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(54) Phosphor thin film, preparation method, and EL panel

(57) The invention aims to provide a phosphor thin
film eliminating a need for filters, having a satisfactory
color purity, suited for RGB in full-color EL displays, en-
abling to simplify the manufacture process of full-color
EL panels, and offering the advantages of minimized
variation of luminance, increased yields, and reduced
manufacture cost, a method for preparing the same and

an EL panel. Such objects are achieved by a phosphor
thin film formed of a matrix material comprising an ox-
ysulfide consisting of at least one compound selected
from alkaline earth thiogallates and alkaline earth thio-
indates, in which oxygen is incorporated, the matrix ma-
terial further containing an element serving as a lumi-
nescent center, a method for preparing the same, and
an EL panel using the same.



EP 1 251 159 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] This invention relates to an oxysulfide -thin film
having a light emitting function, and more particularly, to
a phosphor thin film used as a light-emitting layer in in-
organic EL devices and an EL panel using the same.

Background Art

[0002] In the recent years, active research works
have been made on thin-film EL devices as small-size
and large-size, lightweight flat displays. A monochro-
matic thin-film EL display using a phosphor thin film of
manganese-doped zinc sulfide capable of emitting yel-
lowish orange light has already become commercially
practical as a dual insulated structure using thin-film in-
sulating layers 2 and 4 as shown in FIG. 2. In FIG. 2, a
predetermined pattern of lower electrodes 5 is formed
on a substrate 1, and a first insulating layer 2 is formed
on the lower electrode-bearing substrate 1. On the first
insulating layer 2, a light-emitting layer 3 and a second
insulating layer 4 are successively formed. On the sec-
ond insulating layer 4, a predetermined pattern of upper
electrodes 6 is formed so as to construct a matrix circuit
with the lower electrodes 5.
[0003] Thin-film EL displays must display images in
color in order that they find use as computer, TV and
similar monitors. Thin-film EL displays using sulfide
phosphor thin films are fully reliable and resistant to en-
vironment, but at present regarded unsuitable as color
displays because EL phosphors required to emit light in
the primaries of red, green and blue have poor charac-
teristics. Engineers continued research on SrS:Ce (us-
ing SrS as a matrix material and Ce as a luminescent
center) and ZnS:Tm as a candidate for the blue light-
emitting phosphor, ZnS:Sm and CaS:Eu as a candidate
for the red light-emitting phosphor, and ZnS:Tb and
CaS:Ce as a candidate for the green light-emitting phos-
phor.
[0004] These phosphor thin films capable of emitting
light in the primaries of red, green and blue suffer from
problems of emission luminance, emission efficiency
and color purity. Thus color EL panels have not reached
the commercial stage. Referring to the blue color among
others, a relatively high luminance is achieved using
SrS:Ce. However, its luminance is still short as the blue
color for full-color display and its chromaticity is shifted
toward green. There is a desire to have a better blue
light-emitting layer.
[0005] To solve the above problem, thiogallate and
thioaluminate base blue phosphors such as SrGa2S4:
Ce, CaGa2S4:Ce, and BaAl2S4:Eu were developed as
described in JP-A 7-122364, JP-A 8-134440, Shinshu
Univ. Technical Report, EID 98-113, pp. 19-24, and Jpn.

