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- | (§7) Abstract

The invention relates to a circuit amrangement comprising a DC-AC converter for operating a lamp (La). According to the invention,
the circuit arrangement also comprises diodes (D1, D2), a coil (L1) and two capacitors (C2, C3) which are so dimensioned that the resonance
frequency of a series circuit of the coil and the two capacitors connected in parallel is approximately equal to the operating frequency of
the DC-AC converter. It is achieved thereby that the circuit arrangement has a high power factor.
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2 conparatively Iom/self-lnductance ACCorflng to the invention, a circuit
arrangenent as described in the openi ng patagraph is for this purpose
characterized,in that the resonance frequency of a series circuit forned by
the first eMEBls and by a parall el arrangenent of the second 5
capacitive nmeans and the third capacitive nmeans is chosen to lie within a
range limted by 0.1 Fb and 2.0 Fb, where Fb is the operating frequency of
the DC-AC converter. It was found that a circuit arrangenent according to
the invention has a conparatively high power factor. Since the operating
frequency of the DC-AC converter usually is of the order of 10 kHz or even
higher, it is possible to choose the self-inductance 10 of the first

i nductive means and the capacitance values of the second and third
capacitive neans to be Thevinvention/relates to:a circuit Arrangement foroperating &ilamprent
does not co Hﬁ@“fﬁﬂﬁny vol um nous or conparatively expensive conponents. |t
was al so particul arly high power factor values can be realised
in that the resonangfminhRTof d6nneefior t6 & 'supply Volthge Sourée,ned by the first

i nductive nmeans and by 15 a parall el arran ene nt of the second capaC|t|ve
means and=-t he t hi r crectafying means provided iwithca utput|and asecpnd, output aggh coupled

the DOAC conver t er INE IREHS: @Wﬁ%ﬂ AC Jinfe AT Do Bl Vet

switching el ements sarge,ed to the inputs, and that the fourth branch
connects a commpn Junctlon poi nt of the unidirectional elenents to a common
20 junction point & DGACsemvertenprovidedewith a first/inpyt and,a serondrinpute coupled; to

real i sed because a @W Wmvol tage of conparatively great anplitude
Is applied to the c unc ’p0|nt of the two swtching el enents
during | arp oper at izfirst branshsconrprisirgofirst chpacitiveans:ns tand dnerconhedtingthe fimputs)
bet ween the capacitance of the second capacitive neans and the capacitance
of thd® hrrd capac&mn@rbmh comprising a series circuit of first inductive means second
capacitive means and connecting the first output to the second output,

- a third branch compnsmg a series circuit of two unidirectional elements and

connecting a common junction point of the first inductive means and the second
capacitive means to the first input, and |

15 - . a fourth branch, comprising third capacitive means and connecting a common
junction point of the unidirectional elements to a point of the DC-AC converter
at which a high-frequency voltage is present during lamp operation.

20 . Such a circuit arrangement is known from European Patent Application
0 244 644. In the known circuit arrangement, the first branch acts as a filter whose function
is inter.alia to improve the power factor of the circuit arrangement. To fulfil this function
satisfactorily, the self-inductance of the first inductive means is chosen to be comparatively
great, so that the first inductive means form a voluminous and expensive component of the
25 circuit arrangement.

The invention has for its object to provide a circuit arrangement whose
power factor is comparatively high and whose first inductive means in the first branch have a



25 is cN¥R8GOM287 |ie within a range linmited by 1 and 4. Th&CRABYYA0ES1-
according to the invention yielded particularly good results in circuit
arangenents wherein the operating frequency of the DC-AC converter is of
the order of 1 MHz. Such circuit arrangenents are used, for exanple, for
oper at | qognparatively, low self- MWOM ng to the very high operat| ng frequency,
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i nduct iKbeamd2:/:Fbj WhemeEbtsjﬂbrapemm:gcfmuenegsoﬁﬂmdDCeACmonvm of the first

i nducti ve neans, the_seco ~apaci tive neans, and the secaond, i nductj e
neans, and the ci rch‘tW%Frgﬁ'HaZﬁaérﬂW¥mP‘ t g }p the invention
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hi gh-frequency vol tage i S present during |anp operatlon
Very f apliminousor comparativelyexpessive,eomp@nentsa circuit arrangenent in which

