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(57) Abréegée/Abstract:

The Invention relates to a method for producing series of impulse voltages to operate discharge lamps (8) by means of pulsed,
dielectrically impeded discharge. According to said method, the series of Impulse voltages consists of two series of partial voltages
so that the total peak values of each series of partial voltages Is lower than the total peak values of the resulting series of impulse
voltage e.g. half as big. One advantage Is that correspondingly lower EMI arises when the series of partial voltages are produced.
Also both series of partial voltages have opposite inclined rising edges In relation to a reference potential. Preferably, both series of
partial voltages are inverted. This provides Ideal and full compensation, at least locally, of electromagnetic interference (EMI)
produced by both series of partial voltages. A circuit thus Includes two series connected impulse circuits (1; 2) which are

synchronised using a timing circuit (3).
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The invention relates to a method for producing series of impulse voltages to operate discharge lamps (8) by means of pulsed,
dielectrically impeded discharge. According to said method, the series of impulse voltages consists of two series of partial voltages so that
the total peak values of each series of partial voltages is lower than the total peak values of the resulting series of impulse voltage e.g. half
as big. One advantage is that correspondingly lower EMI arises when the series of partial voltages are produced. Also both series of partial
voltages have opposite inclined rising edges in relation to a reference potential. Preferably, both series of parttal voltages are inverted. This
provides ideal and full compensation, at least locally, of electromagnetic interference (EMI) produced by both series of partial voltages. A
circuit thus includes two series connected impulse circuits (1; 2) which are synchronised using a timing circuit (3).
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METHOD AND DEVICE FOR PRODUCING SERIES OF IMPULSE VOLTAGES
TO OPERATE DISCHARGE LAMPS AND CIRCUIT PERTAINING THERETO

Technical field

The invention relates to a method and electrical
circuit arrangement for producing pulsed-voltage seqguences
for the operation of discharge lamps by means of a pulsed

discharge, which 1s impeded dielectrically.

Generally such discharge lamps have an at least
partially transparent discharge vessel, which is closed and
filled with a gas filling or is open and has a gas or a gas
mixture flowing through it and is composed of electrically
non-conductive material, and electrodes of a first polarity
and of a second polarity, at least the electrodes of one
polarity being i1solated from the interior of the discharge

vessel by means of dielectric material.

The term “discharge lamp” is also intended to
cover those radiation sources which, in addition to
electromagnetic radiation in the visgible spectral band, that
is to say light, also or even predominantly emit radiation

in the UV or VUV bands.

The pulsed-voltage sequence can in principle be
both unipolar and bipolar and is used for operating
discharge lamps or radiators in which at least the
electrodes of one polarity are impeded dielectrically, as is
described, for example, in WO 94/23442. This method of
operation uses a sequence, which is in principle unlimited,

of voltage pulses during which predominantly electrical real
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power 1s 1injected, and which are separated from one another
by pauses. The critical factors for the efficiency of the
useful radiation production are, in principle, the'pulse

shape, 1n particular steep rises, as well as the time
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duration of the pulse times and pauses. The required
peak values of the voltage pulses are typically one to
several kilovolts -~ depending, inter alia, on the
flash-over distance, on the nature and the pressure of

5 the filling gas, as well as the nature and the
thickness of the dielectric.

Prior art

10 At present, these high voltage peaks in the kV region
cannot reliably be switched and produced by means of a
awitching transistor. A pulse transformer is normally
required for this purpose, and is connected into the
output ©f the pulsed-voltage source.

15
The document DE 195 48 003 Al has already disclosed
such a circuit arrangement for producing pulsed-veoltage
sequences having one, and only one, pulse circuit. This
pulse c¢cixcuit essentialiy comprises a capacitor, a

20 transistor and a pulse transformer. During the phase
when the transistor is switched on, the energy stored
in the capacitor is transferred to the pulse

Cransformer. In the process, the pulse transformer
transforms the pulsed wvoltage to the required peak
25 values, although a number of disadvantages  are

assoclated with this. Firstly, the pulse transformer
must be designed for the peak value of the pulsed-
voltage sequence - and is thus relatively large and
expengsive., In addition, the pulse locad on the pulse
30 transformer is relatively large and the winding
capacitances, which are likewise relatively large, have
an adverse effect on the pulse shape. A further
digsadvantage is that the full peak value of the pulsed-
voltage seqguence occurg on the supply leads of the
35 secondary winding of the pulse transformer. The
parasitic capacitances to the environment which are
always present result in relatively high interference
siagnals, so-called EMI (Electromagnetic Interxference).
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Description of the invention

The object of the present invention is to avoid
the said disadvantages and to provide a method which

produces less EMI.

