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(57) Abréegée/Abstract:
A discharge lamp (1) having a discharge vessel (2) which surrounds a discharge medium which emits electromagnetic radiation in

e

the VUV region when the lamp Is operating has, on the inner side of the discharge vessel wall, a first phosphor layer, which faces

the discharge medium and comprises a UVA component which can be excited by the VUV radiation and Is intended to emit

ectromagnetic radiation in the UVA region. Moreover, the discharge lamp (1) has a second phosphor layer, which can be excited

by the UVA radiation and Is intended to emit electromagnetic radiation in the visible region. This second phosphor layer either lies

beneath the first phosphor layer or Is applied to the outer side of the discharge vessel wall. This results in a lower color locus shift
compared to a conventional phosphor mixture which can be excited directly by VUV radiation. (Fig. |a)
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ABSTRACT OF THE DISCLOSURE

Discharge lamp with phosphor

A discharge lamp (1) having a discharge vessel (2)
which surrounds 3 discharge medium which  emits
electromagnetic radiation 1in the VUV region when the

lamp 1s operating has, on the 1nner side of the

discharge vessel wall, a first phosphor layer, which
faces the discharge medium and comprises a UVA
component which can be excited by the VUV radiation and
1s 1ntended to emlit electromagnetic radiation in the
UVA region. DMoreover, the discharge lamp (1) has a

second phosphor layer, which can be excited by the UVA

racdlation and 1s 1ntended to emit electromagnetic

radiation 1n the visible region. This second phosphor

b

layer elther lies Dbeneath the first phosphor laver or
15 applied to the outer side of the discharge vessel
wall. Thils results 1n a lower coclor locus shift
compared to a conventlonal phosphor mixture which can

be exclted directly by VUV radiation. {(Fig. 1la)
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TITLE
Discharge lamp with phosphor

TECHNICAL FIELD

The invention 1is based on a discharge lamp with
phosphor, in which, in operation, electromagnetic

radiation is-emitted predominantly in the VUV region by
a discharge medium contained inside the discharge
vessel of the discharge lamp. In this contexf, the term
VOV region 1s to be understood as meaning wavelengths
below approx. 200 nm, in particular in the range from
approx. 100 nm to 200 nm. The VUV radiation is
converted into radiation of 1longer wavelengths, for

example into the visible spectral region, with the aid
of the phosphor.

In particular, the invention also relates to discharge

‘lamps of the above type, which are also designed for

operation by means of dielectric barrier discharge,
known as dielectric barrier discharge lamps. Discharge
lamps of this type have per se been presented in the
prior art, and a very wide range of their details have
been disclosed in earlier patent applications 1in the

name of the same Applicant. The basic physical and
technical details of discharg‘e lamps of this type will
not be dealt with in detail in the present . application,
but rather reference 1is made instead to the relevant
Prior  art, in which these lamps are occasionally
referred to as silent discharge lamps. These lamps are
in particular also suitable for pulsed operation, which
results ' in particularly good efficiency of radiation
génefation. These lamps are typically filled with noble
gas, preferably.xenon, or noble gas mixtures. When the
lamp is operating, 1in particular excimers, for example
Xe,*, which emit a molecular band radiation with a
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maximum at approx. 172 nm, are formed inside the

discharge vessel.

For applications which require a white light, for
example for general illumination, color scanners, the

packlighting of Lliguld crystal displavs and the 1like,

the VUV radiation 1is converted by means of sultable
white-light  phosphor mixtures. Depending on  the
requirements 1mposed cn the color rendering properties

3

£ the lamp, two-band phosphcr mixtures, e.g. a blue-

emitting phosphor component and a vellow—emitting

pchosphor component, or three-bpand phosphor mixtures,

e.g. @& red-emitting phosphor component, a Jreen-

emitting phosphor  component and a blue-emitting
phosphor component, may be sultable for this purpcse.
However, one problem 1s that in particular the blue
phosphor components which are customarily used are
damaged by the VUV radiation during the operating life
of the lamp and thereby lose luminosity. As a result,
the luminosity of the 1ndividual phosphor components of
a phosphor mixture changes to different extents and the

result 1s an 1ncreasing c¢olor locus  shift. An

additional factor is that the known red phosphor

components have a relatively poor guantum efficiency

when excilited with VUV radiation.