coupled o the | nput & VEL ¢ Foie et Spahy Sl bettr BHBr ik ufBe SeEd

poi nt  di thdtethé wésolisrice frequency. of a series circuit formed by the first .in'ductive means and by
15 a parallel arrangement of the second capacitive means and the third capacitive means is
chosen 10 lie within a range limited by 0.5 Fb and 1.5 Fb.
- It was found to be advantageous to construct the DC-AC converter such
that it comprises a series circuit of two-switching elements coupled to the inputs, and that the
_ fourth branch connects a common junction point of the unidirectional elements to a common
20 junction point of the switching elements. A very high power factor is realised because a
high-frequency voltage of comparatively great amplitude is applied to the common junction
point of the two switching elements during lamp operation. _
It was also found to be advantageous when the ratio between the
capacitance of the second capacitive means and the capacitance of the third capacitive means
25 is chosen to lie within a range limited by 1 and 4.
- The measure according to the invention yielded particularly good results
in circuit arrangements wherein the operating frequency of the DC-AC converter is of the
. order-of 1 MHz. Such circuit arrangements .are used, for example, for operating electrodeless
lamps. Owing to the very high operating frequency, a substantial portion of the second and
30 third capacitive means is formed by parasitic capacitances of components and conductive
connections in the circuit arrangement.
To enhance the effect achieved by the measure according to the invention,
it is possible to implement the measure according to the invention twice in the circuit
arrangement. Such a circuit arrangement comprises, besides the first inductive means, second
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el ements. 15 Enbodi nents of the invention wyl| be explained in nore detail
with reference to a drawing, in which Fig. shows an enbodi ment of a
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K6, respectively, of a DC AC converter fornmed by inputs KS and” Kb,
swi t ching el ements the serondrapacitive: meanssargthersecang, indnetiveomeans, and n
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PCT/ | B95/ 00651 4 of BDGACconwertasratavhich ajhighxfrequency woltagthis present during damg
and thelgsecond inpu%@;\e i nterconnected by a series arangenent of the

swi tchi'ng el ements 2. The inputs are also interconnected by a

series arrangenent of capayifavburaleatshigapérei dchieved with £ eHEE atraripehiedl in which

point of the switching elements QL and Q2 is connected to a common junction
poi nt the DC-AC converter comprises a series arrangement of two switching elements coupled to

- the ihpubs, and the sixth branch connects a common junction point of the further
~ unidirectional elements to a common junction point of the switching elements.
15 '

Embodiments of the invention will be explained in more detail with
reference to a drawing, in which

Fig. 1 shows an embodiment of a circuit arrangement according to the
20 invention; ' -
o Fig. 2 shows a further embodiment of a circuit arrangement according to
the invention; and o : |
Fig. 3 shows the currents taken up from the supply voltage source for
'various dimensionings of the embodiment shown in Fig. 1.

In Fié. 1, K1 and K2 form terminals for connection to a supply voltage
source. RB are rectifying means coupled to the terminals for rectifying an AC-voltage |
supplied by the supply voltage source. K3 and K4 are a first and a second output,

30 respectively. K3 and K4 are coupled to a first input K5 and a second input K6, respectively,
of a DC-AC converter formed by inputs KS and K6, switching elements Q1 and Q2,
- capacitors C4 and CS, and coil Ba. In addition, the bC-AC converter of Fig. 1 comprises
" means (not shown) for rendering switching elements Q1 and Q2 aiternately conducting and
~ non-conducting. A discharge lamp La is connected to the DC-AC converter. The construction
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source. It 1s prevent ed thereby that a pedk current is taken up fromthe

supply \napm@e Ghand capanisor CAds approximatelysiquahte the-operating Srequandycef thesDC-

maxi mum 6% nce the frequency f is approximtely equal to the
resonané’é ﬁﬂ@‘Cy of the series circuit forned by

The operation of the circuit arrangement shown in Fig. 1 is as follows

20 When the terminals K1 and K2 are connected to a supply voltage sou:ce,

the rectifying means RB rectify the AC-voltag-e supplied by the supply voltage source to a
. DC-voltage which is present between the outputs K3 and K4. At the same time, the

switching elements Q1 and Q2 are rendered conducting and non-conducting alternately with a
fréquency f. Since a DC-voltage is is present across capacitor C1 during stationary lamp

