US 20040206935A1

a2 Patent Application Publication (i) Pub. No.: US 2004/0206935 A1l

a9 United States

Miura et al.

(43) Pub. Date: Oct. 21, 2004

(54) PHOSPHOR THIN FILM, MANUFACTURING
METHOD OF THE SAME, AND
ELECTROLUMINESCENT PANEL

(75) Inventors: Noboru Miura, Bunkyo-ku (JP);
Mitsuhiro Kawanishi, Kawasaki-shi
(JP); Yoshihiko Yano, Chuo-ku (JP)
Correspondence Address:
OLIFF & BERRIDGE, PLC
P.O. BOX 19928
ALEXANDRIA, VA 22320 (US)
(73) Assignees: TDK CORPORATION, Tokyo (JP);
NOBORU MIURA, Tokyo (JP)
(21) Appl. No.: 10/664,923
(22) Filed: Sep. 22, 2003

(30) Foreign Application Priority Data
Sep. 20, 2002 (JP) oo 2002-274516
Sep. 18,2003 (JP) ..ccrvvoccrcercrrcccorecerens 2003-326736

Publication Classification

(51) Int.Cl7 B32B 9/00; B32B 19/00
(52) US.Cl oo 252/301.4 S; 428/690

G7)

A phosphor thin film includes a matrix material expressed by
a composition formula A B,0,S,, and a substance func-
tioning as a luminescence center in the matrix material. In
the composition formula, A represents at least one element
selected from the group consisting of Mg, Ca, Sr, Ba, and
Zn; B represents at least one rare-earth element selected
from the group consisting of Sc, Y, La, Ce, Pr, Nd, Pm, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; O represents
oxygen atoms; and S represents sulfur atoms, respectively.
Molar ratios are respectively set as O<x<5, O<y<4, 0578,
and 0=w=8, and O=z=w never holds true.
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PHOSPHOR THIN FILM, MANUFACTURING
METHOD OF THE SAME, AND
ELECTROLUMINESCENT PANEL

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a phosphor thin
film, a manufacturing method thereof, and an electrolumi-
nescent (EL) panel.

[0003] 2. Related Background Art

[0004] Thin-film EL panels have been actively studied in
recent years as light emitting elements for small-size, or
large-size and light-weight flat panel display units. An EL
panel of a double insulation structure using a thin-film
insulation layer is known as an EL panel having a phosphor
thin film made of manganese-added zinc sulfide which emits
yellow-orange light. A monochrome thin-film EL display
unit using the above-described EL panel has been in prac-
tical use.

[0005] To be more precise, in this EL panel, lower elec-
trodes of a given pattern are formed on a substrate and a first
insulating layer is formed on the substrate where these lower
electrodes are formed on. Moreover, a phosphor thin film
and a second insulating layer are serially formed on this first
insulating layer, and upper electrodes are formed in a given
pattern on the second insulating layer so as to constitute a
matrix circuit together with the lower electrodes. To increase
luminance of the phosphor thin film, it is common to anneal
the phosphor thin film at a temperature not higher than a
strain point of the glass substrate.

[0006] Meanwhile, an EL panel with a structure using a
ceramic substrate as the substrate and a thick-film dielectric
layer as the insulating layer is proposed recently. Moreover,
there is also proposed a structure using a high dielectric
constant BaTiO; thin plate as the substrate while forming
electrodes on the rear side of the substrate, and thereby using
the thin plate as the insulating layer and as the substrate at
the same time. Since the ceramics such as alumina or
BaTiO, are used for the substrates in these structures, it is
possible to perform high-temperature annealing of the phos-
phor thin film to increase the luminance. Moreover, since the
thick film or the thin-plate dielectric layer is used as the
insulating layer, these structures are more resistant to dielec-
tric breakdown and therefore more reliable than the EL panel
using the thin film as the insulating layer. Here, it is not
always necessary to apply a structure of sandwiching the
phosphor thin film between the insulating layers as in the
double insulation structure. For the insulating film, it is
sufficient if either the thick film or the thin-plate dielectric
layer is provided on one side.

[0007] In order to apply the display unit using the above-
described EL panel to a color display for a personal com-
puter, a television or other display devices, it is essential to
colorize the EL panel.

[0008] Sulfide phosphor thin film or the like is known as
typical phosphor thin films for an EL panel which emit the
three primary colors of red, green, or blue light. The thin-
film EL panel using the sulfide phosphor thin films has
excellent reliability and environmental resistance. As
examples of sulfide phosphor thin film, SrS:Ce using SrS as

1. Field of the Invention
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a matrix material (base material) and Ce as a luminescence
center, and ZnS:Tm are known as blue light-emitting phos-
phors. Meanwhile, ZnS:Sm and CaS:Eu are known as red
light-emitting phosphors, and ZnS:Tb, CaS:Ce, and the like
are known as green light-emitting phosphors. These phos-
phors are currently under studies.

SUMMARY OF THE INVENTION

[0009] However, these phosphor films designed to emit
red, green, and blue light do not possess sufficient lumi-
nance. Accordingly, a color display unit using an EL panel
has not been put to practical use yet.

[0010] To be more precise, a phosphor thin film using
CaS:Eu is known as a phosphor film for red light, for
example. This phosphor emits the light with comparatively
high color purity. This phosphor thin film has been further
improved by the techniques disclosed in Japanese Unexam-
ined Patent Publications No. 1(1989)-206594, No. 2(1990)-
148688, and the like. However, with respect to the red color
for a full-color display unit, this phosphor thin film does not
have sufficient luminescence characteristics in terms of
luminance, efficiency, and the like. Meanwhile, as described
in Japanese Unexamined Patent Publication No. 2(1990)-
51891 and Technical Report of Institute of Television Engi-
neers of Japan Vol. 16, No. 76, p. 7-11, this phosphor thin
film also has a problem that several seconds to several tens
of seconds are required as response time. Accordingly,
without further modification, this phosphor film is difficult to
be applied to a red EL panel for a full-color display unit for
moving image which requires real-time response to driving
signals.