J. Appl. Phys., Vol. 38 (1999), pp. L1291-1292. These
thiogallate base phosphors are satisfactory in color pu-
rity, but suffer from a low luminance and especially, dif-
ficulty to form a thin film of uniform composition because
of the multi-component composition. It is believed that
thin films of quality are not obtainable because of poor
crystallinity resulting from inconvenient composition
control, formation of defects resulting from sulfur remov-
al, and admittance of impurities; and these factors lead
to a failure to increase the luminance. In particular, thio-
aluminate base phosphors are quite difficult to control
their composition.
[0006] In order to develop practical full-color EL pan-
els, phosphor materials capable of providing blue, green
and red phosphors in a consistent manner and at a low
cost and methods of preparing such phosphors are nec-
essary. Since matrix materials of phosphor thin films and
luminescent center materials individually have differing
chemical or physical properties as described above, the
preparation method differs depending on the identity of
the phosphor thin film. A film forming method capable
of deriving a high luminance from one material fails to
achieve a high luminance for a phosphor thin film of an-
other color. For the overall process of manufacturing a
full-color EL panel, plural types of film forming apparatus
are necessary. The manufacturing process becomes
very complex, leading to an increased cost of panel
manufacture.
[0007] Moreover, the EL spectra of the aforemen-
tioned blue, green and red EL phosphor thin films are
all broad. When they are used in a full-color EL panel,
RGB necessary as the panel must be cut out of the EL
spectra of the EL phosphor thin films using filters. Use
of filters complicates the manufacture process and, still
worse, brings about a lowering of luminance. When
RGB is taken out through filters, the luminance of blue,
green and red EL phosphor thin films is lost by 10 to
50% so that the luminance is reduced below the practi-
cally acceptable level.
[0008] To solve the above-discussed problem, there
remains a need for red, green and blue phosphor thin
film materials capable of emitting light of a satisfactory
color purity without a need for filters and at a high lumi-
nance, as well as phosphor matrix materials and lumi-
nescent center materials of similar chemical or physical
properties which can be prepared to a high luminance
capability by an identical film-forming method or film-
forming apparatus.

SUMMARY OF THE INVENTION

[0009] An object of the invention is to provide a phos-
phor thin film eliminating a need for filters, having a sat-
isfactory color purity and best suited as RGB in full-color
EL displays, a method for preparing the same, and an
EL panel.
[0010] Another object is to provide a phosphor thin
film which enables to simplify the manufacture process
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of full-color EL panels, and offers the advantages of min-
imized variation of luminance, increased yields, and re-
duced manufacture cost, a method for preparing the
same, and an EL panel.
[0011] These and other objects are attained by the
present invention which is defined below as (1) to (8).

(1) A phosphor thin film formed of a matrix material
comprising an oxysulfide consisting of at least one
compound selected from alkaline earth thiogallates
and alkaline earth thioindates, in which oxygen is
incorporated,

said matrix material further containing an ele-
ment serving as a luminescent center.
(2) The phosphor thin film of (1) wherein the molar
ratio of oxygen element to sulfur element in said ox-
ysulfide, as expressed by O/(S+O), is in the range:

(3) The phosphor thin film of (1) or (2) having the
following compositional formula:

wherein M is a metal element, A is at least one el-
ement selected from the group consisting of Mg,
Ca, Sr, Ba and rare earth elements, B is at least one
element selected from Ga and In, x is in the range
of 1 to 5, y is in the range of 1 to 15, z is in the range
of 3 to 30, and w is in the range of 3 to 30.
(4) The phosphor thin film of any one of (1) to (3)
wherein said luminescent center is provided by a
rare earth element.
(5) An EL panel having the phosphor thin film of any
one of (1) to (4).
(6) A method for preparing the phosphor thin film of
any one of (1) to (4), comprising

forming a sulfide thin film, and
annealing the thin film in an oxidizing atmos-

phere.
(7) A method for preparing the phosphor thin film of
any one of (1) to (4) by an evaporation process,
comprising

placing at least one evaporation source se-
lected from gallium sulfide and indium sulfide and
an evaporation source of a rare earth sulfide having
a luminescent center added thereto in a vacuum
chamber, admitting oxygen gas into the vacuum
chamber, and

evaporating at least one compound selected
from gallium sulfide and indium sulfide and the rare
earth sulfide substance from the respective sources
and depositing the evaporated substances on a
substrate while binding the substances with oxygen
gas, thereby forming a phosphor thin film.

O/(S+O) = 0.01 to 0.85.

AxByOzSw:M

(8) A method for preparing the phosphor thin film of
any one of (1) to (4) by an evaporation process,
comprising

placing at least one evaporation source se-
lected from gallium sulfide and indium sulfide and
an evaporation source of an alkaline earth metal or
an alkaline earth sulfide having a luminescent cent-
er added thereto in a vacuum chamber, admitting
hydrogen sulfide gas into the vacuum chamber,

evaporating at least one compound selected
from gallium sulfide and indium sulfide and the al-
kaline earth sulfide substance or alkaline earth met-
al substance from the respective sources and de-
positing the evaporated substances on a substrate
while binding the substances with hydrogen sulfide
gas, thereby forming a sulfide phosphor thin film,
and

annealing the thin film in an oxidizing atmos-
phere.