BACRGROUND ART

US-A 5,714,835 snhows & dlelectric barrier discharge
lamp  with a white-light  phosphor mixture. The

components of this white-light phosphor mixture are the

red phosphor component (Yy.72Gdp.2Eug.ps)B0O3, the green
phosphor component (Lag.43Ceg 39Tbg 181 POy and the blue
phosphor component (Bag.94Eug.96)MgAlip017. The discharge

medium inside the lamp is the noble gas xenon. While

the lamp 1s operating, the discharge medium emits

radiation with wavelengths of shorter than 200 nm,

wnich 1s converted into white light by the white-light

phosphor mixture,
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DISCLOSURE OF THE INVENTION

According to one aspect of the present invention, there is provided a dielectric barrier
discharge lamp, comprising: a discharge vessel having a wall with an inner side, a
xenon gas discharge medium which is located in the interior of the discharge vessel
and, when the lamp is' dperating, emits electromagnetic radiation in the VUV region
with a maximum at approximately 172 nm, a first phosphor layer applied to the inner
side of the wall of the discharge vessel and comprising a UVA component, the UVA
component being excitable by the VUV radiation to emit electromagnetic radiation in
the UVA region, and a second phosphor layer, which can be excited by the UVA
radiation to emit electromagnetic radiation in the visible region, the order of the
phosphor layers being 5uch that, as seen from the discharge medium, the first
phosphor layer comes first, followed by the second phosphor layer.

The object of some embodiments of the present invention is to eliminate the
problems mentioned in the introduction and to provide a discharge lamp with
phosphor which is filled with a discharge medium which, in operation, emits VUV
radiation and which has an improved long-term performance in terms of its light
engineering properties. One specific aspect of the object of some embodiments of

the invention is for the lamp to have a lower color locus shift during its operating life.

This object of some embodiments of the invention is achieved by a discharge lamp,
having a discharge vessel, a discharge medium which is located in the interior of the
discharge vessel and, when the lamp is operating, emits electromagnetic radiation in
the VUV region, a phosphor which is applied to the wall of the discharge vessel, the
phosphor comprising a first phosphor layer, which is applied to the inner side of the
wall of the discharge vessel and comprising a UVA Component, which can be excited

by the VUV radiation and is intended to emit electromagnetic radiation in the UVA
region, the phosphor comprising a second phosphor layer, which can be excited by
the UVA radiation and is intended to emit electromagnetic radiation in the visible

region, the order of the phosphor layers being such that, as seen from the discharge
medium, the first phosphor layer comes first, followed by the second phosphor layer.
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In this discharge lamp, the second phosphor layer may either likewise be applied to
the inner side of the wall of the discharge vessel, specifically beneath the first
phosphor layer, or may be applied to the outer side of the wall of the discharge
vessel. The former option has the advantage that the phosphor is completely within
5 the discharge vessel and is therefore protected from external influences. The latter

~ alternative has the advantage of simplifying lamp
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production, since Lamps of different luminous colors

can be produced simply by retrospective application of

tnhe phosphor layer which generates the visible

radiation to the cuter side of the discharge vessel of

the otherwise finished “UVA lamp”.

Further particularly advantageous configurations are to

be found in the dependent claims.

To generate white 1light, the second phosphor laver
typically comprises either two phosphor components,
namely a blue-emitting phosphor component and a vyvellow-
or crange-emitting paosphor compcnent, or three
phosphor components, namely a red-emitting, a green-
emitting and a blue-emitting phosphor component. With a
view to achieving & uniform phosphor coating and to

minimizing the number of production steps reqguired as

far as possible, it 1s fundamentally advantageous for

| .

the two or three phosphor components to be applied as a
phosphor mixture in a single phosphor layer. However,

in principle it 1s also ccnceivable for each phosphor

component to be appiied as a separate phosphor layer.

Although the 1invention 1is suitable in particular for

discharge lamps which are adapted for white light, it

1s not restricted to this specific application, but
rather alsc encompasses discharge lamps which emit

colored light.

