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According to the invention, a dielectrically obstructed discharge Is either superimposed or series-connected In a discharge
chamber (3) on or to a conventional, pulsed, dielectrically unobstructed discharge generated between two electrodes (5, 6). On the
one hand the colour location of the lamp (12) can be deliberately altered and on the other the operating voltages of the discharges
can be reduced via the ratio between the electric powers of the two discharges. The degree to which the colour location can be
affected may be reinforced by a luminophore coating (4). To achieve the operation of the invention, the discharge chamber (3) has
at leat one additional electrode (13, 14) which Is separated from the discharge by a dielectric layer (3).
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According to the invention,

| diclectrically obLstnicted
discharge is cither superimposed
or  scrics-connected in A

discharge chamber (3) on or to a
conventional, pulsed, diclectrically
unobstructed discharge gencrated
| between fwo  clectrodes (5, 6).
On the “‘oifie hand the colour
location of the lamp (12) can be
delit - rely aliered and on the
otle, ! operating voltages of the
discnarges can be reduced via the
| ratio between the electric powers
ol the two discharges, ‘The degree
to which the colour location can
be  affected may be reinforced
by a luminophore coating (4).
To achicve the operation of the
invention, the discharge chamber
(3) has at lecat one additional
clectrode (13, 14) which is
| scparated from the discharge by
a dielectric layer (3).
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D1ISCHARGE LAMP  AND DEVICE FOR OPERATING IT

The invention concerns an operating method for discharge lamps corresponding to the
generic term in Claim 1 and a discharge lamp for use with such opcrating mcthods

corresponding to the generic term in Claim 10,

The method specifically concerns the operation of low pressure noble-gas discharge

lamps, such as are used in the automotive industry for signal and indicator lights.

From DE-U-89 04 853 an AC powered fluorescent lamp is already known. Inside the
discharge chamber of the lamp are two spiral-shaped incandescent clectrodes and one
metallic clement which is scparated from the interior of the discharge chamber by a
dielectric. A discharge is generated in the discharge chamber by the heated spiral-
shaped clectrodes. In addition, a voltage is applicd o the metallic clement during
operation. In this manner the metallic clement functions as a condenser plate for the
discharge so that the clectrical resistance of the discharge plasma is increased, albeit
locahized all the more, the more current density 1s applicd. The object is to spatially
homogenize the Jamp current and therelore the brightness of the lamp with assistance

from the condenser plate and o increase the effectiveness of the Tamp.

In EP-A-0 550 047 an AC-powecred flat fluorescent lam P was shown which has a
discharge chamber constructed of planar plates. On the interior of the plates a pair of
planar electrodes are arranged, which are coated with diclectric glass layers.
Additionally the lamp has a pair of galvanic electrodes in its interior. Both pairs of
clectrodes are operated with a high frequency of cither differing or identical
frequency, in the second case out of phasc with cach other by 90°. The planar
electrodes create capacitatively a plasma which is stable and spattally uniform. The
galvanic clectrodes create a low pressure discharge with a high light output which is,
however, spatially nonuniform. Both discharges supplement cach other to create a

planar light source of high brightness and uniformity.
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Therefore, and because of its flat shape, the lamp is particularly suited for use in the

rear Jlumination of liquid crystal displays.

From EP-A 700 074 a longish lamp with a tubular discharge chamber which is
hermetically sealed on both ends and s filled with neon gas is known. The interior
surface of the discharge chamber is optionally cozited with a phosphor coating,
specifically Y,ALO, :Ce. The interior of the discharge chamber has two opposing

unheated electrodes connected to electrical leads.
The Tamp can be operated by the two following methods:

l. A sinc wave type al lernating voltage, i.c. with a [requency of 60Hz, serves (o
generate a discharge in the discharge chamber whcreby'clcclromugnctic radiation,
primarily in the red and infrared regions of the spectrum with low VUV and UV
proportions, 1s cmitted. In this operating method the Famp emits mostly a red l1ght
and 1s therelore suited, for cxample, for use in automobile brake J; ghts. In this

case a phosphor coating is not used.

2. A pulse voltage, e.g. with a frequency of 12Hz and usual pulse length in us range,

SErves to generate a discharge in the discharge chamber whereby electromagnetic
radiation is likewise emitted in the red and infrared regions of the spectrum, but
clearly with a higher VUV and UV proportion in contrast to operating method

number 1. The VUV and UV radiation excites the
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Y5A1l:0:5:Ce phosphor, which fluoresces in the yellow spectrum

(mid wavelength: 556nm, full width at half maximum (FWHM) :

103nm). Therefore, in this operating method the lamp emits

primarily a yellow light and 1s suited, for example, for use

in automobile turn-signal lamps.

In the case of the pulse operation of the lamp, a

sequence of voltage pulses is applied to the lead-in wires

P

which extend through the ends of the discharge chamber to

the exterior. The voltage pulses are separated from each

other by relatively long pauses (low duty cycle). The pause

' amnd

durations are necessary for the determination of the desired

color locus of the lamp.

Since ionization guickly decreases during the
pulse pauses, relatively high pulse voltages are needed to

reignite the discharge, particularly in the case of long

lamps which have a great distance between the electrodes.

Higher pulse voltages, however, lead to increased

electromagnetic interference radiation that 1s emitted Dby

the lamp and the operating circuit. This can affect

electronic circuitry (EMI = Electromagnetic Interference).

To prevent this, especially in an environment where safety
is a concern, such as automotive engineering, an effective

shielding is reguired. From the high pulse voltages of

operating method #2 a second drawback results. For suiltable

equipment, heavier duty, and therefore more expensive, parts

are reqgquired.

Summary of the Invention

‘According to a first broad aspect, the i1nvention

provides for method for operating discharge lamps with a

—
pvam,

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that



10

15

20

25

30

1

CA 02220571 2004-05-12
77332-5

~-2a-

additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp

is influenced wherein the dielectrically un-impeded pulsed
discharge causes emigsion of radiation having a spectrum

substantially dissimilar from a spectrum of emitted

radiation caused by the dielectrically impeded discharge,
and wherein the level of the voltage pulses required for the
dielectrically un-impeded pulsed discharge 1s reduced SO
that the required level is lower with additional,
dielectrically impeded discharge than without additional

dielectrically impeded discharge.

According to another broad aspect, the invention

provides for method for operating discharge lamps with a

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that

additionally a dielectrically impeded discharge is generated

inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp
ig influenced and the level of the voltage pulses required
for the dielectrically un-impeded pulsed discharge 1s
reduced so that the required level is lower with additional,
dielectrically impeded discharge than without additional
dielectrically impeded discharge, wherein the dielectrically
impeded discharge is generated by a sequence of voltage
pulses, whereby the individual voltage pulses respectively

are separated from each other by pauses.