[0011] Inthe meantime, a method of obtaining red light by
extracting the red wavelength band out of an EL spectrum
emitted from a ZnS:Mn film, which is a phosphor thin film
for orange light with high luminance and high efficiency, by
use of a color filter has been also attempted. However, a
manufacturing process of an EL display unit including a
filter is complicated. Moreover, the biggest problem of this
method is that the filter reduces the luminance. To be more
precise, the luminance is reduced by 10% to 20% in the
process of extracting the red light using the filter. Therefore,
this method is difficult tc be put to practical use due to the
insufficient luminance.

[0012] Moreover, as the phosphor thin films for lumines-
cence in various colors, a development of a rare-earth-
dopedalkaline-earththiogallate phosphor (MGa,S:RE (M is
an alkaline-earth element and RE is cerium (Ce))) (see
Japanese Unexamined Patent Publication No. 5(1993)-
65478), and a development of a rare-carth-doped alkaline-
earth thioaluminate phosphor (MA1,S,:RE (M is an alka-
line-earth element, and RE is cerium (Ce) and europium
(Eu))) (see Japanese Patent No.2840185) have been reported
in recent years. However, the luminance thereof is practi-
cally insufficient.

[0013] The present invention has been made in consider-
ation of the foregoing problems. It is an object of the present
invention to provide a high-luminance phosphor thin film, a
manufacturing method thereof, and an EL panel using the
phosphor thin film.

[0014] The inventors of the present invention conducted
extensive studies and found out that a newly composed



US 2004/0206935 Al

phosphor thin film using a complex compound of europium-
doped calcium sulfide (CaS:Eu) with addition of yttrium
(such as a thioyttrate compound CaY,S,:Eu) emitted light
with considerably higher luminance as compared to the
known phosphors, and have thereby reached the present
invention.

[0015] A phosphor thin film according to the present
invention includes a matrix material expressed by a com-
position formula A, B, OS,, and a substance functioning as
a luminescence center in the matrix material. Here, in the
composition formula, A represents at least one element
selected from the group consisting of Mg, Ca, Sr, Ba, and
Zn; B represents at least one rare-earth element selected
from the group consisting of Sc, Y, La, Ce, Pr, Nd, Pm, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; O represents
oxygen atoms; and S represents sulfur atoms, respectively.
Moreover, molar ratios are respectively set as 0<x<5, O<y<4,
0=z=8, and 0=w=8, and 0=z=w never holds true.

[0016] The luminance of the above-described phosphor
thin film becomes sufficiently higher than the known one. A
wavelength of the light radiated from the phosphor thin film
like this varies depending on the combination of the com-
ponent A, the component B, and the substance M which
functions as the luminescence center.

[0017] Here, the substance suitably functioning as the
luminescence center may be Mn, Mn compounds, Eu, Eu
compounds, Ce, and Ce compounds, for example.

[0018] Moreover, it is preferable that the matrix material
satisfies 0.001<z/(z+w)<0.6. In this way, the phosphor thin
film lasts longer.

[0019] A method of manufacturing a phosphor thin film
according to the present invention includes: forming a thin
film by vapor deposition using a single vapor source includ-
ing at least one element selected from the group consisting
of Mg, Ca, Sr, Ba, and Zn, any of an oxide and a sulfide of
at least one element selected from the group consisting of
Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, and Lu, and a substance functioning as a luminescence
center; and annealing the formed thin film.

[0020] According to this method, it is possible to manu-
facture the above-described phosphor thin film easily with-
out control of individual vapor sources which may be
required when using a plurality of vapor sources.

[0021] Moreover, an EL panel according to the present
invention includes the above-described phosphor thin film.

[0022] Since the present invention can provide an EL
panel which emits high-luminance light, it is possible to
realize a high-performance EL color display unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a partial cross-sectional view showing a
configuration example of an inorganic EL panel using the
phosphor thin film according to the embodiment.

[0024] FIG. 2 is a schematic cross-sectional view showing
a configuration example of an apparatus for forming a
phosphor thin film of an embodiment of the present inven-
tion.

[0025] FIG. 3 is a graph showing luminescence emission
spectrum of an EL panel of Example 1 and of an EL panel
of Comparative Example 1.
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[0026] FIG. 4 is a graph showing L-V characteristics of
the EL panel of Example 1.

[0027] FIG. 5 is a graph showing PL spectrum of EL
panels of Example 2 applying Eu as a luminescence center
and of the EL panel of Example 1.

[0028] FIG. 6 is a graph showing PL spectrum of EL
panels of Example 2 applying Mn as a luminescence center.

[0029] FIG. 7 is a graph showing a voltage—luminance
characteristics of the EL panel of Example 2 applying
Sr; Y,S,:Eu.

[0030] FIG. 8 is a graph showing a luminescence emis-
sion spectrum of an EL panel of Example 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Hereinafter, an embodiment of the present inven-
tion will be described in detail.

[0032] A phosphor thin film of this embodiment is a
phosphor thin film expressed by a composition formula
A B O.S,:M. In other words, in this phosphor thin film, a
substance M functioning as a luminescence center is added
to a matrix material expressed by a composition formula
ABOS,.

[0033] In the above composition formula, the element A is
any one element or a combination of two or more elements
of the following alkaline-earth element group consisting of
magnesium, calcium, strontium, barium, and zinc. The ele-
ment B is any one element or a combination of two or more
elements selected from the following rare-earth element
group consisting of scandium, yttrium, lanthanum, cerium,
praseodymium, neodymium, promethium, samarium,
europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, and lutetium. Meanwhile, O
represents oxygen atoms and S represents sulfur atoms.
Moreover, the substance M functioning as the luminescence
center is any of the above-mentioned rare-earth element
such as Eu or Ce, a transitional metal element such as Mn,
and a compound containing any of the foregoing elements.

[0034] The x,y, z, and w representing molar ratios of the
respective constituent elements of the matrix material are set
as 0<x<5, O<y<4, 0=z=8, and 0=EwE8, and z and w never
become simultaneously equal to O.