25 operation, a resulting high-frequency alternating current of frequency f flows through the -
lamp La. The capacitor C3 is chafged from the supply voltage source through diode D1 and
subsequently discharged through diode D2 and capacitor C1, also with frequency f. As a
result, a DC-voltage is present across capacitor C1 during stationary lamp operation with an
amplitude higher than the maxinium amplitude of the AC-voltage supplied by the supply

30 voltage source. It is prevented thereby that a peak current is taken up from the supply
voltage source when the amplitude of the AC-voltage reaches its maxim_um value. Since the

frequency f is approximately equal to the resonance frequency of the series circuit formed by
coil L1 and a paralle] arrangement of capacitor C2 and capacitor C3, the amplitude of the
- high-frequency voltage across C3 is comparatively great. As a result, the charging current
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this enbodinent is formed by the series circuit of coil capaci tor C2,
and coi | factorrefthe circuit arrangement is comparatively high.

In the circuit arrangement shown in Fig. 2, all components corresponding
to components of the circuit arrangement shown in Fig. 1 have been given the same
20 reference symbols. The circuit arrangement shown in Fig. 2 comprises: besides first inductive
means formed by coil L1 second inductive means formed by coil L2. The second branch in
this embodiment is formed by the series circuit of coil L1, capacitor C2, and coil L2. The -
diodes D3 and D4 form further unidirectional elements. The series arrangement of diode D3
and diode D4 forms a fifth branch, connecting the second input K6 to a common junction
25 - point of capacitor C2 and coil L2. Capacitor C6 in this embodiment forms fourth capacitive
. means and at the same time a sixth branch which connects a common junction point of diode
D3 and diode D4 to a common junction point of switching elements Q1 and Q2. The
dimensioning is so chosen that the resonance frequency of a series circuit of coil L2 and a
parallel arrangement of capacitor C6 and capacitor C2 is approximately equal to the
30 operating frequency of the DC-AC converter. The dimensioning is also so chosen that the
resonance frequency of a series circuit of coil L1 and a parallel arrangement of capacitor C2
and capacitor C3 is approximately equal to the operating frequency of the DC-AC converter.
The operation of the circuit arrangement shown in Fig. 2 is as follows.
- As in the circuit arrangement shown in Fig. 1, capacitor C3 is alternately



di odes WO %MI2%4 form further unidirectional el ements. ThECHIOSE6S1
arrangenent of diode D3 and diode D4 fogns a fifth branch, connecting the
second input K6 to a conmon_ junction 257 point of capacitor C2 and coil L2.
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i NSt ant aneous ar[gcl tude of the AC-voI talge exceeds a threshol d val ue, V\/nere‘
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por t i oguch vataes of ihe lindtiftanedns wriplitide the 'AGJ%lmge both the direct charging -
current of coil L1 and the direct charging current of coil L2 compensate for the fact that the
charging currents from capaéitor C3 and capacitor C6 do not rise any further.
Fig. 3 shows the currents derived from the supply voltage source for
20 various dimensionings of the embodiment shown in Fig. 1 for the case in which the supply
voltage is a sinusoidal AC voltage with a frequency of 50 Hz and an effective value of 220
V. The current is plotted in amps on the vertical axis. Time is plotted in seconds on the
horizontal axis. The current waveform i§ shown over a time mterval of 0.005 second, i.e. a
quarter of a supply voltage cycle. The capacitance of capacitor C2 was 11 nF, as was the
25 capacitance of capacitor C3. The operating frequency Fb of the DC-AC converter is 30 kHz..
. The self-inductances of coil L1 were so chosen consecutively that the resonance frequencies
~ of the parallel circuit of capacitor C2 and capacitor C3 and the coil L1 were approximately
0.5 Fb, Fb and 1.5 Fb, respectively. It is evident from Fig. 3 that, at a resonance frequency
approximately equal to Fb, a current drawn from the supply voltage source exhibits the
30 smallest deviation from a sine shape. The power factors in these three cases were 0.93; 0.99;
and 0.93, respectively. It is also visible in Fig. 3 that the current drawn from the supply
voltage source is lower when the resonance frequency of L1, C2 and C3 is approximately
equal to 0.5 Fb or 1.5 Fb than when the resonance frequency is approximately equal to Fb,
so that in the fomertwoeﬁseslesspowerisdrawnfromﬁlesupplyvoltage source than in
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SO SNl i b Sk Al 91