FUNCTION

[0012] The present invention is arrived at by synthe-
sizing compound materials, using a reactive deposition
process as the common film forming process and chem-
ically or physically stable oxides. The resulting phosphor
thin films are able to emit light of different color covering
a wide spectrum from red to blue.
[0013] The inventors formed thin films of alkaline
earth thiogallates and alkaline earth thioindates as thin
film phosphors intended for EL application. EL devices
were prepared using the thin films, but they failed to pro-
duce the desired light emission. The thin films had an
emission luminance as low as 2 cd/m2 at the highest.
The luminance must be increased in order that the thin
films be applied to EL device panels.
[0014] Based on these empirical results, the inventors
continued research on phosphor thin films of the above
series and reached the present invention. It has been
found that an outstanding increase of luminance is ac-
complished by adding oxygen to alkaline earth thiogal-
late and alkaline earth thioindate matrix materials to
form oxysulfides.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic cross-sectional view showing
an exemplary construction of the apparatus to
which the method of the invention is applicable or
the manufacturing apparatus of the invention.
FIG. 2 is a partially cross-sectional, perspective
view showing an exemplary construction of the in-
organic EL device which can be manufactured by
the method and apparatus of the invention.
FIG. 3 is a diagram showing the emission spectrum
of the EL device of Example 1.
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FIG. 4 is a diagram showing the emission spectrum
of the EL device of Example 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] Several embodiments of the invention are de-
scribed in detail.
[0017] The phosphor thin film of the invention is
formed of a matrix material comprising an oxysulfide
consisting of at least one compound selected from al-
kaline earth thiogallates and alkaline earth thioindates,
in which oxygen is incorporated. A rare earth element is
further added as a luminescent center.
[0018] Examples of the alkaline earth thiogallates and
alkaline earth thioindates used in the phosphor thin film
of the invention include A5B2S8, A4B2S7, A2B2S5,
AB2S4, AB4S7, A4B14S25, AB8S13, AB12S19, etc. where-
in A is an alkaline earth element and B is gallium (Ga)
or indium (In). The matrix material may use these com-
pounds alone or in admixture of two or more and take
an amorphous state where a distinct crystalline struc-
ture is absent.
[0019] The alkaline earth element is selected from Be,
Mg, Ca, Sr, Ba and Ra. Of these, Mg, Ca, Sr and Ba are
preferred, with Ba and Sr being especially preferred.
[0020] The element to be combined with the alkaline
earth element is gallium or indium, and any desired com-
bination is possible.
[0021] The phosphor thin film of the invention further
contains oxygen in the matrix material and preferably
has the following compositional formula:

wherein Re is a rare earth element, A is at least one
element selected from the group consisting of Mg, Ca,
Sr, Ba and rare earth elements, and B is at least one
element selected from Ga and In.
[0022] In the above formula, x, y, z and w denote mo-
lar ratios of elements A, B, O and S, and are preferably
in the ranges of:

x = 1 to 5,
y = 1 to 15,
z = 3 to 30, and
w = 3 to 30.

[0023] Preferably, oxygen is added to the alkaline
earth sulfide matrix material in such amounts that the
atomic ratio of oxygen to sulfur in the matrix material, as
expressed by O/(S+O), is in the range from 0.01 to 0.85,
and especially from 0.05 to 0.5. Differently stated, the
value of w/(z+w) in the formula is preferably in the range
of 0.01 to 0.85, more preferably 0.01 to 0.5, even more
preferably 0.05 to 0.5, and especially 0.1 to 0.4.
[0024] The composition of the phosphor thin film can

