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FI ELD OF | NVENTI ON The present invention relates to circuits, devices and
apparatuses for 5 dimmng electrical lighting. Mre particularly, this
invention relates to dimming circuits, devices and apparatuses for use with

energy saving | anps or COWaCﬁIMMEﬁWENERW@ﬁ mﬁig&ﬁglJND OF THE

I NVENTI ON Conpact fluorescent [anps, nore commonly known as energy saving
10 lanps, are w del\ﬁused nowadays because of the nany advant aales i ncl ummﬂlﬁ

?| nggsgm‘“\\\m\&m\ cy and a long operating life. It is well MMWB‘H

ear as a variable or non-linear load to a
dependi ng" on lfhejr operating nodes. In order to supply an appropri a2

anount of current for proper |anp gHgelptoPINVESAON €ss of the 15
i nst ant aneous operating node, a ballast s always provided between the nmain

power supply and the fluorescent lanp. In general, a ballast nust provide a

required high start i'lgﬁz Fgghﬁtgﬁwvé%ﬁ%E!Iét%é‘ttoaéirc‘(}ﬁé,' dé¥icds! Ghd ig:ﬁﬂar{alfl%eg%Fem

whi ch can pass throu np during steady-state operati n nmany

occasi ons, st i&mgﬁﬁf l[al%@iri%altﬁbrﬁﬁ?.a%&etEarﬁédléﬁ)},‘?h@'iﬁfénﬁblf rélia%i'%ttioﬂﬂﬁmil?&

However, di nm ng uorescent Tanps has been historically fficult and

requires conpligRligd delicesiahd ?prﬁlm%lsu?é‘%thf&?%}d%%é‘\ﬁngbl‘érﬁdé%c@dmﬁéépe of

di mmer for fluorescent |anps is provided by periodically blocking the

supply vol tage f@rdsdgntlampd.i ght source by clipping a portion of the AC
si nusoi dal by reference to the phase angle of the AC power |ight input.

These dinmmers are commonly referred to as "phase control di nmers” which can

be a forward phase di mer or BACKSRTUNDTFTHE TNVENTION or ward phase di mer
usually utilizes a thyristor, such as a 5 silicon controlled rectifier

(SCR) or, nore commonly, a triac as an el ectronic bl ocking device or

switch. On the othercdiapsbt fRicFeR¢eRtS Rinieashordi somnmoAl | Iwnt BS dmerpaasvied t he
portion of the half-cycle of the ACline input imediately after the zero

crossi ng ofiot haams,| argeviaslyl Usk@ Hewatiags BedUse bf the Hzmyfwk/éntaF@ tchefrere the
zero-crossing. In both types, the portion or angle of the half-cycle which

is to be high power efficiency and a long operating life.

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

15 instantaneous operating mode, a ballast is always provided between the main
power supply and the fluorescent lamp. In general, a ballast must provide a
required high starting voltage and current as well 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, dimming of fluorescent lamps has been historically difficult and requires
complicated circuit arrangements and topologies. A typical type of dimmer for

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



4

10 bl ocked is adjustable to control dimmng. A major shortcomng of this
phase control dinmmers is that zero crossing detection is a pre-requisite of
operation. However, in circunmstances in which the detection of zero
crossing is difficult, for exanple, in the case of a fluorescent lanp with
an el ectroni c dighesaudree By Ribpivs b, postithNoMRE KT 6iANSHiGdl i iaTareisceiol the iphasde
suitable. Furthernore, 15 because of the difficulty in dimmng fluorescent

| anps, nost coramglcofthb A pawbakgrt isbutaibese tinmesdre bonnadins rdiéved tdas
di mer integrated with the ballast which neans renote di mm ng of

conventional flgrdgseitiol ldripersh wiklch kbR tiabefdnedra Gitiae8i dimbdr| d¥sa Tewdrse
renote switching | ocations such as wall-nmounted switches is not possible.

Hence, it woul chhage Riiraivey gdeforwanal shdsk dimaie? weaallyetiRes s thodstar, Sutile 20
di mmer or dinmer circuit which can be renotely installed froma conpact

fl uorescent sl amgicep ddmrolist Mdtiner pSCRNr,| maRs c@ﬁ\mdag, GO fHacOhd & 8lectronic

| ocations renbote fromthe lanps. In order that the dimmers can be installed

at | ocations rasedkiRCddvitle or@witah.” ©acte ofifel Abh&th evbRe phasy Siftrhenalowsitaedar d
wal | sockets, it would be highly desirable if the dinmng circuitry is

sinpl e enough tgasbsgd 6CHRb \HREION dfthé hdiBcpcls enfheRd lind ARt mma{eg atdraped
for a standard wall socket. Furthernore, it 2 wll be highly desirable if

there can be prayé defdsingtHRhACEIiINE BREHIJRE tiie POABAT thé WafLH6e Hefdrathe SO
that the dinmer can be retro-fittable without the need of additional

Wi ring. OBJECT Agfo-ErEsihdVENBbENyBed, the portibie bEBAGIE oRthedRAIEScIOWvhiches RS BS ent

invention to provide inproved circuits, devices and apparatuses for di nm ng

a fluorescant |Medkedes RIS t& cORFBIAGMMIhGIOT R TR shriEBntg an e PhaYe
saving lamp. In particular, it wilt be an object of the present invention

to provide si njoptre difBicts fsthatlfo ¥iobing deRBIGCIE afdrwé(gﬁﬁl%rﬁf oparagiomhi ch can
be renotely | ocated fromthe fluorescent lanp. It is 10 al so anot her object
of the present invention to provide sinple circuitry which can be utilized
to dima conpact fl udsweesnin kirdimstaridesuin Wwhieh rtae ddedéctionr 6F 26roseiossing is
detection of the ACinput line to alleviate the conplicated circuitry

requi red for sudifficalgt @etéex@mpld;uint iy wase,ofi & flwrestendjanad with tahe elecrsmiot
invention to provide a two-wire dimrer for a fluorescent lanmp or the |iKke.
15 It is a | easdapasitiedpsifEst, sluch pragy esrtrol dimenstwibnot ive puitabied eFdirttermoly, | C
with the choice of a di Mmer which can be used with a fluorescent |anp, such
as conpact 1fsl udsezaasatof! thep dificutty BNEingyingaflicrgsdedtrpamEé, oust S@mméeiatipove
obj ects are each to be read disjunctively with the object of providing the
public with a useflatle dminakie IGbIEYEEN [EhpsThiive tNgEMmENIn2&yrated avitthi thg batast
first aspect of the present invention, there is provided a di mm ng device

i ncl udi ng an i nghith mezams mamofeodinouing e¢ tcongertional Ifluardseemtalamps witheintegoatee r
supply, an output term nal for connecting to a | oad, and a switched node
power supply wheearamicsizalldstsat rerhetd switdeing dwatiorssusaehyasi wall-mdersted swidtheastis oni ¢
switching neans with first and second switch term nals, sw tching control
nmeans, 3 i nduwdtipessibieahienas,dt weyld be thighly desirakle iftherd dandhecgrovidedreainspleei ng
generally connected in series with said switching termnals of said

