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branch connected to the | anmp The inventlon reI at es
to a circuit arrangenent for operating a |anp, conpri sing

supply input termnals for connection to a supply voltage source,
a transforner provided with a primary winding L1 and a secondary w ndi ng

L2, 5 - a first branch conprising termnals for holding
the | anp and connecting a Circuit l%hi;?t end of the
secondary winding L2 to a second end. grrangement for a a, second branch

conprising a series circuit ofCORROSING mﬁgstemdmﬁo%@r

primary winding LI and intercdranch coanétledtortheMaiput terninal s, -
a control circuit coupled to a control el ectrode of "the switching el enent

for 10 aener attyRSndediith'reles Y Bl Y BHAEH 48 ot xsm'p?g

el enent conducting and noh-co
generating eoprisihgcurrent in the primry w ndi ng L1

a second current in the secondar ding L2,
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generate8 from the secona first branch comprising terminals for holding the lamp and connecting a
first end of the secondary winding L2 to a second end,
- a second branch comprising a series circuit of a switching element and the
primary winding L1 and interconnecting the supply input terminals,
- . a control circuit coupled to a control electrode of the switching element for
10 ' generating a control signal for rendering the switching element conducting and
non-conducting, and thus generating a first current in the primary winding L1
and a second current in the secondary winding L2.

15 Such a circuit arrangement is known from US 5,072,155. In the known
circuit arrangement, the lamp is coupled to the secondary winding L2 of the transformer
during lamp operation, and the current through the lamp is generated from the second
current. The power dissipated by the lamp may be adjusted over a comparatively wide range
in that the frequency and/or the duty cycle of the control signal is adjusted. A disadvantage

20 of the known circuit arrangement, however, is that the first current is comparatively great, so
that the switching element must be dimensioned for passing a comparatively great current.
This renders the known circuit arrangement comparatxvely expensive.

25 : The invention has for its object to provide a comparatively inexpensive
'circuit arrangement with which the power consumed by a lamp operated on the circuit
arrangement can be adjusted over a cémparatively wide range.

" According to the invention, a circuit arrangement as described in the
opening paragraph is for this purpése characterized in that the secohd branch comprises a
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segond qustent 153 direek current in the presence Io these first diode
means. Depending on the type of lamp operated with the circuit arrangement and on the
'15 frequency of the control signal, this rectification i§ necessary in order to be able to generate
~ part of the lamp current from the second ‘current. .

When the supply voltage delivered by the supply voltage source is a low- -
frequency AC voltage, it is advantageous to include a diode bridge in the circuit arrangement
whose input terminals are coupled to one of the terminals for hdlding the lamp and to a

20 supply input terminal, respectively, and whose output terminals are coupled to a main
electrode of the switching element and to an end of the primary winding L1, respectively. It
is achieved thereby that the first current is a direct current during lamp operation. This is
often necessary because the first current flows through the switching element which is often
capable of passing current in one direction only. The portion of the lamp current generated

25 from the first current cha,ngés polarity with the same . frequency as the supply voltage. Such a
low-frequency polarity change is useful in some lamps, for example for counteracting the
occurrence of cataphoresis.’ In other lamps, this low-frequency polarity change renders
possible a comparatively simple electrode construction because each of the electrodes
alternately acts as the anode and as the cathode. To achieve that the portion of the lamp

30 current generated from the second current has the saine polarity as the portion of the lamp
current generated from the first current, it is advantageous when the circuit arrangement is in
addition provided with - |
- a secondary winding L3 forming part of the transformer,

- a third branch comprising the terminals for holding the lamp and second diode |

-

-
7
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frequency component. In a circuit arrangement according to the invention for operating such

a lamp, it is advantageous when the circuit arrangement is provided with a filter for filtering
high-frequency components from the current through the lamp.

20 . It was found that favourable results are obtained when the switching
element, the transformer, and the diode means form part of a DC-DC converter of the
flyback type. _

It was also found that it is advantageous to dimension the transformer
such that the number of turns of each secondary winding accounts for 30%-70% of the

25 number of turns of the primary winding. Preferably, the number of turns of each of the
secondary windings is chosen to be approximately equal to the number of turns of the
primary winding L1. It was found that this renders possible an advantageous dimensioning of
the other components from which the circuit arrangement is built up.

