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circuit arrangenent .for Operating a high pressure scharge | anp
conprising 5 -~ input termnals (K1, K2) for connection to a
supply vol tage source, means, coupled to the input
termnals, for supplying an alternatlng | anp current to
t he hi gh pressure discharge | anp. 10 Such a net hod
and such a circuit arrangenent are known fromthe Aneri can Pat ent

4,485,434. It has been found that AC operation of high pressure di scharge
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pressure discharge lamp comprising
5 - input terminals (K1, K2) for connection to a supply voltage source,
- means, coupled to the input terminals, for supplying an alternating lamp current
to the high pressure discharge lamp.
10 - Such a method and such a circuit arrangement are known from the

American Patent 4,485,434, It has been found that AC operation of high pressure discharge
lamps with a low frequency alternating lamp current prevents a rapid erosion of the
electrodes of the high pressure discharge lamp (further also referred to as the lamp) and
allows operation of the lamp with a relatively high efficacy.

15 ' - A problem associated with the operation of this type of lamp is that
depending on the temperature of the electrode and the condition of the surface of the
electrode, the discharge arc in the direct vicinity of the electrode is often not stable because
the origin of the discharge arc jumps from one spot on the surface of the electrode to the
next. In case the surface of the electrode is too cold, the discharge arc is very thin in the

20 immediate vicinity of the electrodes and therefore causes overheating of its origin on the
surface of the electrode thereby creating micropikes. During operation the origin of the

“discharge arc jumps between these micropikes, causing a flickering of the high pressure
discharge lamp. Flickering can also be caused by too high an electrode temperature. Under
such conditions the perpetual displacemeht_ and evaporation of electrode material are the

25 cause of instabilities in the discharge arc. In case a high pressure discharge lamp is operated

- with an AC current, each electrode of the lamp alternatingly functions as a cathode and as an
anode during successive half periods of the lamp current. During these half periods the
electrode is said to be in the cathodic phase and the anodic phase respectively. Electrode
material, that is removed from the electrode in the anodic phase', returns to the electrode as a
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The invention aims to provide a method for operating a high pressure
dxscharge lamp and a circuit arrangement for operation of a high pressure discharge lamp in
such a way that flickering of the lamp during operation is substantially suppressed.

20 According to the invention, a method of the kind mentioned in the
opening paragraph is for this purpose characterized in that a current pulse is generated in a
predetermined fraction of the half periods of the lamp current, said current pulse having the
same polarity as the lamp current and being superimposed on the lamp current in the latter
part of the half period in which it is generated. .

25 Also according to the invention, a circuit arrangement of the kind mentioned in the second
paragraph is for this purpose characterized in that the circuit arrangement further comprises
means III for generating a current pulse in a predetermined fraction of the half periods of the
lamp current, said current pulse having the same polarity as the lamp current and being
superimposed on the lamp current in the latter part of the half period in which it is

30 generated.

Because the total amount of current flowing through the lamp is increased
at the end of a predetermined fraction of the half periods of the lamp current by means of the
current pulse, the temperature of the electrode is raised to a relatively high value. This high
temperature increases the stability of the discharge arc, because the discharge arc originates
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or 1 g151atagplitude, it can be of a shorter duration in order to achieve the same results in terms of
suppression of flickering. The optimum amplitude and duration of the current pulse depend
on the type of lamp and the dimensions of the electrodes. Good results were obtained in case
the frequency of the lamp current was selected from the range 50 Hz - 500 Hz, the ratio
between the mean amplitude of the current pulse and the mean amplitude of the lamp current
20 was chosen between 0.6 and 2 and the ratio between the duration of the current pulse and
half a period of the lamp current was between 0.05 and 0.15. The mean amplitude of the
lamp current is the average value of the amplitude of the lamp current in half a period. The
mean amplitude of the current pulse is the average value of the amplitude of the current
pulse in the duration of the current pulse. Preferably the amount of energy supplied to the
25 high pressure-discharge lamp by means of the current pulse is between 5% and 15% of the
amount of energy supplied to the high pressure discharge lamp by the lamp current during
one half period. . |

