Circuit arrangenent. The invention relates to a circuit arrangenment for

igniting a high-pressure discharge lanp.  provided with - i nput
termnals for connection to a supply source; - a pul se generating
circuit having a natural frequency and provided with a 5

vol t age- depeW¥MB7HB cakdown el ement ; - a pul se trarRGEsBACSOISANd -

an el ectrical connection between a secondary1 wi ndi ng of the pul se

t ransf or ner d |l anp connection points. 10 A circuit arrangenent of the
kind mention a%“d%‘ri ng paragraph is known from EP-A-0 398 432 (PHN
12.932 = US-A-5,087,859). The known circuit arrangenent forns part of a
circuit for operating and starting a high-pressure discharge lanp in a
projection TV system Special requirenents are 15 inposed on a |anp
suitable for such an application as to its dinensions and | um nous
efficacy. The result of this is that an ignition pulse of nore than 10 kV,
of t'en even nore than 20 kV, is required for reliable |anp ignition.

A
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20 corresponding to t f the dgniti pul se. t he, known circuit
arrangenent, the vol tg%‘en%ml@‘éﬁifﬁ?ﬂf@%nséaﬁugﬂfg%r t is applied to the
| anp connect kon poi nt a piise gendratirfgr cirouitihaving acntaalyfregueniygnd provided avithpall se
generation takes place Jjn the kn i.,rcuit arrangenent by neans of a
resonant rMise in a tuﬁ#ﬁ'&&!‘f’éﬁ’ﬁ%@mmé vol t age across the
capacitive 25 neans @ipulsh¢randgbintg@eanidii Si ng network is increased until the
br eakdown vol tage of the, breakdown el enent is reached. For efficient
operation, the supply3® '@W&WWPM“QWQF‘G\@IQ‘ Bwgg transformer
frequency of a few tegy mng%ggﬁbh%i,me i gnition pul se generating
process. The natural frequency of the pul se generating circuit is the

frequency of the tuned circuit fornmed by the primary w nding of the pul se
transforngy and the capacitive neans of

~ A circuit arrangement of the kind mentioned in the opening paragraph is
known from EP-A-0 398 432 (PHN 12.932 = US-A-5,087,859).
The known circuit arrangement forms part of a circuit for operating and
starting a high-pressure discharge lamp in a projection TV system. Special requirements are
15 imposed on a lamp suitable for such an application as to its dimensions and luminous
efficacy. The result of this is that an ignition pulse of more than 10 kV, ofien even more
than 20 kV, is required for reliable lamp ignition. A further requirement imposed on the
ignition circuit is that an extinguished lamp, which has not or hardly cooled down yet, must
be able to re-ignite quickly. Such hot re-ignition requires a re-ignition pulse of an amplitude
20 cormresponding to that of the ignition pulse.
In the known circuit arrangement, the voitage pulse in the puise
transformer is applied to the lamp connection points directly from the secondary winding.
Ignition pulse generation takes place in the known circuit arrangement by
means of a resonant rise in a tuned LC circuit whereby the voltage across the capacitive
25 means of the voltage-raising network is increased until the breakdown voltage of the
breakdown element is reached. For efficient operation, the supply source is commuted with a
comparatively high frequency of a few tens of kHz duvrine the ignition pulse generating
process. The natural frequency of the pulse generating circuit is the frequency of the tuned
circuit formed by the primary winding of the pulse transformer and the capacitive means of



2 the vol tage-rai sing network. After the connected |lanp has ignited and a
st.abl e, arc di scharge has—devel oped, the commtation frequency of the supply
vol tage switches to a conparatively | ow value. The | anp behavi our from

br eakdown up o ment a stable discharge is achi eved isp‘gﬁ#g@ e
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ignition phase renders possible the use of conparatively small conponents,
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par agr aph, accordihg to the invention, is characterised in that a portion
of the secondary wi nding of the pulse transformer is shunted by capacitive
means. Thegginventors have found that a very short, high current peak can
occur imedi ately after breakdown. |t is surprisi ngly found that the use of
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frequencies are strongly darrped in the tuned circuit. The tuning may be
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20 This object is achieved in that a circuit arrangement of the kind mentioned
in the opening paragraph, according to the invention, is characterized in that a portion of the
secondary winding of the pulse transformer is shunted by capacitive means.

| The inventors have found that a very short, high current peak can occur
immediately after breakdown. It is surprisingly found that the use of the measure according

25 to the invention strongly damps said current peak, so that current flows through the lamp
over a longer period, and jonization in the discharge vessel accordingly occurs. This strongly
promotes a good take-over behaviour, .