Since it is possible to adjust the power consumed by the lamp by means of

30  the frequency and/or duty cycle of the control signal, the circuit arrangement may be
provided, if so desired, with a control loop coupled to the control circuit for controlling the

| power dissipated by the lamp.
It was found for the case in which the circuit arrangement comprises first
and possibly second diode means that a comparatively small amount of power was dissipated
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means, WO BWnecting a first end of the secondary w ndl?@'@@m second
end, - swi t chi ng geans which formpart of both the
first and the th| rd br anch, control neans coupl ed to a -

o, i, S oo soch e g1 10

pol ar signabfendenscrhe switchihg telmdnanpnductmgmhegetheasmd clarrent isteerd.i r st current

such that only one of the secondary w ndings is
conductively connected to the termnals for holding the
lanp. -~ _A'circuit arrangenent. provided with these neans is capabl e of
achieving that the portion of the lanp current generated fromthe

segond current al walise inventidnewilhbe explhined tiy more detail (with pefetenceitos t he | anp
current enera}ﬁgj fromthe first current. It is especially advantageous
when Beans are forned by the first current. Since the control

L4

means need not be  Figs, PfP%hd8khbW érifodiiemisiof a difcRGREREmEM dderding B Of a

separate circuit corrponent but are - formed by the first current, the.
ci r cuithe taventionzraddt can be of a corrpar atively sinple- constructlon and

Lherefore combar | 45l ¥ AREYRIRaNPI dEie eyt o pumensang B " o°

di wh%b&ﬁmhgrmﬁng mp‘bpbtatibﬁ wiflE4 eftthit hirafgeniene ak showm i Figlry.ent conpri ses
a hi gh- frequency conponent. In a-circuit arrangement according to ghe

invention for operating such a lanp, it is advantageous when the
circuit arrangenent is provided with a filter for filtering .

hi gh- frequency components fromthe current through the lanp. 20

It was found that fEvBigl dbKt mEBKBtaeaupplphtmitmdundiefondwneondndomg

el enent , the t ransf or and ode neans formnpart. of a DC
conversuppl Yd’lo ltage source. r?l‘i/ﬁ Lavmg a pnmary “"“diog L1 and al‘?"‘\ﬂ%yal S0
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25 nlﬁrktebranéh whichscannectbia finst end of saconidary winding di2atel 3 second endn€ircuitf turns
00 ¢ npontin Bl amprises A0 Dnine sRSeef B PR T b€ N VHREG R B ot oL
this redsrafictocibht ﬁoﬁ&n@‘nﬁ}t&ﬂﬁ&i& fir&amplY) i diddedieans and/or capacitive
means. A lamp La is connected to the terminals N1 and N2. A series arrangement of the
20 terminals N1 and N2, primary winding L1, and sWitching-eleme_nt'-Sl forms a second branch
which interconnects the"supp'ly- input terminals. A control electrode of the switching element
S1 is coupled to a control circuit SC1 for generating a control signal for rendeﬁng-__ the
sﬁvit‘chin’g element conducting and non-conducting, and thus gen_erating a first current in the
primary winding L1 and a second current in the secondary winding L2. The coupling
25 between the control circuit SC1 and the switching element is indicated in Fig. 1 with a |
broken line. An input of control circuit SC1 is coupled to an output of circuit portion RC and
an input of circuit portion RC is coupled to the lamp. These two couplings are indicated in
F1g 1 with broken lines. '
_ The operation of the circuit arrangement shown in Fig. 1 is as follows.
30 R When the supply input terminals are connected to the poles of a supply
voltage source, the control circuit SC1 renders the switching element S1 alternately
conducting and non-conducting. As a result, a first current flows through the second branch.
At the same time, 4 second current flows through the first branch. Both the first and the |
second current flow through the lamp La. The effective value of the first current as well as
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Figs. 1, 2 an ment s a circult arrangeme 1. according to
t he i nvent i diimensiohing. A signal which is a measure forcthe powiendissipated byrthé damp Lalis
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- 10 duty cycle and/or the frequency of the control signal via control circuit SC1 such that this
power is substantially equal to a desired value of the power dissipated by the lamp. Circuit
portion RC may aiso be provided with means (not shown in Fxg 1) for adjustmg the desired
value of the lamp power.

The circuit arrangement shown in Fig. 2 is stxitable for being supplied

15 from a low-frequency AC voltage. In Fig. 2, K1 and K2 are supply input terminals for
connection to a supply voltage source. T1 is a transformer having a primary winding L1 and
secondary windings L2 and L3. Coil 14 and capacitor C3 form a filter for filtering high-
frequency components from the current through the lamp. The first branch in this
embodiment is formed by diode D1, capacitor C1, coil L4, terminals N1 and N2 for holding

20 a lamp, and switching means Q2. Diode D1 forms first diode means. The third branch is

- formed by diode D2, capacitor C2, switching means Q2, coil L4, capacitor C3, and
terminals N1 and N2. Diode D2 forms second diode means. Capacitors C1 and C2 serves as
buffer capacitors and also as high-frequency filters. Circuit portion SC2 forms control means
coupled to the switching means Q2 for regulating the conduction state of the switching