According to another broad aspect, the invention

provides for method for operating discharge lamps with a

-

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that
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additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral

—

distribution of the radiation emitted by the discharge lamp

is influenced and the level of the voltage pulses required

for the dielectrically un-impeded pulsed discharge 1s

reduced so that the reguired level 1is lower with additional,
dielectrically impeded discharge than without additional
dielectrically impeded discharge, the dielectrically impeded

gt

discharge being generated by a sequence of voltage pulses,

whereby the individual voltage pulses respectively are

separated from each other by pauses, the sequence of the

voltage pulses for the generation of the un-impeded

pr—

discharge being synchronized with the sequence of the

voltage pulses for the generation of the dielectrically

impeded discharge.

According to another broad aspect, the invention

provides for method for operating discharge lamps with a
discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

ingide the discharge chamber, characterized i1in that
additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp

igs influenced and the level of the voltage pulses requilred

for the dielectrically un-impeded pulsed discharge 1s
reduced so that the regquired level is lower with additional,
dielectrically impeded discharge than without additional
dielectrically impeded discharge, the dielectrically impeded

discharge being generated by a sequence of voltage pulses,

whereby the individual voltage pulses respectively are

3

separated from each other by pauses, the same sequence or

voltage pulses being used for the generation of the
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dielectrically impeded discharge as well as the

dielectrically un-impeded discharge.

According to another broad aspect, the invention
provides for method for operating discharge lamps with a
discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that
additionally a dielectrically impeded discharge 1s generated
inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp

is influenced and the level of the voltage pulses required

for the dielectrically un-impeded pulsed discharge 1is
reduced so that the reguired level 1s lower with additional,
dielectrically impeded discharge than without additional

dielectrically impeded discharge, wherein the ratio of the

electrical powers coupled in for the un-impeded as well as

impeded discharges lies within a range of 0.01 and 100.

According to another broad aspect, the i1nvention

provides for discharge lamp suited for operation according

to a method for operating said discharge lamps with a

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that

additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral
distribution of the radiation emitted by the discharge lamp
is influenced wherein the dielectrically un-impeded pulsed
discharge causes emission of radiation having a spectrum
substantially dissimilar from a spectrum of emitted
radiation caused by the dielectrically impeded discharge,

guben

and wherein the level of the voltage pulses required for the

dielectrically un-impeded pulsed discharge 1s reduced sO

that the required level is lower with additional,



10

15

20

25

30

| I

CA 02220571 2004-05-12

 77332-5

~2d -

dielectrically impeded discharge than without additional

dielectrically impeded discharge, with a hermetically sealed

discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend 1in

gas-tight manner through the ends of the discharge chamber

to the exterior, the discharge chamber being additionally

equipped with at least one dielectric electrode.

According to another broad aspect, the invention

provides for discharge lamp suited for operatlon according

to a method for operating said discharge lamps with a

discharge chamber whereby a sequence of voltage pulses
generates a dielectrically un-impeded pulsed discharge
inside the discharge chamber, characterized in that

additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp
is influenced and the level of the voltage pulses required
for the dielectrically un-impeded pulsed discharge 1is
reduced so that the required level is lower with additional,
dielectrically impeded discharge than without additional
dielectrically impeded discharge, with a hermetically sealed
discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in
gas-tight manner through the ends of the discharge chamber

to the exterior, the discharge chamber being additionally

equipped with at least one dielectric electrode, wherein the

dielectric electrode(s) is/are conductively connected to the

electrical leads of the galvanic electrodes.

According to another broad aspect, the invention

provides for discharge lamp suited for operation according

to a method for operating said discharge lamps with a
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discharge chamber whereby a sequence of voltage pulses
generates a dielectrically un-impeded pulsed discharge
inside the discharge chamber, characterized 1n that
additionally a dielectrically impeded discharge 1s generated
inside the discharge chamber and thereby the spectral

g

distribution of the radiation emitted by the discharge lamp

is influenced and the level of the voltage pulses required

for the dielectrically un-impeded pulsed discharge 1s

reduced so that the regquired level 1s lower with additional,
dielectrically impeded discharge than without additional

dielectrically impeded discharge, with a hermetically sealed

discharge chamber containing an 1onizable filling and having

in its interior two opposing unheated galvanic electrodes
connected to electrical leads, whereby the leads extend in
gas-tight manner through the ends of the discharge chamber

to the exterior, the discharge chamber being additionally

equipped with at least one dielectric electrode, wherein the

discharge chamber is tube-shaped and that the dielectric

F

electrode (s) is/are composed of at least one metal strip,

whereby the metal strip(s) is/are aligned essentially

parallel to the longitudinal axis of the discharge chamber,

and wherein the metal strip(s) are applied on at least a

p—

part of the exterior wall of the discharge chamber or

protrude into the exterior wall or are imbedded in the

exterior wall of the discharge chamber.

According to another broad aspect, the invention
provides for discharge lamp suited for operation accordilng
to a method for operating said discharge lamps with a

p——

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed dilscharge

inside the discharge chamber, characterized in that
additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral
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distribution of the radiation emitted by the discharge lamp

f—

is influenced and the level of the voltage pulses required

for the dielectrically un-impeded pulsed discharge 1is

reduced so that the regquired level 1s lower with additilonal,
dielectrically impeded discharge than without additional
dielectrically impeded discharge, with a hermetically sealed

discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in

gas-tight manner through the ends of the discharge chamber

to the exterior, the discharge chamber being additionally
equipped with at least one dielectric electrode, wherein the

discharge chamber is tube-shaped and that the dielectric

electrode(s) is/are composed of at least one metal strip,

whereby the metal strip(s) is/are aligned essentially

parallel to the longitudinal axis of the discharge chamber,

and wherein two metal strips, which function as dielectric

electrodes, are positioned diametrically opposite each

other.

According to another broad aspect, the invention

provides for discharge lamp suited for operation according

to a method for operating said discharge lamps with a

discharge chamber whereby a sequence of voltage pulses
generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that

additionally a dielectrically impeded discharge 1s generated

inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp
ig influenced and the level of the voltage pulses required
for the dielectrically un-impeded pulsed discharge 1is
reduced so that the regquired level is lower with additional,
dielectrically impeded discharge than without additional

dielectrically impeded discharge, with a hermetically sealed
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discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in

gas-tight manner through the ends of the discharge chamber

to the exterior, the discharge chamber being additionally
equipped with at least one dielectric electrode, whereln the

discharge chamber is tube-shaped and that the dielectric

electrode(s) is/are composed of at least one metal strip,

whereby the metal strip(s) is/are aligned essentially

parallel to the longitudinal axis of the discharge chamber,

o —
p— aand

and wherein the relationship of the respective width(s) of

the metal strip(s) to the circumference of the discharge

chamber is within a range of 0.01 and 0.75.

