive means being
connected in parallel with the series connection of said switching device, said

inductive means and said rectifying means. .

20. A two-terminal dimming device according to any of claims 17 to 19, wherein one
terminal of the dimming device is for connecting to the AC mains and the other

terminal is for connecting to the electronic ballast of a compact fluorescent lamp.

21. A lighting arrangement including a compact fluorescent lamp with an electronic

ballast and a dimming device of any of claims 1 to 20.

22. A lighting system including a dimming device of any of claims 1 to 20 and a
compact fluorescent lamp with an electronic ballast, wherein the position of
said dimming device is independent of that of said compact fluorescent

lamp.
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