It is eviGapicifahees. e circuith@tangement Wﬁﬁ?ﬁ withodl sinisoidaRCVoltaRe Mith a
equal to Fb, a current drawn fromthe SIPJQPQSE vol tage source exhibrts the 30
V&

smal | est dreguencyonf appreximatelyS0sHzgad an valne of 229 V.nThepewen factos was

hat the Qaffrcrte e A s 1o e RAAE hen Soppele? P plt i oy e °

- resonance circgit 4era Eeménﬂrl C2 and C3 is approximately equal to 0.5 Fb or
1.5 Fb than when the resonance frequency is approxi mtely equal to Fb, so

that in the former two cases |ess power is drawn fromthe supply vol t age
source than in WO 96/ 07297
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the cas®™QPE29he resonance frequency equal to Fb. A furt RETIREMOIcat i on
in the dinensioning of the circuit arrangenent is necessary, which |leads to
an increase in the consunmed power as wel’l as to a decrease in the_ power
factor, if_the power drawn fromthe supply voltage source with the.

r esonadeAMM8guency equal to 0.5 Fb or 1.5 Fb is to be 5 rendered equal to
the power drawn wth the resonance frequency approximately equal to Fb. In
a concrete realisation of a circuit arrangenent according to the invention
as shown in Fig. 1, the self-inductance of coil L1 was 31 [err]H, the
capaci tance of capacitor C2 was 58 pF, and the capacitance of capacitor C3
was 71 pF. The operating frequency of the DC-AC converter was 2.65 MBHz. In
view of the high operating frequency, 10 the capacitance of both capacitor
C2 and of capacitor C3 is supplenmented with parasitic capacitances. The

circui tl.arrangenent Aemmmmmdmtfora)psrahngam poovided with with a
frequency of approxi y 50 Hz agnd a ff ctlve val ue of 220 V. The power

. factor "was 0. 96. Wﬂ’é’ggo@é %W?SSHBF W 53 when capacitor C3

was renoved from pﬁ)ﬁridéﬂgﬁﬁﬁﬁtﬁrstout}mﬂﬁﬁmd output and coupled

PCT/ | B95/ 00651 circuit arrangenent for operating
a lanp, provi deMemmnﬁrsméﬁvdngG@nppmm the supplygeoltager ce,
rectd fyi ng neans ovided with a first output and a second out put and

courﬁ ed to the t als, for rectifying an AC voltage supplied by the
supply.vol t age 5 DC-AC convertef prdvided with a first inp uaaﬁa?a&&&mm?ﬁt %uﬂea%ded
with a first input and a second i nput, coupledto the respective outputs,
first branch coripcurssmgnvq OWUQSapam tive means and interconnecting the

| nputs, a first branch comprising first capacitive means and interconnecting the inputs,
- a second branch comprising a series circuit of first inductive means and second ‘
10 capacitive means and connecting the first output to the second output,
- a third branch comprising a series circuit of two unidirectional elements and

connecting a common junction point of the first inductive means and.the second
capacitive means to the first input, and
- a fourth branch, comprising third capacitive means and connecting a common
15 junction point of the unidirectional elements to a point of the DC-AC converter
ai which a high-frequency voltage is present during lamp operation,
characterized in that the resonance frequency of a series circuit formed by
the first inductive means and. by a paralle] arrangement of the second capacitive means and
the third capacitive means is chosen to lie within a range limited by 0.1 Fb and 2.0 Fb,

20 where Fb is the operating frequency of the DC-AC converter.

2. A circuit arrangement as claimed in Claim 1, wherein the resonance
frequency of a series circuit formed by the first inductive means and a paréllel'amngement
of the second capacitive means and the third capacitive means is chosen to lie within a range
limited by 0.5 Fb and 1.5 Fb. | '

25 3. | A circuit arrangement as claimed in Claim 1 or 2, wherein the DC-AC
converter comprises a series circuit of two switching elements coupled to the inputs, and the
fourth branch connects a common junction point of the unidirectional elements to a common
junction point of the switching elements.

