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Description

Field of the Invention

[0001] The presentinvention relates to alkaline earth
thioaluminate phosphor materials that contain gadolin-
ium as a co-activator. In particular, the present invention
relates to the use of gadolinium as co-activator for such
phosphors when deposited as thin films in electrolumi-
nescent displays. The present invention also relates to
improving the luminance of phosphor materials used for
full colour ac electroluminescent displays, particularly
those employing thick film dielectric layers with a high
dielectric constant.

Background to the Invention

[0002] Thick film dielectric structures provide for su-
perior resistance to dielectric breakdown, as well as a
reduced operating voltage, compared to thin film elec-
troluminescent (TFEL) displays e.g. as exemplified by
U.S. patent 5,432,015. The thick film dielectric structure
when it is deposited on a ceramic substrate will with-
stand higher processing temperatures than TFEL devic-
es, which are typically fabricated on glass substrates.
This increased high temperature tolerance facilitates
annealing of phosphor films at higher temperatures to
improve their luminosity. With these advantages and
with recent advances in blue-emitting phosphor materi-
als, displays have approached the luminosity and colour
coordinates required to achieve the technical perform-
ance of traditional cathode ray tube (CRT) displays.
Nevertheless, further improvement in green and blue
phosphor performance is required to simplify display de-
sign, to improve display reliability by lowering operating
voltages and to keep pace with a trend towards higher
colour temperature specifications for displays.

[0003] Traditionally, the phosphor materials of choice
for full colour electroluminescent displays have been ce-
rium-activated strontium sulphide for blue and manga-
nese-activated zinc sulphide for red and green colours.
The optical emission from these phosphor materials
must be passed through an appropriate chromatic filter
to achieve the necessary colour coordinates for red,
green and blue sub-pixels, resulting in a loss of lumi-
nance and energy efficiency. The manganese-activated
zinc sulphide phosphor has a relatively high electrical to
optical energy conversion efficiency of up to about 10
lumens per watt of input power. Cerium-activated stron-
tium sulphide phosphor has an energy conversion effi-
ciency of 1 lumen per watt, which is relatively high for
blue emission. However, the spectral emission for these
phosphors is quite wide, with spectral emission for the
zinc sulphide-based phosphor material spanning the
colour spectrum from green to red and that for the stron-
tium sulphide-based material spanning the range from
blue to green. This necessitates the use of the optical
filters. The spectral emission of the cerium-activated
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strontium sulphide phosphor can be shifted to some de-
gree towards the blue by controlling the deposition con-
ditions and activator concentration, but not to the extent
required to eliminate the need for an optical filter.
[0004] Alternate blue phosphor materials that have
narrower emission spectra tuned to provide the colour
coordinates required for a blue sub-pixel have been
evaluated. The materials include cerium-activated alka-
line earth thiogallate compounds, which give good blue
colour coordinates, but have relatively poor luminosity
and stability. Higher luminosity and excellent colour co-
ordinates for blue pixels have been achieved with euro-
pium-activated barium thioaluminate phosphor materi-
als. Higher luminosity and excellent colour coordinates
for green pixels have been achieved with europium-ac-
tivated calcium thioaluminate phosphor materials.
[0005] The use of gadolinium as a co-activator to en-
hance the luminosity of rare earth-activated zinc sul-
phide phosphor materials in thin film electroluminescent
devices is known. In particular, U.S. Patent 4,967,251
teaches the use of a red light emitting samarium-acti-
vated zinc sulphide phosphor layer in a thin film electro-
luminescent device. Co-doping of the phosphor material
with less than 2 atomic percent of gadolinium resulted
in the luminosity being increased by about two-fold. Use
of a gadolinium co-activated thulium-activated zinc sul-
phide phosphor for blue light emission was also de-
scribed. However, even with the co-activator, the blue
luminance was insufficient for use in commercial elec-
troluminescent displays.