This object is achieved by provision of a first
partial sequence of voltage pulses which are separated from
one another by pauses and have first peak values and have
rising flanks which are positive with respect to the
reference-earth potential, the reference-earth potential
being decoupled from the electrodes, provision of a second
partial sequence of voltage pulses which are separated from
one another by pauses and have second peak values énd have
rising flanks which are negative with respect to the
reference-earth potential, application of the first partial
sequence of voltage pulses to the electrodes of the first
polarity, application of the second partial sequence of
voltage pulses to the electrodes of the second polarity,
synchronization of the two partial sequences, of voltage
pulses to one another in such a manner that a difference
sequence of voltage pulses 1s produced between the
electrodes of opposite polarity, the magnitudes of the peak
values of the difference sequence being greater than the

magnitudes of the peak values of each of the two individual

partial sequences of voltage pulses.

A circult arrangement according to the invention
for providing pulsed-voltage sequences according to the new
method comprises a first pulse circuit having two output
poles and a control input, which pulse circuit is suitable

for supplying a first sequence of voltage pulses which are

separated from one another by pauses, a second pulse circuit
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having two output poles and a control input, which pulse
circuit is suitable for supplying a second sequence of
voltage pulses which are separated from one another by
pauses, one of the two output poles of the first pulse
circuit being connected to the output pole of opposite
polarity of the second pulse circuit, as a result of which a
difference sequence of voltage pulses can be tapped off
between the free output poles of the two pulse circuits,
which difference sequence corresponds to the difference
between the two individual seqguences of voltage pulses
related to the reference-earth potential, a timer circuit
which 18 connected to the control inputs of the two pulse
cilrcults and drives the latter in such a manner that the two

pulsed-voltage sequences are synchronized to one another.

A lamping system according to the invention
comprising a radiation source, in particular a discharge
lamp, which radiation source is suitable for a discharge
which is impeded dielectrically, the radiation source
comprising the following: an at least partially transparent
discharge vesgsel, which is closed and filled with a gas
filling or is open and has a gas or a gas mixture flowing
through it and is composed of electrically non-conductive
material, and electrodes, at least the electrodes of one
polarity being isolated from the interior of the discharge
vessel by dielectric material, a pulsed-voltage source which
18 connected to the electrodes and is suitable for supplying
voltage pulses which are separated from one another by
pauses wherein the pulsed-voltage source has the features of

the novel circuit arrangement.

The basic idea of the invention is that the

pulsed-voltage sequence is composed of two partial voltage
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sequences in such a manner that the peak values of each
partial voltage sequence are less than the peak values of
the resultant pulsed-voltage sequence, for example only half
as large. This has the advantage that correspondingly less
EMI 1s generated when the partial voltage sequences are
produced. In addition, one of the two partial voltage
sequences contains positive rising flanks with respect to a
reference-earth potential, and the other partial voltage
sequence contains negative rising flanks with respect to

this reference-earth potential. One of the two partial

voltage sequences is
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| preferably the 1inverse, with respect to the reference-

earth potential, of the other partial voltage seduence. |

Tdeally, the EMI produced by the two partial wvoltage l
sequences is completely compensated for at least

5 locally. The higher peak values which are required for |

the discharge which is impeded dielectrically and, in

consequence, the relatively severe EMI, are produced

only where high peak voltages axe actually required,

namely at the 1load, that is to gsay between the

10 electrodes of the radiation source itself, |

According to the invention, this basic idea 1is
implemented in the following method. Two partial

sequences of voltage pulses are produced which are each
15 separated from one another by pauses - also referred to
in the following text as partial voltage sequences, for
short - the two partial segquences having rising flanks
with mutually opposite gradients with respect to a
common reference-earth potential, for example earth.
20 The two partial seguences are superimposed in such a
manner that a difference seguence is produced. If
required, the two partial sequences are synchronized to
one another 1in such a manner that the peak values of
the difference seguence are greater than the peak
25 +wvalues of each of the two individual partial sequences

cf voltage pulses.

