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Grcuit arr YR, The invention relates to a circuit arrangenent for

igniting a high-pressure discharge | anp, ptovided with - i nput
termnals for connecting a supply source; - a pul se-generating
circuit w Circaitanfangementr equency and provided with a voltage- 5
dependent breakdown el enent; - . a pul se transforner; and -

an el ectrical connection betvveen,a secondary wi ndi ng of the pul se -
transforner and | anp connection ternminals. A circuit arrangenment of the

ki nd nentioned in the opening paragraph is 10 known from EP-A-0 398 432
(PHN 12.932 = US-A-5,087,859). The known circuit arrangenent fornms part of
a circuit for operating and igniting a high-pressure discharge lanp as part
of a projection TV system Special requirenents as to di mensions_ and

| uni nous efficacy are i ﬁhesuenum zelatesito 4 ircuit arrangsment fonjigniting:a high-pressyre,
appli catlog Thi s result ttnat an ignition pulse of nore than 10 kV, 15
often even required for reliable ignition of the Ianp

A further cequi rerrerﬁ mmmdohmg atsuppl Qoumu;t is that an
extingui shed | anp mhlch has nqt or hard y €00 down nu bl e
qui ck re-ignition. @usergenesaing gircyit With rae'!ﬂﬁ“?g eney aﬁ“g “H?ﬁ §(¥°

| evel cqyresponding rgalndo% él&ﬁér%J on pulse. 'In the known circuit
arrange(ryent t he voltiage pu‘fse generated in the pulse 20 transformer is

applied directly fr @rpulsectransforméesrandwi ndi ng to the | arrp connect i on

onpl v provi ded i 1 o usiiel BinGRRGT DB e R 3Sbafl wBbind of the FllalBBeR

swi tches are peri Odlﬁahh“? eohriectidifiterminals he conductive and non-conduct i ve
state during (1amp) oper d Ont ar!rang\g?nséntf Sf”trﬁg kind mentioned in the opening paragraph is

10 known from EP-A-O 398 432 (PHN 12. 932 = US-A-5, 087,859).

The known circuit arrangement forms part of a cu'cuxt for operatmg and
1gmung a high-pressure dxscharge lamp as part of a projection T™v system. Special
requirements as to dimensions and luminous efficacy are imposed on a lamp if i it is to be
suitable for such an application. This results in that an igniﬁon pulse of more than 10 kV,

15 often even more than 20 kV, is required for reliable ignition of the lamp. A further
requirement imposed on the 1gn1non circuit is that an extmgmshed lamp which has not or
hardly cooled down must be capable of qmck re-lgmtxon Such hot re-ignition requires a re-
1gmnon pulse of a level eorrespondmg to that of the ignition pulse.

In the known cu'cmt arrangement the voltage pulse generated in the pulse

| 20 transformer is applied dlrectly from the secondary wmdmg to the lamp connection terminals.

The known c1rcu1t arrangement forms part of a switch mode power supply
provided with a commutator circuit in wluch several senuconductor switches are periodically
sthched into the conductive and non-eonducuve state during (lamp) operation. It was found
in pracnee that lamp ignition by means of the known clrcult arrangement may cause one or

25 several of the semiconductor sw1tches of the switch mode power supply to become defective.
This is a problem. The use of a decouphng capacitor between the input terminals for the
connection of a supply source does not provrde a substanual improvement here.