- A circuit arrangement according to the invention can be manufactured in a
relatively simple and inexpensive way in case the means for supplying an alternating lamp
30 current to the high pressure discharge lamp comprise means I coupled to said input terminals
for generating a DC supply current out of a supply voltage supplied by the supply voltage
source, and a commutator II for converting the supply cﬁrrent into an alternating lamp
current. Preferably the means I for generating a DC supply current comprise a DC-DC-
converter equipped with a swi_téhing element that is operated at a high frequency during lamp
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Fig. 2 shows an embodiment of a circuit arrangement according to the

invention in accordance with Fig. 1; R _ _
Fig. 3 shows part of the circuit arrangement shown in Fig. 2 in more
20 detail, and S L .
Fig. 4 shows the shapes of currents and voltages present at different
terminals of the circuit arrangement shown in Fig. 2 during lamp operation.

25 - InFig. 1, K1 and K2 denote input terminals for connection to a supply
voltage source supplying a Is_upply_ voltage. I, coupled to K1 and K2, are means for
generating a DC supply current. Output terminals of means I are connected to respective
input terminals of commutator II. Output tgmﬁnals.of commutator II are connected by the
high pressure discharge lamp La. Means I and means II together constitute means A for

30 supplying an alternating lamp current to the high pressure discharge lamp. IIT are means for
generating a current pulse in each half period of the lamp current. For this purpose means IIT
are coupled to means A as indicated in Fig. 1 by means of a dotted line. |

~ 'The operation of the circuit amngement_:_ shown in Fig. 1 is as follows.
When input terminals K1 and K2 are connécted to poles of a voltage
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15 ‘K1 and K2 denote input terminals for connection to a supply voltage
source supplying a low-frequency AC supply voltage. K1 and K2 are connected to respective
input terminals of rectifier bridge RB. A first output terminal of rectifier bridge RB is
connected to a first side of capacitor C1. A further side of capacitor C1 is connected to a
second output terminal of rectifier bridge RB. The first side of capacitor C1 is also connected

20 to a first main electrode of switching element S1. A control electrode of switching element
S1 is connected to an output terminal of driver circuit DC1. A further main electrode of
switching element S1 is connected to a cathode of diode D1 and to an input of driver circuit
DC1. An anode of diode D1 is connected to the further side of capacitor C1. The cathode of
diode D1 is also connected to a first side of inductive element L. A further side of inductive

25 eclement L is eonnected to both a first main electrode of switching element S2 as well as a
first main electrode of switching element S4. The further side of inductive element L is also
connected to a first side of capacitor C2. A further side of capacitor C2 is connected to the
further side of capacitor C1. A further main electrode of switching element S2 is connected
to a first main electrode of switching element S3 and a further main electrode of switching

30 . element S4 is connected to a first-main electrode of switching element SS5. A further main
electrode of switching element S3 and a further main electrode of switching element S5 are
connected 10 a first side of resistor R1 an a further side of resistor R1 is connected to the
further side of capacitor C1. The further main electrodes of switching element S2 and
-switching element S4 are connected (during operating conditions) by a high pressure




An enbodi nent of the invention will be further explained with reference
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10 capacitor C1. Resistor R3 is shunted by switching element S6 An output temunal of
comparator COMP is connected to an input terminal of driver circuit DC1. A first output.
terminal C of circuit part CPII is connected to a control electrode of switching element S6.
Two further output terminals D and E of circuit part CPII are connected to respective input
terminals of the driver circuits DC2 and DC3. '

15 | The operauon of the cxrcult arrangement shown in Flg 2 is as follows.

. When input terminals K1 and K2 are connected to poles of a voltage
supply source supplying a low-frequéncy AC supply voltage, this low frequency AC supply
voltage is rectified by the rectifier bridge RB and converted into a DC-voltage being present

over capacitor C1. Driver circuit DC1, switching element S1, diode D1 and inductive -

20 element L together function as a DC-DC-co_n_verbr, more in particular as a down converter.
This down converter converts the DC-voltage present over capacitor C1 into a DC supply
current. Capacitor C2 functions as a buffer capacitor. The switching elements S2 and S5 on
the one hand and the switching elements S3 and S4 on the other hand are rendered -
conductive and non-conductive alternatingly by means of the driver circuits DC2 and DC3.