25 means. The coupling between circuit portion SC2 and the switching means Q2 is indicated in
Fig. 2 with a broken line. The second branch is formed by the coil L4, capacitor C3,
terminals N1 and N2, a diode bridge formed"by diodes D3-D6, switching element QI1, and
primary winding L1. Circuit portion SC1 is connected to a control electrode of the switching
element Q1. Circuit portion SC1 forms a control circuit for generating a control signal for

30 rendering the switching element conductmg and non-conductmg

Supply input terminal K1 is connected to a first end of coil L4. A further
end of coil L4 is connected to terminal N2. A lamp La connected to the terminals N1 and N2
connects terminal N2 to terminal N1. Capacitor C3 connects the first end of coil L4 to
terminal N1. Terminal N1 is connected to a first input terminal of the diode bridge. A
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When the supply input terminals K1 and K2 are connected to the poles of

a supply voltage source which supplies a low-frequency AC voltage, the switching element
Q1 is rendered alternately conducting and non-conducting by the control circuit SC1. As a
result, a first current flows in the primary winding. Duriné the half cycles of the low-

20 frequency supply voltage in which the potential applied to supply input terminal K1 is higher
than that applied to supply input terminal K2, this first current flows from supply input
terminal K1 through coil L4, terminals N1 and N2, lamp La, capacitor C3, diode D3,
primary winding L1, switching element Q1, and diode D5 to supply mput terminal K2. At
the same time, circuit portion SC2 keeps the switching means QZ in a first state in which the

25 first main electrode of the switching means Q2 is conductively connected to the third main
electrode. As a result, a second current can flow from the first end of secondary winding L2
through coil L4, terminals N1 and N2, lamp La, capacitor C3, switching means Q2, and
diode D1 to the further end of secondary winding L2. The second and the third main .
electrode of switching means Q2 are not conductwely_mterconnected in the first state of

30 switching means Q2, so that no current can flow from the further end of secondary winding '
L3 to the first end of secondary winding L3. It is achievéd thereby that the portion of the

" lamp current generated by the first current flows through the lamp in the same direction as
the portion of the lamp current generated by the second current. During the half cycles of the
low-frequency supply voltage in which the potential of supply input terminal K2 is higher |




the control si gnal generated by the control circuit. The effective val ue of

the total |a current is accordingly adjustable V|athes Ln
el enent S1 OBt on| y passes the first current. &5}@5 @%d

thereby that the lanp current is adjustable pver a. conpar atlvel y 5 wide
range by neans of a switching el enent which passes only a portion of the

| anp curr enthan the poRAtiaofSIppIRCIAPGY lethinah K¢ teofifst Yunbit TlowsRomAsippR/ puow
requirements as to its dinensi oni ng. A _signal which is a neasure for

the power diesmingh K2 thsqughdiode R4, psimary windigg ddls switghingielemens Q1,(diode Py t

Porti on RGeS N1 ol N, B L2 (T L8 5an BBy €3 18 Sunoly Srpu erfifdl AL At
of the 10 duieysamecme,aaw portion fsmsﬁwiwftm mieanisPQ2 9n @ansebond mcmtwlﬁbh

circuit SCl1 such that this. gpower I S, substantlally equal to a desired .

val ue of 3t hthespend mrinselectrede hing means Q2 is condugtiyely eonnecteddg the third
be provi ded;eﬁﬁq& E&E&ﬂ? Awkesﬁﬂomeédﬁd%&ren%&ﬂ fib: s htSthé Pttt} end oF seéishdary

val ue of th circurt arrangermnen
shown in Fi gnndang ﬁahrdughlcﬁodeabzt)swn@nnglmdansQZlierﬁﬁnﬂ! N1l zmdLNQetauqﬂu, &dil L4,

vol t age. . 2, Kl.and are s i nput termnals

connegt i on ga &3\}&@%&9@9@;@@&% winding, *fﬂ‘?n@?’“i?&q the, secopd imain
wi ndi ng L1 @E’?'od ?Whﬁa# [ ftlico: ﬁétéf'?x

form agfi I tglr or ?I tering hig @.M%ot_g%@&g%@yéonpoﬁent S rom@?ﬂﬂdgﬁ%ﬁf

curr ent 10hr swig¢hing mdansrQ2, Shahdtinoscurtensca flow frbinsthe first endiafciecendary svindmg L2
formed by djo C tor Cl1. coil er al s N1 .an for hoI

20 "o | anp. o DR ARG G SrandaryiRGng 122 Ok X ghhieed shereS¥ hatithe i

third branciymgcurrent eﬁéﬁwa By il mdeclﬂ%mqum}&f hQBe mép i menﬁm"eaaw&na? as
coil L4, capacitor , termnals Nl and e D2 fornms second

di ode rreanstheqmmcm pﬁlﬂtﬁ lampamm generated bysthe seoordmeBnt alsp aluring the half cy¢levof