AxByOzSw:Re

be ascertained by x-ray fluorescence analysis (XRF), x-
ray photoelectron spectroscopy (XPS) or the like.
[0025] Oxygen is effective for outstandingly enhanc-
ing the electroluminescent luminance of phosphor thin
films. The light emitting device has a lifetime in that the
luminance drops with the lapse of light emitting time.
The addition of oxygen improves the lifetime perform-
ance and prevents the luminance from dropping. The
addition of oxygen to sulfide promotes crystallization of
the matrix material during film deposition or during post
treatment such as annealing after film deposition, and
permits the rare earth element added to undertake ef-
fective transition within the compound crystal field, pro-
ducing stable light emission at a high luminance. As
compared with the matrix material of pure sulfide, the
matrix material having oxygen added thereto is stable
in air. This is probably because the stable oxide compo-
nent protects the sulfide component in the film from the
ambient air.
[0026] The element Re contained as the luminescent
center is one or more elements selected from among
transition metal elements such as Mn and Cu, rare earth
metal elements, lead (Pb) and bismuth (Bi). The rare
earth element is selected from among at least Sc, Y, La,
Ce, Pr, Nd, Gd, Tb, Ho, Er, Tm, Lu, Sm, Eu, Dy and Yb.
Specifically, Eu and Ce are preferred for the blue phos-
phor, Eu, Ce, Tb and Ho are preferred for the green
phosphor, and Pr, Eu, Sm, Yb and Nd are preferred for
the red phosphor. Among these, Eu, Pr, Tb and Sm are
preferred for combination with the matrix material. The
most preferred elements are Eu and Sm. An appropriate
amount of the luminescent center added is 0.1 to 10 at%
based on the alkaline earth atoms.
[0027] The phosphor thin film is preferably prepared,
for example, by a reactive deposition process to be de-
scribed below. The following description refers to a
BaGa2OzSw:Eu phosphor thin film as a typical example.
[0028] A barium gallate pellet having europium added
is prepared. In a vacuum chamber to which H2S gas is
admitted, the pellet is evaporated by irradiating electron
beams. The H2S gas is used in order for sulfur to join
reaction.
[0029] Alternatively, a multi-source reactive deposi-
tion process is employable.
[0030] Exemplary and preferred methods include a bi-
nary reactive deposition process using a barium oxide
pellet having europium added thereto, a gallium oxide
pellet, and H2S gas; a binary vacuum evaporation proc-
ess using a barium sulfide pellet having europium added
thereto and a gallium oxide pellet in the absence of a
gas; a binary vacuum evaporation process using a bar-
ium oxide pellet having europium added thereto and a
gallium sulfide pellet in the absence of a gas; and a bi-
nary reactive deposition process using a barium sulfide
pellet having europium added thereto, a gallium sulfide
pellet, and O2 gas.
[0031] More preferably, a phosphor thin film is ob-
tained by placing at least a gallium sulfide evaporation
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source and an evaporation source of an alkaline earth
sulfide having a luminescent center added thereto in a
vacuum chamber, admitting oxygen (O2) gas into the
vacuum chamber, and evaporating gallium sulfide and
the alkaline earth sulfide substance from the respective
sources and depositing the evaporated substances on
a substrate while binding the substances with oxygen
gas.
[0032] The method may further involve anneal treat-
ment. In one preferred embodiment, once a barium thi-
ogallate thin film is formed by a binary reactive deposi-
tion process using a barium sulfide pellet having euro-
pium added thereto, a gallium sulfide pellet, and H2S
gas or a binary reactive deposition process using a bar-
ium sulfide pellet having europium added thereto and a
gallium sulfide pellet in the absence of a gas, the thin
film is annealed in an oxidizing atmosphere such as ox-
ygen or air. For example, once a thin film is formed by
a binary reactive deposition process using a barium
sulfide pellet having europium added thereto, a gallium
sulfide pellet, and hydrogen sulfide (H2S) gas, the thin
film is annealed in air. The preferred annealing condi-
tions include an oxidizing atmosphere having an oxygen
concentration equal to or above the ambient atmos-
phere and a temperature in the range of 500 to 1,000°C,
especially 600 to 800°C.
[0033] More preferably, a thin film is prepared by plac-
ing at least a gallium sulfide evaporation source and an
evaporation source of an alkaline earth sulfide having a
luminescent center added thereto in a vacuum chamber,
admitting hydrogen sulfide gas into the vacuum cham-
ber, evaporating gallium sulfide and the alkaline earth
sulfide substance from the respective sources and de-
positing the evaporated substances on a substrate while
binding the substances with hydrogen sulfide gas,
thereby forming a sulfide phosphor thin film, and then
annealing the thin film in an oxidizing atmosphere.
[0034] Europium added to the source substance may
take the form of metal, fluoride, oxide or sulfide. Since
the amount of europium added varies depending on the
source substance and the thin film to be deposited, the
composition of the source substance is adjusted so as
to achieve an appropriate dosage.
[0035] During the evaporation, the temperature of the
substrate may be at room temperature to 600°C, pref-
erably 100 to 300°C. If the substrate temperature is too
high, the thin film of matrix material may have more as-
perities on its surface and contain pin holes therein, giv-
ing rise to the problem of current leakage on EL devices.
Also the thin film can be colored brown. For this reason,
the aforementioned temperature range is preferable.
[0036] The oxysulfide phosphor thin film thus formed
is preferably a highly crystalline thin film. Crystallinity
can be evaluated by x-ray diffraction, for example. To
promote crystallinity, the substrate temperature is set as
high as possible. It is also effective to anneal the thin
film in vacuum, N2, Ar, sulfur vapor, H2S, air or oxygen
after its formation.