swi t chi ng M®ansdimntersan dincrapairtuit evhickacan bise mgmotehyn éustaiddgiromr al Egmparct
parallel with the series connection including said swtching device and

sai d i nducti ve flreseseantinwheo dhat intrhieg ofi the Hamps foap dhee rontralted sati Idcations

el ectronic switching neans is controllable and variable by said sw tching
control neans. reomte fiomgthedamps.edomddexdpaicthe afimmmiess pare berinstalledeatt locations her e
is provided a two-term nal dinmng device for a conpact fluorescent |anp

i ncl udi ng a swiresérwed fayder gmady irnstglipd withhcartventinrialistasdard otallfspckegs nitsogd

el ectronic switching neans, 10 an inductive nmenber, a capacitive nenber and
a switchi ng conte bighlyatesiable #ithe dirningydinegitryrisa sisples emaugheo tbedretaiveshwithin

swi tching neans via said inductive nmenber, said capacitive nenber is
connect ed @neralkbnfined gpacelcommdnly allovesicior asstamtanc etall soclkdt. Jairthermahectti ve
menber and said switching neans, and said switching control nmeans provides
switching signals to said switching neans, the frequency of said 15
switching signals is substantially higher than that of the input power.
According to a third aspect of the present invention, there is provided a
di mm ng device including an input term nal Xor connecting to an alternate
current power supply, an output termnal for connecting to a |load) and a
swi t ched node power supply arrangenent, said swi tched node power supply

i ncludes an 20 electronic switching neans with first and second sw tch
termnals, swtching



control neans, an inductor and a capacitor, said first and second term nals
of said electronic switching neans) said inductor and said capacitor being
arranged in a circuit |oop, wherein the switching frequency of said
el ectronic swtching means is controll able and variable by said sw tching
control neans. Wil beAigtdy desigableoif thepe eare be eloviddabal v mre dimmien fbrct compat
connected between the output of said switched node power supply and said
out put term nalfluastessantdlathpsd rthatdei dimmehcezmr bé ngtro-fittable vafheut €t need of
enbodi ment, said switching frequency of said 5 electronic sw tching neans
i's substanti al | additiophkewiribgpan that of the frequency of said alternate
current power supply. According to a preferred enbodi nent, said swtching
control neans include a mcro-controller or mcro-processor sendi ng out
pul se-wi dt h nodul ated (PW) sw t OBJECTSOBTHEINVENTAObNOr ding to a preferred
enbodi ment, said switching frequency of said switching neans is between 1
kHz and 50 kHz. According to a preferred enbodi nent, said el ectronic
swi tching deévi ce canitlie therbfop®|amr objeetnsf stieopresaniVidvekiloroto gnovideBTmpewed di ng
to a preferred enbodi nent, said inductive neans include an 15 i nductor and
sai d capaci ti veciroais)sdavivek Lahel appargiased for . didming di fugprdseent langl @spedally a
enbodi nent, said device further including rectifying neans for providing
rectified powercougzst fludressait darspviot @hi ergrgyesandng faogor th partitdar itpwi fer ard
enbodi nent, an additional inductive nmenber is connected at the output of
sai d devi ce. 20ohjestaf thengresentanyenéidreto pbvieletsidpleaditmessafod usewittsa campastt | on
of said switching device and said inductive neans is further connected in
series wth a rfamrédcgnnigmpeshish canibe reapéaty tdcatednfean shd ucrgsaamh feagi.edt is n
parallel with the 5

10  also another object of the present invention to provide simple circuitry which can

be utilized to dim 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, it is an object of the present invention to provide a

two-wire dimmer for a fluorescent lamp or the like.

15 It is a least an object of the present invention to 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 objects are each

to be read disjunctively with the object of providing the public with a useful choice.
SUMMARY OF THE INVENTION

20 According to a first aspect 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 wherein said switched mode power supply includes an electronic

switching means with first and second switch terminals, switching control means,



series connection of said switching device, said inductive neans and said
rectifying nmeans. According to a preferred enbodi nent, said sw tching

signals include a pulse train of signals with levels corresponding to "ON'
or "OFF" switching states 5 and that the relative duration of the "ON' and

"OFF" pul ses canditivgrraehisl biyd \capacitbe Aveans,dsdig ihduotive medaaisr Béing rgeadiangnt
sai d series connection of said switching device and said i nductive neans is

further connect®@nkdtes an iseResWith sdid ewiteHing RmiRANST saidi sikAPACIbANS an@ans
bei ng connected in parallel with the 10 series connection of said swtching

devi ce, said i ngitftdapacitiRaneandthéing tohpedted Yieneralp aiRSparalisl Ofith Nbe tserids
preferred enbodi nent, one termnal of the dimmng device is for connecting

to the AC mai nsconREctidpen@bdifg shig'sWitdthg idevite ang @BidaRdidide heahBanah@etdiani C
bal | ast of a conmpact fluorescent |anp. 15 According to a further aspect of

the present si nuagtdwitehing RdciehSy BF @Midd&iEctrorlid SiteHISy Pewing Vs | daptraibd ahlie
above- nenti oned di mm ng device ‘and a conpact fluorescent |anp. Preferably,

the position ofysyiabld b}idatd s\atcARY Rtrbsmbardependent of that of said conpact
fluorescent |anmp. 20 According to yet a further aspect of the present

I nvention, there is provided a lighting arrangenent including a conpact

fluorescent |anp w tAccardieg -4 666urR dxpetiesittn@prbsantintdnitio, therd igerofidéd e
above characteristics. BRI EF DESCRI PTI ON OF THE DRAW NGS 6 Preferred

enbodi ment s of thvaeemninglediknmiinty @alicerfdr Wi dompaet RudveieRERnipintiudinger swighadl by
way of exanples and with reference to the acconpanying draw ngs in which:
mode power supply which includes rectifying means, electronic switching means,
10  an inductive member, a capacitive member and a switching control means, said
rectifying means is connected to said switching means via said inductive member,
said capacitive member is connected generally in parallel to the series connection
of said inductive member and said switching means, and said switching control

means provides switching signals to said switching means, the frequency of said

15  switching signals is substantially higher than that of the input power.

According to a third aspect 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

20 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 frequency of said electronic switching means is

controllable and variable by said switching control means.