Coupl 80 1 o RGORITEaERF Syprik Yotbds BPWhicR The PR ts GBRY iRbocRARDaL K24 igher

the swi t1§hi fhandhe ?EGQMI&I omep@omphu !&ﬁnﬁﬁl \dﬂefrhﬁ tb@l ldmpoQiirrén? igeférated o the

sw t chi ng neans I's indicated ig. 2 wwth a broken line. The
second br anfirstiandithe secgnd wurmeat i t,sa lo“Lfreqwa@itmmmcurrem with a frequeacy\equahtp

N2, a di ode swi'tching elenment QL, and
pri mary w nﬂ‘g 8?%% fo&’%&x%ﬁﬂg%o% i's connected to a control electrode
of the sw tching el eTmendirdyit arfarrgemehtﬂmwtnmrF:@CSJis kuitable, asds the circuit

circuit for generating a control gnal for 30 rendering the s hi ng
el ement. con@TaRZaMENs SROWE 30 Eéﬂwd‘l»cfpr ging supplied from a Jow-frequency A%msfm;e *i nput

term nalgKl dofsoREBRLS GhE Lirkit Poktidns 'coffdShdninE Yo' comtbonénts '4hé dfruit portions of the

circuit arrangement shown in Fig. 2 have been given the same symbols in Fig. 3. Circuit
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portion SC2 is absent in the circuit arrangement shown in Fig. 3. The switching means Q2 in
this embodiment are built up from bipolar transistors Q3 and Q4, diodes D7, D8, coils LS
and L6, and capacitors C4 and C5. Coil L5 and capacitor C5 form a filter for filtering the
25 base-emitter current of bipolar transistor Q4, and coil L6 and capacitor C4 perform the same
function for bipolar transistor Q3. The other parts of the circuit arrangement correspond to
those in the circuit arrangement shown in Fig. 2.
A first end of coil L5 is connected to a first side of capacitor CJ, to a
cathode of diode D8, and to supply input terfninal K1. A further end of coil LS is connected
30 to a base of bipolar transistor Q4. An emitter of bipolar transistor Q4 is connected to a
further side of capacitér CS, to an anode of diode D8, to the first end of coil L4, to the
further side of capacitor C2, and tb the first end of secondary winding L3. A collector of
bipolar transistor Q4 is connected to the first side of .capacitor C1 and to the first end of
secondary winding L4. The further side of capacitor C1 is connected to-terminal N1. A first
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termnals N1 and N2 connects termnal N2 to termnal Nl1. Capacitor C3
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mai N jp all gghgp}éngqsof svm tch| ng neans 2. A cat hode of- diode D1 is
connected to a further end of =~ secondary winding L2. A further end of
secondary wi ndi ng u?hempewnnafttwctrgmanrmgnmwshm iniFigia idas follows.hode - of

min el ectrode of  Eencebe bl h Shmalk B fee SRR Werig S baliol AL o i

cQOnegdlfigeafe thnected tofsupply :ﬁm teﬁnmmqoplaﬁdm RE §\itdhing élehehe Q1B N -

el ectrode of sw tching neans connected to term nal NI. | nput s @f

ci r curendersd ccopductiog @%‘o@ﬂ?ﬂ@@‘&&)ﬂw bynthetconrpheirquit SC1. Axa reswlt, duppl y

It REUtCt#ngI Lfgﬁsgéﬁng%ﬁﬁﬁh%%%dlﬁ D“"ﬂ"q the half; cgc}e's of the I&W&: mm&.l on of |

as f
Wien $upplysviplpige duringtwhieh nimpbmnﬁ@l amsubp(? mput tamimlcxbﬂs highérthap diat at of

a supply. voltaeso rce wWhi su ovv-freq_uenc AC vol t age, the
i ¢ CPHPRly P eminal K2, A st GHTERRt Sl frompBlyineul el &1 hepueh
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N1 and N2, lamp La, capacitor C3, diode D7, capacitor C4, diode D3, primary winding L1,
sw1tchmg element Q1, and diode D5 to supply input terminal K2. Since the base-emitter