[0006] Gadoliniumis known to function as an activator
for the emission of ultraviolet light in a zinc magnesium
sulphide phosphor material. For instance, U.S. Patent
5,670,839 teaches an electroluminescent device with a
gadolinium-activated Zn,_, Mg, S phosphor layer where
0.33 < x < 1. The phosphor emits ultraviolet light with a
wavelength of 310 nanometers. The zinc magnesium
sulphide material is said to have a sufficiently large band
gap that it does not absorb the ultraviolet light generated
by the gadolinium activator. Use of such an ultraviolet
emitting phosphor in conjunction with a second adjacent
phosphor film that can be photostimulated by the ultra-
violet light to emit visible light and thereby create a dis-
play is also disclosed. The visible light emitting activa-
tors were in a different material from the gadolinium ac-
tivators.

Summary of the Invention

[0007] One aspect of the present invention provides
a thin film phosphor for an electroluminescent device,
said phosphor being selected from the group consisting
of thioaluminates, thiogallates and thioindates having at
least one cation selected from elements of Groups IIA
and |IB of the Periodic Table of Elements, said phosphor
being activated by a rare earth metal and co-activated
with gadolinium.

[0008] In a preferred embodiment of the present in-
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vention, the phosphor is a thioaluminate.
[0009] In another embodiment, said rare earth metal
is europium or cerium, especially europium.

[0010] In another preferred embodiment, the cation is
calcium.
[0011] Infurther embodiments, the phosphor contains

europium in an amount in the range of 1 to 10 atomic
percent and gadolinium in an amount in the range of 1
to 5 atomic percent. Preferably, the amount of europium
is between two and eight percent and the amount of
gadolinium is between two and four atomic percent.
[0012] Aspects of the present invention also provide
an electroluminescent device comprising a thin film
phosphor as described herein on a substrate.

[0013] Further aspects of the present invention pro-
vide an electroluminescent device in which the thin film
phosphor is adjacent to a thin film of zinc sulphide. Pref-
erably, the thin film phosphor is sandwiched between
thin films of zinc sulphide.

Brief Description of the Drawings

[0014] The present invention will be described with
reference to the embodiments shown in the drawings,
in which:

Fig. 1 is a schematic representation of a section of
an electroluminescent element comprising a thick
film dielectric layer and a phosphor composition typ-
ical of the present invention;

Fig. 2 is a schematic representation of a plan view
of a full colour electroluminescent pixel and its con-
stituent sub-pixels;

Fig. 3 is a graphical representation of photolumines-
cence spectra for several calcium magnesium thio-
aluminate powders doped with europium and co-
doped with gadolinium;

Fig. 4 is a graphical representation of luminosity as
a function of applied voltage for several electrolu-
minescent devices with calcium thioaluminate
phosphors having different europium activator and
gadolinium co-activator concentrations;

Fig. 5 is a graphical representation of luminosity of
similar electroluminescent devices where the phos-
phor layer is sandwiched between un-doped zinc
sulphide films;

Fig. 6 is a graphical representation of luminosity of
electroluminescent devices made with and made
without gadolinium co-activator;

Fig. 7 is a graphical representation of energy effi-
ciency of electroluminescent devices having differ-
ent activator and co-activator concentrations;

Fig. 8 is a graphical representation of charge injec-
tion as a function of applied voltage across electro-
luminescent devices having different activator and
co-activator concentrations; and

Fig. 9is a graphical representation of the luminosity
of electroluminescent devices having phosphors of

10

15

20

25

30

35

40

45

50

55

different thickness.

Detailed Description of the Invention

[0015] The presentinvention relates to gadolinium as
a co-activatorin alkaline earth thioaluminate phosphors,
and especially to the incorporation of gadolinium as a
co-activator in such phosphors when they are deposited
as thin films in electroluminescent displays. In embodi-
ments, and as exemplified herein, the electroluminance
of europium-activated calcium thioaluminate, a green
emitting phosphor, is increased by a factor of about two
when it is co-doped with about three atomic percent of
gadolinium. The CIE colour coordinates of the phosphor
are relatively unaffected by the addition of gadolinium
as co-activator. Further aspects of the invention relate
to the encapsulation of the gadolinium co-doped thin film
phosphors between thin films of zinc sulphide to further
improve performance. As exemplified, the zinc sulphide
layers increase the slope of the luminescence versus
voltage curve for electroluminescent devices as com-
pared to similar devices having the same phosphor at
the same thickness but without the zinc sulphide layers.
[0016] The presentinvention is particularly directed to
use of gadolinium co-activator and a rare earth activator
in an alkaline earth thioaluminate host material to form
a phosphor. Itis believed that the invention is applicable
to ternary, quaternary and higher thioaluminate, thiogal-
late and thioindate phosphors, and composites thereof
synthesized, with cation(s) for these compounds select-
ed from Groups IIA and 1IB of the Periodic Table of Ele-
ments. Examples of such cations include barium, calci-
um, strontium, magnesium and zinc. A variety of rare
earth activators may be used in conjunction with gado-
linium in the phosphors, especially europium and ceri-
um. The preferred activator used in conjunction with
gadolinium is europium. In preferred embodiments of
the invention, gadolinium is used as co-activator of cal-
cium thioaluminate (CaAl,S,) phosphors, which emit
green light. In embodiments of the invention, the activa-
tor is europium in amounts of 1-10 atomic percent, pref-
erably 2-8 atomic percent, and the amount of gadolinium
used as co-activator is 1-5 atomic percent and prefera-
bly 2-4 atomic percent, especially with calcium thioalu-
minate as the phosphor.