Fig. 1is a sinplified schematic circuit diagram show ng the general 5
arrangenent of an enbodi nent of a basic schematic building block of a
switching or swtched-node power supply of the dinmng circuitry of the
present invention, Fig. 2 is a sinplified schematic diagram show ng the
general concept of aAdoordiig By afpreferdd erbedinmemt awindactdr neTcothestgdCbetivesn of
the present invention, Fig. 3 is a sinplified schematic di agram show ng a
second pref err efle Hatprirop daimilitchéd Hridee Powar BUpStY bl isaldy o@but RemipBESESHId
invention, Fig. 4 is a sinplified schematic circuit diagramshowing a third
preferred enmboddifming 8viddre di mming circuitry of the present invention,

Fig. 5is a sinplified schematic circuit diagram showing a fourth preferred
enbodi ment of the dimmng circuitry of the present invention, 15 Fig. 6 is
a sinplified schematAsotiig@tam plefsMedgedbbdiiieht, Bakf ewiteing eqdémaynds edidt he
dimming circuitry of the present invention, Fig. 7 is a sinplified

schemati ¢ disagrelsatromuswitchingC eahis fis biisStardiamg higher aar thaf of i fréqudndy of
enbodi ment of the present invention utilising a MOSFET, instead of a

bi pol ar transi siaif alterfatd cambhtdoweg sgspN.r ol nmeans and an energy saving 20

| anp, and 7 Fig. 8 is a sinplified schematic di agram show ng the

enbodi nent of Fig. 7 with an equivalent circuit representing the energy
saving | anp and equi A&doedihg a8Chl prafdrird embetintent,epaigs ewitdhitey tdaatrsMhisals Ng
control . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5 To assi st
under st andi ng ohclude aphieBReEdntiohsresrt mizfo-pRcbsstir GeAding wat palsbwiditdimeduiategk of
a switching or sw tched-node power supply for the dinmmer circuitry of the
present inventi@Wipswitohing sighdis.g. 1. This basic schematic buil ding bl ock
10 includes a controllable electronic switch 11 which is connected in
series with inductive neans 12 such as an inductor L1. A capacitive neans
13 such as 10 a capai¢donding to ias pefarresic embodimepirsaid eWitelimg Siequérecysefr said
connection of the controllable electronic switch 11 and the inductor L1.
The input node Stchingtrhéansds betwiebn dddirearid 8kHavhi ch i s t he node between the
switching device Z1 and the capacitor Cl, is for connecting to an input
alternate current (AC) power source. The output node of this basic building
bl ock, which is the Acdediddta apeferesi emhbodifebl sadetedrosici switgbing devite zad t he
capacitor Cl, is for connecting to the electronic ballast of a conpact

fl uorescent | anipe abipotan&ransistor, ladOBFEdos20d@GBTI anps, al t hough it will
becone clear in the description below that an inductive nmeans will be

i nserted between the output node and the input of the el ectronic ballast.
Referring to Fig. 2,Aecosdingn@tda prefarrasupmbedisgntirfaid ingductives megnefirglydadano
enbodi ment 101 of a di nm ng block of the present invention is shown. In
this preferked iBdueern gashraid eapacitive means fNCUSseaPFEItAT t he di nmi ng bl ock

i ncl udes the switching or swtched-node power supply building block of Fig.
1 plus an additional inductor L2 which is connected, at the output node 30
of the basic buil di MycIrdes teoaopraferged embadinentqfaid siexicei Auther dpcludings t o
be connected between 25 the output of the sw tching power supply 10 and the
i nput of the el wetifyipginpeans|forqreviding rectified power supplyto said switching means.

According to a preferred embodiment, an additional inductive member is

connected at the output of said device.

20 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



8 of a conpact fluorescent |anp. The value of inductance of this
additional inductor L2 (14) is |largely dependent on the inpedance of the
capacitive electronic ballast at the operating chopping frequency of the
controllable switch 11 and is usually larger than that of L1. The out put
node of this digsenesgcdrnection of dkatd gaittikidg WidviceS saideEnducife medrey ahdgsdid
Fig. 3, a second preferred enbodi nent 102 of the present invention is
shown. | n this rperfiag hesanenbodi nent, a bipolar transistor QL (111), as an
exanple of a switching device, is inserted in the place of the swtching
device Z1 of Figs. 1 and 2. A uni-directional or an one-way electronic
device, which is a lAcodrdmle tdla preférel pmbsdifientassd switching adigreb irtluier aes
bet ween the bipolar transistor 111 and the input node 20. This diode D1 as
an one-way el egiuiseirgin &8 eignelsi withalddelsl comegpontingtto “OBl" of BDBFSéwitchingQstates
possi bl e damage due to excessive reverse biasing and nmay be inserted

bet ween t he st ragii fia0thddtelathlldiraton of hiee iFONUGGr“OFF” (plifdes dah Be QyRedusily

el ectronic device is generally characterised in that it has a 15 very

| ow i npedance wagiedit is appropriately biased so that a direct current can
flowin one direction but has a very high-inpedance to substantially
prevent direct current flowin the opposite direction when it is reverse

bi ased. Referring toAddogding tot dairefetrad Sérabediment)igaill Berée coatkatioh ot saat
103 of the dimmng circuitry of the present invention. It will be noted
that this circuvitcAhgcdevivecindsait Sndieties aldays iigl het abnieetddhint sedfes Fiith a 3
except that a second series connection of a bipolar transistor @ (112) and
a diode D2 is creotifginletieams, psridiicaphcitver amang eirdg cohnedtsd @6 pariisledith ahe of
the first transistor 41 (111) and the diode D1. It wll be noted that the
direct curri@nt ddriesi canhnditicer iof oszid i switchiag f dévide, asuid Seduptide thaass nar sald ode
pairs are generally opposite. 9 Referring to Fig. 5, a fourth preferred
enbodi nent 104 mettifiing ntdamel ng circuitry of the present invention is shown.
In its enbodi nent, the series connection of the inductor L1 (12) and the
switching device QL (111 ) as shown in Fig. 1 is enbedded into a rectifying
circuitry so that, whesordihgto apufemed embBdiafent,lomeZenminal of ghes dimoming rdgvice
connected to an AC source, the switching device (111 ), which is a bipolar
transi stor QL (i$Xdr ¢onnecting to tbelALmainst and thesatherl tesdinal is Horf edrinevlingeto the
rectified power during full cycles of the AC sinusoidal input. Enbodi nent 4
is generally sieledteonia lallastafci commpacBflexresgent kgt a si ngl e swit chi ng devi ce
(111 ) is used instead of requiring two separate switching devices as in
enbodi nent 4. 10 A fifth enbodi nent 105 of the present invention is shown
in Fig. 6 ik whi ch tAecostibedh aduthdrsasgectenfdhe prasdetinverdiont theenisquiovidert a4
except that an additional filtering stage including an additional inductor
L3 (16) is connlightieg systereinckilingi the abyedaentigned wimmingr devicq any aapempart
addi ti onal capacitor C2 (15) branches out fromthe node 40 between the

out put i nduct orRuargscgnblam®. and is then connected to the 15 input node 20 of
the dimmng circuitry or the input node of the rectifying circuit. The new
out put node is designated with nunmeral 50. Turning now to the general
operating princi pl esPiferahly hedwsition;of\asit digrning dexiceris indgprendant |of thal afhe
sinplified chopping power supply circuit arrangenent 10 of Fig. 1, this
swi t chi ng devi ceaiggompagfuareseddmnrR control | abl e switching device which 20
can be switchable at frequencies nmuch higher than the AC |line frequency of
50-60 Hz. This electronic sw tching neans can be sw tchable, that is,
turned "ON'2%nd " C]:FAS’C%‘}:‘“%t%thacfHﬁh@ agpgetaf the prgsaridnveption.dhers ispfovideAng
control neans. The switching control neans can, for exanple, be an )
oscillator or a2dHgBing aBenRgeRIant AinGyding |hearpprass Hlaresernt Jame wthhan elastrepic
signals, for exanple, switching pul ses of an 25 appropriate anplitude, to
the control terbaliaglangka dimmisgidevine phtheabore coarapilstics- 10  The switching
control signals can be, for exanple, pulse-w dth-nodulated (PW) signals

wi th variable switching pul se ratiq h ere ive duration

bet ween adj acent ON and OFF %Bl eQE\%QR"%ﬁOE?‘a&FJHE %Améﬁsf requency
chopping of a portion of the available power fromthe 5 AC line during a
hal f cycle of the AC input, part of the AC power supply wll be bl ocked and
t he power output fromthe dinmmng circuitrys can be adjustable by varying
the relative duration of the ON and OFF pul ses. The suitabl e range of

swi tching frequency suitable for use with currently avail abl e conpact
fluorescent |anps can be in the region of 2 kHz to 50 kHz. Were
appropriate, other 10 appropriate frequencies may be suitable for other
types of fluorescent |anps. :