junction of transistor Q4 passes-current, Q4 is conducting and the second current can flow
_ from the first end of secondary winding L2 through the collector of bipolar transistor Q4, the
20  emitter of bipolar transistor Q4, coil L4, terminals N1 and N2, lamp La, capacitor C3, and
‘diode D1 to the further end of secondary winding L2. The base-emitter junction of transistor
Q3 does not pass current, so that transistor Q3 is non-conducting and no current can flow
from the further end: of secondary winding L3 to the first end of secondary winding L3.
* During the half cycles of the loWd-freqhency supply VOlmge-in which the potential at supply
25 input terminal K2 :i:s'?:hi'gher than the potential at supply input terminal K1, the first current
" flows from supply input terminal K2 thrdugh:"diode D4, primary winding L1, switching
element Q1, diode D6, coil L6, the base-emitter junction of transistor Q3, capacitor C4,
terminals N1 and N2, lamp La, coil L4, capacitor C3, diode D8, and capacitor C5 to supply
input terminal K1. Since the bease-emitter junctiori of transistor Q3 passes current, Q3 is
30 conducting and the second current can flow from the further end of secondary wmdmg L3
' through diode D2: the collector of transistor Q3, the emitter of transistor Q3, terminals N1
- and N2 lamp La, coil L4, and-capacitor C3 to the first end of secondary wmdmg_ L3. The
* base-emitter junction of transistor Q4 does-not pass current, so that transistor Q4 is non-
'conducting'and' no current can flow from the first end of secondary winding L2 to the further




20° frequency supply voltage in which the potential applied to supply input

termnal K1l is higher than that applied to supply input tf(,‘l‘ﬁng
thgs first WO 41 5ws from supply i nput termnal K1 throug coﬁ

L4, terminals NI and N2, lanp La, capacitor 9C3, diode D3, pri mary
wi nding LI, switching elenent Ql, and diode D5 to supply input term nal K2.

Qtfl rst ;P:te | sév‘\:/hb h ?r']’m? tI?,ZQOI‘l'{ethe Ié< dﬁg}ﬁ:‘mnmhhm o gement
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a second cu E%SQ‘I"K Arran

t hr ough coi Nﬂ%?ﬁdﬂ%}l‘%ﬁhﬁ an kﬁ%}@ Zgggﬁ‘ gsrpytggf iﬂgﬁﬂ? gkl ng gement

means @, aglkbwn in F? Qdis coinpasatively cheap.her end of secondary wi nding L2. The

second and the thir

main el ect,rode tch| ans are t
conducti 9el y i nt er connectlBFigndy imeds Pgl“eg 'Igc'fl??ﬁ’t? tgga:@ of the

so that no t
L3 to the flii %‘ﬁﬂ%{j {sn%%gnhg‘rgg]y\na e#]‘irgs L3. 'S ac Pgi\?jejgﬁtlhﬂéemwgms ofFlg
{ Ee po[\t ' ﬁ”‘*ﬂf m"feﬂt i afmtlwrumtstorgthamemwﬂaw Qﬂﬁgs i 4bstdce &drﬂ@dtzef Figvt

rough the

current genél?Q&Yngg‘ %E%SE%?R‘}V o i'%ﬁ’ﬂaﬁ%mm’g g'ftf%ﬁ%f Q‘%‘fﬁﬁg

| ow f requen I
ngrﬁﬂ K29¢ tl‘lé‘cx\“éiil fiCdbrdr 13141§HWna§n Fi& SUmhisyvolape s sinusoidal in

t erm nal
PCT/ | B95,000ﬂ&5example shown m Fig. 4a.

than the potential of su r.m 8
from supply input ter 3# s@&q hfe %ﬁ%’i"g f“fﬁzﬁ“{ bﬁénéﬁ'}tgﬁv‘\#lﬁ ﬂfolng"iﬁrough
swi t chi ng ek prinaly) wirdifgle138.a result bf @ §ibgf>l§' Viltage dnmbf ﬂheaanemmg ocmducﬁdn and
and capacitor C3 to sup pltg I nput. term nal

e

portion SC2npesprdudtion ok hmlmﬁme@an Iﬁaﬁé@}?ﬁl ‘Em?%ﬂ“c' rc#ﬁéﬁ
o the tni riowIraRR SipplFoge il e Y 50 v W% B FNGuihcy WP SAEh the
from t hetsf usivitehing eterfént L was aéndered conducting and non-conducung was approxlmately 20
kHz. It is apparent that the first current is a pulsatory direct current whose average amplitude
has the form of a full-wave recﬁﬁed sinusoidal current which is in phase with the supply
voltage and has a frequency equal to that of the supply voltage. Such a pulsatory current may
be realised, for example, in that the duty cycle of the switching element Q1 is made
20 independent of the instantaneous amplitude of the supply voltage. The switching element Q1
in the example shown in Fig. 4 is rendered conducting after the second current has become
zero. The power dissipation in the diodes D1 and D2 is limited thereby.
Fig. 4c shows the waveform Ik of the non-filtered portion of the lamp

current generated from the first current and flowing through supply input terminals K1 and

25 K2. It is apparent that this current is a pulsatory alternating current whose average amplitude
has the form of a sinusoidal current in phase with the supply voltage and having a frequency
equal to that of the supply voltage. This means that a comparatively hiéh power factor can be
achieved by means of a filter (not shown in Fig. 3) in front of the input of the switching
device. |