_ The invention has for its object to provide a solution to the problem
described above of defectlve semlconductor switches in the switch mode power supply during



in practice that lanp ignition by nmeans of the known circuit. arrangerrent
may calWe@9s?887lor 25 several of the sem conductor swi t A¢IEBYF00e switch
node power supply to becone defective, This is a problem The use of a
decoupl i ng capaci tor between the inpu? termnals for the connection of a
suppl sourc does not. provide a substantial inprovenent here. The

1 nven)l‘grﬂﬂ ohg mf'cﬁo“f'?cgedoﬁf’é’ct to provide a solution to the problem descri bed

above of def ective Adeoidimth e diventib,Cthiobjéet is'@hisved e thabgirggiver suppl y
durin WO 95/ 28071 :

PCT/ | grsegy of thekind mentigned; incthe opening paragranh is chagasterizad in that the

| Nventgidyg da‘ﬁ{h’ﬁﬁdﬁe | lan@;] tﬁﬂtéfﬂﬁ he
kind mentl o t n ‘ﬁ%e B@f&?gﬁ%rﬁghﬂ?s %‘%‘g‘%ﬂgﬁil zed 1 ﬂ?ﬁﬁwf"ﬁ
sedonpassfilidriwiting turfing bkosea lins eelationrtoftbe natural frequéney lofithe pulsmgenerating

termg,?%l?i formpart of a © pass filter with a tuning.chosen in relation to
the n 3 frequency of the pul se generating circuit. The inventors have

found that especi alThg ifivetors hawef found Yhad especiall( Gignals Yof ey Bigh Sreg nmoment
breakdown occurs in the | anp, which high- freque&gﬁ si gnal s cause t e _
Wﬁym

sem c ¥y 6198 e, Jomen s arepledoen pocirs inrfhe
of ChbiBondlaR Sl Hioch RN ALAREEHGN ) Bl RUEOR! TS thy,

SI nal very hi gl equency are anpe to. a. con5|
uimeasyre accprding tto Ahmmmuny, saidtsignalsrof erery bnghrfaquem:y axeluampecgm ahat the

CI rcu%ﬁ&g{ﬁg i he secondary wi nding of the.pulse transfornmer and the
| anp connectron term nals constitutes a pass filter.by which a pul se

generated in the pQheeiréit agangenint aa:oedmgtu thel invention has €ié ddvirtagethagni ti@n
pul Sethacr reuit tl heedcgy Ct S darynennvnmg o?the pulse transformer and the lamp '
connection terminals constitutes a pass ﬁlter by wluch a pulse generawd in the pulse
15 generating circuit is converted into an ignition pulse across the connected lamp with only
slight losses, while signals with other frequencies are strongly damped in the tuned circuit.
The tuning may be chosen to be a harmonic frequency of the natural frequency of the puise-
generaung circuit. In an advantageous embod:ment ‘the tumng is chosen to be at or adJacent
the natural frequency 1tself It was surpnsmgly found that a favourable result is achneved
20 with such a tuning both as to an efficient couphng-m of the 1gmuon pulse and as to the
prevennon of semiconductor switches becoming defective. |
_ ~ Itwas found to be advantageous that additional inductive means are
present in the pass ﬁlter between the secondary winding and at least one of the lamp
connection terminals. This was found to be effective in counteracung defects in
25 'senuconductor switching elements during lamp breakdown where the addmonal mductnve
‘means were also included in the lamp operating circuit. During lamp operatlon,
additional inductive means represent a negligible xmpedance and accordmgly do not give rise
to any appreciable d1ss1panon “This i§ in contrast to resistive means wluch are suitable in
principle for being used as elements of the low-pass filter. The measure is parucularly
30 effective when the additional inductive means are provided symmetncally as regards their
values relative to the lamp connection terminals.
To counteract the occurrence of interference fields owing to the pulse
generation, it is advisable that the conductor from the secondary winding of the pulse
transformer to one of the lamp connection terminals is constructed as a coaxial conductor.



sl ght I 0S $fPos 'll e signals with other frequencies are st rpgngsysgéteved in
the tined cIrcul The tuning may be chosen to be a harnonic frequency of
t he natural frequency of the pulse- generdting circuit. In an advantageous

enbodi nent, the tuning is chosen to be at or adjacent the natural freguency
itself. | tPreﬁmblwthe sheathoofi the coaxial ¢cenductor uuwhm téeqt@@a!wpm%t MB%