4, A circuit arrangement as claimed in Claim 1, 2 or 3, wherein the ratio
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- VO848 br anch conprising a series citcuit of firPCTIREASIL e
means and second 10 capaciti veg:eans, and connecting the first
qut put to the second output, a ird branch conprising a series

circuit of, two u i di regtiona -el ement s _angd. connect i a_comyon juncti.on
ol 1t of 1 WRWRER The Capaciianse Of . SHGOT: SrSFIEvE ST 254 Jhe PAEAGRARGE 1 ¢ R,
first inp fiVe means is choserf' td gemhmbh&aﬁb limREPbYSI &l 41i rd capacitive

means and cdnnecting a common, 1 junction point of the

uni di recti®nal el enent s A circliibasrangentent mcmﬁjmmmmmm@ﬂmg
hi gh-frequ vol tage.i s pres durin am~OPAT at i . ra ri [n
that the r Clahsy WhRHC the SpBGAEE rodbhen B 18 THGTAE B8 RBRRF o { B

i nductige geans and by @ @it ahngirient 8¢ bRfthedin drycoie 6 Ssveril RTthd pieteding
means and the third capacitive neans is chosen to [lie within a range

€ \ g
limted byClims,rwherein thewincuit aprangement.comprises second indugtive eans,the seconds

t he DC- AC o 2. '
Glai m 1, WP boriprisc:a ories crcyis of e st ithizu G RARE AP et aeifive s,
first indusmid the seeondsinductive medns) and they cirouiicariangement iscfurtheroprdvided avithi | ve
means and the third Sﬁa acitive neans is chosen to lie wthin a range,

limted by 0.5 Fb aAdifth branch which eomprises a series circyit of twe, further unidicectional 5 5
ua Y o . o ; ;
S0, 0 01, B S i 4 SO o USRSy o

branch connects a cthensecond capacitive means and thésecond dnduetive means,andnments to a

common junction point,of the sw,tching.elements. 4., circuit
arrangenent as cl ai ASK Hf’acau‘mlih cgmgpsg,t[orﬁﬁhrcgpqpqupemmq and whigh) copRestS3 7

PCT/ 1 B95/ 00651 9 be ts ' "ﬁﬂ%“ %ﬁ ' pﬁﬁﬁ d
t he capacitance of %ﬁ{aﬁijpﬁc@gaméﬁenfg‘?ﬁégh&é C ogganl to |t£elu?/(v|E | nq’gtﬁé.1
range |li-mted by 1 BEAL converter at which a high frequency voltage is present during lamp = -
' 15 operation.

7. A circuit arrangement as claimed in Claim 6, wherein the DC-AC

converter comprises a series arrangement of two switching elements coupled to the inputs,
and the sixth branch connects a common junction point of the further unidirectional elements
t0 a common junction point of the switching elements.
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5. - WO 96/0729Ci r cui t arrangerrent as cI ai rred in any one AACEIBFPMES1 of
the preceding Caims, wherein the operatlng frequency of the DC-AC
converter is higher than 1 MHz. 5 6. A circuit arrangenent as
clalned in any one or several of the pre ﬁLng Clainms, wherein the circuit
arrangenent conprises second inductive niJ t he second branch conprises a
series circuit ofghhe fl[ﬁe i nductive means, the second capacitive neans,
and the secolq | Bt i ve ans, d1d the ﬂZrcqu arrangenent is further
provided w tg -4 AL Seanch e ch onprises a serie iLrcuit of
two further unidjrecgji nng and whlcmbc--nects t he
second input to p co t of thegegecog ? capgg ti V@ negns and
t he second i nduct i€ nmeans nch 9hi chl comdri ses
fourth capacitivgWigans and ¥h conng AOTITON. | UTTCk==ed T nt L8 t he
further unidiredtional eIenentsCQo a pﬁﬁnt of m@2DC- AC conver, arCiat} whi ch
a high frequenc vol - 55 Oper 4t i on.

7. P A Cl @ttt Sacaka Sri-e-g—A—Ca-E—wiiere+Hd t he

DC- AC converxfr ol i ses a S i_es arrangerren]( of two switc ]Eeﬁe_ﬁents
““iﬁll

coupled to the inputs, and the sixth branch cohnects a co tion
. point of the further unidirectional elenents to a commopn junc poi nt of
“the switching elqﬁpnts L1
P
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