According to another broad aspect, the invention

provides for discharge lamp suited for operation according

to a method for operating said discharge lamps with a

p—
bt

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized i1n that
additionally a dielectrically impeded discharge 1s generated
inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp

is influenced and the level of the voltage pulses required

for the dielectrically un-impeded pulsed discharge 1s

reduced so that the required level 1s lower with additional,

dielectrically impeded discharge than without additional

dielectrically impeded discharge, with a hermetically sealed

discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in
gas-tight manner through the ends of the discharge chamber
to the exterior, the discharge chamber being additiocnally

equipped with at least one dielectric electrode, wherein the
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discharge chamber is tube-shaped and that the dielectric

electrode(s) is/are composed of at least one metal strip,
whereby the metal strip(s) is/are aligned essentially
parallel to the longitudinal axis of the discharge chamber,

and wherein a metal strip which tapers in the direction of

the longitudinal axis of the discharge chamber serves as
dielectrically electrode, whereby the metal strip 1is
connected with that galvanic electrode from which the

tapering end faces away.

According to another broad aspect, the invention
provides for discharge lamp suited for operation according

to a method for operating said discharge lamps with a

discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that
additionally a dielectrically impeded discharge 1s generated
inside the discharge chamber and thereby the spectral
distribution of the radiation emitted by the discharge lamp

is influenced and the level of the voltage pulses required

for the dielectrically un-impeded pulsed discharge 1is

reduced so that the required level 1s lower with additional,

dielectrically impeded discharge than without additional
dielectrically impeded discharge, with a hermetically sealed
discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in
gas-tight manner through the ends of the discharge chamber
to the exterior, the discharge chamber being additionally
equipped with at least one dielectric electrode the

discharge chamber comprises noble gas, specifically one or a

combination of the elements neon, xenon, argon or Xrypton.

According to another broad aspect, the invention

provides for discharge lamp suited for operation according
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to a method for operating said discharge lamps with a
discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

1nside the discharge chamber, characterized in that
additionally a dielectrically impeded discharge is generated

inside the discharge chamber and thereby the spectral

distribution of the radiation emitted by the discharge lamp
1s influenced and the level of the voltage pulses required
for the dielectrically un-impeded pulsed discharge is
reduced so that the required level is lower with additional,
dielectrically impeded discharge than without additional
dielectrically impeded discharge, with a hermetically sealed

discharge chamber containing an ionizable filling and having

in 1ts interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in

gas-tight manner through the ends of the discharge chamber

to the exterior, the discharge chamber being additionally
equipped with at least one dielectric electrode the pressure

of the filling i1s in a range between 1 kPa and 500 kPa.

According to another broad aspect, the invention
provides for discharge lamp suited for operation according
to a method for operating said discharge lamps with a
discharge chamber whereby a sequence of voltage pulses

generates a dielectrically un-impeded pulsed discharge

inside the discharge chamber, characterized in that
additionally a dielectrically impeded discharge is generated
inside the discharge chamber and thereby the spectral
distribution of the radiation emitted by the discharge lamp
is influenced and the level of the voltage pulses required
for the dielectrically un-impeded pulsed discharge is
reduced so that the required level 1s lower with additional,
dielectrically impeded discharge than without additional

dielectrically impeded discharge, with a hermetically sealed
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discharge chamber containing an ionizable filling and having

in its interior two opposing unheated galvanic electrodes

connected to electrical leads, whereby the leads extend in
gas-tight manner through the ends of the discharge chamber
to the exterior, the discharge chamber being additionally
equipped with at least one dielectric electrode the interior

wall of the discharge chamber 1s coated with a phosphor

coating, and wherein the phosphor coating comprises a

phosphor of the general formula Y3Als0,;:Ce.

According to another broad aspect, the inventlion

provides for a discharge lamp comprising: a sealed envelope

having a wall with an exterior side and an interior side,

the interior side defining an enclosed discharge chamber;
the discharge chamber containing an r1onizable filling; a
first unheated, galvanic electrode and a second unheated
galvanic electrode, each galvanic electrode being connected
by respective electrical leads from the exterior and each

galvanic electrode extending through the wall 1n a gas-tight

manner to be exposed to the i1onizable filling contained in

the enclosed discharge chamber; and at least one dielectric

electrode adjacent the exterior side.

An object of the invention 1s to present a method

for pulse operation of discharge lamps by which the spectral

distribution of the radiation emitted from the discharge

—
Al

lamp can be precisely influenced and the required level of

the voltage pulses, in comparison to conventional methods,

can be lowered.

This object is reached in accordance with the
invention by the characterizing features of Claim #1.
Further advantageous features are presented 1in the

respective sub-claims.
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A further object of the invention is to offer a discharge lamp which is suited for

operation under the specified method according (o the invention.

This object is reached according to the invention by the characterizing features of

Claim #10. Further advantageous features are presented 1n the respective sub-claims.

The main concept of the invention concerns the production of a dielectrically
impeded discharge in the discharge chamber in addition to the conventional pulsed
discharge between the lamp electrodes in a discharge lamp. By this measure the
spectral distribution of the radiation emitted from the discharge lamp can be precisely

influenced and the required level of the voltage pulses, in comparison to conventional

methods, can be lowered.

Diclectrically impeded discharges differ from conventional (un-impeded) discharges
in that cither one clectrode (sigle-sided diclectrically impeded discharge) or both
clectrodes (double-sided diclectrically im peded discharge) 1s/are separated from the
discharge by a diclectric layer. In this case the diclectric layer can take the form of an
at least partial enveloping of at Icast one clectrode. Likewise (he diclecetric layer can
be formed by the wall of the discharge chamber isclf, if the electrode(s) isfare
arranged outside the discharge chamber, for instance, on the surface thercof. For
simplicity’s sake, such electrodes will be referred to hercinafter as “diclectric
clectrodes”. For differentiation, electrodes which immediately border on the
discharge, that is, without a diclectric separation layer, will be referred to hereinafter

as “galvanic electrodes”.

The method in accordance with the invention provides -- in addition to (he sequence
of voltage pulses required for the generation of the dielectrically un-impeded pulsed
discharge -- the use of a time-variable voltage to generate the dielectrically impeded
discharge. As time-variable voltages, for example, alternating voltages and

particularly a sequence of voltage pulses are suitable, whereby the individual voltage

pulses are separated by pauses respectively.
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In principle, multiple pulse forms, for example, triangular and square wave shapcs,
are suitable for the voltage pulses, both for the generation of the un-impeded as well
as the dielectrically impeded discharge. The pulse width is typically between 0.10s
and S50us. For efficient radiation generation it is necessary that the pulses be

separated by pauses. Typical pulse-pause ratios are within 0.001 and (0.1. The pulsc

sequences described in WO 94/234472 are especially suited for this application.