The circuit arrangement according to the invention also has the advantage
that the circuit formed by the secondary winding of the pulse transformer, the capacitive

30 means, and the lamp connection terminals forms a tuned circuit with which a pulse generated
in the pulse generating circuit is converted into an ignition puise across the connected lamp
with only slight losses, whereas signals of other frequencies are strongly damped in the tuned
circuit. The tuning may be chosen to lie at the natural frequency of the pulse generating
circuit. Such a tuning is favourabie not only for an efficient coupling-in of the ignition pulse,



3 but al so because it is counteracted that sem conduct or switches becone’
def ectjve ovm ng to high-frequengy signals. In an advant ageous enbodi nment,

the tuning is chosen to lie at or near an even harnonic frequency, in
particul ar the second harnonic of the natural frequency. It is surpr|S|neg
found t hawa®é2@27her incree in the generated pul se can beczaksspuas t her eby
5 wi thout |arger conponents being necessdry. On the other hand, the use of
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Fig. I is a diagramaof a circuit lng and opérating a lTanp of a TV
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point is not necessary for this purpose.

Theabovemdﬁntheraspectsofthemvenhonwﬂlbeexplamedmmore
20 detail thh reference to a drawing of an embodiment, in which-
Fig. 1 is a diagram of a circuit for igniting and operating a lamp of a TV

system,
Fig. 2 shows a portion of Fig. 1 which serves for igniting the lamp, and
Fig. 3 shows the voltages generated by the circuit arrangement of Figs. 1
25 and 2. - '

In Fig. 1, A,B are connection terminals for connecting a supply voltage
source, for example a supply source of 200 to 400 V DC. Filtering takes place in I by means
of an input filter. In an alternative embodiment, A and B form connection terminals for

30 connection to a public mains of 220 V, 50 Hz. Rectification of the supply voltage then takes
place in 1. I will also comprise provisions in that case for preventing mains voltage distortion
owing to the operation of the circuit arrangement.

Component II forms a switch mode power supply with which a
commutator circuit Il is fed. The commutator circuit acts as a commutating supply source



owi-ng to the operation of the circuit arrangenent. Conponent Il forns a

swi t ch. node power suppty wtirwhich a commutator-—circuit Tt Ts fed. The
cQrmutator circuit acts as a comutating supply source 4 wth a
square-vave wggiaye0l tage. The commutator circuit 111 is CQaRbGR1IsL 2
lamp circuit Vvia input termnals C, D, thegdanp circuit conprising a pul se
generating circuit 1V and [anp connection points E, F between which a lanp L

| s connect ed.yifing s&&i@wﬁw §ipply v6ifage. mmﬁm@f&aﬁm isCohhectid ' aghmia diftuit

depicted in Fig I'g. .2, I'nput term nal
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bet ween mpu?ﬁf‘grm nal S @%n?g via a voltage-Taising netvvorek ﬁv
secondary wi rfdfmigg partof the circuitof Fig. 1Lisi depictadriadfip2.on t he one hand to |nput
term nal via a series ¢ r&?nfé‘?ﬁ

sel f-i ndu& ance 8. On the%ﬁ#atz gﬁapug%wq]i's sec%a’zry Wn |ng &1 S
connect ed thwmmwbﬁmmﬁomuplmemdmmmwn&awﬂnge-ﬂmndm an

1 anst o mer _ SRPERRR SeBRHE BPotrah it Gracpais ¢ RPED W 8 el Algisipemyoric2. A

partly shunt %MW rllékifuamfo?ﬁexf bisconnenetor theconetand 1o thpateefihal C
secondary wi nding 12 of trR?nsfor i s, co_}mect gqgma a Si rHSI ar _nmanner. on
the one hand WA Sefr§circuit uctance 85 O, the gther hand,
ot her banfh t Gnhd AF s&cOniRG Winding 21 NWWWWWW&NM&&&& int
partly shunted by a capacitor 42 form ng capacitive means. Sel f-| nduct ance
mmﬁm@ nammndb sacondagy, tn