30 ' Fig. 4d shows the waveform of the second current Is which flows through
the secondary winding L2 in the first half cycle of the supply voltage shown, and through the

| secbndary winding L3 in the second half cycle of the supply voltage shown. This current Is

is the non-filtered portion of the lamp current generated from the second current. It is
-apparent that Is is a pulsatory alternating current whose average amplitude has the form of a



wi ndi ng L3 through diode D2, switching nmeans @, ternminals N1 and N2, lanp ~
La, coil L4, and capacitor C3 to the first end of seconda i ndi ng

L3, Th&QP/MMLq (he second main el ectrode of sw t%ﬁf%"‘%gg‘s @ are
not conductively interconnected in thggsecond state of 10 sw tching neans-

@, so that no current can flow fromthe first end of secondary w nding L2

por {1 SRURFIRrREWRIE SR pRa with Bh plyvolld ha Hes artEfbebe A o it 11

8
L3

t hr oughthersupplynyoltaget he sane direction as the portion of the |anp
current generated the second current o.during.the hal cl es of
the | ow frequency %ﬁpﬁ/swsc @Eje‘“f‘h"m'ﬁ Ehﬁﬁoﬂé‘gﬁ QF" 8P 'y i nput
term g%rpéﬁi’fnag Surbérit WHosd averab@ Amplifude Ha§ Mié fIrmOéf $ SinBsoidd]l tirvent AY phasdl Al .

The t np current generated fromthe firrst and the second current
i s5a Mwith-the supply opltage andhbavingyadtequenty equahtaathat ofjthersupplyoualtage.cOwing tot hat

of the lowfr e suppl. % v e, . - LICUit

ar ran e BHEn S 0 ke PBBrsiny 8ol 3 g apacitor, G3, e Flepe oyl 1amhB SR
shownaisihusbidal éurrdne'in ?aasegwnm B Supply veltage and\Mabing (e Ratie Aequércyagahe 20
Conmponents and circuit portions correspondi ng to conponents and circuit

por t i Supply voltage. circuit arrangenent: shown in Fig. 2 have been given

the sanme synbols in Fig. 3. Crcuit portian SC2 is absent in the |
circuit arrangenent shown in Fig. 3. -The switching neans Q@ in this |
enbodi ment are built up from bipolar transistors @@ and 4, diodes D7, D8, !
coils L5 and L6, and capacitors C4 and C5. Coil L5 and capacitor Co%
forma filter for filtering the 25 base-emtter current of bipolar .
transistor 4, and coil L6-and capacitor C4 performthe same function

for bipolar transistor . The other parts of the circuit arrangenent
correspond to those in-the circuit arrangenent shown in Fig. 2.

A first end of coil L5 is connected to a first side of capacitor C5, to'a

cat hode of diode D8, and to supply input termnal Kl. A further end of coi

L5 is connected 30 to a base of ‘bipolar transistor 4. An emtter of:

bi polar transistor 4 is connected to a further side of capacitor C5, :
to an anode of diode D8, to the first end of coil L4, to the further !
side of capacitor C2, and to the first end of secondary w nding L3. A :
col | ector of bi polar transistor 4 is connected to the first side of
capacitor C and to the first end of . secondary w nding L4. The further
side of capacitor Cl is connected to termnal NL. A first



WO 96/ 13141
PCT/ 1 B95/ 007 95/00795
end of coil L oi%sll%lg}mect ed to the first input term nal of thep(ﬁrgge

bridge, to a cathode of di ode D7, and toll first side of capacitor C4.
An anode of diode D7 is connected to term nal N1, to a further side of
capacitor CLlamgd to an emitter of bipolar transistor @B. A further end

of coil L6 is connected to a base of bipolar transistor B. A collector of

bi polar 5 transistor QB i e first side of capacitor C2. The
construction of the ci rcuﬂlmrmﬂmﬂHWMt shown in - Fig. 3 corresponds to
that of the circuit arrang&neht lshawnsin*Fig. 2 in all other respects.
The operation of the circuit arrangenment- shown in Fig. 3 is as follows.
When pol es of a supply voltage source delivering a | owfrequency AC 10

vol tage are connected to supply input termnals KL and K2, the sw tching
element QL i render g0ni ddi’f%n rb?Era N : ately by

t he control 1(Sfi rcuit SC1 Ag%é@gsu t,g&geﬁtnﬂ)r HSG?E%E%&?O@P%%% n the
primary wi ndi ng. Durisupplyhinpbtiterminats for connedtien|to\asupplyiitage source,suppl y