VWhile it is generally known that high frequency variable pulse width
choppi ng, or nore commonly known as pul se-w dt h-nodul ati on (PW), of an AC
source can be utilized to vary the anount of power output fromthe AC
source, the direct application of high frequency chopping of the AC source
to a conpact 15 fl udfrefecredtenibaxments bf the pegsaat inverdioal wilt be @erplainbdlin Asthedoes
not usually work satisfactory. It is known that the inpedance of a

capaci ti ve | oadietHichyewag of wiamplek earnkreithu esfengnce to desascoampangingidgdwihgeduency
i nput current may danage the capacitive |oad and the nore sensitive
conponents. Inwdeteral, a typical conpact fluorescent |anp includes an

el ectronic 20 ballast at its power input and the electronic ballast is
essentially a capacitive |oad usually designed for use with a | ow frequency
power source such asFig.hé B0aosimplficdz sohenmeatics tipgiity diagfaem shioivinge éhEa gehenak

| oad is connected to a high frequency power source, for exanple, a swtched
node power Supprsangsmeht efsanceribiidipemteof ashasid schemiatity baildidgoblipckigf 4 seiicrdmgey i n
the kHz range, the inpedance of this 25 capacitive load will be

substanti al | y lopwseitettbdamdda pdaeresipply of thiggdimming eirduitrgof tHd presthidmventivn, t he
capacitive electronic ballast. Hence, it will be problematic if a
conventional variable chopping frequency type of dimrers is connected

bet ween t he AC powerFigisce siemplifi¢chechehedit rdiagram shbivingtthe lgenenatiesncept of a

al l eviate the above problem an inductor or an inductive neans 5 is
connect ed bet wdiest préferred epibbdiafent bisa Hinghing ciecpitencfithe pogspednpentien, sour ce and
the input of the electronic ballast of the conpact fluorescent lanp to
limt the surge current that can flowinto the electronic ballast. This

i nducti ve nmeans wi | IFiguppisea ssimplifiedi ghematiqudiagramc singwingra seConch erefereped
power signal so that only an acceptable |evel of the adverse high frequency
current wi 10 f|epadimenttdiéeldimodpacirquitkyeofitioempreseihirxestion,t he i ncl usi on of
the inductive nmeans will bring about a high voltage surge (Ldildt) which

wi || appear across the termnals of the switching device when the sw tching
device is switched fligntiha siaplifiedtsghematic cireuit"dirgramsstiowing Adhiod erefered t hi s
vol tage surge problem a capacitive neans is connected 15 across the

term nal s of t Hsnkogdimentofgheddimindeg ciccunosfithreprgsertinvemtietlance shunt or
by-pass to limt the maxi num voltage surge. On the other hand, the addition
of this voltage surge protection capacitor may in turn result in a Iarge

di scharge current irfFigheig %é@%'ﬁ%ﬁ?@"ﬂﬁ}j'%%@“%ﬂ@ﬂ@"ﬁ §howing & feurth preferre

el ectronically controllable sw tching device when the switching device is
initially closednbodimentaf sedirpring oirquitpy @fiibe prepertimaiéioR.ne swit chi ng devi ce
or can cause breakdown of the electronic switching device. To alleviate
this problem an inqyctive neans j.s connected |n series wth the swtching
device to IPmit the f8xifmitn i SBRiflede sehpmalict dagEAM cShPWing @ i ity REeteEed now
conprising the swtching neans the_caR?citor and .t he sw tching device

protecting i ndURrRdimentof the,diguniag girculty of fae presentidyaitioRnat t he i nduct ance

val ue of the inductor (L2 or 14 in the Figures) which is connected between
t he di nmer power output _and theIQallait ip$g@ gnodqﬁﬁo is de endF 1 on the
i npedance of the capd@ifive? SBRIIEY SChewalt dadrap showing, Gnpf V‘Pga'ﬂgn%y of
t he di mrer poweyr out put. The. capaci.tiv val ue qf. the shunt.in

by- passi ng capa({!'i“mf Obj(tﬂe g‘?””i‘se'il')‘%‘?‘ﬂ‘énﬁf’gmﬁe%rfs?@ 'B\%ﬁ'ﬂﬂe‘m}s'[}%%{ ﬁ‘?%faﬁ-rue of
out put i nductor, (L2, 0 4 in.the Figures). and th hoppi ng, f requency .The
Phduot i ve val udngsad fta ool esRsn B SR dodFabnPRR At SHIGLRAg,

wi |l depend on the value of C1 and the current limt of the switching
device (z14r 19™Pr@i%e Figures). 10 It will be appreciated that in the
enbodi ments of Figures 2 to 7, the conponents L1, L2 and Cl are arranged as
a "T'-filter including a pair of serially connected inductors and a

capaci tor which branches out from between the inductors to the input node.
Such an arrangenent alleviates the adverse effects of the high frequency
chopped power input on the capacitive |oad as well as 15 protecting the

swi tching device Z1. Hence, it will be appreciated that the |ong well-known
probl em of applying high frequency PWM power to a conpact fluorescent |anp
can be alleviated by utilizing a swtching device in connection with three
si npl e passive conponents L1, L2 and Cl as 7shown in the above preferred
enbodi nents. These three 20 sinple conponents are arranged in a sinple

t hr ee- conponent "T" shaped form which can be easily accommbdated within a
confined space. Also, it will be understood that the synmbol Z1 used in
Figures 1 and 2 is nmerely used to illustrate an el ectronic sw tching

device. In actual applications) the switching device will be an electronic
swi tching device capabl e of high frequency sw tching between, for 25