The individual pulses in the partial sequences may be
either unipolar or bipolar. The term "bipolar pulser”
30 means that the time-dependent wvoltage changes its
mathematical sign once or more within such a pulse.
Finally, according to the abovementioned method, this
results in unipolar or bipolar difference sequences.
The only critical factor in this case is that the
35 corresponding pulses in the two partial sequences have
(with respect to the common reference potential) rising
flanks with mutually oppos‘ite gradients. In the bipolar
case, the electrodes carry out both the role of the

W
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anode and the role of the cathode, depending on the

phase of the pulse.

Wwhen defining the c¢ritical gradient of the rising
flanks of the respective pulses, the intention is to
ignore signal distortion, which frequently occurs in
practice and i1in some CaBES is even unavoidable, such as
overshoots or undershoots, noise components and the
like which, however, generally make only an
insignificant contribution {«50%) to the xreal power
coupled to the lamp. The important factor for this
analysis is, in fact, those time periods of the pulses
during which the major yeal power inputs (>50%) take

place.

In a preferred variant for the production of a

difference seguence, one partial sequence OL voltage
pulses is formed Dby inverting the other partial

sequence of voltage pulses. synchronization is carried
out in such a mwmanner that the peak wvalues of the

difference sequence are the sum of the peak values of

the partial seguences.

In a further variant, at least one of the Cwo partial
segquences of voltage pulses and/or the difference
sequence have/haa an ofiset DC voltage additively
superimposed on them/it as an additional method step,
rhe total offset DC voltage being chosen such that the
discharge (s) can be extinguished after each wvoltage
pulse, and undesirable regtriking between the
individual voltage pulses is avoided. Specifically., in
this way, a relevant voltage element can be provided by
the DC voltage. This has the advantage that the pulse
circuits need be designed only for the residual voltage

element.,

The circuit arrangement according to the invention IoXY
producing pulsed-voltage segquences in accordance with
the method described above comprises two sSeries-

M

“CA 02268447 1999-04-12
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connected pulse circuits (each having two ocutput poles
and one control input) as well as a timer ecircuit which
is connected to the control inputs of the two pulse
circuits. One of the two output poles of the first

5 pulse circuit is connected to the output pole of
opposite polarity of the second pulse c¢circuit. The
connection of the two said output poles defines the

reference-earth potential with respect to the two free
output poles of the two pulse circuits. In this way,

10 the difference signal of the two signals which are in
each case present between one free output pole and the

reference-earth potential is present between the two
free output poles. The reference-earth potential can |
be, but need not necessarily be, connected to the .
15 circuit earth or to earth potential.

The two pulge c¢circuits are, for example, each

consktructed in accordance with the circuit disclosed in

DE 195 48 003 Al. The advantage in this case over the

20 prior art is that the transformation ratio, and in

consequence the turns ratios, of the two transformers
required forxr a peak voltage which can be predetermined

B WP S — ——

are smaller, for example being only half as great in
the case of a symmetrical design. This results in a

25 further advantage that steeper voltage pulse flanks can
be achieved and, in consequence, higher efficiency of
useful radiation production.

In addition, in many cases in which until now it has

30 Dbeen essential to use a transformer, it is possible to ;
completely dispense with the use of transformers since, I
according to the invention, the doubled peak wvoltage,
which can be produced per pulse circuit, is achieved. i

35 The specific configuration of the pulse circuits will
depend in the individual case on the required peak
values at the electrodes. The advantageous effect of |
the circuit is governed primarily by the fagct that the
two pulse circuits are each suitable for supplyving a

CA 02268447 1999-04-12
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partial sequence of voltage pulses separated from one
another by pauses, the partial voltage sequences each

containing rising flanks with mutually opposite
gradients.

The timer circuit controls the two pulse circuits in

l
such a manner that the two partial voltage sequences |
are synchronized to one another.

10 In one variant, at least one of the two free connecting
poles of the pulse circuits is connected to the pole of '
the respectively opposite polarity of an offset DC
voltage source. The offset DC voltage explained in one
variant of the method is produced in this way.

15

In addition, protection is claimed for a lighting
system which comprises the circuit aArrangement
according to the invention and a radiation source which

i1s operated by means of a pulsed discharge, which is
20 impeded dielectrically.