25 As a result the DC supply current is converted into an alternating lamp current. The voltages -
present at the input terminals of circuit part CPlarea measure for respectively the amplitude
of the gurrent flowing through the lamp and the supply voltage of the commutator. Circuit
part CPI generates out of these two voltages a signal that is i measure for the power consu-
med in the lamp. This signal is present at the first input terminal of comparator COMP.

30 During lamp operation a snbstantially constant voltage is present at terminal K3. This voitage -
is generated by means that are not shown in Fig. 2. By means of potentionieter R2, resistor
R3 and switching element S6 a reference voltage is generated that is present at the second
input terminal of cdmparator COMP and is a measure for a desired amount of power
consumed in the lamp. In dependence on the output: signal of comparator COMP, driver
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contr ol CAVRoCPILis Dligital tieduinkavingatirit output tériminal A andacdeeond output Rrhinal
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si de of digital sighalcalsd baning the fréquency bf thesianhp cuirrentiispresene. The time dependencies
of both signals are shown in figure 4 by means of the curves marked A and B respectively. It
can be seen that the second digital signal can be derived from the first digital signal by
inverting the first digital signal and shifting its phase over half a period. Output terminals A
20 and B are connected with respective input terminals of circuit part CPIV. Circuit part CPIV
' functions as an “"or-gate” , so that the digital signal present at its output terminal C is "high"
when either the first or the second digital signal is "high", while the other signal is "low". In
all other situations the digital signal present at output terminal C is "low". The time
dependency of the digital signal present at output terminal C in shown in figure 4 by means
25 of the curve marked C. Output terminal C is connected to an input terminal of circuit part
CPV. Circuit part CPV is a "bistable multivibrator” or a "ﬂipﬂop*. At a first output D of
circuit part CPV a digital signal is present that is "high" between successive slopes of the
digital signal present at output terminal C, during which this latter signal changes from "low"
to "high". At a second output E of circuit part CPVI a digital signal is present that is "high"
30 and "low", when the digital signal present at output terminal D is "low" and “high"
respectively. The time dependencies of the digital signals present at output terminals D and E
of circuit part CPV. are shown in Fig. 4 by means of curves marked D and E respectively.
Output terminal C is connected to the control electrode of switching element S6 in Fig. 2, so
that switching element S6 is conductive when the digital signal at output terminal D is high.
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PCT/ | Bgﬁg%ggfm while the current pulse is also shaped rectangularly. It be menuoned tha% these

di schar shapesngf tiosh lm;zomrentl and| mmbpulsoaresmttessennd ﬁulrehsaptessa invention. In
control elect swi't.chin nt 83 ar e, ,conne d to res ive
Corru fBeHHR ShER the supret buikd neg be Sintsgigdal, AANEWAT AT, XaaneTal

Swi tching el ement 84 A%aéh&?%b@&mﬂn%ﬁ%ﬁ@m%nﬁﬁt&ﬂéﬂtRﬂsﬁ‘éﬁmﬂl’xg?@ Rds®

connected to respective output termnals of driver circult he first
si del®f -been usechforrthe operatiom of arhigh pressuse discharge lamp as descyibed in: German Pateat

e U e@t%eﬁniyaw el A REaRhpton, of 0 e i effhos st
fgrrga][ ﬂdg”{o St d;wg}gﬁ?;cgrgg?%ng‘m glﬁarnst 'si‘de ggopot ent ?sgpng?lgrpﬁlgg A

" furt her of the lamp surrent mamma@phtudeoednhécamm freauengof A

Capacyt 30 B0 Bl eThet % oF ehAP b, TubnE bt Mol ),

t er ni$alsuppressed.