5 serves as & |

.Cﬂmt ?bgr Sn recti f yl ng ?remﬂ:rg‘rﬁ*ses aﬁ%wr st %WM Smm C bya
i npedance 21 capagitar 41,0ukiclp forms capasitont means.ha sednd secontlary dvinding 12a0f tB@sfoimer
ol erent 5. - TS Sovaiha 0 sl inet B8 the e tdflo kP CERBRADNA b el SRULERAD
i mpedancel®2 Seand on tie otier h&ubtnrllmptcodnwﬁon painbReThegedondosecepdaby) wikding is partly
tS(ra!aLs:‘ (r;(rjlrjrg; a%e%gnd on the fﬁ het hand . éo t he pﬁ;r‘a ﬁ‘ Wi n%%&sofp%ul aon
series arranggiistiioshi mnmpmﬁpﬂ@o@ the Cotimutator swittlsgs. 2 conmon j uncti on
point 200 Ts connect ed t 0y N0t e Falting petwork 2-of capacitive. thauctive. and rectifying
means comprises a first branch with an ohmic impedance 21 and a diode 23 connected on the
20 one hand to a tap 80 of self-inductance 8 and on the other hand fo the voltage-dependent
breakdown element 3. The network also comprises a second branch with an ohmic
impedance 22 and a diode 24 connected on the one hand to tap 80 of self-inductance 8 and
on the other hand to the primary winding 10 of pulse transformer 1. The two ohmic
impedances 21, 22 are interconnected by a series arrangement of two capacitors 25, 26 of
25 which a common junction point 200 is connected to input terminal D via self-inductance §.
Transformer 1, voltage-raising network 2, and voltage-dependent breakdown element 3,
shunted by a leakage resistance 3a, together form a pulse generating circuit IV, Portions 51,
52 of the secondary windings 11, 12 together with the capacitive means 41, 42 form a filter
during the ignition phase, of which filter the lamp coanection points E and F also form part.
30 The tuning of the filter is so chosen in relation to the natural frequency of the pulse
generating circuit that the combination forms a band-pass filter for the second harmonic of
the natural frequency of the pulse generating circuit, i.e. the circuit formed by capacitors 25,
26 and the primary winding 10 of the pulse transformer 1.
In addition, the self-inductances 5 and 8 are interconnected by a capacitor



Transformer 1, voltage-raising network 2, and vol t age- dependent breakdown

el enent 3. shunt ed by a | eakage resistance 3a, together formapul se

generating circuit IV. Portions 51, 52 of the secondary w ndings 11, 12
together with the apacitive means 41, 42 forma filter during the ignition *
phase, of WO&21218 | ter the | anp connectlon points E and Frcrmesdeism part.
also formpart. 30 The tuning of the fil§er is so chosen in relation to
the natural frequency of the pulse generating circuit that the comnbination
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real i sati ofrequenc¢yhis 1801Hxli nent descri bed héere, the CI rcuit arrangenent is
desi gned for connection to a_ su | ta of 400. V,

connection terninals A%"%B‘HB%%EF%E“% gﬁ'l‘le‘%qog' qme'ﬁ“zﬂlﬁ‘“é
domconvermmmﬁedwmmmmﬁm ebltageqnmmtdeobmma power
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~a full bridge ci rcwt The 20 comTut ator _suppli.es a square-wave su p y
vol t age of VAbRinsat b eltyutﬁohqﬂmmnmm tlmdsfmn phase and a voltage of

the stable operanonal state of the lamp.
The commutator clrcmt III is constructed as a full bridge circuit. The

20 commutator supphes a square-wave supply voltage of approxxmatdy 160 V in the |gnmon
phase and a square-wave voltage of 85 V in the stable operanonal state of the lamp.