I a v P N | [ o, . I T a1 - o



this requirenent include bipolar transistors, field effect transistors
(FETs), MOSFETs or insulated gate bipolar transistors (I GBTs). Referring
nowto Fig. 3, the circuit arrangenent 102 is generally identical to that
shown in Fig. 2 except that the switching nmeans is replaced by a diode D1 5
and a bi pol ar transiFigo8 is@ simplifledsghehaatic disgnarh showingthe embbdierbnasf Big. 7
exanpl e of a suitable high frequency switching device and the serially
connect ed di odewitts anneduirddsht toircpit eéreseriting the perleagy taamg ilarhe rantir equiddarmge
due to reverse biasing. The enbodi nent 103 shown in Fig. 4 is generally
identical to thedcilatieywirduit réprgserdingtiseplitdhivef comtrorddi tional pair of
transistor @ and protective diode D2 is 10 provided so that pulse-wi dth
nodul ati on switching can occur during the positive and negative cycl es of
the AC |line source. ByDETALEDDESCRIPTMINIOF THE PREFERREDEMBODIMENTS |
cycle of the AC Iine source, a wider range of power adjustnent can be

achi eved. To achieve the effect of the enbodinent of Fig. 4 while

m ni m zi ng tshe 15 nuTbessief understamding devhe gresand inbhentiehprae babie scheowatiat ed
control, the two pairs of switching devices in enbodinment 3 are replaced by
a full wave r echuildingr bibclgef laeswiteHity @r switchsd-moda epdwernsupblyafori the udithater L1
and a switching neans QL. This series connection of an inductor L1 and a
swi t chi ng meanscifclitryfod thspresentrichentiom s giawin inFidydt HTHidbadio seiendhtierdildiay er se
paths of the rectifying nmeans. 20 The fifth enbodi nent 105 of Fig. 6

il lustrates theblpds$d bickidesa cuintraltabdal dicttromialswitch 1€ whithageonmadtedlinnggrias
further serially connected inductor L6 and a further shunt connected

capaci tor C2 t owituindbetivepnedresct2 sinh asagadiductoe L oa#dcapiacitiee alelansvii@gubh gh
frequency chopping of the input AC source. It wilt be noted that by 14

i ncl udi ng addi ta caphcifor| €tris mpneectgésn pdrelld idaressi the sériasacomreacion of thben be
better controlled and the values of the reactive elenents can be reduced.
The system of Feantrolfakilé lelestrorit esvitalim 1A@nelcthe dejuctorditmEhe dnput vpbde 206f thisi | ar
to the fourth enbodi nrent 105 of the present invention with the sw tching
devi ce 11 5 contircoitlaednéstion, whichds dbetnodé |betwéeviCtile d@hingndievicecZtzadt the
fluorescent lanp 300 with an electronic ballast 301 and a fluorescent tube
302. A mmi n poweapasitért@h iSTon cdidpciing &l amw input akémateeclirtent (AC) pewer sduece.
switching on and off of the main power to the conpact fluorescent |anp 300.
When the mai n pbiweputpuppdde dbthishbasio bpiding blogky wbicknis theanpde300 intermadiated
on, the lum nous | evel of the conpact fluorescent 10 | anp can be controlled
and varied By tbriwaer the ioduttonl1 and itye sapatitoryC PViMfavgannacting todhe etsictronig
signals to the switching device Z1. By varying the relative duration of the
ON and OFF pul skallasf oftheormydat Sugneatent idnep pookber sintilpufluarestent empsealthoughi ed
to the electronic ballast can be adjusted. By gradually varying the duty
cycle, i.e., thitwihtecometaieasrnint the deacspliam belowt that @N inguttivet means witk-be
cycl e of

Y inserted between the output 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 10 of Fig. 1. This additional inductor L2 is to be connected between

25  the output of the switching power supply 10 and the input of the electronic ballast



15 the PWM pul ses, dinm ng can be gradually effected. It wll be noted that
a MOSFET is used as the switching device Z1 in the present exanple. A
series connection of a capacitor CZ (18) and a resistor RZ (17) is further
connected in parallel across the termnals of the switching device Z1 in
order to protedf atdugnsast fledresgend RvipC @ he valteds nrdyetathige of thidadditiorl irrigetosur ge
as a result of 20 high frequency swtching at its control termnals. A
sinplified equibh@{1dhis laigebudépehBentain ths émpedamag @feet caphcifivg eleétroric SBwE i n
Fig. 8 and an I GBT Is used as an exanple of switching device in this

exanpl e. In thig tex apBlating ichep@ng frefusityididhé aomtralidblel sWAcHHNENAR® usually
electronic ballast is illustrated in equivalent formas including a

paral | el connegéigentieh tBatcafiarci TE oadt R&ieaofrtﬁi%icﬁmmngtﬁlgéﬁ Redesidriatecwith
rectifying bridge. The various problens that have to be 15 overcone in
order to aclyi evungersti4mp! € and versatile dimm ng device will beconme apparent
fromthis capacitive epuivalent circuit of the conpact fluorescent |anp.
The tabl es bel ow set out exanples of sone conponent values for reference. 5
Exanpl e 1 22W ener gyR&faringdtol Rigp3 24 :sebbiF bref&oétVeboliment 182 dfzthe presdid pF
Swi t chi ng FrequencL1L2C120kHz2mH100 HO. 015 F5kHz3nH120 HO. 022 F 10 Exanpl e
2 44W ener gy sdnvergioh &ghoRi. tia this greferastiemisodirheht? a Glpokttansidtdr @1 #19), ks 0. 02
F On the other hand, if other conditions remain, the value of the reactive
15 conponent s canekngle@Owea siitching dedsé,ng insered iriherplade bf the &nitbiging dadies -
From t he enbodi ments descri bed above, it wll be clear that a di nm ng
circuit suitablz 6OFigsiseaid 2h Auriaireéetinal bruar essaay eleztronic Aeviee, weibh &/gd by
si npl e connection of a small nunber of el ectronic conponents. These
conponent s,10i ncdiodk DY ih lise prisbithda’g, iBaNdareld ifisgnes bethieeh the bipolir texerre, a
single chip mcro 20 processor generating by co-processor, can be
accommodat ed i M1a are¥ theciapliti meid 2@adhisStiote DB bdansoreewsy ekectroniv afelvicensl

wal | socket. Wth this sinple and versatile design, wall-nountable dimers
can be install estided togdrbtespthiectransistyr fesm MY ssiblevéathagendlie tddkceasive 'rebdrseonl y
switches for dimmng and switching of energy saving | anps and ot her

fl uorescent | angiasing and nedydst inserted] stvbars the tidnsistor 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 transistor Q1 (111) and the diode D1.

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

transistor diode pairs are generally opposite.



For exanple, the dinmng circuit including the swtching device, the
rectifying nmeans, the passive filtering elenents and the sw tching signal
generating CPU or MCU can all be nmounted on a single wall-nount housing
with an input termnal and an output termnal suitable for retro-fitting in
exi sting wall 5 sockferringdo afig.e8aafoertioprefenped sniblodinmemdi10i4ceft the ndimiming
variation fromthe above described enbddinents, it wll be appreciated that
a di mer swit cluirenittyi ofc thed@rdseat rd@ntiors s tsHowng dawes embadingeriuithediseged! ock
of Fig. 1 while the output inductor L2 is connected as a part of the

fl uorescent | argenagdionromitl intiedtyr bE{12)@antihiee sWitHingl@evide Q1) @estshowh in
ballast. In general, it will be appreciated that the dinmng circuitry of
the present invagtigrembeaded to a restifficdeiftuitndsd hatvhen WRpinpuitnddeldot ofwheé ch

i ncludes a controllable switching neans (Z1 ) with a first and a second

swi t chi ng t gr mdwmhingciareas tofndcledatdthraACisadieef the switthihg delice 1 AN ewhich
included in a circuit |loop. The 15 capacitor Cl1 and the inductor L1 are for
protecting the isw bipbiaRgramerts QEIPENtihViBlsyembediment, tiagappied &ith rfaiRtvave
surges. Wiile the present invention has been explained by reference to the
preferred enmbodesiiatispotrs aiuribgduipbpdi€s of theMAUl sihgsoidapligsitat Bfbsdiment hes
enbodi nents are only exanples provided to illustrate the present invention
and 20 are not geperdlly tsimile t6 @Bibodmhent e excebh that @OgIRgI8WiteRingG idevicé (1M is
present invention. The scope and anbit of this invention should be

det erm ned fr onasel énsieitbsfabguingwodeparaAd ewidhing devidestdian embetimemn4as
descri bed above. In particular, variations or nodifications which are
obvious or trivial to persons skilled in the art, as well as inprovenents
made on thdobasi s ofA fiftreembedimeht 108 efthe presenhinuértionds shsven thefFigde Bbwihish
falling within the scope and boundary of the present invention.