[0035] The substance M functioning as the luminescence
center may be Mn, Mn compounds, Eu, Eu compounds, Ce,
and Ce compounds, for example.

[0036] The Mn compounds maybe manganese sulfide,
manganese oxide, manganese chloride, and manganese fluo-
ride.

[0037] The Eu compounds may be europium sulfide,
europium oxide, europium chloride, and europium fluoride.

[0038] The Ce compounds maybe cerium sulfide, cerium
oxide, cerium chloride, and cerium fluoride.

[0039] The phosphor thin film having the above-described
constitution emits high-luminance light compared to prior
art when an electric field is provided.

[0040] The x, y, z, and w collectively representing the
molar ratios of the respective constituent elements of the
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matrix material may be more preferably set as 0.5=x=1.5,
1.52y=25, 1522245, and 0 5EwWE4.5.

[0041] Moreover, it is satisfactory if the matrix material
includes either O or S. However, it is preferable that the
matrix material is a sulfide which includes S. In that case, it
is more preferable that the S is partially substituted by O,
that is, the matrix material includes both S and O. The O
(oxygen atoms) increases the life of the phosphor thin film.
The quantity of the O in the matrix material is preferably set
in a range expressed by 0.001<z/(z+w)<0.6. In this way, the
effect of increasing the life is significantly enhanced.

[0042] The composition of the phosphor thin film can be
confirmed by X-ray fluorescence spectroscopy (XRF), X-ray
photoelectron  spectroscopy (XPS), transmission electron
microscopy-energy dispersive X-ray spectroscopy (TEM-
EDS), and the like.

[0043] The element A of the matrix material is preferably
Sr or Ca.
[0044] Moreover, the element B of the matrix material is

preferably Y, La, Gd, and the like.

[0045] In the present invention, to obtain a phosphor thin
film which emits red light, it is preferable to select at least
one of Mg, Ca, and Sr as the element A, and to use any of
Eu, a Eu compound, Mn, and a Mn compound as the
substance M functioning as the luminescence center. Alter-
natively, it is possible to select at least one of Mg, Ca, and
Sr as the element A and to add Ba or Zn thereto. Moreover,
the content of the substance M relative to the element A is
preferably set in a range from 0.1 to 10 atm %.

[0046] In particular, when the phosphor thin film includes
Ca as the element A, the phosphor thin film emits red light
with suitable color purity in addition to an increase in
luminance. Moreover, speed of response is enhanced
therein. Ca, Y, 0,,S,:Eu is particularly preferred as the phos-
phor thin film containing Ca as the element A. More
specifically, CaY,S,:Eu is extremely preferable for obtain-
ing excellent red light emission.

[0047] Meanwhile, as the phosphor thin film containing Sr
as the element A, Sr,Y O.S,:Fu or Sr,Y 0.S,:Mn is
preferable, such as SrY,S,:Eu or SrY,S,:Mn. Among those,
excellent red light emission is obtained from Sr, Y, 0.S,:Eu
or more specifically from SrY,S, :Eu.

[0048] Mg Y O.S.:Mn, such as MgY,S,:Mn, is pre-
ferred as the phosphor thin film containing Mg as the
element A.

[0049] To obtain a phosphor which emits green light, it is
preferable to use Zn as the element A and to use Mn or a Mn
compound as the substance M functioning as the lumines-
cence center. Alternatively, it is possible to use the element
A obtained by adding at least one element selected from Mg,
Ca, Sr, and Ba to the Zn. Moreover, the content of the
substance M relative to the element A is preferably set in a
range from 0.1 to 10 atm %. Zn, Y O_S,:Eu is preferred as
the phosphor thin film containing Zn as the element A. More
specifically, ZnY.,S,:Eu is particularly preferable in terms of
luminance and green color purity. Excellent green light
emission is obtained from the above-described phosphor
thin film.

[0050] To obtain a phosphor which emits blue light, it is
preferable to use Ba as the element A and to use Mn or a Mn
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compound as the substance M functioning as the lumines-
cence center. Alternatively, it is possible to use the element
A obtained by adding at least one element selected from Mg,
Ca, Sr, and Zn to the Ba. Moreover, the content of the
substance M relative to the element A is preferably set in a
range from 0.1 to 10 atm %. Ba, Y O_S,:Mn is preferred as
the phosphor thin film containing Ba as the element A. More
specifically, BaY,S,:Mn is particularly preferable in terms
of luminance and blue color purity. Excellent blue light
emission can be obtained from the above-described phos-
phor thin film.

[0051] A film thickness of each of the phosphor thin films
using the above-described materials is preferably set in a
range from 50 nm to 700 nm, more preferably in a range
from 100 nm to 300 nm. A driving voltage is raised when the
phosphor thin film is too thick. On the contrary, lumines-
cence efficiency is reduced when the phosphor thin film is
too thin. Especially, it is possible to obtain a phosphor thin
film, more particularly an El panel, which is excellent in
both luminance and luminescence efficiency, by setting the
film thickness within the above-described range.

[0052] The phosphor thin film of the present invention
normally exists in a form of a crystalline state. However, the
phosphor thin film may also exist in a form of an amorphous
state.

[0053] Methods such as sputtering or vapor deposition are
applicable for obtaining the above-described phosphor thin
film, and the following vapor deposition method is particu-
larly preferred. In the following, description will be made on
the phosphor thin film having the composition Ca,Y,S ;:Eu
as an example.

[0054] First, a mixture of calcium sulfide powder, yttrium
sulfide powder, and europium sulfide powder is pressed into
a form and then sintered in argon gas or hydrogen sulfide-
containing argon gas to obtain a single pellet (a vapor
source). Then, a phosphor thin film is formed on a substrate
by an electron beam evaporation method, that is, by irradi-
ating an electron beam onto this pellet and thereby evapo-
rating the pellet. Alternatively, when any of Y,O,:Eu phos-
phor powder and Y,0,S:Eu phosphor powder which are
widely used for manufacturing cathode-ray tubes is used to
form the pellet instead of yttrium sulfide or europium
sulfide, it is easily possible to obtain a phosphor thin film of
a composition Ca; Y,0,S, :Fu in which sulfur is partially
substituted by oxygen.