The optical spectrum of the radiation emitted by the lamp can be influenced by the
ratio of the average electrical powers coupled into the conventional (dielectrically un-
impeded) as well as into the dielectrically impeded discharges. The reason for this
lies 1n the differing particle kinctics of the two discharge types. Consequently, the
spectral composition of the radiation emitted 1n each case is different. According to
the rato of the clectric powers coupled in, the radiation proportions of the respective
speetral components of both discharge types of the total radiation of the discharge

lamp change and, conscquently, so also the entire spectrum, thus the color locus.

The ratio of the powers 1s inlluenced by the pulse scquence(s), particularly the
durations as well as the amplitudes of the pulses and the pauses and/or, optionally, the
[requency of the alternating voltage, the configuration of the clectrodes as well as the
type and pressure of the lamp’s filling. Typical ratios of the clectric powers of un-
impeded discharge to impeded discharge lic in a range between 0.01 and 100,

preferably in a range between 0.5 and 10.

The influence of the color locus can also be supported by the use of a suttable
phosphor. For this the inner wall of the discharge chamber is provided with a

phosphor coating which converts the UV and VUV radiation of the discharge into
light.

The selection of the 1oni1zable filling and, optionally, the phosphor coating is
dependent on the end use of the lamp. Ideally suited for these purposes are the noble

gases, ¢.g. ncon, argon, krypton and xenon, as well as mixtures of noble gases. Of
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course, other [ill substances can also be used, c. g, all substances which commonly
find use in the generation of light, particularly Hg mixtures and noble gas-Hg

mixtures as well as rare carths and their halides.

Un-impeded discharges cause a relatively wideband excitation of the atoms in the
filling, that is, atomic states of different excitation levels are occupied. In the case of
ncon, for example, this excitation takes the form of radiation in the red region of the
optical spectrum. In contrast to this, the use of a dielectrically impeded discharge
and, in particular, the use of the pulsed diclectrically impeded discharge permits a
selective coupling-in of cncrgy. i such a way that, for the most part, only the
resonance level and few levels in the immediate vicinity of the resonance level arc
excited. From the atoms in metastable states there form, as a result of further
collistons, very cfficient short-lived, excited molccules, so called “excimers®, in the
casc of ncon, for example Ne,. Molecular band radiation is generated during the
decay of the excimers. Noble gas excimers emit in the UV and VUV spectral range.
As an cxample, Ne, has a maximum intensity at approxmately 85nm. By phosphors
such as Y, ALO,,:Ce, this short-wave, invisible radiation can be converted into visible

radiation, in the previous example a yellow light.

This effect 1s particularly clear with phosphors of high cxcitability in the excimer
cmission range. Through this a new, independent possibility for the determination of

the color locus is opened.

In the case that the dielectrically impeded discharge is driven with pulses like the un-
impeded discharge, the two pulse sequences will be synchronized to one another Lo
provide a lamp operation that is uniform over time. In a simplified variant this is
attained 1n that the same sequence of voltage pulses 15 used both for generating the

dielectrically impeded as well as dielectrically un-impeded discharges.

In a preferred application of the method, the pulsed diclectrically impeded discharge
1s connected temporally in advance of the un-impeded discharge, in such a way that a

sutficient amount of start electrons are made available for the un-im peded discharge.



CA 02220571 1997-11-10

-6-

In this way the impeded discharge - in addition to the advantage of the independent
adjustability of the spectral distribution of the emitted radiation - permits to lower the

voltage required for the operation of the un-impeded discharge.

A permanent reduction of the required voltage pulscs for the un-impeded discharge
can be rcached 1n that the voltage pulses applied to the dielectric electrodes in each
case are temporally 1n advance of the voltage pulses applied to the galvanic
clectrodes. However, this requires either two sychronizable supply devices or a
precise measure in order to temporally shift the two pulse sequences against one other

in the desired fashion.

This drawback is avoided in a preferred variant of the method in that firstly, the same
scquence of voltage pulses 1s used both for the gencration of the diclectrically
impeded as well as the un-impeded discharges. Sccondly, the clectrode
configurations arc specifically chosen so that the ignition voltage ol the diclectrically
impeded discharge 1s smaller than that of the un-impeded discharge. To fullill the
first condition, the respective current Icads ol a galvanic and a diclectric clectrode arce
clectrically connected to one another. The sccond requircment is a sufficiently short
distance between the diclectrically impeded electrodes in comparison to the un-
impeded electrodes. In tube-like discharge chambers with longitudinally arranged
galvanic clectrodes this 1s castly accomplished in that, for example, two cleclrodes. are

transversely arranged on the exterior wall of the chamber.

As a result of these measures, {irst a dielectrically impeded discharge sets in, which
on the one hand generates UV and VUV radiation which cfficiently excites

phosphors, and on the other hand reduces the operating voltage of the un-impeded

discharge.

The discharge lamp according to the invention, suitable for the operation under the
aforementioned method according to the invention, in its simplest application,
exhibits only a single additional third electrode other than the two existing galvanic

clectrodes. A first one of the two galvanic clectrodes in this case assumes two
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functions. On the one hand it serves, as customary, together with the second galvanic
clectrode, to generate the conventional un-impeded discharge. Secondly, it scrves,
together with the additional third electrode, to generate a single-sided dielectrically
ympeded discharge. For this purpose, the third clectrode must necessarily be a
dielectrically electrode. Additionally, and according to the teachings in WO

94/23442, 1t 1s advantageously connected with anode potential in respect to the

corresponding un-impeded counterelectrode,

If a most symmetrical brightness distribution from the lamp and, therefore, also
symmeltrical discharge conditions inside the discharge chamber are desired, an
additional fourth electrode is advantageous. The fourth, dielectric electrode then
serves together with the third, also diclectric, electrode to generate a dual-sided
diclectrically impeded discharge. A further advantage of the arrangement with two
diclectric and two galvanic electrodes exists in the capability that the average powers
coupled m for both discharges can be chosen independently of cach other. From this
results an even greater freedom in adjusting the spectral distribution and/or the color

locus.

The shape of the diclectric clectrodes is advantageously suited to the shape of the
discharge chamber. Strip-like metal electrodes arranged along the longitudinal lamp

axi1s arc particularly suited with tube-like discharge chambers.

In a cost-effective application the dielectric electrode(s) is/are positioned on the
exterior wall of the discharge chamber, for example, as applied metal strip(s) or as
thin sprayed on, strip-type metallic coating(s). The advantage of this solution is that
additional gas-tight lead-in wires as well as dielectric layers can be omitted. As a
staring point, a conventional lamp can serve. In a more complex variant the metal
strip(s) protrude(s) into the exterior wall of the discharge chamber and is/arc
imbedded or entirely encased in the wall of the discharge chamber. By thesc
measures the metal strips are affixed to the discharge lamp. The drawback is an

increased complexity in the manufacture and, therefore, hi gher costs,
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In a variant of this application the diclectric electrodes are connected to one each of
the Ieads of the galvanic electrodes. The advantage over separate electrode leads is
that only one supply device is required for both discharges. On the other hand, a
separate supply for the galvanic and the diclectric electrodes offers the capability to
optimize the corresponding supply device to the specific requircments of the

respective discharge types.