W th such I ng_bot 0 Sdixtd] on

pul se and M F‘&?gwﬁﬁg‘ff&%{nﬂﬁg%%%t% E%rbggtr‘r% ng

def ectlveoohdudm&stw _ i ahsnmmgofam&puscﬁiw Imaddition, dhe/pass s
are present I n the ass filter between the secpndar ndi n

one of th !eéh‘bc?,‘ﬂ iwith the vise-geaerating cirglit: sfgwm%a W%&ﬁww

“count erqictgy, méﬁpt s in 25 sem conductor switching el enments during |l.anp

br eakdown ere tne additional inductive neans were al so_jnclude n the
| anp operat i ng ci r cui t .Thewaboweand: fiysthep aspectsof the WS@W%HWMH‘C‘P

oy appr o with rleftntd jo GranfhE OF 86 BrBOGieRAL Ih il Y 2, UL BT L°
are suitable in princigig. 14 adigrgn of actirait forcigaiting and operting & lpmp of a TV

filter. The 'measure is particularly 30 effective when the additional
i nductive S¥#8®s are provided symetrically as regards their values relative

to theydanp connection Fxgrﬁqxi‘ﬁ iohCofGig N | QWIAEH sdriiéd 1BGEAitS the g,fand
interference fields owng to t pul se generation, it Is advisable_that the .

conductor fromthe seccﬁgaayshowm.vngagqgmt%bss@etmmgmam%° Figsod t he
| anp connea%azon term nals is constructed as a coaxial conductor. WO

95/ 28071 PCT/ 1 B95/ 00197 3
Preferably, the sheath mfFFhe Aomleonmdunlmmmais forcnnnmnn@ecsupplyal

C et t anolmgh s foF RSNk GO matns of 220 ) S0°eE" REbehicaddiof e Yigly * "°
15 - - voltage takes place in I. Cucmt I may also compnse provisions for preventing mains voltage
| pollution owing to the operation of the cxrcuxt arrangement.

Block II forms a swntch mode power supply by which a commutator
circuit llI is supphed The commutator circuit III is connected as a supply source to a lamp
circuit V vig input terminals C, D of the lamp circuit. The lamp circuit V comprises a pulse-

20 generatingcircuithandlampeonnectiontenninalsE F between which a lamp L is
connected. Fig. 2 shows the lamp circuit V in more detail.

Iang 2, mputtemunalCnsconnectedtoapulseuansformer 1.A
primary winding 11 of the transformer 1 is connected in senes with a voltage-dependent
breakdown element 3 between input terminals C and D via a voltage-raising network 2. A

25  secondary winding 12 of transformer 1 is connected at one side directly to input terminal C.
Attheotherside thesecondarywmdmg 12 is connected via a coaxial conductor 4 to a self-
induction 51, which in its tumn is connected to lamp connection terminal E. Sheath 40 of the
coaxial conductor 4 is dlrectly connected through a oonductor 41 to input terminal D, and via
a self-induction 52 to a lamp connectlon terminal F.,Th_e capacitance formed by the coaxial

30 conductor is mdwated with 42. '

Transformer 1, voltage-raising circuit 2 and voltage-dependent breakdown element 3, shunted
by a leakage resistance 3a, together _form_ a pulse generating circuit IV with a natural
frequency. The self-inductances 51 and 52 form additional inductive means which together
with capaeitahce 42 and secondary winding 12 form a transmission filter of which also the




conductor is one of the factors determ ning the tuning of t-he pass filjer.:
In add™Q¥#80Hnhe pass filter in conjunction with the pHCIEBYMY at i ng
circuit is given a characteristic of g band-pass 5 filter thereby. The
above and further aspects of the invention will be described in nore detail