[0055] Ttis preferable to introduce H,S gas into a vacuum
chamber of an electron beam evaporation apparatus. Here,
the H,S gas is used for avoiding a shortage of sulfur in the
fabricated phosphor thin film and to promote a reaction of
sulfur with the evaporating materials.

[0056] After obtaining the Ca,Y S :Eu phosphor thin film
as described above, it is preferable to anneal the phosphor
thin film either in a reducing atmosphere such as nitrogen,
argon or vacuum, or in an oxidizing atmosphere such as
oxygen or air. As a condition of annealing, it is preferable to
conduct annealing in a temperature range from 500 C.° to
100 C.°, or preferably in a range from 600 C.° to 800 C.°.
Annealing in the oxidizing atmosphere is effective in the
case of synthesizing the phosphor thin film of the above-
described composition in which sulfur is partially substi-
tuted by oxygen. In this way, sulfur in the phosphor thin film
is partially substituted by oxygen.
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[0057] Regarding the Eu to be added to the matrix material
so as to function as the luminescence center, it is possible to
add the Eu in a form of metal, a fluoride or an oxide to the
pellet instead of a sulfide. The amount of addition varies
depending on the raw materials in the pellet or the compo-
sition of the phosphor thin film to be formed. Accordingly,
the composition of the raw materials should be adjusted to
establish the appropriate amount of addition.

[0058] The temperature of the substrate during vapor
deposition is set in a range from a room temperature to 600
C.°, preferably in a range from 150 C.° to 500 C.°. When the
temperature of the substrate is too high, unevenness on the
surface of the phosphor thin film is increased and pinholes
are generated in the phosphor thin film. Accordingly, a
problem of a leak current may occur in the EL panel.
Otherwise, the phosphor thin film may turn brownish.
Therefore, it is preferable to set the temperature range as
described above.

[0059] The pressure during vapor deposrtron is preferably
set In a range from 1. 33x10 " to 1.33x107! Pa (1x107° to
1x10° Torr) Meanwhile, in the case of introducing the gas
such as H,S, it is recommended to adjust the pressure in the
range from 6.65><10‘3 to 6.65x107% Pa (5x107° to 5x107*
Torr). Operation of an electron gun becomes unstable when
the pressure exceeds the above-described range, and com-
position control thereby becomes extremely difficult.
Although an amount of the gas to be introduced depends on
the performance of a vacuum system, it is preferably set in
a range from 5 to 200 SCCM, or more preferably in a range
from 10 to 30 SCCM.

[0060] Meanwhile, it is also possible to move or rotate the
substrate during vapor deposition if necessary. The compo-
sition of the phosphor thin film is made uniform by moving
or rotating the substrate, and unevenness in distribution of
the film thickness is reduced accordingly.

[0061] When rotating the substrate, revolution speed of
the substrate is preferably set to not less than 10 rpm, or
more preferably in a range from 10 to 50 rpm, or even more
preferably in a range from 10 to 30 rpm. When the revolu-
tion speed of the substrate is too fast, a sealing performance
of the vacuum chamber tends to decline. On the contrary,
when the revolution speed of the substrate is too slow,
compositional inhomogeneity in the film thickness direction
of the phosphor thin film arises, or the film thickness
becomes uneven. Accordingly, the characteristics of the
fabricated phosphor thin film are deteriorated. Rotating
means for rotating the substrate may be configured as a
known rotation mechanism, which includes: a power source
such as a motor or a hydraulic rotation mechanism; and a
power-transmission and/or speed-reduction mechanism
which is a combination of gears, belts, pulleys, and the like.

[0062] Heating means for heating the pellet and the sub-
strate only needs to provide given heat capacity, response,
and the like. For example, the heating means may be a
tantalum wire heater, a sheath heater, a carbon heater, and
the like. A heating temperature provided by the heating
means is preferably set in a range from 100 C.° to 1400 C.°.
Accuracy of temperature control is preferably set in a range
of +1 C.° deviation from 1000 C.°, or more preferably in a
range of 0.5 C.° deviation therefrom.

[0063] The formed phosphor thin film such as
Ca,Y,S,:Eu is preferred to be a thin film of high crystal-
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linity. Evaluation of a degree of crystallinity can be achieved
by means of X-ray diffraction, for example. To improve the
crystallinity, it is preferable to raise the temperature of the
substrate as high as possible during formation of the phos-
phor thin film. Meanwhile, annealing of the phosphor thin
film after formation of the thin film in vacuum, in the
atmosphere of N,, Ar, S vapor, H,S or the like is also
effective in light of improving the crystallinity. In particular,
when the phosphor thin film being a sulfide is obtained
according to the above-described method and then the
phosphor thin film is subjected to annealing in the oxidizing
atmosphere, it is possible to obtain the phosphor thin film
which emits high-luminance light and has a long product
life.

[0064] FIG. 1 shows a configuration example of an appa-
ratus for forming the phosphor thin film as a light-emitting
layer of the present invention. In this example, description
will be made on a method of fabricating the phosphor thin
film, in which a compound pellet containing barium sulfide
and yttrium sulfide with addition of Eu as the material
functioning as the luminescence center is used as the vapor
source, and H,S is introduced in the meantime. In FIG. 1,
a substrate 12 which is subject to formation of the phosphor
thin film as the light-emitting layer thereon, and an electron
beam (EB) vapor source 14 are disposed inside a vacuum
chamber 11.

[0065] The EB vapor source 14 includes a crucible 40 for
housing a pellet 14a with addition of the material function-
ing as the luminescence center, and an electron gun 41
incorporating a filament 41a for electron emission.

[0066] Here in the illustrated example, for the purpose of
facilitating the explanation, the location of the vapor source
14 may seem to deviate from a mean position with respect
to the substrate. However, in reality, the vapor source 14 is
disposed in an appropriate position so as to effectuate
uniform composition and film thickness of the phosphor thin
film to be deposited.