A mctal strip tapering at one end is best suited in the casc of a sin gle dielectric
electrode. The metal strip is advantageously connected to that galvanic electrode from
which the tapering end points away. By this measure a nearly uniform, single-sided,
diclectrically impeded discharge is guaranteed along the entire strip and in the

direction of the corresponding galvanic counterelectrode.

[n an application of the lamp for automobile engincering, a tube-shaped discharge
chamber is filled with ncon having a filling pressure in a range between 1kPa and
200kPa, preferably between 5 kPa and 50kPa. The interior wall of the discharge
chamber 1s coated with a VUV excitable phosphor, for example, Y, ALO,,:Ce. The
galvanic clectrodes are two opposing clectrodes, specifically cold cathodes, which are
arranged n the intertor of the discharge chamber. On the exterior wall of the
discharge chamber at lcast onc metallic clectrode, specifically, at least one metal strip
1s applied as a dielectric clectrode. In operation in accordance with the method of the

mvenuon, the lamp lights yellow and serves as a turn signal lamp.
The invention is further described below in some application examples.

Fig. 1 A tube-shaped fluorescent lamp with galvanic clectrodes according to the

prior art as well as an operating apparatus for the operation of this lamp,

Fig. 2 A tube-shaped {luorescent lamp according to the invention with galvanic

electrodes and two diclectric electrodes connected thereto,
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Fig 3. Like Figurc 2, but with electrically separately supplied galvanic and diclectric

clectrodes,

Fig 4. Like Figure 2, but with only one metal strip tapering on one side and

functioning as the dielectric electrode,

Fig. 5 A comparison of the color coordinates of the lamp [rom Figure 4 under

different operating methods.

In Figure 1 a tube-shaped fluorescent lamp 1 according to the prior art as well as a
ballast 2 for the operation of the lamp is schematically depicted. The [luorescent
lamp 1 consists of a circular cylindrical discharge chamber 3 closed on both ends, the
interior wall of which is coated with a phosphor coating 4 of Y,ALO,,:Ce, as well as
two metallic clectrodes 5, 6 (“galvanic clectrodes”) located in the interior of the
discharge chamber 3. The length of the discharge chamber 3 of hard glass 1s
approximately 315mm, the interior diameter approximately 3mm and the thickness of
the chamber wall approximately Imm. Inside the discharge chamber 3 is ncon at a
filling pressure of approximaltely 13.3kPa. The two cu p-shaped clectrodes 5, 6 are
oriented in the direction of the lamp’s longitudinal axis and are located 305mm from
cach other. The electrodes 3, 6 respectively are each connected with a lead 7, 8
which protrude out of the ends of the discharge chamber 3 in gas-tight manner. The
ballast 2 consists of a generator 9 and a high voltage transformer 10. The secondary
winding 11 of the high voltage transformer 10 is connected to the electrodes 5 , 0 via
the leads 7, 8.

In the following explanatory Figures similar reference numbers are applied to

identical parts and are therefore not explicitly explained anew.

Figure 2 shows an application example of a tubular fluorescent lamp schematically
depicted according to the invention. In comparison to the prior art in Figure 1, the
fluorescent lamp 12 in Figure 2 has an additional two dielectric clectrodes 13, 14.

The respective dielectric electrodes 13, 14 are constructed of metal stri ps and are
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applicd on the exterior wall of the discharge chamber 3 diamelrically to cach other
and parallel to the longitudinal lamp axis. The width of the metal Strips 18
approximately 2 mm. The metal strips 13, 14 are connected with lcad-in wires 15,16
which 1n turn are cach connected with a Icad 7 or 8 of the galvanic clectrodes. The
metal strips 13, 14 extend from the clectrodes 5, 6 with which they are connected
over a portion of the length of the discharge chamber 3. These measures insure
sulticient distances between the metal strips 13, 14 and the galvanic electrodes S, 6
with opposing potential. In this manner, undesired parasitic discharges between the
metal strips 13, 14 and the galvanic electrodes 5, 6 arc prevented. As desired, a
double-sided diclectrically impeded discharge burns inside the discharge chamber 3
along the entire region in which the metal strips 13, 14 oppose cach other.
Consequently the phosphor coating 4 is excited to luminescence over almost (he

cntire length ol the discharge chamber 3.

In Frgure 3 a further application example of a tube-shaped Muorescent lamp according
to the mvention is schematically depicted. In contrast to the [Tuorescent fam p 12 1
Frigure 2, in Figure 3 the diclectric clectrodes 17, 18 of the [Tuorescent lamp 19 are
hot connceted to the galvanic clectrodes 5, 6 but are connected with the sccondary
cotl 20 of an additional ballast 21. The ballast 21 for the diclectric clectrodes 17, 18
1s synchronized with the ballast 2 for the galvanic clectrodes 5, 6 via a wire 22 that -

carries the synchronizing signal.

Figure 4 shows an application example of a tubular fluorescent lamp 23 according to
the mvention with only one dielectric electrode 24. The diclectric electrode 24
consists of a metal strip tapering on one side which is glued to the exterior wall of the
discharge chamber 3. The trapeze-shaped metal strip 24 with rounded edges is
connected along with the first galvanic electrode 6 to a pole of the secondary coil 11
of the high voltage transformer 2. The metal strip 24 is oriented parallel to the
longitudinal axis of the lamp 23, whereby the tapering end 24a points away from the
first galvanic electrode 6 and towards the second galvanic electrode 5, that is, the
counterelectrode. The second galvanic electrode 5 is connected to the other pole of

the secondary coil 25. In this manner, a single-sided, diclectrically impeded
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discharge burns, nearly uniformly distributed in longitudinal direction, between the