Wi th faaf f ter'i€ choses 3n @ di agram
-of a cCl rpce;wt éor |gn|t|\r?ﬁgingfgggllat a ig ‘bgis_cl_tﬁ/l s;gtem ?(‘)
Fi g. relationgothe muml&eqmy Ofthmpﬂiﬂbsmztwcﬂ@-m te the lanp, and Fig. 3
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' sour ca:mfgemenmrmitﬂ)le Somighiting andlaperadﬁg 4200w mﬁmzmgsapm of the
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Ci r CUfrbquisnby OOOTH2! - Bl ock |1 forms a switch node power supply by which a
commutator circuit 11l is supplied. The commutator. circuit |1l is connected

as a supply sour ceSulyciscyits rﬁﬁndm@manmputalmmbmdrwithmmerbndsethe | anp

. 204 L F chRRcf ebflioba ¥ifA By SonvRgkt el SRLEE i i ' | 20

- showseleéteortieballast typsiBME 150. nore detail. In Fig. 2, input terminal Cis
cqnnected to a pul transformar 1. pri mar WI n ng 11 of the, transforner
(iBs connected in i'g l#:'g SR s iRt 3

bet wegdtotdaned with thé nﬁévsn ﬁhmisd eldcitoric dalat Eﬁeeme:' 00 R&10dd Voltdge 6f 25

secondary w ndi 5,8012 of transfornmer 1 is connected at one side directly to
i nput aRPEPXIMALel At istpresent aicthe epanectiom terminals0aPyofithe gommutaton whetonect e

connoBiE Y wBply LS Shadeckell o Bl AP B'S L0120 of the coaxial conduct or
4 is directly conn®he edltigerraising circoitcomptises tivb inductive elentents'whish ibtheand vi a
15 embodiment described are wound on a shared- femte core and over which the no-load voltage
of approximately 300 V is amplified to 1100 V. Itis altematxvely possxble for the mducuve
elements to be provided each with its own core so as to forih separate elements. 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 33 kohms to achieve a good operation
20  of the voltage-raising circuit. This in fact achieves that the voltage across the capacitors of
the voltage-raising circuit is well defined. This shunt resistance is also desirable for reasons
of electrical handling safety Also for safety the connection between the capacitors of the
voltage-raising circuit and mput terminal D comprises a PTC resistor (not shown). A
decoupling capacitor 6 of 1 nF is in addition connected between the input terminals C and D.
25 The capacitors 25, 26 each have a value of 68 nF, and the self-inductances 21, 22 of 24 mH.
The pulse transformer is a high-voltage transformer with a ferrite rod core, a primary
‘winding of 4 turns and ‘a secondary winding of 11 sections of 14 turns each. Both the
pnmarywmdmgandthesecondary winding are formed from wire of 400 um diameter. The
coupling between primary arid secondary windings here is 0.5. The transformer supphes an
30 ignition pulse of at least 15 kV and at most 25 kV. The pulse thus generated has a width of
approximately 300 ns measured at a level of 13.5 kV. The additional inductive means,
consisting of two self-inductances, are formed from wire of 0.8 mm as-a single l_ayer of 45
turns around a ferrite rod core. Each self-induction is 54 xH. The capacitance formed by the
coaxial conductor has a value of 12 pF. The self-inductance of the secondary winding of t_he'



a sel f-| ndugid é¥psd 10 @ | anp connection terminal F. The capeairseseger or med
by the coaxial 30 conductor is indicated wth 42. Transformer 1,
voftgeraising circuit 2 and vol t age-dependeht breakdown el ement 3, shunted

by a | eakage resistance, 3 her m a se geperating circuit V. -
with a nat ufulse mmys ?mﬁ?%ﬁw tvmﬂaéﬂlmﬁag@pegﬁﬁwﬁlmp r.dha

i nducti ve npagiiappaise irafiforifir winkingC MRPRirlp peradidc G ShcRAREpARLY Ndi ng 12

forma transm ssion filter of which aI so the.
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famliar frignitipnipulseds shown inoFige 3bTimed is plptied entheilgwizontal axis in units of §
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term nal s D of t nmu n a 220 V supply source is connected to
terminals A “Fr?e Aﬂ’éﬁ Péféﬁ\;ﬂ?m rcuit conprises two inductive

el ements which in the 15Wh€mi(hdla.ﬂﬁl? er&da?ésﬁlt‘b?%@g&:@rﬁedsﬂﬂié?i
oa

ferrlte core and over which the no- vol t age -
~ comparatively high breakdown current will flow through the lamp for a few nanoseconds

immediately after breakdown The additional inductive means 51, 52 present limit this