Furt hernore, 17%he embodiendritds peressalit identicahto embbdimebt d rexext! taatnard atigitional
reference to conpact fluorescent |anps, it should be appreciated that the

i nvention can diteligg stalgetimsuding 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 between the output inductors L2 and L3 and is then connected to the
15 input node 20 of the dimming circuitry or the input node of the rectifying circuit.

The new output node is designated with numeral 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 electronic controllable switching device which

20  can be switchable at frequencies much higher than the AC line frequency of 50-60
Hz. This electronic switching means can be switchable, that is, turned “ON” and
“OFF”, by a switching signal originating from a switching control means. The
switching control means can, for example, be an oscillator or a micro-controller

unit which sends out switching control signals, for example, switching pulses of an

25 appropriate amplitude, to the control terminal of the switching device or means.

10



with or without nodification, to fluorescent |anps. 18 Ref er ence Nunber
Li st 10di nmer bl ockllel ectronic switch30Qut put node of sw tched power

suppl y40Qut put node of di nmer ClcapacitorC2filtering

capaci t or D1di odeD2di odeL1i nduct or L2addi ti onal i nductorL3additi onal

I nduct or QLbi pol Hre switchingstontrQPsigmeds aan be afios exdrop|&1mmserwnitiwarodulated (PWM)

swi tchZlsw tching device 19 CLAIMS 1. A dimm ng device including an input
term nal for cosigrets witly vanablenswitdhingnadise duraticendo thattbe relativa guration leettvper
termnal for connecting to a |load, and a switched node power supply wherein
said sw tched reujscepo®brargiupPF pulses canl beleariedn el ectroni ¢ swi t chi ng neans
with first and second switch termnals, switching control neans, inductive
means and capacitive means, said inductive means being generally connected
in series with sai d Byhigbhfretmehey ohoppirg of a partidn ofithe bivaitableepowgeraine thé d
capacitive means being connected generally in parallel wth the series
connecti on iSnclAdiling difing ai hiSeydecti thg Ae\npug, EErdofsthe dAC pdwet suEplyredinise and
wherein the switching frequency of said electronic switching nmeans is
control | abl e andockedi said thebyovesai alitswti franinitimg dinaming adircoig@nean 2e adjudtabie by
device according to claim1, wherein an inductor is connected between the
out put of sai d vanyihg e reiative quoatiom sfulhpl ONamd GEF putses puthelsuitableniangé obf
said dimm ng device. 3. A dimmng device according to any of the preceding
cl ai s, wher ei rswighithgfraquehcynguifabieafoe nsy with chirietltlye beaitablendoingast fladresgentreans
I's substantially higher than that of the frequency of said alternate
current power dSlappkycardbe An dhemiegigndefv dédzate G0dkig t\Wharey aproptiete potheedi ng
clainms, wherein said 20 switching control means include a mcro-controller

or m cr o- prldc e ssppropriatelirequencies mdysee suitdble foroatheretymss df Adblessantiantypsig
signals. 20
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 supply, with a chopping frequency in the kHz range, the impedance of this

25 capacitive load will be substantially lowered and a damaging surge current may

11



5. A dimm ng device according to any of the preceding clains, wherein said
switching frequency of said switching neans is between 1 kHz and 50 kHz. 6.
A di mmi ng device according to any of the preceding clainms, wherein said 5
el ectronic switching device can be a bipolar transistor, a MOSFET or an

| GBT. 7. A di mfiongintte the eapaciibiedelegtroric soajlastf Heacqr it orillli beg pedblennatic ifleer ei n
sai d inductive neans include an inductor and said capacitive neans include
a capaci tor. 1QoRventionalnvariabledbdopping freqoemnbyngpd of dimmerd i benrecteddsbtween
clainms, further including rectifying nmeans for providing rectified power
supply to sai d tseVACqiowey sowmrae and the électronis bajlagievi ce according to any of the
precedi ng clainms) wherein an additional inductive nmenber is connected at

t he output of said device. 15 10. A dimm ng devi ce according to any of the
precedi ng cl ai ns, whevader tealldviserthe abovepebleny andhdutir dr aniidietivegmeeans ce
and said inductive neans is further connected in series with a rectifying
nmeans, sai d5capaconnecdibatneerbibe utpud ohite thigh fraqueacythappedipbivet furseands
connection of said switching device, said inductive neans and said

rectifyi ng neanse inpQt dfthe Alettnonit baltashaf thdicompacs flderascentilamp o Wroittrecdurge
fluorescent lanmp including a switched node power supply which includes
rectifying nearcsiyresl dwdtrcam fowwinta hhergleatranic, balfast.ndUkis | imdusteebmeansa will
capacitive nmenber and a switching control nmeans, said rectifying neans is
connected to saugpi2ts theshigh leguenayeanponert of dhelchoped tpower signlleso, thataordy
capacitive nmenber is connected generally in parallel wth the series
connecti on of sm dccepthbdd ilsvel rafntheradvedses high Bedquetioy nEurreatimdl] flawdintaitioe
switching control means provides switching signals to said swtching neans,
t he frequendy afapadtivk bagwi tching signals |Is substantially higher than that
of the input power. 12. A two-termnal dinm ng device according to claim
11, wherein said switching signals include a pulse train of signals with

| evel s correspondi ndHawevetNheoinclusibi"of sthve t inthilctige shedress willntringhabowthe high
relative duration of the "ON' and "OFF" pul ses can be gradually varied. 10
13. A two-t er mveHégealisorgen(l-dilél) i vdachadlbagpear awossd dhertertinats ol 2he whvidching

sai d series connection of said switching device and said inductive neans is
furt her connectdedicerwhsa thesswitchingadevigst isfsyvitchednransthes QNI stateatoi the VOFReans
bei ng connected in parallel with the series connection of said swtching
devi ce, said i rafleiet Tovevereams thinolkagedsurge prahjémga cepanitive IIifedns. is Lonnected
two-term nal di mm ng device according to any of clains 11 to 13, wherein
one term ndb ofacréss the teriminplslef/iheeswitshifig devioa e ptavity a ow impedancmsimnt and
the other termnal is for connecting to the electronic ballast of a conpact
fl uorescent | arljy-pass to limit the maximum voltage surge. On the other hand, the addition of

this voltage surge protection capacitor may in turn result in a large discharge
current in the loop comprising the capacitor and the electronically controliable
switching device when the switching device is initially closed. This discharge
20 current may damage the switching device or can cause breakdown of the
electronic switching device. To alleviate this problem, an inductive means is
connected in series with the switching device to limit the maximum discharge
current that can flow in the loop now comprising the switching means, the

capacitor and the switching device protecting inductor.