[0017] The present invention is further illustrated by
the embodiment shown in Figures 1 and 2. Figure 1
shows a cross-section of an electroluminescent device
utilizing a phosphor of the present invention. Figure 2
shows a plan view of the electroluminescent device. The
electroluminescent device, generally indicated by 10,
has a substrate 12 on which is located row electrode 14.
Thick film dielectric 16 has thin film dielectric 18 thereon.
Thin film dielectric 18 is shown with three pixel columns,
referred to as 20, 22 and 24, located thereon. The pixel
columns contain phosphors to provide the three basic
colours viz. red, green and blue. Pixel column 20 has
red phosphor 26 located in contact with thin film dielec-
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tric 18. Another thin film dielectric 28 is located on red
phosphor 26, and column electrode 30 is located on thin
film dielectric 28. Similarly, pixel column 22 has green
phosphor 32 on thin film dielectric 18, with thin film die-
lectric 34 and column electrode 36 thereon. Pixel col-
umn 24 has blue phosphor 38 on thin film dielectric 18,
with thin film dielectric 40 and column electrode 42 ther-
eon.

[0018] A variety of substrates may be used, as will be
understood by persons skilled in the art. The preferred
substrate is a substrate that is opaque in the visible and
infrared regions of the electromagnetic spectrum. In par-
ticular, the substrate is a thick film dielectric layer on a
ceramic substrate. Examples of such substrates include
alumina, and metal ceramic composites.

[0019] The deposition of the composition may be car-
ried out in an atmosphere of H,S, sulphur or other vol-
atile sulphur bearing compounds that will not contami-
nate the phosphor film as it is deposited if there is a ten-
dency for the deposited compound to be deficientin sul-
phur. In particular, the deposition is done in a hydrogen
sulphide atmosphere so that deposited species in the
film can react with sulphide derived from the hydrogen
sulphide to adequately saturate the deposited film with
sulphide and achieve the desired film composition.
However, in some instances, it may be possible to op-
erate the method in a low pressure inert gas atmosphere
without H,S.

[0020] The deposition can be done by electron beam
evaporation, particularly dual source electron beam
evaporation, as exemplified by U.S. patent 6 610 352,
or by rf magnetron sputtering wherein there is a facility
for injecting and exhausting gases including hydrogen
sulphide and wherein the deposition substrate has a
heating means.

[0021] Alkaline earth thioaluminates have been re-
ported to have utility as electroluminescent phosphors,
but with low luminosity. It has been found that improved
control of the stoichiometry of the host material facili-
tates an electroluminescent element with higher lumi-
nance. It has now been found that the use of gadolinium
as a co-activator facilitates an electroluminescent ele-
ment with still higher luminance.