[0037] No particular limits are imposed on the thick-
ness of the light emitting layer. However, too thick a layer
requires an increased drive voltage whereas too thin a
layer results in a low emission efficiency. Illustratively,
the light emitting layer is preferably about 100 to 2,000
nm thick, especially about 150 to 700 nm although the
thickness varies depending on the identity of the fluo-
rescent material.
[0038] The pressure during evaporation is preferably
1.33x10-4 to 1.33x10-1 Pa (1x10-6 to 1x10-3 Torr). Both
the amounts of O2 gas for adding oxygen and H2S gas
for promoting sulfidation may be adjusted to provide a
pressure of 6.65x10-3 to 6.65x10-2 Pa (5x10-5 to 5x10-4

Torr). If the pressure exceeds the range, the operation
of the electron gun becomes unstable, and composition
control becomes very difficult. The rate of H2S or oxygen
gas feed is preferably 5 to 200 standard cubic centime-
ters per minute (SCCM), especially 10 to 30 SCCM al-
though it varies depending on the power of the vacuum
system.
[0039] If desired, the substrate may be moved or ro-
tated during evaporation. By moving or rotating the sub-
strate, the deposited film becomes uniform in composi-
tion and minimized in the variation of thickness distribu-
tion.
[0040] When the substrate is rotated, the number of
revolutions is preferably at least about 10 rpm, more
preferably about 10 to 50 rpm, and especially about 10
to 30 rpm. If the rotational speed of the substrate is too
high, there may arise a problem of seal upon admission
into the vacuum chamber. If the rotational speed of the
substrate is too low, compositional gradation may occur
in the thickness direction within the chamber so that the
characteristics of the light emitting layer may become
poor. The means for rotating the substrate may be any
well-known rotating mechanism including a power
source such as a motor or hydraulic rotational mecha-
nism and a power transmission/gear mechanism having
a combination of gears, belts, pulleys and the like.
[0041] The means for heating the evaporation source
and the substrate may be selected, for example, from
tantalum wire heaters, sheath heaters and carbon heat-
ers, as long as they have the predetermined thermal ca-
pacity, reactivity or the like. The temperature reached
by the heating means is preferably in the range of about
100 to about 1,400°C, and the precision of temperature
control is about ±1°C, preferably about ±0.5°C at
1,000°C.
[0042] FIG. 1 illustrates one exemplary construction
of the apparatus for forming the light emitting layer ac-
cording to the invention. Reference is made to an em-
bodiment wherein oxygen-added barium gallate:Eu is
produced by using gallium sulfide and barium sulfide as
the evaporation sources and admitting oxygen during
evaporation. In the illustrated embodiment, a substrate
12 on which the light emitting layer is to be deposited,
and EB evaporation sources 14 and 15 are disposed
within a vacuum chamber 11.