Deacription of the drawings

The invention will be explained in more detail in the

25 following text with reference to an exemplary
embodiment. In the drawings:

Figure 1 shows a circuit arrangement according to the

invention with a flat radiator, |
30

Figure 2a shows a time detail of the partial wvoltage I

sequence U, (t) from Figure 1 with unipolar
pulses, %

35 Figure 2b ghows a time detail of the partial voltage

sequence U,(t) from Figure 1 with unipolar
Pulses,

Ry virw— Akt A 2 =
s T ST A P
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Figure 2c shows a time detail of the difference wvoltage

sequence U;(t) from Figure 1,

Figure 3a shows a time detail of a further partial .
5 voltage sequence U’,(t),

Figure 3b shows a time detail of a further partial

voltage seqguence U’,(t),

10 Figure 3c shows a time detail of the difference voltage
sequence U‘’,5(t)

Figure 4a shows a time detail of a partial wvoltage
sequence with bipolar pulses U’y (L),
15

Figure 4b shows a time detail of a partial voltage

segquence with bipolar pulses U’ (t),

Figure 4c shows a time detail of the difference voltage ‘
20 sequence U'3(t) .

Figure 1 shows a schematic illustration of the block
diagram of the circuit arrangement according to the
invention for producing pulsed-voltage sequences, and a |

25 flat radiator. The circuit arrangement essentially
comprises a first pulse circuit 1 and a second pulse
circuit 2 as well as a timer 3. Each of the two pulse |
circuits has in each case one control input a; d and i
two output poles b, c¢; e, £. In operation, the two

30 pulse circuits 1, 2 each supply a partial voltage
sequence U; and U;, respectively, between their output
poles b, ¢ and e, £, respectively. Each of the two
control inputs is connected to the timer 3. The timer 3 '
18 used to synchronize the two pulse circuits 1; 2. The

35 positive (+) output pole b of the first pulse circuit 1
and the negative (-) output pole f of the second pulse
circuit 2 are c¢onnected to connections 4 and 5,

respectively. The connections 4 and 5, raespectively,

are rfor their part connected via supply leads 6, 7 to

e e+ 2 ety ————— TS0 e s A s
CA 02268447 1999-04-12
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the flat radiator 8. The respective free output poles
c; e of the two pulse circuits 1, 2 are connected to

one another as well as to earth potential, which is |
used as the reference-earth potential. In conseguence,

5 the two pulse circuits 1, 2 are connected in series,
and a difference wvoltage sequence U is produced, in
operation, Dbetween the positive (+) output pole b of
the first pulse circuit 1 and the negative (-) output
pole £ of the gecond pulse circuit 2,

10
The flat radiator 8 comprises a discharge vessel 9,

cathodes 10 in the form of strips and anodes 11 in the
form of strips, which are impeded dielectrically. The

discharge vessel 9 comprises a base plate 12, a cover
15 plate 13 and a frame 14, all of which have a g
rectangular base area. The base plate 12 and the cover

plate 13 are connected in a gas-tight manner to the

frame by means of glass solder, in such a manner that

- the interior of the discharge vessel 9 is formed in a

20 cuboid shape. The base plate 12 18 larger than the
cover plate 13, guch that the discharge wvegsel 95 has a

free-standing rim all-round. The cathodes 10 and anodes
11 are arranged alternately and par‘allel to one another
at a mutual separation of about 6 mm on the inner wall
25 of the base plate 12. The cathodes 10 and anodes 11 are
| lengthened at mutually opposite ends and are passed out
©f the interior of the discharge wvessel 9, to the
outside, on the base plate 12 on both sides. Onn the rim
of the base plate 12, the cathodes 10 and ancdes 11
30 respectively merge into external electrical supply
leads on the cathode s8ide 15 and on the anode side 16,
respectively. The external electrical supply leads 15,
16 are respectively connected by means of a short
connecting piece 17, 18 to the supply leads 6, 7.
35
The aperture in the cover plate 13 gerves only for
rllustrative purposes and makes it possible to see some
of the anodes 11 and cathodes 10. In the interioxr of
the discharge wvessel 9, the anodes 11 are completely

_—_____—__.____—————W
CA 02268447 1999-04-12
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covered by a glass layef 19, whoz2e thickness is about

250 um. The electrodes 10; 11 and eXternal contacts 15;

16 are produced as different sections of a cathode-side

silver layer structure and an anode-side silver layer
5 structure, which are applied jointly by means of a

screen-printing technique, and subsequent burning-in.

The layer thickness is about 6 um,

In one variant (not illustrated), an offset DC voltage
10 source is connected between the negative connection 5

and the associated supply leads 7.