12



15. A lighting arrangenent including a conpact fluorescent lanp with an 20
el ectronic ballast and a dimm ng device of any of clains 1 to 14. 16. A
lighting systemincluding a dimm ng device of any of clains 1 to 14 and a
conpact fluorescent lanp with an el ectronic ballast, wherein the position
Iof sai d di nm ng devilagensral,ritwilidhedwotéd tat theindadtasce vhlgoofpihetinddctorr(E2 oent

anp. 22
: ﬁ' A A A A 1. in.the Righres)whichAisAonfectéd bétwedn the diiiiér. pdwerAutpullapdiBne® f P&
shm
49~yt oj e [ UU] c atiajtdagut dhadw] 40)is aémemdent arafheahpedareb ofteadapatitio ekbealical ca
] ca] cal] ca] ca] ca] ca] cal] cal] ca] cal] ca] ca! Vov+0vn% >
+lpt 1 =""""C#| voaiiast* dtUhe] croppinp clddqi@hey ot #e dinmagic pdwear] catpoa]The] cadectileal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! CH#### TIPSR & &&&<'

C(S(((() Pp) ) )veilue” piwthrashiiblig oa] wegassingatamicitad ¢@] arUj 8 ah capcRigaresy as Ca] c

aJ cal cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]calcal! *#+g+++1,},,-?---
3. 8./:1&0) 0SOVO{ependeodn 1kl Calbur df odutpithind0dthd q.&LJbﬁahqa]thangabgﬁbﬂw@&h@aU] c
a] cal] ca] calU] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
C1G1V1Y111h2k2}choppiag4d4nbRSEThE i ehies odlLwa) fited Mdablok\rh e Yélitaldgcadvical)] ca]
cal] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] caU
] ca] cal] ca] caU] epatidCT dshpd tHtasinadydd @& value of C1 and the current limit of the
oo NRWee<i <<<| vgkf " [ VI gb\ Wrhc”~YU] ca] calU] ca] caU] ca] calU] ca] caU] ca] cal] ca] ca
] caU] ca] caU] ca]switchingldeaick ¢21 oatd inahe Biduess).cal] ca] caU] ca] caU] ca] ca<$=(=====
>#>q>\/>>>>g’?| 27?77 (oo
AA- AOAAAT7ADbA| wgl fal VI gb\ Wrhc"YU] caU] ca] caU] ca] cal] ca] cal] ca] caU] ca] caU] ca] ¢
aU] ca] ca] cdl] ca] cal] It alikt decapfirecibted Uhatfirc ditd eajtodidiand of Wigaks b Ae AAAKS{ BBB
( CDDEG #L) LLNr PQSSTUNWK| ZZZ[ T[[[[ ~yt o] e ZU] calU] ca] ca] ca] ca] ca] ca] ca]ca] ca] c
a] ca] ca] ca] ca] cangqaineaisda), d‘.a]and](b’a}arsaércaim]asadﬂ'ﬁefilteald]:tmdingadealabtséﬂ]auy' [[]
HA\\]T].1114]111 ("5 MK NDd h "7 K T @Fa{vpkfa\We ZU]]ca] ca] ca] ca] cal
ca] ca] cal] ca] cad‘cﬂrmaq:teaUhdadtmana]a:a:}ap@c]ntoa]wm:}mdblmmhea]omecma] betWpema|tba] ca]
cal] ca] cal] ca
Faa[ d1f Tf \ f kf sfihduaydrisBo ithe inptf apdg. | Sustelh laflahddmaentatlavidie the atiearbe affecty ca]
a]J ca] ca] ca] ca] ca] c”a] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] cal] ca
] ca] ca] ca] ca! nmof the high frequency chopped power input on the capacitive load as well as
nennnQo\ oooEpHpppgLqgi gnmgqqaqqrr 8rfrrr?sst. udu~ytoje [V]]ca] ca] ca]ca] ca]ca]ca
] ca] cal] ca]ldal] malectiia tiecatiftloiay dayicakta] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca! 4u{uuvvvv. vOvnvovvvvvvvvvvvvvvww, w. wBwDwXwj wgl f a[ V~ytoje [V]]cal] c
a] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] caU] ca] caU
] ca] caU] cal] ca] ca] calflerdec it it hewpprexiajsd that the(lprd well-known giodjgm pkapplying
1z| wrmhc™Y] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] dagle fpaugncx] BOWerapc compad| flup@soent) larap-can be alleviated by
1z| wrmhc”Y] ] c] ca) ca] ca] ca] ca] ca] ca) ca] ca] ca] cal]mca] ca) ca] ca] ca] ca] ca] ] ca] ca]
ca] ca] ca] ca] ca] WHiFing ) ayitengajlevigec i) ernmBptiqn witidbree (Sjmplpoessive LopPonenig 0%m
nmn& ()-!'t" QY0% ()-ylOo%r&' ()-910%m ()-- @dE
1098 () - ! 10%m8k1,) L2 @ogheC1 jas a_mn&m( the alopoespreferetoomkodimentsd E Thesa/siimee) -
(10%r&' ()-& 10%m& ()- $10%m& ()- "nl0%m& ()- 10%& ()-&shjkldE/ 10m
10nF: MLO%m( ) - sippleosarepqnents3amogreanged in 2oskmglg ;hme.coompr(e)ni ‘T stomped foym| nx
rPl/ !'10%&Z& () INF109& () - & 109%Z&' () - !'D& 109& () -

,s110%&& ()-!, swhighscag' g easily accommodated within a confined space. Also, it will be

understood that the symbol Z1 used in Figures 1 and 2 is merely used to illustrate
an electronic switching device. In actual applications, the switching device will be
an electronic switching device capable of high frequency switching between, for

25 example, 1 to 50 kHz. Suitable electronic controllable switching means satisfying
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IS 10968 () - k$! 109K ()-! 10%8& ()-! N 10%& ()-!10%=% ()-!D 109&' ()-+-./0vbC
I 9" 10%t| & () - MOBFETS 6) insUlated gt DipolaOtarisidtors QIGEIBYGE () - . 10%& () -n% >
dEbC ! 10%| & () -
Referring now to Fig. 3, the circuit arrangement 102 is generally identical
to that shown in Fig. 2 except that the switching means is replaced by a diode D1
5 and a bipolar transistor Q1. The bipolar transistor is provided as an example of a
suitable high frequency switching device and the serially connected diode is

included to protect the bipolar transistor from damage due to reverse biasing.

The embodiment 103 shown in Fig. 4 is generally identical to that shown in

Fig. 3 except that an additional pair of transistor Q2 and protective diode D2 is

10  provided so that pulse-width modulation switching can occur during the positive
and negative cycles of the AC line source. By allowing pulse-width modulation
during the full cycle of the AC line source, a wider range of power adjustment can

be achieved.