AT any rate, tThe azbovementiocned solution achieves two

advantages stralght away., Firstly, VUV-sensitive
phospnor  components, such as 1in particular Dblue
phosphor components, e.g. BaMgAli;g0;-:Eu, are excited
only by the UVA radiation emitted by the first phosphor

layer located above. This avoids the reduction in the

luminosity of these VUV-sensitive phosphors, and the

color locus shift which results with phospheor mixtures,
which was menticoned 1in the introduction and is

assoclated with the VUV irradiation. Secondly, the red
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phosphor components are preferably also excited by UVA

radiation, which 1is significantly more efficient than

excitation with VUV radiation. Green phosphor

components are significantly less c¢ritical 1n this

respeact, 1.e. are relatively  stable under VUV

irradiation and can efficiently be excited using VUV
radiation. Therefcre, green phosphor components, unlike
blue phosphor components, do not necessarily have to be

present exclusively 1n the second phosphor layer, but

rather may also be mixed into the first paosphor layer
with the UVA component. 1In this case, the green

phosphor component is excited predominantly directly by

the VUV radiation, whereas the phosphor components in

the second phosphor layer are excited predominantly by

the UVA radiation of the UVA componant of the first
pnhnosphor layer and, moreover, are not exposed to any
VUV 1rradiation, or at most are exposed to dJgreatly
reduced VUV 1irradlation. Conseqguently, the luminosity

cf the 1individual phosphor components 1s reduced to a

significantly more uniform extent, and consequently the
coclor locus shift 1s likewise lower than with
conventional phosphor mixtures excited directly by VUV
radiation. Although 1n principle the red phosphor
component may likewise be mixed into the first phosphor
layer with the UVA component, 1t is preferably provided
in the second phosphor laver, since i1t can be excited

gl
oy

more efficiently using UVA radiatior, as has already

Deen mentioned above,

The following have proven particularly suitable for use

as the UVA component:

A) Cea-cnNpRMOuA 111016, 541, 5 (a+p)~0.5¢c+d s
where
Ln = La, Y, Gc,
R = Ba, Ca, Sr
and
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0 < ¢ £ 0.5a;
0.45 £ d £ 2.00;
a+b 1.

FAN

B) Iny1-xCexPOy,
where
Ln = La,

an

0.01 £ x £ 0.30

preferably

0.02 £ x &

0.10C.

C) Ln,.4,Ce,BO3,
where
ILn = La,
and
0.01 £ x £
preferably

0.02 £ x £

0.20

S

’r.n-.-“!
—pmat

The following are also suitable,

use as the UVA component:

D) Laj-x-yGdiB1yB30s with 037

E) Gdi-xPryMgBs0ig with 0.01

) In{-4«PryS51i0s with Ln
where(0.01 € x £ 0.05

G) Gdi-xCexMgBsO1g with (.02

=
F""l—l
L

(3
——

Ba1-xPbyS1-,05 with
In principle, ail
by long-wavelength
phosphor laver(s)
detail,

sultable.

Lxamples of suitable

can be used

3aLéLl_xC6ngolg with 0.02
0.0Z

green

LA\

Y, Gd or mixtures thereof

Y, Gd or mixtures thereof,

F

albeit less so, for

x £ 0.80 and 0.01 € y £ 0.03

<

Y,

<

IA

<

X

radiation
generating the visible radiaticon. In

in particular the phosphors

vhosphor components,

X <

X
y U
<

0.05

Gd or mixtures thereof,

IA

0.30
0.30
0.05.

known phosphors which can be excited

the

Lr—

are suitable for

listed below are

which

elither mixed with the UVA component in the



10

20

23

30

35

CA 02469358 2004-05-31

- 7 -

first phosphor layer or in the second phosphor layer or

a further phosphor laver, include:

K)

M)

LnBos:Ce, Th,

where In = La, Y, Gd or mixtures tThereof;

L.n;S105:Ce, Th,

wnere Lin

La, Y, Gd or mixtures thereof;

SISizOzNz U .

o

Examples of suiltable blue or blus-green phosphor

components for the second phosphor layer or a further

phosphor layver include:

N ) Srg(PO,)3CLl:Eu Or Srg {POyg)3Cl:iEu,Mn;

) BaMgAl;c014: 20 or BaMgAli00i6: Eu, Mn;

P) SrMgAli 0014 U oXx SrMgAli:0516: Eu, Mn;