15 breakdown current to appronmately 8 A. This breakdown current is mainly supplied by the
charged eapacxtances ot‘ the filter, in particular the capacitance formed by the coaxial
conductor. Then the current supply is taken over by the commutator, and the run-up phase of
the lamp commences, dunng wlnch a stable discharge arc is gradually developed During the
run-up, a current of approxnmately 2A unnally flows through the lamp, which is reduced to

- 20 1 A when the smble dlscharge condmon is reached.




of appr oxi mately 300 Vis anplified to 1100 V. It is alternatlvey possible
for thWO9sP8¥Hi ve el enents to be provided each with itPCEMSOBE so as to
form separate el enents. The vol t age- Gependent br eakdown el enent is a spark
gap, nake Sienens, with a breakdown voltage of 800 V, which is shunted by a
| eaka kstance 3a of 33 kohms to achieve a good operation 20 of the
vol taM| ng circuit. This in fact achi evesWuoss t he
capacitors of the voltage-raising circuit is well def \‘mxﬁ\ hunt
resistance is also desirable for reasons of ele ‘““ ti\m\é af ety.

Al so for safety, the connection between the capa ut hé
voltage-raising circuit and input termnal D c rises a PTC resistor (not

shown) . A decoupling capacitor.6 of 1 nFis in 'adlldltlon connect ed bet ween
the input termnals C and D. 25 The capacitors 25, 26 each have a val ue of

68 nF,j and the sel fx el gﬁﬂﬁgﬁ,‘éﬁ ‘fig%’]’%reg-s“f‘e Hfi&lﬁﬁg &ﬁﬂ,sforrrer s a-
hi gh-vol t age trans ormerf_:vmt a errlgm 5 a primar ding of 4

turnspm\ddeﬂwiihondary wi ndi ng of 11 sections of 14 turns each. Both the
primary w ndin th Wlndl areforrredfromvmre of .400
[err] m di amet egnpa“?Mi)ﬁrrfgnﬂ and secondary wi ndi ngs here

is 0.5. The trayflesgentratitipRircuic with ﬁﬁhmﬁnfrqu whd provided! witiea voltdge- kV and
at st 25 kV. The puI se t hus enerat ed has a w dth of approxi mately 300 ns

_ ured at a |depende "Wﬂév addi tional inductive means, consisting
of two self-lnqtmgm dgrmed fromwire of 0.8 Mmas a smgle | ayer
of 45 turns aro errite rod core. Each self-inductionis 54 [err]H.

The capaci t anc @nfelecnical bgnneption-between a secoddaryovintiing of thexpulse gransformer.  The(
'ISD?JlT; I Eggyggiggwbﬂﬁgmndw ngll Eglm;n-lt h$he t\c/)\f)al%gfzggzé capaci t ances
of t heharactsizdd incthabvhe sécontldty windingbirthe puk@aaﬁsfmm lafmipiéongectiond :
further para |t|c capaci tapces present is
0 terminals P terw1 amnmgchosenmrelanontothenammmqumcy
of the pulse generatmg circuit. '
2. A circuit arrangementasclaxmedmClmml characterwedmthatthe
tuning ofthepassﬁlteruchosentobeatoradjacemthenamral frequency itself.
3. AcxrcmtamngementasclmmedmClmm_lorZ,characwnzedinthat
15 additional inductive means are present in the pass filter between the secondary winding and
at least one of the lamp connection terminals.
4. Acxrcmtarrangementascla;medmClmmfi charactenzedmthatthe
additional inductive means are provided symmetncally as regaxds their values relative to the
lamp connection terminals. : '
20 5. A circuit arrangement as claimed in Claim 1,_2,3or4,-chmcw'mdin
that a conductor from the secondary winding of the pulse transformer to one of the lamp
~ connection terminals is constructed as a coaxial conductor.
6. " A circuit arrangement as claimed in Claim S, characterized in that a
sheath of the coaxial conductor is in direct electrical contact with another one of the lamp
25 connection terminals. |