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

15 number of switching devices and therefore the associated control, the two pairs of
switching devices in embodiment 3 are replaced by a full wave rectifier together

with a series connection of an inductor L1 and a switching means Q1. This series
connection of an inductor L1 and 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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The system of Fig. 7 illustrates an AC source, a dimmer circuit 106 similar
to the fourth embodiment 105 of the present invention with the switching device 11
controlled by a micro-controller (MCU) 200, and a compact fluorescent lamp 300
with an electronic ballast 301 and a fluorescent tube 302. A main power switch S§1
(400) is also illustrated to indicate the switching on and off of the main power to
the compact fluorescent lamp 300. When the main power supply to the compact
fluorescent lamp 300 is turned on, the luminous level of the compact fluorescent
lamp can be controlled and varied by the micro-controller by sending PWM
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 between the duration of the ON cycle to the OFF cycle of
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

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 example 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 parallel connection of a capacitor and

a resistor together with a rectifying bridge. The various problems that have to be

15



_100%4] & ()-+10%| & ()- (10% & ()- &10%H & ()-((())))P))bC !
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YA310% & ()-))) <***#+dEbC
1 10928 () - 10928 () - 109Z&' () - M 109%Z& () - 109%&Z& () - 109&Z& () - #+g+++1,}, , dEbC
| y#S100Z& () - | IS inST0Te achiove 8mple- aranEss4tie dDUHAY (device il bacdnelEbC
131: 10%2& () -
L/ MLOYZ&: () - 9- TAERNE JromHhIBYERAIfve\(BMAIRELIQUIti o (HEOSGRYAT) fidorSsdnTlagp. - / 01~\
S 11109%| & ()- 1:)110%)| 0| & ()- . 10%| & ()-! 10%|4|& ()- 10Z 10Z
10Z: * 100%& () - LP238&4" 5555wX9. = 104 :° 10%H & () -+ 10%4| & ()-1a+! 10% | & ()-!;
+110%4| 4 & ()-! N 109FHes tabled @ekDWisiet | it (dxaRFHA/RBIsaiis component values for
104[1 X1 10%&' ()-! XI 10%& ()-! 10%38’ ()-! N 109%&' ()-!,! 10%3G& ()- 104 104]: 1
<<<<<*>>{Y: 104pferenct0%t| & ()-!,, 110% | & ()- 10G 10G
10G s10%G8 ()- ! (! 10%&' ()-!\ (! 10%& ()- >?TAAB(Gj Dz[ 9{ Y:
104] 1S 1 109 & )£ 1001 £\ LA 1006 | & () -1 S 104 [ & ()-11110% 1 }1& ()-
&10%4] & () -] ol > =71: MOSFET 900V/8A

Rz=250  Cz= 1,000 pF

Switching Frequency L1 L2 C1
20kHz 2mH 100puH 0.015uF
5kHz 3mH 120uH 0.022uF

10 Example2  44W energy saving lamp

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

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

15 components can 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
connection of a small number of electronic components. These components,
including the switching control signal which is, for example, a single chip micro-

20  processor generating by co-processor, can be accommodated in a very confined
space such as the size of a conventional wall socket. With this simple and
versatile design, wall-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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10G 104d : 10%' () - PriR@SEHhSde VK@ Hivining tidsaitl ElutingY tHeD ¥wletiing device, the

| . 109G& ()-$! 1096G& ()- '\ $! 109%& ()-! 109%5& () - SYTTURVKXA VK@

104| ! $! 10%3&' ()retbtiffihd ObdRans,- tHO%a%sive - filtering elements and the switching signal
&L0%GE ()-,, 110%& ()-!,, ! 10%+& ()- X Z| 22ZZZZ[ ~ @ 104|!

310%& () -, 10%genejating TWPLLGAMCU can all be mounted on a single wall-mount housing with
10G 1096& ()-. ' 109%G& ()-'a. ! 109& ()-[T[[[H\\ dE~_@ 104| ! 109G& () -

10938 () - 10%3% (nput termhPHGENG JanSdlpitetminal SWHMGR foy rotid-fitind B bRigfimg @l

104 '11096&" () - 1096%' ()- 109%& ()- 109%& ()-!' 109 () -
S  sockets.
As an example of a possible modification or variation from the above-
described embodiments, it will be appreciated that a dimmer switch may include
the basic switching power supply building block of Fig. 1 while the output inductor

L2 is connected as a part of the fluorescent lamp and immediately before the input

10 of the 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 inductor L1 are for protecting the switching means

respectively from voltage and current surges.

While the present invention has been explained 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 not meant to be restrictive on the scope and spirit of the present invention.
The scope and ambit of this invention should be determined from the general
principles and spirit of the invention as described above. In particular, variations
or modifications which are obvious or trivial to persons skilled in the art, as well as
improvements made on the basis of the present invention, should be considered

25  as falling within the scope and boundary of the present invention. Furthermore,
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10! 10% & ()- 10%& ()- 10% & ()- & = L}%*%'&'()'
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10% & ()-- 10% & ()- gl0% & ()-8rfrrr?sst|[:vU4 10! y/ 109% & () -
S-110% & ()- +10W& ()- )10 & ()-- "10% & () -

$@0% & ()-t.ulu2u3dudu{uuvvU4 10! 910%&' ()- 310%& ()- ,10%& ()-10"10"10"-
10% & ()- Y7'10% & ()-vvvvvy v-v.VvtR 10!

('S, 10% xfx& ()-:-1S, 109 xf x10 () - dirhindPBfbek x& () - 101010

. 0 1 - 1 .
+10% () - vivevDvGvl vivpvi Q411 electronic switch

30 Output node of switched power supply

40 Output node of dimmer

C1 capacitor

Cc2 filtering capacitor
D1 diode

D2 diode

L1 inductor

L2 additional inductor
L3 additional inductor
Q1 bipolar transistor
Q2 bipolar transistor
S1 main power switch
Z1 switching device
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means, said inductive means being generally connected in series with said
switching terminals of said switching means and said capacitive means
being connected generally in parallel with the series connection including
10 said switching device and said inductive means and wherein the switching

frequency of said electronic switching means is controllable and variable

by said switching control 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

15 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
20 switching control means include a micro-controller or micro-processor

sending out pulse-width modulated (PWM) switching signals.
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A dimming device according to any of the preceding claims, wherein said
electronic switching device can be a bipolar transistor, a MOSFET or an

IGBT.

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

capacitor.

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

switching means.

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

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

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.

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

21
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member and said switching means, and said switching control means
provides switching signals to said switching means, the frequency of said

5 switching signals is substantially higher than that of the input power.

12. A two-terminal dimming device according to claim 11, 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.

10 13 A two-terminal dimming device according to claims 11 or 12, 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.

15 14. A two-terminal dimming device according to any of claims 11 to 13,
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.

15. A lighting arrangement including a compact fluorescent lamp with an

20 electronic ballast and a dimming device of any of claims 1 to 14.

16.  Alighting system including a dimming device of any of claims 1 to 14 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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