[0022] In further aspects of the invention, the gadolin-
ium co-doped thin film phosphor is located adjacent to
a thin film of zinc sulphide. In particularly preferred em-
bodiments, the gadolinium co-doped thin film phosphor
is encapsulated or sandwiched between thin films of
zinc sulphide. As exemplified, the zinc sulphide layers
increase the slope of the luminescence versus voltage
curve for electroluminescent devices as compared to
similar devices having the same phosphor at the same
thickness but without the zinc sulphide layer

[0023] The present invention is illustrated by the fol-
lowing examples.
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Example |

[0024] A series of europium-doped magnesium calci-
um thioaluminate powders were prepared by blending
powders of calcium sulphide, magnesium sulphide, alu-
minum sulphide, europium sulphide and gadolinium flu-
oride in various ratios. The calcium magnesium thioalu-
minate phosphor powders had the nominal composition
Cag gMgg -Al, S4:x Eu, y Gd. Samples were prepared
with (i) x =0.03 and y = 0.01, (ii) x=0.03 and y = 0.03,
(iii) x =0.07 and y = 0.01 and (iv) x = 0.07 and y = 0.03.
[0025] The blended powders were pressed to form
pellets with a diameter of 1.3 cm and a height of 0.75
cm. The pellets were annealed in an alumina boat in a
nitrogen environment at about 900°C for 10 minutes.
However, the actual temperatures of the pellet may have
been lower due to the large thermal loading introduced
by the alumina boat.

[0026] The photoluminescence spectra of the result-
ant phosphors were measured using a Model 814 pho-
tomultiplier detection system and an A-1010B Arc Lamp
xenon flash lamp from Photon Technology International
of London, Ontario, Canada.

[0027] The photoluminescence spectra are shown in
Fig. 3. The spectra have two peaks, one at about 520
nanometersi.e. agreen emission, and the other at about
660 nanometers i.e. a red emission. For the two sam-
ples with y = 0.01 i.e. 1 atomic % gadolinium, the ratio
of the height of the 520 nanometer peak to that of the
660 nanometer peak is about 1.5:1. For the samples
with y = 0.03 i.e. 3 atomic % gadolinium, the ratio of
these peaks is increased to about 9:1. Thus, itis evident
that an increased gadolinium content causes a suppres-
sion of the red emission relative to the green emission.
This is beneficial in two respects. First, the green lumi-
nosity is increased, thereby providing a more efficient
green phosphor. Secondly, a filter would not be required
to eliminate red emission, thereby potentially reducing
the cost of a display and eliminating attenuation of the
green emission by the filter.

Example Il

[0028] Three europium-activated and gadolinium co-
activated calcium thioaluminate phosphor films were
formed on a thick film substrate. The thick film substrate
was comprised of a5 cm by 5 cm alumina substrate hav-
ing a thickness of 0.1 cm. A gold electrode was depos-
ited on the substrate, following which a thick film high
dielectric constant dielectric layer was deposited in ac-
cordance with the methods exemplified by WO
00/70917 of Wu et al. A thin film dielectric consisting of
barium titanate, with a thickness of 100-200 nanome-
ters, was deposited on top of the thick film dielectric us-
ing the sol gel technique described in U.S. Patent 6 589
674.

[0029] The phosphor film was electron beam evapo-
rated on top of the barium titanate layer using dual
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source electron beam evaporation according to the
methods described in U.S. Patent 6 610 352. The two
evaporation sources were aluminum sulphide and a
fused mixture of calcium sulphide, europium sulphide
and gadolinium fluoride. Both evaporation sources were
in the form of pellets, which were prepared using the
method outlined in Example 1.

[0030] The phosphor deposition was carried out in a
low pressure atmosphere of hydrogen sulphide at a
pressure of 1.3 x 10-2 Pa (0.1 millitorr), and with the sub-
strate at a temperature of 200°C. The deposition was
carried out by electron beam evaporation using dual
sources, one of aluminum sulphide, and the other con-
taining the remaining constituents of the phosphor ma-
terial. The deposition rate of the aluminum sulphide, as
measured in the absence of the remaining constituents
using a quartz crystal monitor, was 6 Angstroms per sec-
ond and the deposition rate of the remaining constitu-
ents in the absence of aluminum sulphide, also as
measured using a quartz crystal monitor, was 3 Ang-
stroms per second. The deposited phosphor film thick-
ness was 4000 Angstroms.

[0031] The first of the phosphor films had (Sample A)
a europium concentration of seven atomic percent and
a gadolinium concentration of zero atomic percent. The
second phosphor film (Sample B) had a europium con-
centration of three atomic percent and a gadolinium con-
centration of three atomic percent. The third phosphor
film (Sample C) had a europium concentration of 7
atomic percent and a gadolinium concentration of 3
atomic percent.