metal strip 24 and the second galvanic electrode 5-

The application of the invention as in the example of its usage as an automotive turn
signal lamp 1s clear in Figure 5 specifically in relation to the adjustability of the color
locus and from the table pertaining to the reduction of the voltage pulses. In Figure 5
the color coordinates of the lamp in Figure 4 are displayed, measured during the
operation according to the method of the invention (measuring point A), that is, with
un-impeded and additionally with diclectrically impeded discharge. In comparison,
measuring point B shows the color coordinates measured during the operation
according to the conventional method, that is, only with un-impeded discharge. To
realize the conventional method the lead-in wires 15 , 16 of the two diclectric
clectrodes 13, 14 of the fluorcscent lamp 12 were disconnected. Mcasuring point C
marks the case ol the purely diclectrically impeded discharge, whereby the leads 7, &
ol the two galvanic clectrodes 5, 6 of the luorescent lamp 12 are disconnected. In
the examples presented the same ballast 9 is used for all three opcrating methods.
The ballast 9 provides unipolar negative hall-sine-like voltage pulscs with pulse
widths ol approximately lus and pause lengths of 50us. Additionally, the SAEJS78
and ECE coordinates arc plotted, which show the requircments of the color locus for
automotive turn signal lights for the US and European markets. It is castly scen how,
by means of the invention, the color locus is intentionally shifted in the direction of
the ECE color arca. With equal power (40W) coupled in approximately the same
luminous flux (approximately 390 Im) is attained for measuring points A and B. At
the same time a reduction of the required level of the voltage pulses from
approximately 8.5kV to 5.2kV is achicved. As a result the necessity for shielding
against electromagnetic interference radiation is greatly reduced. Further, the high
voltage transformer and the switching elements of the ballast 9 can be made smaller,
which offers certain cost benefits. For the purely dielectrically impeded discharge,
only 10W are coupled in at pulse voltages of approximately 6kV and the luminous
[lux upon use of the phosphor Y,ALO, :Ce reaches 70 Im. The aforementioned

values are displayed together in the following table for all three methods of operation.



- CA 02220571 1997-11-10

-12-

Measuring Point A B C
Method of un-impeded + ~un-impeded dielectrically impedced

. dielectrically impeded (conventional)
Opcration (as per the invention)
Pulse Level 5.2 kV 3.5 kV o6 kV
Electrical Power 40W 40W 10W
Luminous Flux 391 Im 390 Im 70 Im

Table: Comparison of a selection of operational data for the measuring points plotted in

Figure 5

The 1vention is not limited to the application examples shown. In particular,
individual characteristics of diffcrent application examples can be combined with one

another.
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CLAIMS:

1. Method for operating discharge lamps (12;19;23)

"

with a discharge chamber (3) whereby a sequence of voltage

pulses generates a dielectrically un-impeded pulsed

characterized in

discharge inside the discharge chamber (3),
that additionally a dielectrically impeded discharge 1s
generated inside the discharge chamber (3) and thereby the

spectral distribution of the radiation emitted by the

discharge lamp (12;19;23) is influenced wherein the
dielectrically un-impeded pulsed discharge causes emission
of radiation having a spectrum substantially dissimilar from

a spectrum of emitted radiation caused by the dielectrically

impeded discharge, and wherein the level of the voltage
pulses required for the dielectrically un-impeded pulsed
discharge is reduced so that the required level 1s lower
with additional, dielectrically impeded discharge than

without additional dielectrically impeded discharge.

2. Method for operating discharge lamps (12;19;23)
with a discharge chamber (3) whereby a sequence of voltage
pulses generates a dielectrically un—impeded pulsed
discharge inside the discharge chamber (3), characterized in
that additionally a dielectrically impeded discharge 1s
generated inside the discharge chamber (3) and thereby the

spectral distribution of the radiation emitted by the

discharge lamp (12;19;23) is influenced and the level of the

voltage pulses required for the dielectrically un-impeded
pulsed discharge is reduced so that the required level 1is
lower with additional, dielectrically impeded discharge than
without additional dielectrically impeded discharge, wherein

the dielectrically impeded discharge is generated by a

sequence of voltage pulses, whereby the individual voltage

pulses respectively are separated from each other by pauses.
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3. Method based on c¢laim 2, characterized in that the

pulse widths lie in a range of 0.1lpus and 50us and that the

pulse pause ratio lies in a range between 0.001 and 0.1.

4 . Method for operating discharge lamps (12;19;23)

with a discharge chamber (3) whereby a sequence of voltage
pulses generates a dielectrically un-impeded pulsed
discharge inside the discharge chamber (3), characterized in
that additionally a dielectrically impeded discharge 1s
generated inside the discharge chamber (3) and thereby the

spectral distribution of the radiation emitted by the

discharge lamp (12;19;23) is influenced and the level of the

gr—

voltage pulses required for the dielectrically un-impeded

pulsed discharge is reduced so that the required level 1s

lower with additional, dielectrically impeded discharge than
without additional dielectrically impeded discharge, the
dielectrically impeded discharge being generated by a

sequence of voltage pulses, whereby the individual voltage

pulses respectively are separated from each other by pauses,

"

the sequence of the voltage pulses for the generation of the

t il

un-impeded discharge being synchronized with the sequence Oo:

the voltage pulses for the generation of the dielectrically

impeded discharge.

5. Method based on claim 4, characterized in that the

sequence of voltage pulses for the generation of the
dielectrically impeded discharge is connected temporally 1n

advance of the sequence of the voltage pulses for the

' and

generation of the un-impeded discharge.

6. Method for operating discharge lamps (12;19;23)

with a discharge chamber (3) whereby a sequence of voltage

pulses generates a dielectrically un-impeded pulsed

discharge inside the discharge chamber (3), characterized in

that additionally a dielectrically impeded discharge 1is
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generated inside the discharge chamber (3) and thereby the

g

spectral distribution of the radiation emitted by the

discharge lamp (12;19;23) is influenced and the level of the

voltage pulses required for the dielectrically un-impeded
5 pulsed discharge is reduced so that the required level 1is

lower with additional, dielectrically impeded discharge than

without additional dielectrically impeded discharge, the

dielectrically impeded discharge being generated by a

sequence of voltage pulses, whereby the individual voltage

10 pulses respectively are separated from each other by pauses,

the same sequence of voltage pulses being used for the
generation of the dielectrically 1mpeded discharge as well

as the dielectrically un-impeded discharge.

7. Method for operating discharge lamps (12;19;23)
15 with a discharge chamber (3) whereby a sequence of voltage
pulses generates a dielectrically un-impeded pulsed

discharge inside the discharge chamber (3), characterized in

that additionally a dielectrically impeded discharge 1s
generated inside the discharge chamber (3) and thereby the

20 spectral distribution of the radlation emitted by the

discharge lamp (12;19;23) 1is influenced and the level of the

voltage pulses required for the dielectrically un-impeded

pulsed discharge is reduced so that the required level 1is
lower with additional, dielectrically impeded discharge than

25 without additional dielectrically impeded discharge, wherein

the ratio of the electrical powers coupled i1n for the

un-impeded as well as impeded discharges lies withln a range

of 0.01 and 100.

8. Method based on claim 7, characterized in that the

30 rTatio is between 0.5 and 10.

S, Method based on claim 1, characterized i1n that the

discharge chamber (3) is provided with a phosphor coating
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(4) in order to thereby support the influence on the

spectral distribution of the radiation emitted by the

discharge lamp (12;19;24) and the color locus of the
discharge lamp (12;19;24).