O SraPli14055:E0 oOx SriAliqGos:Eu, Mn.
Examples of sultable red phosphor components,

preferably for the second phosphor layer or a further

phosphor layer, include:

R)

Ln,0»S,: By,

where 1,

La, Y, Gd or mixtures thereof;

RoSi1isNg: Eu,

where R = Ba, Ca,

9,
=

Examples of suitable yellow phosphor compcocnents, in

particular in combination with one of the blue phosphor

components listea under N - ¢, include:

1)

YAG:Ce, 1including wvariants which are known per se

tc the person skiiied in the art:
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U)  CaSi0uN,:Eu®’;

\ : 3+
V) SroSigNg:le™ .
Slight wvariations in the stoichiometric compositions of
the phosphor components listed above are customary and
are therefore also encompassed by the explanations
given above.

BRIEF DESCRIPTIONS OF THE DRAWINGS

The invention 1is to be explained in more cetail below

with reference to an exemplary emopcdiment. In the
drawing:
Fig. la shows &a side wview o©of a dielectric barrier

discharge lamp,

Fig. 1b shows a cross section through the lamp from

Fig. la on line AB,

R

fonmd

Fig.

C shows an enlarged excerpt of the c¢cross

section from Fig. 1b.

BEST MODE rOR CARRYING OUT THE INVENTION

In the fellowing explanation of an exemplary embodiment

of the 1nvention, reference is made to Figures la - lc.

The discharge lamp 1 has a tubular discharge vessel Z
which 1s closed on both sides and has an external
diameter of approx. 10 mm. The discharge vessel 2

consists of socda-lime glass and 1s filled with xenon

with a pressure of approx. 15 kPa as discharge medium.

Vg’

Two metallic electroces 3a, 3b, which are formed as

linear conauctor tracks, are applied to the outer side

of the wall of the discharge wvessel 2, diametrically

opposite one another and parallel to the longitudinal
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axls of the discharge vessel. An “inner” phosphor laver

4 and an “outer” phosphor laver 5 are applied to the

inner side of the wall of the discharge vessel 2. The
“outer” phosphor laver &, which 1s the first phosphor

layer with respect to the discharge medium, consists of

the UVA component Cep.90Bag. oiMgAli10158.59 with a laver

weight of 1.8 mg/cm®. The “inner” phosphor layer 4,

which is the second phosphor layer with respect to the

discharge medium consists of & mixture of the red

phosphor component (R) Y20:5,:Eu, the green phosphor

componeant (G) YRO3:Ce,Tb and the blue phosphor

cecmponent (B) BaMgAl,p0i¢:Eu, 1n a mixing ratio 1in per

cent by weight of R:G:B = 20:60:20. The layer weight of

-

the second phosphor layer 4 is likewise 1.8 mg/cm’.

After an operating time of the lamp 1 of 100 hours,

there was still no evidence of any shift in color
locus, whereas a comparable lamp with a VUV three-band

phosphor mixture comprising the phosphor components

YBO3:Eu, LaP04;:Ce and BaMgAlip0s:Eu 1in a mixing ratio in

per cent by weight of 20:060:20 already had a color

locus drift of Ax/Avy = 0.004/0.004 (in accordance with

CIE standard chromaticity diagram).

Although the above text has explained the invention on

the basis of the example of a tubular discharge lamp,

1t 1s not restricted to this particular type of lamp.

Rather, the 1invention reveals its advantageous effects

A

irrespective of the shape of cdischarge vessel.

A

Therefore, by way of example, flat lamp shapes, as

disclosed for example 1in document US-A 5,994,849 are

equally sultable. Moreover, 1t 1s not in principle

important whether <the electrodes are arranged on the

outer side of the dlischarge vessel wall Or

alternatively on the inner side and are covered with a

dielectric layer., It 1s alsco possible for the
electrodes to have no barrier coating whatsoever. The
only crucial factor 1in connection with the problems
outlined 1in the introduction is that +the discharge

medium emits VUV radiation when the lamp is operating.
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However, dielectric barrier discharge lamps have a

certain preferred position in this respect, since, as
has already been mentioned 1in the introduction, they
can ke used to generate VUV radiation particularly

efficiently in a speclal pulsed mode.
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CLAIMS:
1. A dielectric barrier discharge lamp, comprising:

a discharge vessel having a wall with an inner side,

a xenon gas discharge medium which is located in the interior of the
discharge vessel and, when the lamp is operating, emits electromagnetic radiation in
the VUV region with a maximum at approximately 172 nm,

a first phosphor layer applied to the inner side of the wall of the
discharge vessel and comprising a UVA component, the UVA component being
excitable by the VUV radiation to emit electromagnetic radiation in the UVA region,
and

a second phosphor layer, which can be excited by the UVA radiation to
emit electromagnetic radiation in the visible region,

the order of the phosphor layers béing such that, as seen from the
discharge medium, the first phosphor layer comes first, followed by the second
phosphor layer.