" Lamp ignition proceeds as follows. Since the commutator circuit
commutates at a frequency of 60 kHz, a resonant rise of the voltage takes place in the LC
circuit 6, 8. This leads to a peak voltage of 800 V at the Jamp connection points. The two

25 diodes 23, 24 of the voltage-raising network together with the capacitors 25, 26 ensure that
the peak voltage of approximately 550 V at the area of tap 80 is increased to a maximum of
1100 V across the capacitors 25, 26. The voltage-dependent breakdown element is a spark
gap, make Siemens, with a breakdown voltage of 800 V which is shunted by a leakage
resistance 3a of 10 MQ to achieve a satisfactory operation of the voltage-rising network. This

30 in fact achieves that the voltage across the capacitor of the network is well-defined. This
shunt resistance is also desirable for reasons of handling safety. Also for safety reasons, 2
PTC resistor (not shown) may be included in the coninection between the capacitors of the
voltage-raising network and the self-inductance 5. The capacxtors 25, 26 each have a value of
120 nF, the ohmic impedances 21, 22 of 33 X0




phase and a square-wave voltage of 85 V in the stable operational state of
the lanp. Lanp ignitien—proceeds as follows. Simce the comfutator circuit
commutates at a frequency of 60 kHz, a resonant rise of the voltage takes

ptace in th rcuit 6, 8. This leads to a peak voltage t the
Rt féuitthofs

| anp connec I'nts. The two 25 diodes @3, 24 of the v age-rai si ng
network together wth the capacitors 25, 26 ensure that the peak voltage of
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sel f-i nductance_ 5. _The acitqrs 25.. 26, eac ave val.ue of 120 nkF

ohim ¢ | mped Mg, Bacts of BB opnfary sintings i e 30" ¥EH50Fs, P, p sipaciliy of 260
hi gh-voltageplb.ransforrrer wth a ferrite rod core, a primary w nding of 3
turns, and a first and a second secondary w.ndi hconpri si 7, .
sections of The pulpethug generated,has 3 “ﬁ)?ﬁa M'ﬁﬁ'%ﬁgnﬁ‘f E@‘?@?Q&&!ﬂ‘\? pulse is
wi ndi ngs ¢gr Eﬁi@ < O oyl ' t rihBfy Wihdilg t ween
primary égd econ ar@éwﬁng?hgéc%]‘g‘?gg‘ie[sﬁ(l). e.ﬁ‘ill'ﬁarﬁStﬁécguplj ng bet V\(ggbr']ﬂ?he t wo
secondary wi trisfgmen; and Fig. 5B the .luzn@ukwahgmmdarmasm_amgeé :

sel f-induct M?ﬂﬁﬁéigﬁgm@gﬁeg {1 SR Yty of S PEE ethchilion. The

short-circui primary w ndi'n e secondary w ndings 1s shunte
across 3 sectvoltage Wis plottedomcthe wertiodl BBGin kY. The pul se thus generated has a

| f imately 20, . kV. . ' i 1i ' . '
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transf or rpsr zit,a?.nﬁ: Fevel.of 3D KV\eTheopulsecin Figll 3 hat a fiequesiey ofid MHzyWhelpuise o Fig.
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t he pulsetrgn er 1. Ti Is plotted on the horizontal axis in units
of 500 ns pefB Eeapency of ttage Vis plotted on the vertical axis in

KV It is evident from Fi gThe3fenefated pule 1628 @b dieakidgwrl inca aaip which tiadindit yet 200
ns ignited. After the breakdown of the lamp, the latter starts its run-up and reaches the stable
operational state after some time. This is found to occur after approximately 700 ms in the
20 lamp described, after which the lamp voltage rises further to the rated value. After a period
of 1 s after breakdown across the lamp, the commutation frequency of the commutator circuit
is reduced to 180 Hz, and the lamp has reached its nominal operational state.
In the case of 2 lamp which has extinguished, but not yet cooled down,
the generated pulse causes hot re-ignition within 30 s.
25 Although in the embodiment described the voltage-raising network is
connected to a tap of the self-inductance 80, it is equally well possible to situate this
connection between the self-inductance 8 and capacitor 6.
The choice of the values of the shunt capacitors 41, 42 appears to be not
very critical. It was empirically found that they should preferably lie between 150 pF and
30 400 pF for each capacitor in the circuit described. A higher value within said range will
generally lead to a quicker hot re-ignition. Capacitance values outside said range result in a
reduced pulse height.
More in general, the values of the capacitive means are so chosen that the following relation
is satisfied:




15 at a pulse level of 10 kV. The pulse in Fig. 3A has a frequency of 1
WMHz. The pulse in Fig. 3B has a fregquency of 2 MHAz. The generated pul se

| eads to breakdown in a |anp which has not yet ignited. After the breakdomml
of the lanp, the latter starts its run-up and reaches the stable

operati onWoe23228 after sone tine. This is found to occuPCIIBEO011S

approxi mately 700 nms in the 20 [lanp des@ri bed, after which the | anp
voltage rises further to the rated val ue. After a period of 1 s after
breakdown across the |anp, the comuR &n*Gyc,i&Yuency of the commut ator
circuit ;wéﬁumed to 180 Hz, and the |anp has.reached its nom nal
operation ate. In the case of a |anp which has extingui shed, but not
yet cool ed down, t incis genwindingtatinibofsthe palse erantfotmere-i gnition within 30 s. 25
Al t hough in the enfpdi nt desgri bed .t he volt sing network is
connected to a tagtzg é’alé'él té‘fft:@% sgﬁl%"??"equal ly well possible
to situpate this conmdmdh@ pilsctratifdrmer)dadt ance 8 and capacitor 6.
The choi ce of the val ues f the shunt c acitors 41, 42 appears to be not
very critical . 1t fadi® | d preferably lie
between 150 pF and d@yit400 pF for each capa0|tor in the circuit described.
A higher value within said range will generally |ead to a quicker hot
re-ignition. Capacitance values outside said range result in a reduced
pul se height. Mdre in general, the values of ‘the capacitive neans are so

chosen that the follow ng rel ation is sati sfigd: 7 [err] where: nis the
winding ratio of the pulse transforner, C is the value of the capacitive
means shunting the 5 second wi ndi ng of the pul se transforner,

and [err] the total capacitance value of the pul se generating circuit.



CLAI MS 1. A circuit arrangenent for igniting a high-pressure

discharge I np, providedwth -. | nput term nats—for connection to a
supply source; - a pul se generating circuit having a natural
frequency angoRgamubsied with a 5 vol tage-dependgﬁmﬁli own

el enent; - a pul se transformer; angl - an electrica

connection between a secondary w nding of the pul se transfornmer and | anp
connecti on mmaraMeri zed in that a portion of the secondary w nding
of the puls ormer is shunted 10 by capacitive neans. 2.

A circuit arrangenent as clained in Claim1, characterized in that the
secondary wi nding of the pulse transfornmer and the | anp connection points
formpart of a tuned circuit whose tuning is chosen to lie at or near the
natural frequency of the pul se generating circuit. 15 3. A
circuit arrangenent as clained in Claim1, characterized in that the
secondary wi nding of the pulse transfornmer and the | anp connection points
formpart off.a tuned cir Qucircuifarsengemenitfor ignitingackigh-pressure distharge lagp, an
even harnonic of the natural frequency of the pul se generating circuit. 4.

Acircuit ar as claimed in CGaiml1, 2 or 3, characterized in that
20 the secondary w n%m%%f&m&ﬁmmwm;a second secondary
wi ndi ng. 5. A circuit_arrangenent as_clained in C aim4,

characterized in thatt PHs genemating glacuit-haying & patural frequepry, and provided Vit o
di rensi ong and are pr&y&%@a@pﬁm@e&aﬁ; | anp connection points, each
i I

secondary w ndi ng bei ng par shunt ed by capacitive neans.
- a pulse transformer; and
- an electrical connection between a secondary winding of the pulse transformer
and lamp connection points,

characterized in that a portion of the secondary winding of the pulse transformer is shunted

10 by capacitive means.
2. A circuit arrangement as claimed in Claim 1, characterized in that the
secondary winding of the pulse transformer and the lamp connection points form part of a
tuned circuit whose tuning is chosen to lie at or near the natural frequency of the pulse
generating circuit.

15 3. A circuit arrangement as claimed in Claim 1, characterized in that the
secondary winding of the pulse transformer and the lamp connection points form part of a
tuned circuit whose tuning is chosen to lie at or near an even harmonic of the natural

frequency of the pulse generating circuit.

4. A circuit arrangement as claimed in Claim 1, 2 or 3, characterized in that
20 the secondary winding is built up from a first and a second secondary winding.
5. A circuit arrangement as claimed in Claim 4, characterized in that the

first and second secondary windings have equal dimensions and are provided symmetrical to
the lamp connection points, each secondary winding being partly shunted by capacitive

means.

A