vol tage during which the potential, supply. i nput, termnal, KL i s _ higher,
t han '? hat at” ° . supif?“ﬁﬁﬁﬁ?r -?‘@?’ﬁé’(‘ﬂﬁgz&’ﬂ?ﬂ’g wip %%uﬂdeﬂmmg‘?'\"gm L2,
supply input terminal.Kl §ggUshnchOcontpridsg i&ﬁm@sfl Qiﬂdih?théﬁﬁg)l and connesting a

base-em tter junction of bipolar transistor 4, coi ermn

and N2, 1%nmp La, capacit ofirstend @f diresecpndary pndingrL200 a a¢cond end, pri mary

w nding L1, _ swi t chi n .and di.ode to suppl.y input

term nal K2. ~Since th%%g%ﬁﬁ‘t%orﬁﬂﬂ& ?ﬁﬁ%ﬁ %W%iifc’f% 5‘%@%&%&&%@(&%
current, 4 is conducpfimgryewshdifieL$ %aridteﬁwhhemnlgqaa sapphyinput teriifdl,t he
first end of secondary winding L2 through the coll ector of "bipolar

transi stor &, the 202 centreliaircuircoypleditam contrel elecwedecaf thegwitching element for s

Nl and N2, |a La, c .1 Qr ' . f r .
secondary w ngP ng L2. g%eﬂ t@%sae%m {} %rm% ﬁor{crg*’%&r'ﬁ'éf%F %glﬁ%]%ggoe?g rﬂ&‘i co@ﬂ:&ﬁé&n d
not - passi@urrent, so hdmetorddudting,dindrthGBgererating- £ fird ¢ireMinathe phitasy wiidihg L1

can fl ow fromthe further end of secondary winding L3 to the first end
of secondary wi ndi ng ¥ a second current in the secondary winding L2,

characterized in that the second branch comprises a series arrangement of the terminals for
holding the lamp, the primary winding, and the switching element.
2. A circuit arrangement as claimed in Claim 1, wherein the first branch is
15 in addition provided with first diode means.
3. A circuit arrangement as claimed in Claim 1 or 2, comprising a diode
bridge whose input terminals are coupled to one of the terminals for holding the lamp and to
a supply input terminal, respectively, and whose output terminals are coupled to a main
electrode of the switching element and to an end of the primafy winding L1, respectively.
20 4. A circuit arrangement as claimed in Claim 2 and 3, in addition provided
with
- 'a secondary winding L3 forming part of the transformer,
- : a third branch comprising the terminals for holding the lamp and second diode
means, and connecting a first end of the secondary winding L3 to a second end,
25 - switching means which form part of both the first and the third branch,
- control means coupled to a control electrode of the switching means for
adjusting the conductivity state of the switching means at each change in
polarity of a portion of the lamp current generated from the first current such
that only one of the secondary windings is conductively connected to the



During the half c f the | owTrequency supply voltage in which the
potential at Suppll lﬁlw”’mlﬂﬂl inal K2 is higher than the potential at
L |

suppl y Wh§314ler i nalc t current flows f¥ 9% i nput
term nal K2 through diode 54, Sprimary i nding L1, switching el enent

QL, diode D6, coil L6, the base-emtter junction of transistor @&,

capaci tor 4, ; ) N2, lamp La, coil L4, capacitor C3,

di ode D8, and é%’b“é’e’%‘?gép @htﬁlgwéﬁpp [ i nput termnal Kl. Since the
beaseSenitter junctA oircuit atrangement as cladmed irs Elaimud,r whergin(Gheicon6l means
conduct i wg hBe second current can flow fromthe further end of :
secon@ﬁr{;’ yhe fisst current.;, 5, gh di ode D2, the col lector of transistor GB,

the egitter of trangitsf affngdnintialelaimbl in any o e prididing Claifig | L4,

and capacitor C3 t Irst- end of secondary w nding L3 The
ba$e- providedrwithiadilterrfon filtering bigh-frequncyl cemmponentsofrem thecugrent theaughtthe

transjstor 4 1S non- conducting and no current can flow fromthe
first'@M of secondary winding L2 to the further WO 96/ 13141
PCT/ 1 95/ 00795 A circuit arrangement as claimed in any one or several of the Claifis 2 to €nd

of secondary windi:ng L2. The State of the switching means @ in the circuit
ar r an§ewberein the syitching element, dee transformerp and the dipde meannfarm part of aDent