“conparator COVP is connected to an in river circuit DC 1. A
first output termnal C of ci rcuﬂ Ilﬂlﬂﬂllﬁul onnected to a control

el ectre%ug,ssgxg tching el ement S6. furt hér dut pucifiosogdes s D and
E of circult part CPIl are connected t09respect|ve I nput term nal s of
the driver circuits DC2 and DC3. 15 The operation of
the cir rangenent shown in Fig. 2 is as follows.

When input termnals KL and K2 are connected to poles of a voltage

supply source supplying a |l owfrequency AC supply:-voltage, this | ow
frequency AC supply voltage is rectified by the rectifier bridge RB
and converted into a DC voltage being present over capacitor CI1.
Driver circuit DCl, switching elenent Sl1, diode D1 and inductive 20 .

el enent L together function as a DC-DC-converter, nore in particular as a
down converter. Thi s dovvn converter converts the DC-voltage present

over capacitor CL i I
a buffglr capaci tor. e St Ww%r‘ ?Hs@%@ %@g%ﬁw&'ﬁe one
and t hdampicurrninig sabplmmsths&xginﬂre&ﬁw ﬂlst:hagetlimp dharatterized nmlﬁﬁk%raedment

conducti ye ,and non conducti ve .al natingly nmea driver cifcuits
Do e pulse-is Boneraiad in o edsecrvingd BecGen,Of re it oo of {;m i\

of i r cupi PO g B8 s Folitly @RS Jamp cutbAFN bedle AR bR URE T ©

t he T urlampcufrentiinndyetlattes pait ofrtbe halfipesiod in iwhichuisis gemwd.ge of t he
‘commutgfor. Crcuit art CPI erates out qf these two.volta
signal Chat is a mea E?géé'ﬁ“i i’&m sa1d W‘hfan 5%1%
si gnal eagh RAIEDRAGA OF the 'Rinip éﬁentnput term nal of corrparator COwP. 30
Buring lanp o atlon a substantlally constant voltage is present at

téerm nd. K3. Th| s voCiraujt arrangement fomepezating »higheprassurehdischarge lamp shown in
Fig. 2. %ﬁéﬁ&ns of potentionmeter R2, resistor R3 and swi tching
el enent®® ef erence voltage is.generated that is present at the second

i npt@ t-ermnal Ooipp ﬁpmqulm for donrfecon Br2 $upply Voltdgelsirdeyd anmount of
power consuned in the |la I n dependence on the output signal of
corrpar at or COVP, mgansy gpupled to the input terminals, for supplying an alternating Iamp current
to the high pressure discharge lamp, g
characterized in that the circuit arrangement further comprises means III for generating a
current pulse in a predetermined fraction of the half periods of the lamp current, said current
15 - pulse having the same polarity as the lamp current and being superimposed on the lamp
current in the latter part of the half period in which it is generated.
4. Circuit arrangement according to claim 3, wherein the means III generate

a current pulse in each half period of the lamp current.

S. - Circuit arrangement as claimed in claim 3 or 4, wherein the means for
20 supplying an alternating lamp current to the high pressure discharge lamp comprise

- ~ meansI coupled to said input terminals for generating a DC

. supply current out of a supply voltage supplied by the supply
voltage source,
- a commutator II for converting the supply current into an

25 alternating lamp current.

6. Circuit arrangement as claimed in claim 5, wherein the means I for

generating a DC supply current comprise a DC-DC-converter equipped with a switching

element that is operated at a high frequency during lamp operation and the means for

generating a current pulse comprise means for adjusting the duty cycle of the switching
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Eﬂéh??:%g:%g rols the pul se V\lem "ml I"ll |I|! "L“I f requenm%éﬁﬁ 2generat ed
by it se vvldthlnturnthroIsthe anmplit Ecurrent
flowi ng through the lanp. During the f part of each half period of
the la current switching elenent S6 is rendered conductive. As - a

resul t S18Mef er ence vol tage present at the second input term nal of

compargtor COMP is  Gircuifhrirgéfieit hpumﬁ&aaaﬂﬁsw%n%réma@m feedth of
the high frequency pul ses generated river circuit DCl, the