[0067] The vacuum chamber 11 includes an exhaust port
114, so that the inside of the vacuum chamber 11 can be set
to a desired degree of vacuum by exhausting gas from this
exhaust port 11a. This vacuum chamber 11 also includes a
material gas inlet port 115 for introduction of gas such as
hydrogen sulfide.

[0068] The substrate 12 is fixed to a substrate holder 124.
A fixed shaft 12b of this substrate holder 12z is fixed by
unillustrated rotating shaft fixing means such that the fixed
shaft 12b is rotated freely by manipulation from outside
while maintaining the degree of vacuum in the vacuum
chamber 11. Accordingly, unillustrated rotating means can
freely rotate the substrate 12 at desired revolution speed as
appropriate. Meanwhile, heating means 13 which includes
heater wires and the like is closely attached and fixed to the
substrate holder 124 so as to heat and maintain the substrate
12 at a desired temperature.

[0069] Using the above-described apparatus, the material
evaporated from the EB vapor source 14 is deposited and
bonded on the substrate 12, and the phosphor thin film such
as Eu-doped calcium yttrate is thereby formed. In this
process, it is possible to render the composition and film
thickness distribution of the deposited phosphor thin film
more uniform by rotating the substrate 12 as appropriate.
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[0070] To obtain an inorganic EL panel by use of the
phosphor thin film of the present invention, it is possible to
adopt a structure as shown in FIG. 2, for example.

[0071] FIG. 2 is a partial cross-sectional view showing a
configuration example of an inorganic EL panel using the
phosphor thin film according to the present invention. In
FIG. 2, lower electrodes 5 are formed in a striped pattern on
asubstrate 1, and a lower insulating layer 2 being a dielectric
is formed on the lower electrodes 5. Moreover, a phosphor
thin film 3 as a light-emitting layer, and a thin-film insulating
layer 4 being a dielectric are serially formed on this lower
insulating layer 2. Upper electrodes 6 having a striped
pattern which is orthogonal to the lower electrodes 5 are
formed on the thin-film insulating layer 4 so that the lower
electrodes 5 and the upper electrodes 6 collectively consti-
tute a matrix circuit,

[0072] The lower insulating layer 2 includes a thick-film
insulating layer 2a which is a thick-film dielectric, and an
insulating layer 2b which is formed by a solution coating and
baking method such as a sol-gel method or a MOD method
as a planarization layer for planarizing a surface of this
thick-film insulating layer 2a. By the way, actuation is
possible without the insulating layer 2b in the lower insu-
lating layer 2. In this case, it is preferable to polish the
surface of the thick-film insulating layer 2a for the purpose
of planarization.

[0073] Meanwhile, intermediate layers such as a layer for
enhancing adhesion, a layer for relaxing stress, or a barrier
layer for preventing a reaction may be provided at respective
interfaces of the substrate 1, the lower electrodes 3, the
upper electrodes 6, the thick-film insulating layer 2g, the
insulating layer 2b, and the thin-film insulating layer 4.

[0074] Particularly, it is preferable to provide a BaTiO,
thin-film layer between the insulating layer 2b and the
phosphor thin film 3 as a barrier layer. Moreover, if neces-
sary, BaTiO, thin-film layers may be also provided at the
respective interfaces of the substrate 1, the lower electrodes
5, the upper electrodes 6, the thick-film insulating layer 24,
the insulating layer 2b, and the thin-film insulating layer 4.

[0075] Furthermore, it is preferable to sandwich the phos-
phor thin film 3 between ZnS thin films. In this way, a charge
injection characteristics and a withstand voltage character-
istics of the phosphor thin film are enhanced, and a higher-
luminance EL element can be obtained. A film thickness of
the ZnS thin film is preferably set in a range from 30 nm to
400 nm, or more preferably in a range from 100 to 300 nm.

[0076] In other words, the EL panel preferably adopts the
structure of “ZnS thin film/phosphor thin film/ZnS thin
film”. Alternatively, the EL panel can adopt a structure of
alternately stacking the ZnS thin films and the phosphor thin
films such as “ZanS thin film/phosphor thin film/ZnS thin
film/ . . . /phosphor thin film/ZnS thin film” while disposing
the ZnS thin film as the outermost layer.

[0077] Meanwhile, the inorganic EL panel may adopt a
structure in which the thick-film insulating layer 2a is
excluded and the phosphor thin film 3 is formed in a
laminated structure sandwiched between a pair of thin-film
dielectrics such as barium tantalate and provided with thin-
film electrodes on both ends thereof, for example.

[0078] The material to be used as the substrate is not
particularly limited as long as the material is one which is
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capable of withstanding a temperature for forming the
thick-film insulating layer 24, a temperature for forming the
insulating layer 2b and the thin-film insulating layer 4, a
temperature for forming the phosphor thin film 3, and a
temperature for annealing the phosphor thin film 3, and
which is also capable of maintaining given strength. When
the thick-film insulating layer 2a is applied, the substrate
used therein should have a melting point of 600 C. © or more,
preferably 700 C. ° or more, and particularly a heat resis-
tance temperature of 800 C.° or more. To be more precise,
the substrate may be a glass substrate, a ceramic substrate
such as alumina (Al,O;), forsterite (2Mg0.Si0,), steatite
(Mg0.Si0,), mullite (3A1,0,.2Si0,), beryllia (BeO), alu-
minum nitride (AIN), silicon nitride (SiN) or silicon carbide
(SiC+Be0), and a heat-resistant glass substrate such as a
crystallized glass. Among those materials, an alumina sub-
strate and a crystallized glass substrate are preferred. Mean-
while, beryllia, aluminum nitride, silicon carbide, and the
like are preferred when heat conductivity is required.

[0079] In addition, it is also possible to use fused silica, a
thermally oxidized silicon wafer, and a metal substrate such
as titanium, stainless steel, Inconel (trademark), iron, and the
like. When using an electrically conductive substrate such as
metal, it is preferable to adopt a structure in which a thick
film containing an electrode inside is formed on the sub-
strate.