- drawngftom the suppl ¥ woltage source. No. separate control neans are
accorﬁqweﬁ&égg%rgyﬁk s, so that the ci rcuit arrangenent shown

i noFi 8. 3 is conpargiciréeit urrahgeient as claimed in one or several oflthe btegedifig time is

plotted in arbitrary units along the horizonta] axes of the %stem; &

coor dCiaimss whereim the ambegofi turns| of qagh seqondany; winding isequal 19 30%d0%-pf theg

axi s | " i;m_m r in-arbitrary units on the vertical axes of
Fi gs. gﬁ‘g,g&g?:f mﬂ"qs éﬁgm e. i@yg. Qggl shows the anplitude of a | owfrequency
suppl 9. vol t age pr eskrircticanangement @k claimpdin one ot severaladfth&lpreveding? of t he
circuit .arrangenent shown in Fig. 3. This,vqltage is.sinusoidal in 10 the
exanp(Cdaigsoyherein the,ciraut amgem%nt is provided with a &W‘é loop, e wavef orm
~ 0fy 5t hgoferdI Kirctit"fof Bonthdilitg) e pdwér Eonklih&d' 8§ the lamp. s

10. A circuit arrangement as claimed in one or several of the Claims 2 to 9,

wherein the circuit arrang'e’merit is dimensioned such that the control signal renders the

switching element conducting when the second current is zero.




the primary winding L1 as a result of the supply vol tage and of the

al ternting congglcti ﬁ)n and non- conducti on of the sw tchi NSck o5
lnga practi P }S?J'I4 cation, the frequency of ‘the | ow f requency supply
voltage was approximately 50 Hz, while the frequency with which the 15
switching el ement QL was rendered conducﬁi 3 and non-conducti ng was
approxi mately 20 kHz. It is apparent at the first current is a

pul satory direct currengs whose average anplitude has the formof a
full -wave rectified sinysoidal current which is in phase with the supply
vol tage and has a frequ he _supply voltage. Such a

pul satory current may ? be reallsed for in that the duty cycle

of the switching elenent QL is made 20 independenfj of the instanganeous
anpl i tude of the supply voltage. The switchi ndA inl the
exanpl e shown in Fig. 4 is renderef~tondactrng" br the second current has
becone zero. The power d|SS|pat|on in the g opes Dl and D2 ip limted
t her eby. Flg 4c Showﬁ e of| t he
non-fiiltered portion of the lamp | current aen irst
current and flowi ng through supplylinput termn nal It is
apparent that this current is pul satpry alterna iﬁg current mho e average
anpl i tude has the formof|a nuspi dal currep gi thl t he
supply voltage and having a frkguepey equal t he sjupply

voltage. This nmeans that a conparatively high pgow
achi eved by neans of a filter (notishown in Fig.

of the input

of the switching devi ce. 30 | Shows t he
wavef orm of the second current |Is hhich flows thrpugh t he secondary
winding L2 in the first half cycle! of ghe=gupply OL$€ge shown, and through
t he secondary winding L3 int | half_ 0% of the supply

vol tage shown. This curkZnt Is i g - i

non-figtered portio Ianp
current generated fromghe second current. It is apparentnggss is a
pul satory alternatlng rrent whose average anplitude has the f 8f *a
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10° si nusoidal current which is in phase with the supply voltage and has
a frequency equal to that of the supply voltage.

Fig. 4e shoWwWO%¢l3KIm of 1k and Is. This sumis also a pul sat S GJ/IBIS0795

al ternating current whose average anplitude has the formof a sinusoida
current in phase 5 wth the supply voltage,and having a frequency equal to
that of the supply voltage. OMng to ﬁ. ction of the filter conprising
coil L4 and capacitor C3, the filtered to Ianp current is a

si nusoidal current in phase with the supply voltage and havi ng the sane

frequency as the supply vol tage. WO 96/ 13141
PCT/ 1 B95/ 00795 d ai ns: 1. Acircuit
arrangenent for operating a |lanp, conprising - supply

input terminals for connection to a supply voltage source,
a transformer provided with a primary wi nding LI and a secondary w ndi ng

L2, - a first brapch conprising termnals faor hol ding
the lanp and connecting g4 5 first end of the secondary
winding L2 to a second erd, é;
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(57) Abstract

The invention relates to a circuit arrangement for operating a lamp (La), comprising: supply inpt_:t t;nnina.ls (K1, K2) for connegti_on
to a supply voltage source, a transformer (T) provided with a primary winding L1 and a secondary winding L2, a first branch comprising
terminals (N1, N2) for holding the lamp and connecting a first end of the secondary winding L2 to a second end, a second branch comprising
a series circuit of a switching element (Q1) and the primary winding L1 and interconnecting the supply input .terminals, a control circuit
(SC1) coupled to a control electrode of the switching element for generating a control signal for rendering the. switching element gonpucﬁng
and non-conducting, and thus generating a first current in the primary winding L1 and a second current in the sef:onfiary winding L2.
According to the invention, the second branch comprises a series arrangement of the primary winding (L1), the switching element (Q1),
and the terminals (N1, N2) for connecting the lamp. It is achieved thereby that the total lamp current can be controlled by means of the

.switching element which passes only a portion of the lamp current. . _
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