2. The discharge lamp as claimed in claim 1, in which the second
phosphor layer is applied to the inner side of the wall of the discharge vessel beneath
the first phosphor layer.

3. The discharge lamp as claimed in claim 2, wherein there is no shift in

the color locus of lamp after 100 hours of operation.

4. The discharge lamp as claimed in claim 1, in which the second
ohosphor layer is applied to the outer side of the wall of the discharge vessel.

5. The discharge lamp as claimed in claim 1, comprising the UVA

component
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0.10<a<1.00;
0<bh<09:
0<c<0.5a:
0.45<d<2.00;
a+b<1.

The discharge lamp as claimed in claim 1, comprising the UVA

LNny.,Ce,POy,,

where‘

Ln=La, Y, Gd or mixtdres thereof
and

0.01 éx50.30.

The discharge lamp as claimed in claim 6, wherein 0.02<x<0.10.

The discharge lamp as claimed in claim 1, comprising the UVA



CA 02469358 2012-02-01

63312-157 ‘
13-
Ln.xCexBO;,
where
Ln=La, Y, Gd or mixtures thereof,
and 0.01<x<0.20.
5 0. The\discharge Iémp as claimed In claim 8, wherein 0.02<x<0.10.
10. The discharge lamp as claimed in claim 1, in which the second

phosphor layer comprises a blue or blue-green phosphor component.

1. The discharge lamp as claimed in claim 1, comprising the blue
phosphor component Srs(PO4)3;ClEu

10 or the

blue-green phosphor component Sr5(PO4)3;Cl:Eu,Mn.

12. - The discharge lamp as claimed in claim 1, comprising the blue

phosphor component BaMgAl10046:EU
or the
15 . blue-green phosphor component BaMgAl10016:Eu,Mn.

13. The discharge lamp as claimed in claim 1, comprising the blue

phosphor component SrMgAl(O4s:EU
or the

blue-green phosphor component SrMgAl1¢016:Eu,Mn.

20 14, The discharge lamp as claimed in claim 1, comprising the biue

phosphor component Srsa14025:EU
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or the
blue-green phosphor component Srs4/140,5:Eu, Mn.
18. " The discharge lamp as claimed in claim 1, having a green phosphor

component in either the second or first phosphor layer.

5 16. The discharge lamp as claimed in claim 13 comprising the green
phosphor component LnBO3:Ce, Tb,

where
Ln=La, Y, Gd or mixtures thereof.

17. The discharge lamp as claimed in claim 13 comprising the green
10 phosphor component Ln,SiOs:Ce, Th,

where
Ln=La, Y, Gd or mixtures thereof.
18. The discharge lamp as claimed in claim 13, comprising the
~ green phosphor component SrSi;O2Na:Eu.

15 19, The discharge lamp as claimed in claim 1, comprising a red phosphor
component in either the first or second phosphor layer.

20. ~ The discharge lamp as claimed in claim 19, comprising the red
phosphor component Ln,0,5,:Eu,

where
20 Lh=La, Y, Gd or mixtures thereof.

21. The discharge lamp as claimed in claim 19, comprising the red

phosphor component R,>SisNg:EU,
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where R=Ba, Ca, Sr.
22. The discharge lamp as claimed in claim 1, comprising a yellow
phosphor component.
23. The discharge lamp as claimed in claim 22, comprising the yeliow
phosphor component YAG:Ce.
24. The discharge lamp as claimed in claim 22, comprising the yellow
phosphor component CaSi;O,N:Eu?*.
29. The discharge lamp as claimed in claim 22, comprising the yeliow

phosphor component Sr;SisNg:Ce”*.
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