[0080] Publicly-known thick-film dielectric materials can
be used as the material for the thick-film insulating layer 2.
Here, it is more preferable to use a material having a
relatively high dielectric constant.

[0081] For example, it is possible to use lead titanate
materials, lead niobate materials, barium titanate materials,
for example.

[0082] Resistivity of the thick-film insulating layer 2a is
preferably set to 10% Q-cm or more, particularly in a range
from about 10'° to 10'® Q-cm. Moreover, the thick-film
insulating layer 2a is preferred to be a substance having
relatively high dielectric constant, wherein the dielectric
constant € is preferably defined as €=100 to 1000 or there-
about. A film thickness of the thick-film insulating layer 2a
is preferably set in a range from 5 to 50 um, more preferably
in a range from 10 to 30 um.

[0083] A method of forming the thick-film insulating layer
2a is not particularly limited as long as the film of the
thickness of 10 to 50 um can be obtained relatively easily by
the method. For example, a sol-gel method, a printing and
baking method, and the like are preferred.

[0084] In the case of the printing and baking method,
firstly, grain sizes of the materials are properly made uni-
form and the materials are mixed with a binder to prepare a
paste having appropriate viscosity. Subsequently, this paste
is applied on the substrate by screen printing and is then
dried. Thereafter, this green sheet is baked at an appropriate
temperature to obtain the thick-film insulating film 2a.

[0085] The material for constituting the thin-film insulat-
ing layer 4 may be barium tantalate (BaTa,Oy), silicon oxide
(510,,), silicon nitride (SiN), tantalum oxide (Ta,Oy), stron-
tium titanate (SrTiO;), yttrium oxide (Y,05), barium titan-
ate (BaTiO,), leadtinanate (PbTiO;), PZT, zirconia (ZrO,),
siliconoxynitride (SiON), alumina (AL,O;), leadniobate,
PMN-PT materials, and multilayer or mixed thin films
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thereof, for example. As the method of forming the thin-film
insulating layer 4 with these materials, it is possible to apply
a known method such as a vapor deposition method, a
sputtering method, a CVD method, a sol-gel method or a
printing and baking method. A film thickness of the thin-film
insulating layer 4 in this case is preferably set in a range
from 50 to 1000 nm, or more preferably in a range from
about 100 to 500 nm.

[0086] The lower electrodes 5 are formed at least on the
substrate 1 or inside the thick-film insulating layer 2a. As the
lower electrodes 5 which are exposed to a high temperature
when the thick-film insulating layer 2¢ is formed and the
phosphor thin film is treated with heat, it is possible to apply
generally used metal electrodes containing one element or a
combination of two or more elements such as palladium,
rhodium, iridium, rhenium, lutetium, platinum, tantalum,
nickel, chromium, titanium as principal components. In the
case of an EL element configured to sandwich the phosphor
thin film 3 between a pair of thin-film dielectrics instead of
using the thick-film insulating layer 2a, it is possible to
apply transparent electrodes such as ZnO or ITO as the
lower electrodes 5.

[0087] Normally, as for the upper electrodes 6, it is pref-
erable to apply transparent electrode having translucency at
a given luminescence wavelength band so as to extract the
luminescence from the opposite side to the substrate. Here,
when the substrate 1 and the thick-film insulating layer 2
possess translucency, it is possible to form the lower elec-
trodes § as transparent electrode so as to extract the lumi-
nescence from the substrate 1 side.

[0088] Itis particularly preferable to use ZnO, ITO and the
like as the transparent electrode. Whereas ITO usually
contains a stoichiometric composition of In,O, and SnO, the
O amount may be slightly deviated therefrom. A mixture
ratio of SnO, with respect to In,O; is preferably set in a
range from 1 to 20 wt %, ormore preferably ina range from
5 to 12 wt %. Moreover, a mixture ratio of ZnO with respect
to In,0, in IZO is normally set in a range from 12 to 32 wt
%.

[0089] Moreover, these electrodes may contain silicon.
Such a silicon electrode layer may be made of polyerystal-
line silicon (p-Si), amorphous silicon (a-Si), or single-crystal
silicon if necessary.

[0090] In the case of an electrode containing silicon, a
substance for securing electric conductivity is doped to
principal component silicon. A dopant used as the substance
is only required to secure given electric conductivity.
Accordingly, it is possible to use dopants which are normally
used in silicon semiconductors. To be more precise, the
dopant may be B, P, As, Sb, Al, and the like. Among those,
B, P, As, Sb, and Al are particularly preferable. A concen-
tration of the dopant is preferably set in a range from about
0.001 to 5 atm %.

[0091] As the method of forming the electrode layers with
these materials, it is possible to apply a known method such
as the vapor deposition method, the sputtering method, the
CVD method, the sol-gel method or the printing and baking
method. However, particularly when fabricating a structure
in which the thick-film insulating layer 2¢ having the lower
electrodes 5 inside is formed onto the substrate 1, it is
preferable to form the electrode layer by the same method
which is applied upon formation of the thick-film insulating
layer 2a.
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[0092] Preferred resistivity of the lower and upper elec-
trodes 4 and 5 is preferably set to 1 Q-cm or less, more
particularly in a range from 0.003 to 0.1 Q-cm, so as to
provide electric fields efficiently to the light-emitting layer 3.
Although a film thickness of each of the electrode layers
depend on the material subject to formation, the film thick-
ness is preferably set in a range from 50 to 2000 nm, or more
preferably in a range from 100 to 1000 nm.

[0093] Description has been made on the EL panel apply-
ing the Ca,;Y,S,:Eu phosphor thin film. However, in the
present invention, the element A is not limited to Ca but may
be at least one element or a combination of two or more
elements among Mg, Ca, Sr, Ba, and Zn. Similarly, the
element B is not limited to Y but may be at least one element
or a combination of two or more elements among the
above-described rare-carth elements.

[0094] Here, when using the element other than Ca,
among Mg, Sr, Ba or Zn as the element A, a pellet containing
a sulfide or an oxide of any of these elements may be used
appropriately. Similarly, when using any of the rare-earth
elements other than Y as the element B, a pellet containing
a sulfide or an oxide of the rare-carth element other than Y
may be used.