7 8



EP 1 251 159 A2

6

5

10

15

20

25

30

35

40

45

50

55

[0043] The electron beam (EB) evaporation sources
14 and 15 serving as means for evaporating gallium
sulfide and barium sulfide include crucibles 40 and 50
which contain barium sulfide 14a having a luminescent
center added thereto and gallium sulfide 15a, and elec-
tron guns 41 and 51 having electron emitting filaments
41a and 51a built therein, respectively. Built in the elec-
tron guns 41, 51 are mechanisms for controlling electron
beams. To the electron guns 41, 51 are connected ac
power supplies 42, 52 and bias power supplies 43, 53.
[0044] The electron guns 41, 51 produce electron
beams at predetermined powers in a controlled manner,
which are irradiated to the crucibles 40, 50 for evapo-
rating the barium sulfide 14a having a luminescent cent-
er added thereto and the gallium sulfide 15a in a prede-
termined ratio. Also employable is a process in which
multi-source simultaneous evaporation is performed us-
ing a single electron gun, which is known as multi-
source pulse evaporation process.
[0045] The vacuum chamber 11 has an exhaust port
11a through which the chamber is evacuated to estab-
lish a predetermined vacuum in the chamber. The vac-
uum chamber 11 also has an inlet port 11b through
which a reactant gas such as oxygen or hydrogen
sulfide gas is admitted into the chamber.
[0046] The substrate 12 is fixedly secured to a holder
12a. The holder 12a has a shaft 12b which is rotatably
held by an outside rotating shaft mount (not shown) so
that the vacuum may be maintained in the chamber 11.
The shaft 12b is adapted to be rotated at a predeter-
mined number of revolutions by a rotating means (not
shown). A heating means 13 in the form of a heater wire
is closely secured to the substrate holder 12a so that
the substrate may be heated and maintained at the de-
sired temperature.
[0047] Using the illustrated apparatus, vapors of bar-
ium sulfide and gallium sulfide are evaporated from the
EB evaporation sources 14, 15 and deposited on the
substrate 12 where they are bound with the oxygen ad-
mitted to thereby form an oxysulfide fluorescent layer.
By rotating the substrate 12 during the evaporation proc-
ess if desired, the light emitting layer being deposited
can be made more uniform in composition and thickness
distribution. Although two EB evaporation sources are
used in the illustrated embodiment, the evaporation
source is not limited to an EB evaporation source, and
another evaporation source such as a resistive heating
evaporation source may be used depending on a par-
ticular material and conditions used.
[0048] Also preferred is a process of forming a thio-
gallate thin film by a multi-source reactive deposition
process to be described below, and then annealing the
thin film in an oxidizing atmosphere.
[0049] Specifically, barium metal and gallium sulfide
are evaporated and reacted on a substrate to form a thi-
ogallate thin film. Although the following description fo-
cuses at barium thiogallate, thioindate may be similarly
obtained using indium sulfide or the like. For promoting