10. Discharge lamp (12;19;23) suited for operation

according to a method for operating said discharge lamps
(12:;19;23) with a discharge chamber (3) whereby a sequence
of voltage pulses generates a dielectrically un-impeded

pulsed discharge inside the discharge chamber (3),

characterized in that additionally a dielectrically impeded

'discharge is generated inside the discharge chamber (3) and

thereby the spectral distribution of the radiation emitted
by the discharge lamp (12;19;23) 1is influenced wherein the

dielectrically un-impeded pulsed discharge causes emission

of radiation having a spectrum substantially dissimilar from

a spectrum of emitted radiation caused by the dielectrically

impeded discharge, and wherein the level of the voltage

pulses required for the dielectrically un-impeded pulsed

discharge is reduced so that the required level 1s lower

with additional, dielectrically impeded discharge than

without additional dielectrically impeded discharge, with a
hermetically sealed discharge chamber (3) containing an

ionizable filling and having in its interior two opposing

unheated galvanic electrodes (5,6) connected to electrical

leads (7,8), whereby the leads (7,8) extend in gas-tight

manner through the ends of the discharge chamber (3) to the

exterior, the discharge chamber (3) being additionally
equipped with at least one dielectric electrode

(13,14;17,18;24) .

11. Discharge lamp (12;19;23) suited for operation

according to a method for operating said discharge lamps

(12:;19;23) with a discharge chamber (3) whereby a sequence

of voltage pulses generates a dielectrically un-impeded
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pulsed discharge inside the discharge chamber (3),
characterized in that additionally a dielectrically i1mpeded

discharge is generated inside the discharge chamber (3) and

thereby the spectral distribution of the radiation emitted

by the discharge lamp (12;19;23) 1is influenced and the level

of the voltage pulses required for the dielectrically un-

impeded pulsed discharge is reduced so that the requilred

level is lower with additional, dielectrically impeded

discharge than without additional dielectrically impeded

discharge, with a hermetically sealed discharge chamber (3)
containing an ionizable filling and having in its 1nterior
two opposing unheated galvanic electrodes (5,6) connected to
electrical leads (7,8), whereby the leads (7,8) extend in
gas-tight manner through the ends of the discharge chamber
(3) to the exterior, the discharge chamber (3) beiling
additionally equipped with at least one dielectric electrode

(13,14:17,18;24), wherein the dielectric electrode (s)

(13,14) is/are conductively connected to the electrical

leads (7,8) of the galvanic electrodes (13,14).

12. Discharge lamp according to claim 10,

characterized in that the discharge chamber (3) 1s tube-
shaped and that the dielectric electrode(s) (13,14;17,18;24)
is/are'composed of at least one metal strip, whereby the
metal strip(s) (13,14;17,18;24) is/are aligned essentially

oo

parallel to the longitudinal axis of the discharge chamber

(3) .

13. Discharge lamp (12;19;23) suited for operation
according to a method for operating said discharge lamps
(12:19;23) with a discharge chamber (3) whereby a sequence
of voltage pulses generates a dielectrically un-impeded
pulsed discharge inside the discharge chamber (3),
characterized in that additionally a dielectrically 1mpeded

discharge is generated inside the discharge chamber (3) and
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thereby the spectral distribution of the radiation emitted

by the discharge lamp (12;19;23) 1s influenced and the level

of the voltage pulses required for the dielectrically un-
impeded pulsed discharge is reduced so that the required

level is lower with additional, dielectrically 1mpeded

discharge than without additional dielectrically impeded
discharge, with a hermetically sealed discharge chamber (3)
containing an ionizable filling and having in 1ts interior

two opposing unheated galvanic electrodes (5,6) connected to

electrical leads (7,8), whereby the leads (7,8) extend 1in

gas-tight manner through the ends of the discharge chamber
(3) to the exterior, the discharge chamber (3) being

additionally equipped with at least one dielectric electrode

(13,14:;17,18;24), wherein the discharge chamber (3) 1s tube-

shaped and that the dielectric electrode(s) (13,14;17,18;24)

is/are composed of at least one metal strip, whereby the

metal strip(s) (13,14;17,18;24) is/are aligned essentially

parallel to the longitudinal axis of the discharge chamber
(3), and wherein the metal strip(s) (13,14;17,18;24) are
applied on at least a part of the exterior wall of the
discharge chamber (3) or protrude into the exterilior wall or

are imbedded in the exterior wall of the discharge chamber.

14 . Discharge lamp (12;19;23) suited for operation

according to a method for operating said discharge lamps

(12:19:23) with a discharge chamber (3) whereby a seqguence

of voltage pulses generates a dielectrically un-impeded

pulsed discharge inside the discharge chamber (3),

characterized in that additionally a dielectrically impeded
discharge is generated inside the discharge chamber (3) and
thereby the spectral distribution of the radiation emitted
by the discharge lamp (12;19;23) is influenced and the level
of the voltage pulses required for the dielectrically un-

impeded pulsed discharge is reduced so that the required
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level 1is lower with additional, dielectrically impeded
discharge than without additional dielectrically impeded
discharge, with a hermetically sealed discharge chamber (3)
contailning an ionizable filling and having in its interior
two opposing unheated galvanic electrodes (5,6) connected to
electrical leads (7,8), whereby the leads (7,8) extend in
gas-tight manner through the ends of the discharge chamber
(3) to the exterior, the discharge chamber (3) being
additionally equipped with at least one dielectric electrode
(13,14;17,18;24), wherein the discharge chamber (3) is tube-
shaped and that the dielectric electrode(s) (13,14;17,18;24)
is/are composed of at least one metal strip, whereby the
metal strip(s) (13,14;17,18;24) is/are aligned essentially
parallel to the longitudinal axis of the discharge chamber
(3), and wherein two metal strips (13,14;17,18), which
function as dielectric electrodes, are positioned

diametrically opposite each other.

15. Discharge lamp (12;19;23) suited for operation
according to a method for operating said discharge lamps
(12;19;23) with a discharge chamber (3) whereby a segquence
of voltage pulses generates a dielectrically un-impeded

pulsed discharge inside the discharge chamber (3),

characterized in that additionally a dielectrically impeded
discharge is generated inside the discharge chamber (3) and
thereby the spectral distribution of the radiation emitted
by the discharge lamp (12;19;23) is influenced and the level
of the voltage pulses required for the dielectrically un-
impeded pulsed discharge 1s reduced so that the required
level 1s lower with additional, dieiectrically impeded
discharge than without additional dielectrically impeded

discharge, with a hermetically sealed discharge chamber (3)

containing an ionizable filling and having in its interior

two opposing unheated galvanic electrodes (5,6) connected to
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electrical leads (7,8), whereby the leads (7,8) extend in
gas-tight manner through the ends of the discharge chamber

(3) to the exterior, the discharge chamber (3) being
additionally equipped with at least one dielectric electrode
(13,14;17,18;24), wherein the discharge chamber (3) is tube-
shaped and that the dielectric electrode(s) (13,14;17,18;24)
is/are composed of at least one metal strip, whereby the

metal strip(s) (13,14;17,18;24) is/are aligned essentially

parallel to the longitudinal axis of the discharge chamber

(3), and wherein the relationship of the respective width(s)

1}

of the metal strip(s) (13,14;17,18) to the circumference o:

the discharge chamber is within a range of 0.01 and 0.75.