[0032] Following deposition, the phosphor-coated
substrate was annealed under a nitrogen atmosphere
at a temperature of 650°C for 5 minutes. A 50 nanom-
eter thick alumina thin film and an indium tin oxide trans-
parent conductor were deposited over the phosphor to
provide a second electrode.

[0033] The resultant devices were tested using alter-
nating polarity 32 microsecond wide square-wave puls-
es and a frequency of 240 Hz. The pulse amplitude was
varied in increments of 10 volts up to 260 volts. The re-
sults are shown in Fig. 4.

[0034] The device with the phosphor film having sev-
en atomic percent europium and no gadolinium showed
a green emission with CIE colour coordinates of x =
0.185 and y = 0.634 and a maximum luminosity of about
1000 candelas per square meter. The device with the
phosphor film having three atomic percent europium
and three atomic percent gadolinium had similar CIE co-
ordinates of x = 0.180 and y = 0.605, and a maximum
luminosity of about 1400 candelas per square meter.
The third substrate with a phosphor film having seven
atomic percent of europium and three atomic percent of
gadolinium again had similar CIE coordinates of x =
0.193 and y = 0.632. However, as seen in Fig .4, the
highest maximum luminosity was 1700 candelas per
square meter. All devices had an optical threshold volt-
age, above which light is emitted, of about 120 volts and
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a fairly gradual onset of luminosity above the threshold
voltage.

[0035] In summary, the addition of 3 atomic percent
of gadolinium to a phosphor activated with seven atomic
percent of europium yielded an increase in luminosity of
about 70 percent. Increasing the concentration of euro-
pium from three atomic percent to seven atomic percent
in the presence of three atomic percent gadolinium gave
rise to a luminosity increase of about 20 percent.

Example llI

[0036] Four devices similar to those in Example Il
were fabricated and tested except that additional un-
doped zinc sulphide layers were interposed between the
phosphor film and the encapsulating dielectric layers.
Two of these devices (Samples D and E) had phosphor
films doped with three atomic percent europium and
three atomic percent gadolinium and the remaining two
devices (Samples F and G) had phosphor films doped
with seven atomic percent europium and three atomic
percent gadolinium. The lower zinc sulphide layer,
which was adjacent to the thick film layer, had a thick-
ness of 1000 Angstroms thick. The other (upper) zinc
sulphide layer was 500 Angstroms thick. Both were de-
posited at a rate of 10 Angstroms per second using elec-
tron beam evaporation. The thickness of the phosphor
layer was 4000 Angstroms, as in Example II.

[0037] The resultant devices were tested using the
procedure of Example Il, and the results obtained are
shown in Fig. 5. The two sets of nhominally identical de-
vices had very similar behaviour. The devices with the
higher europium concentration had a luminance that
was about 20 percent greater than the devices with the
lower europium concentration. This is consistent with
the proportional improvement noted for devices with
similar phosphor compositions described in Example 1.
[0038] Itis to be particularly noted that the devices of
Example Il show an overall higher luminance than the
devices in Example Il. The latter devices did not have
zinc sulphide layers sandwiching the phosphor layer.
[0039] Comparison of the results in Fig.s 4 and 5 re-
veals an increase in luminance at a specified voltage
and phosphor composition of about 60 percent for de-
vices that have the zinc sulphide layers. The devices
with the zinc sulphide layers also show a sharper onset
of luminance above the threshold voltage, thus facilitat-
ing easier gray scale control and reduced power con-
sumption for the display panel. While not being bound
by any theory, these improvements may be related to
the zinc sulphide layers acting as acceleration layers to
increase the density and energy of electrons injected in-
to the phosphor layer, thereby minimizing the thickness
of the dead layer in the phosphor that does not emit light
due to an insufficient density of electrons with the energy
required to cause light emission.
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Example IV

[0040] In order to separate effects of performance
variations caused by random or uncontrolled variation
in process or fabrication conditions, luminance versus
applied voltage curves for a large number of nominally
identical devices with and without gadolinium co-activa-
tion were reviewed. The measurement of luminance
was as described herein.

[0041] The highest luminance performance observed
for the devices with and without gadolinium as co-acti-
vator is shown graphically in Fig. 6.