Figqures 2a to 2c each show time details of the two
partial wvoltage seguences U;(t) and Uz(t) = -Ui(t) as
15 well as the difference sequence Us(t) from Figure 1

schematically and by way of example. Each figure shows
a half-sinusoidal voltage pulse with the peak value U,s,

U, and U.s, respectively, where |Uyg] = |Uis| + [Uas]. ;

20 Figures 3a and 3b show twoe further partial wvoltage

sequences U‘;(t) and U’a(t) in idealized form. 1In

contrast to Figure 2b, an offset DC wvoltage of

amplitude Upc in Figure 3b is additively superimposed on

the voltage signal. This likewise results in an offset
25 DC voltage of amplitude Upe, that is to say

|U’3s] = |U’ 15| + |Uas| + |Unel,

in the difference signal U’‘z(t).

Figures 4a and 4b show two further partial voltage

30 sequences U4 ({t) and U’ (t)=-U'4(t) in idealized form.
In contrast to Figures 2a, 2b, these are partial
voltage sequences with bipolar pulses (sinusocidal). As
before, the individual bipolar pulses are separated
from one another by pauses (in this case: voltage =

35 zero). The resultant difference seqguence I3 (t)
likewise contains bipolar pulses with the two peak
values |U’ss|=|U’1s|+|U’2s| and -U’;5, where U’ys and U'’zs
denote the (positive and negative, respectively) peak
values of the two partial voltage éequences.

P e de s T
P At ———
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The above idealized descriptions ignore the distortion
that often occursg in practice, such as overshoots and

undershoots and the like.

At this point, it should once again be mentioned that

the signal shapes of the partial sequences Up to U’'h1 as
well as U, to U’ in Figures 2a to 4a and 2b to 4b have

only an exemplary character. According to the

10 invention, in particular all those signal shapes which
are disclosed in WO 54/23442 are also suitable and can
be produced by means of the circult arrangement.

WM o
CA 02268447 1999-04-12
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Patent Claims

Methed for producing pulsed-voltage sequences
(Ua(t); U'3(t); U’’3(t)) for the operation of
discharge lamps (8) by means of (a) pulsed
diacharge(s) which is(are) impeded dielectrically,
having

. an at least partially transparent discharge
vessel (9), which is closed and filled with a
gas filling or is open and has a gas or a gas
mixture flowing through it and is composed of
electrically non-conductive material, and

e electrodes of a first polarity (10) and of a
Ssecond polarity (1l1), at least the electrodes
(11) of one polarity being isolated from the
interior of the discharge wvessel by means of
dielectric material (19),

characterized by the following method steps,

. provision of a first partial sequence (U (t) ;

Ua(t); U ’;(t)) of voltage pulses which are
separated from one another by pauses and have
Lirst peak wvalues (Uis; U’se: U’ s) and have
rising flanks which are positive with respect
to the reference-earth potential, the -
reference-earth potential (0) belng decoupled
from the electrodes,

o provision of a second partial sequence

(U2(t); U’'a(t): U'H5(t)) of voltage pulses
which are separated from one another by
rauses and have second peak wvalues (Uzg; U’ag;
U’’25) and have rising flanks which are
negative with respect to the reference-earth
potential (0),

. application of the first partial gegquence

(Up(t); U"y(t) ; U (t)) of voltage puls,es' to

CA 02268447 1999-04-12
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the electrodes (11) of the first polarity
(+),
. application of the second partial sequence
(U2(t); U'2(t); U'2(t)) of voltage pulses to
the electrodes (10) of the sgacond polarity

(") ’

. synchronization of the two partial sequences
(U, (), - Uz2(t) and U’;(t), U’,(t) and U’% (&) ]
'2(t)) of voltage pulses to one another in
such a manner that a difference seqguence
(Ua(t); U’'z(t); U'5(t)) of voltage pulses is
pProduced between the electrodes (10, 11) of
opposite polarity, the mwagnitudes of the peak
values (Uys; U'as: U’'fas(t)) of the difference
sequence (Us(t); U’s(t); U5 (t)) being greater
than the magnitudes of the peak values (Use,
Uzsi U’1s, U’2g5; U'Yg, U'%z5)) of each of the two
individual partial seguences (U;(t), U.(t) and
U,(t), U’a(t) and U, (t), ‘2{(t)) of wvoltage