16. Digcharge lamp (12;19;23) suited for operation
according to a method for operating said discharge lamps
(12;19;23) with a discharge chamber (3) whereby a sequence
of voltage pulses generates a dielectrically un-impeded
pulsed discharge inside the discharge chamber (3),
characterized i1n that additionally a dielectrically impeded
discharge is generated inside the discharge chamber (3) and
thereby the spectral distribution of the radiation emitted
by the discharge lamp (12;19;23) is influenced and the level
of the voltage pulses required for the dielectrically un-
impeded pulsed discharge is reduced so that the reguired
level is lower with additional, dielectrically impeded
discharge than without additional dielectrically impeded
discharge, with a hermetically sealed discharge chamber (3)
containing an ionizable filling and having in its interior
two opposing unheated galvanic electrodes (5,6) connected to
electrical leads (7,8), whereby the leads (7,8) extend in
gas-tight mannér through the ends of the discharge chamber
(3) to the exterior, the discharge chamber (3) being
additionally equipped with at least one dielectric electrode

(13,14;17,18;24), wherein the discharge chamber (3) is tube-
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shaped and that the dielectric electrode(s) (13,14;17,18;24)
is/are composed of at least one metal strip, whereby the
metal strip(s) (13,14;17,18;24) is/are aligned essentially
parallel to the longitudinal axis of the discharge chamber
(3), and wherein a metal strip (24) which tapers in the
direction of the longitudinal axis of the discharge chamber
(3) serves as dielectrically electrode, whereby the metal
strip 1s connected with that galvanic electrode (6) from

which the tapering end faces away.

17. Discharge lamp (12;19;23) suited for operation

according to a method for operating said discharge lamps

(12;19;23) with a discharge chamber (3) whereby a sequence

of voltage pulses generates a dielectrically un-impeded
pulsed discharge inside the discharge chamber (3),
characterized in that additionally a dielectrically impeded
discharge is generated inside the discharge chamber (3) and
thereby the spectral distribution of the radiation emitted

by the discharge lamp (12;19;23) 1s influenced and the level

of the voltage pulses required for the dielectrically un-
impeded pulsed discharge 1s reduced so that the required
level 1s lower with additional, dielectrically impeded
discharge than without additional dielectrically impeded
discharge, with a hermetically sealed discharge chamber (3)
containing an ionizable filling and having i1n 1ts i1nterior
two opposing unheated galvanic electrodes (5,6) connected to
electrical leads (7,8), whereby the leads (7,8) extend in
gas-tight manner through the ends of the discharge chamber
(3) to the exterior, the discharge chamber (3) being
additionally egquipped with at least one dielectric electrode
(13,14;17,18;24) the discharge chamber (3) comprises noble
gas, specifically one or a combination of the elements neon,

Xenon, argon or krypton.
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18. Discharge lamp (12;19;23) suited for operation
according to a method for operating said discharge lamps
(12:19;:;23) with a discharge chamber (3) whereby a sequence
of voltage pulses generates a dielectrically un-impeded

pulsed discharge inside the discharge chamber (3),

characterized in that additionally a dielectrically impeded

discharge is generated inside the discharge chamber (3) and

thereby the spectral distribution of the radiation emitted
by the discharge lamp (12;19;23) is influenced and the level
of the voltage pulses required for the dielectrically un-

impeded pulsed discharge is reduced so that the required

level is lower with additional, dielectrically impeded
discharge than without additional dielectrically impeded
discharge, with a hermetically sealed discharge chamber (3)
containing an ionizable filling and having in 1its interior
two opposing unheated galvanic electrodes (5,6) connected to

el

gas-tight manner through the ends of the discharge chamber

actrical leads (7,8), whereby the leads (7,8) extend 1in

el

(3) to the exterior, the discharge chamber (3) belng

additionally equipped with at least one dielectric electrode
(13,14;17,18;24) the pressure of the filling is 1n a range
between 1 kPa and 500 kPa.

19. Discharge lamp according to claim 10,

characterized in that the interior wall of the discharge

chamber (3) is coated with a phosphor coating (4).

20. Discharge lamp (12;19;23) suited for operation

according to a method for operating said discharge lamps

(12:19;23) with a discharge chamber (3) whereby a sequence

of voltage pulses generates a dielectrically un-impeded

pulsed discharge inside the discharge chamber (3),

characterized in that additionally a dielectrically impeded
discharge is generated inside the discharge chamber (3) and

thereby the spectral distribution of the radiation emitted
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by the discharge lamp (12;19;23) is influenced and the level

of the voltage pulses required for the dielectrically un-

impeded pulsed discharge is reduced so that the required

level is lower with additional, dielectrically impeded

discharge than without additional dielectrically impeded

discharge, with a hermetically sealed discharge chamber (3)
containing an ionizable filling and having in 1ts i1nterior

two opposing unheated galvanic electrodes (5,6) connected to

electrical leads (7,8), whereby the leads (7,8) extend 1in
gas-tight manner through the ends of the discharge chamber
(3) to the exterior, the discharge chamber (3) being

additionally equipped with at least one dielectric electrode

(13,14;17,18;24) the interior wall of the discharge chamber

(3) is coated with a phosphor coating (4), and wherein the

phosphor coating comprises a phosphor of the general formula

Y3Al 01, :Ce.
21. A discharge lamp comprising:

a sealed envelope having a wall with an exterior side and an

interior side, the interior side defining an enclosed

discharge chamber;

the discharge chamber containing an ionizable filling;

a first unheated, galvanic electrode and a second unheated
galvanic electrode, each galvanic electrode being connected
by respective electrical leads from the exterior and each

galvanic electrode extending through the wall in a gas-tight

manner to be exposed to the ionizable filling contained 1n

the enclosed discharge chamber; and

at least one dielectric electrode adjacent the exterior

asjde.
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22 . The lamp i1in claim 21, further including a second

dielectric electrode adjacent the exterior sgide.

23. The lamp in claim 22, wherein the first galwvanic

electrode and the first dielectric electrode are connected

in paralleil.
24 . The lamp 1n claim 22,

wherein the first galvanic electrode and the second galvanic

electrode are electrically coupled to a first wvoltage

signal; and

wherein the first dielectric electrode and the second

dielectric electrode are electrically coupled to a second

voltage supply.

25. The lamp 1n claim 24, wherein the first voltage

signal is coordinated with respect to the second voltage

signal .

SMART & BIGGAR
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