[0042] The results show that gadolinium co-activation
provides a significant increase in luminance for a spec-
ified operating voltage.

Example V

[0043] The efficiency, in lumens per watt of input elec-
trical energy, was measured for devices similar to those
in the previous examples.

[0044] Fig. 7 shows efficiency data for devices having
phosphors with (i) seven atomic percent europium and
no gadolinium (Sample H) (ii) three atomic percent euro-
pium and three atomic percent gadolinium (Sample 1)
and (i) seven atomic percent europium and three atom-
ic percent gadolinium (Sample J). The data shows that
addition of three atomic percent gadolinium to devices
with phosphors containing seven atomic percent euro-
pium resulted in a two fold increase in efficiency. The
increase in efficiency is a reflection of the increase in
luminance.

[0045] It will be noted that in this example the highest
electroluminescent intensity is obtained for 7 atomic
percent europium, whereas the highest photolumines-
cent intensity was obtained for 3 atomic percent euro-
pium. It is to be understood that the mechanisms for
photoluminescence are different from those for electro-
luminescence. Photoluminescence likely depends sig-
nificantly on the surface morphology of the samples, so
this observed difference is not believed to be surprising
and therefore should not be interpreted as being signif-
icant.

[0046] Fig. 8 shows the associated charge injection
data for these devices. The injected charge was meas-
ured by applying a square-wave voltage signal having
a 32 microsecond pulse width and a repetition rate of
240 Hz to the device, and measuring the resulting cur-
rent using a Tektronix P6022 current probe in series with
the device.

[0047] The data shows that the efficiency increase is
due not only to an increase in luminance, but also to a
reduction in the charge injected into the devices at a
specified operating voltage.

[0048] Anincrease in efficiency was observed, which
is a reflection of the observed increase in luminance for
the samples in this example.
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Example VI

[0049] In a comparative test, a device similar to that
in Example Il was constructed, except that (i) gadolinium
was not added and (ii) three atomic percent europium
was added in the form of europium fluoride rather than
europium sulphide.

[0050] It was found that there was no increase in lu-
minosity over that for a similar device where the euro-
pium was added as europium sulfide.

[0051] This example shows that the luminosity en-
hancement according to the present invention is due to
co-activation with gadolinium, rather than the inclusion
of fluoride in the phosphor.

Example VI

[0052] A device with a phosphor having seven atomic
percent europium and three atomic percent gadolinium
and similar to that in Example Il was constructed, ex-
cept that the thickness of the phosphor layer was 6000
Angstroms rather than 4000 Angstroms. The compara-
tive test results for the devices with layers with thick-
nesses of 6000 Angstroms and 4000 Angstroms are
shown in Figure 9.

[0053] The device with the thicker layer has a higher
threshold voltage. However, the slope of the luminance
against voltage curve for this device is more linear and
substantially steeper, facilitating a higher ultimate lumi-
nance, compared to the device with the thinner layer.
Both devices show the same luminance at about 225
volts, but the characteristics of the device with the thick-
er layer facilitates the use of a lower column voltage to
operate a matrix addressed display. As explained in U.
S. patent 6 448 950, the use of lower column voltages
increases the energy efficiency of matrix addressed
electroluminescent displays, while ensuring that the dis-
play exhibits a high contrast ratio.

Claims

1. A thin film phosphor for an electroluminescent de-
vice, said phosphor being selected from the group
consisting of thioaluminates, thiogallates and thio-
indates having at least one cation selected from el-
ements of Groups IIA and IIB of the Periodic Table
of Elements, said phosphor being activated by a
rare earth metal and co-activated with gadolinium.

2. The thin film phosphor of Claim 1 in which the phos-
phor is a thioaluminate.

3. The thin film phosphor of Claim 1 or 2 in which said
rare earth metal is europium or cerium.

4. The thin film phosphor of Claim 3 in which the rare
earth metal is europium.
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The thin film phosphor of Claim 4 in which the phos-
phor contains europium in an amount in the range
of 1 to 10 atomic percent and gadolinium in an
amount in the range of 1 to 5 atomic percent.

The thin film phosphor of claim 5 in which the
amount of europium is between 2 and 8 atomic per-
centand the amount of gadolinium is between 2 and
4 atomic percent.