[0095] Moreover, the substance functioning as the lumi-
nescence center is not limited to Eu. It is possible to use a
Eu compound, Ce, a Ce compound, Mn or a Mn compound
instead of Eu. In such a case as well, a pellet containing the
above metals, an oxide or a sulfide of these metals may be
used.

[0096] Furthermore, it is possible to fabricate a phosphor
thin film of which the matrix material does not contain
sulfur, or in other words to fabricate a phosphor thin film
satisfying z=0, by canceling introduction of the H,S gas into
the vacuum chamber of the electron beam evaporation
apparatus and canceling introduction of the H,S gas during
the annealing process. In this case, when the phosphor thin
film is Ca¥,0,:Eu, for example, it is possible to apply
electron beam vapor deposition using a pellet containing
Ca0, Y,0;, Eu,0,, and the like, or a dual source vapor
deposition method using a mixed pellet containing CaO and
Y,05 and a pellet containing Eu,0s.

[0097] Eventually, it is possible to obtain a full-color EL
panel by arranging the phosphor thin films corresponding to
three colors of RGB appropriately in the light-emitting layer
3 of the above-described EL panel.

[0098] The above-described EL panel can be applied to a
full-color panel mainly for a display unit, a multicolor panel,
and a partially color panel configured to partially display the
three colors.

EXAMPLES

[0099] Hereinafter, the present invention will be described
further in detail based on concrete examples.

Example 1

[0100] An EL parel (an EL element) using the phosphor
thin film of the present invention was fabricated. An ITO
transparent electrode was formed on a glass substrate of a
thickness of 100 nm by a sputtering method, and then a
barium tantalate thin-film dielectric was formed thereon of
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a thickness of 300 nm by the sputtering method. Then, a
structure of “EL thin film/barium tantalate thin film (200
nm)” was fabricated thereon. The EL thin film was formed
into a structure of “ZnS film (200 nm)/phosphor thin film
(300 nm)/ZnS film (200 nm)”.

[0101] The following electron beam vapor deposition
method was used for fabricating the phosphor thin film.

[0102] An EB source housing a Ca,Y,S, pellet with addi-
tion of Eu by 0.5 mol % was placed in a vacuum chamber
where H,S gas was introduced. The pellet was evaporated
from this source at a given evaporation rate, and the phos-
phor thin film was formed on the rotating substrate which
was heated to 400 C.°. The evaporation rate of the vapor
source was adjusted such that the film to be formed on the
substrate grew in a deposition rate of 1 nm/sec. In this
process, H,S gas was introduced in a flow rate of 20 SCCM.
The phosphor thin film was thereby obtained.

[0103] Inthis way, a laminated material having a structure
of “BaTa,O¢ film (200 nm)/ZnS film (200 nm)/phosphor
thin film (400 nm)/ZnS film (200 nm)/BaTa,06 film (300
nm)/transparent electrode (100 nm)/substrate” was obtained.
Thereafter, the laminated material was annealed in argon gas
at 700 C.° for 10 minutes.

[0104] Moreover, an ITO transparent electrode of a film
thickness of 200 nm was formed on the obtained laminated
material at a substrate temperature of 250 C.° by an RF
magnetron sputtering method using an ITO oxide target, and
the EL panel was finished.

[0105] An electric field at a frequency of 1 kHz and a pulse
width of 50 uS was applied between two electrodes of the
obtained EL panel. As a result, red light emission luminance
with excellent reproducibility was obtained at an NTSC
level equivalent to 400 cd/m” and a chromaticity of (0.67,
0.33) according to the CIE 1931 color matching function. In
this EL panel, response time from application of a voltage to
stable luminescence was improved to 20 ms or less, as
compared to several seconds 1o several tens of seconds in a
conventional example. FIG. 3 shows a luminescence spec-
trum of this EL panel and FIG. 4 shows an L-V character-
istic thereof. It is apparent that the EL panel of this example
exerts higher luminance as compared to the conventional
example.

[0106] Additionally, the composition of the phosphor thin
film was investigated by using X-ray fluorescence spectros-

copy. As a result, molar ratios of the respective elements
therein were Ca:Y:S:Eu=10.36:29.24:43.49:0.57.

Comparative Example 1

[0107] An EL panel was obtained as similar to Example 1
except that the phosphor thin film was made of CaS:Eu
which had been conventionally deemed excellent as a red EL
material. The luminance of the obtained EL panel was about
80 cd/M? when driven at 1 kHz. Moreover, response time
from application of a voltage to stable luminescence took
several seconds to several tens of seconds. Accordingly, this
EL panel required improvements in terms of higher lumi-
nance and higher response to be applied to a color display.
FIG. 3 shows a luminescence spectrum of this EL panel.

Example 2

[0108] Various EL panels were fabricated as similar to
Example 1 except that the material for the phosphor thin film
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was changed from Ca,Y,S,:Fu to various yttrate phosphors.
To be more precise, the respective yttrate phosphors of
Ba,Y,S,:Eu, Sr;Y,S,.Eu, Ba,Y,S,;Mn, Sr,Y,S,:Mn,
Mg, Y,S,:Mn, and Zn,Y,S,;Mn were applied. Table 1
shows luminescence peak wavelengths and chromaticity
coordinates according to the CIE 1931 color matching
function of the EL panels using the above-mentioned thlo-
yttrate phosphors. Here, the luminescence peak wavelengths
and the chromaticity coordinates were calculated from photo
luminescence (PL) spectra. Results of measurement of the
PL spectra of the respective phosphor thin films are shown
in FIGS. 5 and 6.