anpl i t generating aDE supply tcumm/mnmraoﬁgabmnwm equipped avit o switcling

ho. 1 alenehp B i€ BETHATE b Dhibe fou iRy ypog i Bobandh lf e iR B 7L 0
CPI | ekt em?ﬁ f

vol tsagrgg [ S ﬂimg%ﬁbr%l?ase s:(&;lﬁ ;asiﬂ;foi Z?S?qtngq?ﬁgwgﬁ?igg% gﬂdgf&t'ﬁgcio

dri ver SWHENBE e&f@%‘F

at ed by driver circuit DCl is increased, a current pulse

| s supgri nposed af&?adg@ﬂﬁnﬁh{{ Elﬁﬁﬂedaiﬂ%ng}ﬁ' @WL&Q@ OWS t%aﬁﬂsu”ec'

by the Tanp is |ncrease tircuit
part Chihereinthe frequenty ofi theclamipr current has been sélected fram the rax@\ﬂo HP-1500iHz,a

o2 niheTai el o S gl O o e RS ahesb A B ¢ e

sang f (mp! BfGntas bkmeham ahd' 't thd Patid BetWeéd ﬂetdtﬂu&%m& chﬁem Pitte ﬁd At

a second output termnal B of circuit part CPIlIl a second digital

si gnal scpdmduofgheﬂmnp FMHSWM&N%OS ab0d8irent is present. The tine ‘
dependgnci es r A1 dad figure neans.qf the
cur vosdhar ked A and GRACHEIRERRSL & faiRa' oo or ot Bt Iod HergiRciimso
di gi t alwheiefi te aﬁmm%fctﬂétgrv;eﬂpﬁnw the ht H i) isSharé Gip b?ynunls fof the

inverting the first digita nal _and |ng its phase over h
per i odCummentRvdseris betwrens> % and 1 ahe meemom energy supplied:toshe bigh pressupet

t erygi n EBHéF |V - functi-ons as an
orglga?isé’haf}E ‘guytﬂ[l%%ﬂ(? | gl Si g ynépresﬁgﬁ at its output termnal Cis
" hi gh" 10. vvhen ei tcimmttdrmgement ay claiinsed<in one dr dngretof|the pasvidusiclaimsj gh”,

n all other situatjops the digital

whil e the ot her .signal | ow"
si gnal W Hl"' "&Hmem@mmes FSPW%\%’“W gop pqnipped “’“Bé'ﬂ@ﬂﬂ cy of

. trggngl gmﬂ%%%?%w%ugf tput ter m nﬁ) %’Wnn@%{ egui n I nput

t er m npressire dischaige lamptand the means for generatmg a current pulse compnse means for
20 adjusting said signal.

11. Circuit arrangement as claimed in Claim 5, 6 or 7, wherein the

commutator comprises a full bridge circuit.
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(57) Abstract

(54) Title: /MEI'HOD AND CIRCUIT ARRANGEMENT FOR OPERATING A HIGH PRESSURE DISCHARGE LAMP

The invention relates to a circuit arrange-

lamp comprising input terminals (K1, K2) for
connection to a supply voltage source, and
means, coupled to the input terminals, for sup-

|
ment for operating a high pressure discharge K
1 g_'_

aressure discharge lamp. According to the in-

plying an alternating lamp current to the high Kz ﬁ—l—

vention, the circuit arrangement also comprises !
means III for generating a current pulse in each
half period of the lamp current, said current
pulse having the same polarity as the lamp cur- .

s e ad
ld

rent and being superimposed on the lamp cur-

| rent in the latter part of a predetermined frac

tion of the half periods of the lamp current. As
a result, flickering of the discharge arc during
lamp operation is substantially suppressed.