Method according to Claim 1, characterized in that
the second partial sequence (U, (t); U‘a(t); U (c))
of voltage pulses is formed by inversion of the
first partial sequence (U, (t); Uy (t); U’ (t)) ot
voltage pulses, and in that the Synchronization is
carried out in such a manner that the magnitudes
of the peak values (|Uss|; |U’3s]; |U’3el) of the
difference sequence (U;(t); Ua(t); U'3(t)) are the
Sum of the wmagnitudes of the peak values (| Uyg],
| Uag ) ;| U’1g], | U’ 22] ; U’ s, |U’2s]) of the two
partial sequences (U,(t), U,(t) and Uy(k), U's(t)
and U (), U, (t)).

Method according to one of Claims 1l or 2,
characterized in that, as an additional method
Step, at . least one of the two partial. segquences
(U72(t)) of wvoltage pulse and/or the difference

CA 02268447 1999-04-12



APR.12.1999

10

15

20

25

30

35

-y y——

12: 24FM

YOUNG & THOMPSOMN NO. 969 F.19

- 14 -

sequence have/has an offset DC voltage (Upc)
superimposed on them/it, the total offset DC
voltage being deliberately chosen to be at most 80
great that the discharge(s) can be extinguished
after each voltage pulse and uwndesirable
restriking between the individual wvoltage pulses
is avoided. |
Method according to Claim 3, characterized by an
additional wmethod step in which, during each of
the pauses, the offset DC voltage is pulsed at the
common reference-earth potential

Circuit arrangement for producing pulsed-voltage
Sequences according to the method according to one
Oof Claims 1 to 4 for the operation of discharge
lamps (8) by means of a pulsed discharge which is
impeded dielectrically, having

. a first pulse circuit (1) having two output

poles (b, <) and a control input (a), which
pulse circuit (1) is suitable for supplyving a
first sequence (U,) of voltage pulses which
are separated from one another by pauses,

o &4 second pulse circuit (2) having two output

poles (e, f) and a control input (d), which
pulse circuit (2) is suitable for supplying a
second segquence (U;) of voltage pulses which
are separated from one another by pauses, one
of the two output poles (¢) of the first

Pulse circuit (1) being connected to the
cutput pole (e) of opposite polarity of the
second pulse circuit (2), as a result of

which a difference sequence (U,) of voltage
pulses can be tapped off between Cthe. free
output poles (b, f) of the two pulse circuits
(2, 2), which difference sequence (Uj)
corresponds to the difference betwaen the two
individual sequences (Uy., U,) of wvoltage

CA 02268447 1999-04-12
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pulses related to the reference-earth
potential,
o a timer circuit (3) which is connected to the

control inputs (a, d) of the two pulse
circuits (1, 2) and drives the latter in such
a manner that the two pulsed-voltage
sequences (U;, U,) are sgynchronized to one

another.

Circuit arrangement according to Claim 5,
characterized in that the connection of the output
poles (c, e) of opposite polarity between the two
pulse circuits (1, 2) i3 connected to a reference-
earth potential from the circuit arrangement.

Circuit arrangement according to Claim 6,
characterized in that the reference-earth
potential is the earth potential.

Circuit arrangement according to one of Claims 5
to 7, characterized in that the second pulse
circuit comprises an invertor —circuit, which
inverts the second sequence of voltage pulses with

regpect to the first sedquence.

Circuit arrangement according to one of Claims 5
to 8, characterized by an additional DC circuit,

one pole of which is connected to the free output
pole of opposite polarity of the pulse circuit.

Lighting system having

¢ & radiation source (8) . in particular a
discharge lamp, which zradiation source (8) is
suitable for a discharge which is impeded
dielectrically, the radiation source (8)
comprising the following: .

CA 02268447 1999-04-12
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- an at least partially transparent discharge
vessel (8), which is closed and filled with a
gas filling or 1is open and has a gas Or a gas
mixture flowing through it and is composed of
electrically non-conductive material, and

- electrodes (10, 11), at least the electrodes
(11) of one polarity being isolated from the
interior of the discharge vessel (9) by

dielectric material (19),

a pulsed-veoltage  source (1-3) which 18
connected to the electrodes (10, 1l) and is
suitable for supplying voltage pulses which
are separated from one another by pauses,

characterized in that the pulsed-voltage source
(1-3) has a circuit arrangement having the

features of one or more of Claime 5 to 9.
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