approilnategxﬁgﬁ . Said parasitic capacitances are fornedpchasysioeiora by
the | ahp wh as not yet ignited. The filter formed by the secondary

wi:ndi ng, additional inductive nmeans, 5 |anp connection points and the
capaci tance 'mai nly caused by the coaX|aI onductor is thus tuned to a
frequency just above 1 MHz. Toget her mnﬂd he pul se-generating circuit,

whi ch has a natural frequency of 1 MHz, the filter constitutes a band-pass
filter. A generated ignition pulse is shown in Fig. 3. Timnet is plotted on
t he horizontal axis in units of 500 ns per graduation. Voltage Vis plotted
on the vertical axis'in units of 5 kV per graduation. 10

It is apparent fromthe Figure that the generated pulse has a wwdth b of
300 ns at a voltage level of 13.5 kV. Wen the | anp breaks down as a result
of the generated pul se, a conparatively high breakdown current will flow

t hrough the | am@ for pFTewhanosecdmos rnedi af . The
addi tional induCtive peans pl, 52 fgreseng I''m r- current
to approxinately 8 A Tl]is pbr eakdoyn sgur fent i § t he
charged capacitances pf “thejfilter,} i'im pgrticu .n efformed by
‘the coaxi al conQuQLaLuHIESEbLhe_QuLLﬁgé_quQLL i er by e
commut at or, andpthe r° hase of anp c #ch a

st abl e dlscharge arc is gradually devel oped. -During the run- p, a current
of approxinmately 2 Ainitially flows through the lanp, whichfis reduced to
20 1 A when the stable discharge condition is reached. 95/ 28071
PCT/ 1 B95/ 00197 6 CLAI MS: 1. ci,rcuit arrange t for igniting

a hi gh-pressure discharge | anp, prOV|d4;|qa




- . N ‘gpg sorﬁerm' nal s for connecting a supply source; pcrasesno197 a
pul se-generati Clrcuit with a natural frequency and provided with a

vaftage- dependent breakdown el enent; - a pul se transfornmer, and -
an-electrical connection between a secondary w ndi ng of the pul se
transforner and | anp connection terninakzﬂ haracterized in that the
secondary wi ndi ng of the pul se transfor nd the | anp connection 10
terminals formpart of a pass filter with a tuning chosen in relation to
the natural frequency of the pulse generating circuit. 2. A
circuit arrangenent as clained in Caim1, characterized in that the tuning
of the pass filter is chosen to be at or adjacent the natural frequency
itself. 3. A circuit arrangenent as clainmed in Claim1l or 2,
characterized in that 15 additional inductive neans are present in the pass
filter between the secondary w nding and at |east one of the |anp
connection tek¥inals. 4. , A circuit arrangenent as clained in -
‘Claim 3, char in that the additional inductive neans are provided
symmetrically regards their values relative to the | anp connection
terminals. 201} 5. A circuitfarrangenent as claimed in Caim1l
2, 3 or 4, characterized in that a cond br from the secondary w ndi ng of
the pul se transadrnmer to one of the | amfgbnnection ternmnals is
constructed as a |coaxi al conductor. 6. A circuit arrangenent
as claimed in daimb5, characd in that § sfleath of the coaxial conductor is
in direct elect¥ifcal contact with anothpr one of the lanp 25 connection
term nal s. - ' -
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