, _
gl o s il
>




of only 1.4 mm Wen a current pulse having a nean anplitude of 0.9 A was

superinposed - on the lanp current (having a nean anplitude of 1.1 A and
an alternating frequency of 90 Hz) during the latter 8 % of each half
period, flickering could be substantially 15 suppressed. s WD -
95/ 35645 S _ I 2
PCT/ B95/ 00392 o L . .9

CLAI V5: ' 1. | Met hod for operating a high pressure

di scharge | anp wherein a alternating | anp current is supplied to the

hi gh pressure discharge | anp, characterized in that a current pul se is
generated ina predeterm ned fraction of -the half periods of the |lanp:
current, said current pul se having the sanme polarity as the |anp
current and being superinposed on the 5 lanp current-in the latter part of
the half period in which it is generated. 2. Met hod
according to claim1, wherein said current pulse IS generated in- each
hal f period of the lanp current. 3. - Circuit arrangenent

for operatlng a high pressure discharge |anp . conpr|3|ng_
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10 input termnals (K1, K2) for connection to a supply

. vol tage source, means, coupled to the input termnals, for supplying
._.an al te”\@b'sﬂs gnp current to the high p 'ﬁdﬁr schar ge
| anp, ﬁar acterized in that the circuit arrangerrent fit;J P’a‘(’:%?rprl ses

means |11 for generating a current pulse in a predeterm ned fraction
of the half periods of the.lanp current, id current 15 pul se having the
sanme polarity as the lanp current and be1 22 superinposed on the |anp
current in the latter partl—e-f- -t-h-e-ha-l—f—peH-e-d—i-n ich it is generated.

a

4. a I'RUi t T angenent accpn o To—tp p Icl ai m wherein the
rlr d

means |11 generate ﬁa"cjrrent pytse=th each h iif ') of the |anp
current. Cirquit aframgenephty psfclainmed in claims3 .
or 4, wherelnthe msaz (Jr 20 suppllying pn alterpdt|gd | anp current to the
hi gh pressure discharg B%a np_conpri de - | means | coupled to
said input termnals for gehe G 2C ) supply current

out of a supply voltage supplied by the suppl y\ A vol t age

sour ce, - ~‘a co
into an 25 ' a g lanmp current.

Circuit arrangenent as claiped in clfaim5, wherein the neans | for
generating a DC supply currgnt Hbnprli se a DC-DC-converter equi pped with a
swi t chi ng el ement that]is operdted at a high frequency dprgmgal anp
operation and the neans for erating a current pulse cgr{tﬁi.ge nmeans
for adjusting the duty cycle of the switching - WO 95/ 35645

PCT/ | B95/ 00392 10

T

(P (PrY |Eo

tator Il for converti ng the supply current
6.

N l>

CPIT

FIG.3

FIG.4



el ement . 7. Circuit arrangenent as clained in claimb5

or 6, wherein the neans for generating a DC supply current conprise a
DC- DC- conwpiokBE648qui pped with a switching el enent thag ' 3{:@9 ted at
a high frequency during |anp operation and the neans for CQ@? ng a

current pul se conprise neans for adjusting the switching frequency of the

swi tching el enent. 8. rcuit arrangenent as clainmed in
one or nore of the previous clains, lehereln t he frequency of the |lanmp
current has been selected fromthe range 50 Hz - 500 Hz, the ratio

bet ween the nean anplitude of the current pulse and the nean anplitude of
the 10 lanp current is between 0.6 and 2 and the ratio between the duration

of the current pul se and " half a period of e lanp current i t ween
0.05 and 0. 15. 9. Grcuit 3 enent | ai g i n one
or nore of the previous clains, . wherein t anount of enErgy-&upplied
to the high pressure discharge Ianp by neans of  t he current se is
bet ween 5% and 15% off—te—amournt—of et e hi ph pressure 15
di scharge | anp by thg | anp current durlng one~hi . 10.

Crcuit arrangenent gs claimed in one or norej of thg prew ousiclains,
wherein the circuit arr conprises a pp | oo qU|pped

wi th nmeans for é&Bdrating|a signal that or| a desired
anount of power cons hi gh pr ¢ discharge -am? t he
means for gengratlgg pul se conpri se aps fop. 20 {adjusting]said

si gnal . Circuit arrang
or 7, whereif the_ \ f ajor_conprises & ful

as e:aifpeqin Cajm5, 6
brlﬂbe dircuit.
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