TABLE 1
Luminescence peak Chromaticity
Phosphor material wavelength (nm) coordinates
BaY,S,:Eu 592 (0555, 0.440)
SrY,S,:Eu 624 (0.636, 0.361)
BaY,S,:Mn 460 (0172, 0.157)
SrY,S,Mn 650 (0565, 0.373)
MgY,S,:Mn 716 (0556, 0.374)
ZnY,S,:Mn 518 (0228, 0.565)
CaY,S,:Eu 682 (0.612, 0.382)
[0109] Each of these EL panels emitted high-luminance

light which was almost equivalent to Example 1. Among
those, the luminance of Sr; Y,S ,:Eu was significantly high at
700 cd/M?>,

[0110] Moreover, from the results of the PL spectra, it is
apparent that high-luminance red light emission with excel-
lent color purity was obtained particularly from Sr, Y,S,:Eu,
and that high-luminance blue light emission was obtained
from Ba,Y,S,:Mn. FIG. 7 shows a voltage—luminance
characteristic of Sr;Y,S,:Fu.

[0111] Furthermore, high-luminance green light emission
with excellent color purity was obtained from ZnY,S,:Mn.

[0112] The PL spectrum of the Ca,Y,S,:Eu EL panel
obtained in Example 1 is also shown in FIG. 5, and the
luminescence peak wavelength and the chromaticity coor-
dinates of the EL panel of Example 1 obtained from this PL
spectrum are also shown in Table 1, respectively.

[0113] In this way, it was confirmed that the phosphor thin
film, in which the substance functioning as the luminescence
center was added to complex sulfide containing sulfide of
alkaline-carth metals (Ca, Ba, Sr, and Mg) and Zn and
sulfide of yttrium, emitted high-luminance light in compari-
son with conventional phosphors. Here, it is analogized that
similar effects are obtained if any other rare-earth metal
having similar properties to yttrium is added to the complex
compound instead of yttrium.

Example 3

[0114] An EL panel was fabricated as similar to Example
1 except that the material for the phosphor thin film was
changed from Ca,Y,S,:Eu to a Ca;Y,0,S,:Eu phosphor.

[0115] To be more precise, the phosphor thin film was
formed by a vapor deposition method using a target con-
taining CaS, Y,S;, Y,05, and Eu,S;. FIG. 8 shows a
luminescence spectrum of this EL panel. This phosphor also
exerted luminance and response similar to Example 1.
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Example 4

[0116] AnEL panel (an EL element) including a thick-film
insulating layer was fabricated by use of the phosphor thin
film of Example 1. A BaTiO; dielectric material (dielectric
constant €:5000) was used for the substrate and the thick-
film insulating layer, and Pd electrodes were used for lower
electrodes.

[0117] First, a substrate sheet was fabricated. Then, lower
electrodes and the thick-film insulating layer are screen-
printed thereon to form a green sheet, and the green sheet
was baked at the same time. A surface of the obtained
complex substrate was polished to be formed into the
substrate including the thick-film insulating layer of a thick-
ness of 30 um. Moreover, a BaTiO, film of the thickness of
400 nm is formed thereon as a barrier layer by the sputtering
method. Thereafter, the substrate was annealed in air at 700
C°.

[0118] On this complex substrate, a structure of “Al,0,
film (50 nm)/EL thin film/Al,O; film (50 nm)” was fabri-
cated so as to allow the EL panel to emit light stably. The EL
thin film was formed into a structure of “ZnS film (200
nm)/phosphor thin film (300 nm)/ZoS film (200 nm)”.

[0119] Upon fabrication of the phosphor thin film, a
Ca,Y,S,:Eu thin film was fabricated as similar to Example
1.

[0120] A laminated material thus obtained was structured
into a structure of “AlLO; film (50 nm)/ZnS film (200
nm)/phosphor thin film (300 nm)/ZnS film (200 am)/AL O,
film (50 nm)”. Then, the laminated material was annealed in
air at 700 C.° for 10 minutes.

[0121] Moreover, an ITO transparent electrode of a film
thickness of 200 nm was formed on the obtained laminated
material at a substrate temperature of 250 C.° by the RF
magnetron sputtering method using an ITO oxide target, and
the EL panel was finished.

[0122] An electric field at a frequency of 1 kHz and a pulse
width of 50 uS was applied between two electrodes of the
obtained EL panel. As a result, red light emission luminance
at 500 ¢d/m* and at a chromaticity of (0.67, 0.33) according
to the CIE 1931 color matching function was obtained. In
this EL element, response was improved to 20 ms or less as
compared to several seconds 1o several tens of seconds in a
conventional example. It is apparent that the EL element of
this example exerts higher luminance as compared to 80
cd/M which was observed in the EL panel of Comparative
Example 1 using the conventional red material CaS:Eu.

[0123] As it is clear from the above-described examples,
the EL panel including the phosphor thin film of the present
invention emits high-luminance light.
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[0124] The EL panel using the above-described phosphor
thin film can achieve a multicolor EL panel or a full-color EL
panel with higher luminance. Therefore, the present inven-
tion has significant practical advantages.

What is claimed is:
1. A phosphor thin film comprising:

a matrix material expressed by a composition formula
AXByOWSZ’

A representing at least one element selected from the
group consisting of Mg, Ca, Sr, Ba, and Zn,

B representing at least one element selected from the
group consisting of Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu,

molar ratios being respectively set as O<x<5, O<y<4,
0=2<8, and 0=w=8, and

0=z=w never holding true, and

a substance functioning as a luminescence center in the
matrix material.
2. The phosphor thin film according to claim 1,

wherein the substance functioning as the luminescence
center is any of Mn and a Mn compound.
3. The phosphor thin film according to claim 1,

wherein the substance functioning as the luminescence
center is any of Eu and a Eu compound.
4. The phosphor thin film according to claim 1,

wherein the substance functioning as the luminescence
center is any of Ce and a Ce compound.
5. The phosphor thin film according to claim 1,

wherein the matrix material satisfies 0.001<w/(z+w)<0.6.
6. An electroluminescence panel comprising:

the phosphor thin film according to claim 1.
7. A method of manufacturing a phosphor thin film
comprising:

forming a thin film by vapor deposition using a single
vapor source including at least one element selected
from the group consisting of Mg, Ca, Sr, Ba, and Zn,
anyofanoxide and a sulfide of at least one element
selected from the group consisting of Sc, Y, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu,
and a substance functioning as a luminescence center;
and

annealing the formed thin film.
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