The thin film phosphor of any preceding claim in
which the cation is calcium.

An electroluminescent device comprising a thin film
phosphor of any preceding claim on a substrate.

The electroluminescent device of claim 8 in which
the thin film phosphor is adjacent to a thin film of
zinc sulphide.

The electroluminescent device of claim 8 in which
the thin film phosphor is sandwiched between thin
films of zinc sulphide.

Patentanspriiche

1.

Dinnfilm-Phosphor flr eine Elektrolumineszenz-
vorrichtung, wobei der Phosphor ausgewahltist aus
der Gruppe bestehend aus Thioaluminaten, Thio-
gallaten und Thioindaten mit mindestens einem
Kation, das aus Elementen der Gruppen lIA und |IB
des Periodensystems der Elemente ausgewahlt ist,
wobei der Phosphor durch ein Seltenerdmetall ak-
tiviert und mit Gadolinium coaktiviert ist.

Diinnfilm-Phosphor nach Anspruch 1, in dem der
Phosphor Thioaluminat ist.

Duannfilm-Phosphor nach Anspruch 1 oder 2, in dem
das Seltenerdmetall Europium oder Cer ist.

Diinnfilm-Phosphor nach Anspruch 3, in dem das
Seltenerdmetall Europium ist.

Dannfilm-Phosphor nach Anspruch 4, in dem der
Phosphor Europium in einer Menge im Bereich von
1 bis 10 Atomprozent und Gadolinium in einer Men-
ge im Bereich von 1 bis 5 Atomprozent enthalt.

Duannfilm-Phosphor nach Anspruch 5, in dem die
Menge an Europium zwischen 2 und 8 Atomprozent
liegt und die Menge an Gadolinium zwischen 2 und
4 Atomprozent liegt.

Dinnfilm-Phosphor nach irgendeinem vorange-
henden Anspruch, in dem das Kation Calcium ist.
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Elektrolumineszenzvorrichtung, umfassend einen
Dinnfilm-Phosphor nach irgendeinem vorange-
henden Anspruch auf einem Substrat.

Elektrolumineszenzvorrichtung nach Anspruch 8,
in der der Dunnfilm-Phosphor an einen Dinnfilm
aus Zinksulfid angrenzt.

Elektrolumineszenzvorrichtung nach Anspruch 8,
in der der Dunnfilm-Phosphor zwischen Dinnfilmen
aus Zinksulfid angeordnet ist.

Revendications

Luminophore en film mince pour un dispositif élec-
troluminescent, ledit luminophore étant choisi dans
le groupe constitué de thioaluminates, thiogallates
et thioindates ayant au moins un cation choisi parmi
des éléments des groupes IIA et IIB du tableau pé-
riodique des éléments, ledit luminophore étant ac-
tivé par un métal des terres rares et co-activé avec
du gadolinium.

Luminophore en film mince de la revendication 1
dans lequel le luminophore est un thioaluminate.

Luminophore en film mince de la revendication 1 ou
2 dans lequel ledit métal des terres rares est I'euro-
pium ou le cérium.

Luminophore en film mince de la revendication 3
dans lequel le métal des terres rares est I'europium.

Luminophore en film mince de la revendication 4
dans lequel le luminophore contient de I'europium
en quantité comprise dans l'intervalle de 1a 10 pour
cent en atomes et du gadolinium en quantité com-
prise dans l'intervalle de 1 a 5 pour cent en atomes.

Luminophore en film mince de la revendication 5
dans lequel la quantité d'europium est comprise en-
tre 2 et 8 pour cent en atomes et la quantité de ga-
dolinium est comprise entre 2 et 4 pour cent en ato-
mes.

Luminophore en film mince de l'une quelconque
des revendications précédentes dans lequel le ca-
tion est le calcium.

Dispositif électroluminescent comprenant un lumi-
nophore en film mince de l'une quelconque des re-
vendications précédentes sur un substrat.

Dispositif électroluminescent de la revendication 8
dans lequel le luminophore en film mince est conti-
gu a un film mince de sulfure de zinc.
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10. Dispositif électroluminescent de la revendication 8
dans lequel le luminophore en film mince est pris
en sandwich entre des films minces de sulfure de
zinc.
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