sulfidation, hydrogen sulfide (H2S) gas is preferably
used as the sulfur source.
[0050] Gallium sulfide may deviate about 10% from
the stoichiometry although it is preferred that gallium
sulfide be as close to the stoichiometry as possible in
order that the amount of the luminescent center that is
added to the sulfide to form an evaporation source have
a higher precision.
[0051] Preferably the luminescent center is added to
gallium sulfide. Even in an amount of less than several
mol%, the luminescent center can be uniformly added
to gallium sulfide. The gallium sulfide in pellet, powder,
compact or mass form is evaporated. The luminescent
center substance is evaporated and moved onto the
substrate along with the gallium sulfide so that a trace
amount of the luminescent center may be added to the
thiogallate base light emitting layer in a controlled man-
ner. That is, the gallium sulfide plays the role of a carrier
for the impurity substance (luminescent center), permit-
ting less than 1 mol% of the luminescent center to be
uniformly added to the thiogallate at a high precision.
[0052] Any of the aforementioned rare earth elements
or the like may be added as the luminescent center. The
rare earth added to the source substance may take the
form of metal, fluoride or sulfide. Since the amount of
rare earth added varies depending on the source sub-
stance and the thin film to be deposited, the composition
of the source substance is adjusted so as to achieve an
appropriate dosage.
[0053] The inventive method not only enables to con-
trol the composition of thiogallate, but also improves the
crystallinity of thiogallate. Since the thiogallate thin film
can be readily controlled so as to provide a ratio Ba:Ga:
S of 1:2:1 for BaGa2S4, for example, its crystallinity be-
comes high. In the course of diffusion of S, Ga, Ba,
Ga2S3, BaS and clusters thereof on the substrate sur-
face, the respective elements settle at their stable crys-
tal sites. This results in a high crystallinity thin film. In
particular, since the EL device relies on a light emission
phenomenon under a high electric field, the crystallinity
of a matrix material must be increased in order to pro-
vide a phosphor thin film having a high luminance. The
present invention provides a phosphor thin film which
readily crystallizes. A gas such as sulfur may be admit-
ted if necessary.
[0054] The sulfide phosphor thin film thus formed is
preferably a highly crystalline thin film. Crystallinity can
be evaluated by x-ray diffraction, for example. To pro-
mote crystallinity, the substrate temperature is set as
high as possible. It is also effective to anneal the thin
film in vacuum, N2, Ar, sulfur vapor, H2S or the like after
its formation. In particular, an oxysulfide phosphor thin
film is obtainable by forming a thiogallate thin film by the
aforementioned process, and then annealing the thin
film in an oxidizing atmosphere.
[0055] There have been described the fluorescent
thin film material and the method of manufacture by
evaporation according to the invention, by which a phos-
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phor thin film capable of light emission at a higher lumi-
nance can be easily formed.
[0056] Using the phosphor thin film of the invention as
a light emitting layer 3, an inorganic EL device is man-
ufactured, for example, to the structure shown in FIG. 2.
[0057] FIG. 2 is a partially cross-sectional, perspec-
tive view showing an exemplary construction of the in-
organic EL device using the light emitting layer of the
invention. In FIG. 2, a predetermined pattern of lower
electrodes 5 is formed on a substrate 1, and a first thick
insulating layer (or thick-film dielectric layer) 2 is formed
on the lower electrodes 5. On the first insulating layer 2,
a light-emitting layer 3 and a second insulating layer (or
thin-film dielectric layer) 4 are successively formed. On
the second insulating layer 4, a predetermined pattern
of upper electrodes 6 is formed so as to construct a ma-
trix circuit with the lower electrodes 5.
[0058] Between the substrate 1, electrodes 5, 6, thick-
film insulating layer 2 and thin-film insulating layer 4,
there may be disposed intermediate layers such as a
layer for enhancing bond, a layer for mitigating stress,
and a layer for preventing reaction. The thick film may
be improved in smoothness as by polishing its surface
or using a smoothing layer.
[0059] Any desired material may used as the sub-
strate as long as the substrate has a heat resistant tem-
perature or melting point of at least 600°C, preferably at
least 700°C, especially at least 800°C so that the sub-
strate may withstand the thick-film forming temperature,
the forming temperature of the EL fluorescent layer and
the annealing temperature of the EL device, the sub-
strate allows deposition thereon of functional thin films
such as a light emitting layer by which the EL device can
be constructed, and the substrate maintains the prede-
termined strength. Illustrative examples include ceramic
substrates of glass, alumina (Al2O3), forsterite
(2MgO·SiO2), steatite (MgO·SiO2), mullite
(3Al2O3·2SiO2), beryllia (BeO), aluminum nitride (AlN),
silicon nitride (SiN), and silicon carbide (SiC+BeO) as
well as heat resistant glass substrates of crystallized
glass or the like. Of these, alumina substrates and crys-
tallized glass substrates are especially preferable.
Where heat transfer is necessary, berillia, aluminum ni-
tride, silicon carbide and the like are preferred.
[0060] Also useful are quartz, heat oxidized silicon
wafers, etc. as well as metal substrates such as titani-
um, stainless steel, Inconel and iron base materials.
Where electro-conductive substrates such as metal
substrates are used, a structure in which a thick film hav-
ing an internal electrode is formed on a substrate is pre-
ferred.
[0061] Any well-known thick-film dielectric material
may be used as the thick-film dielectric material (first
insulating layer). Materials having a relatively high per-
mittivity are preferred.
[0062] For example, lead titanate, lead niobate and
barium titanate based materials can be used.
[0063] The dielectric thick film has a resistivity of at

least 108 Ω·cm, especially about 1010 to 1018 Ω·cm. A
material having a relatively high permittivity as well is
preferred. The permittivity ε is preferably about 100 to
10,000. The preferred thickness is 5 to 50 µm, especially
10 to 30 µm.
[0064] The insulating layer thick film is formed by any
desired method. Methods capable of relatively easily
forming films of 10 to 50 µm thick are useful, and the
sol-gel method and printing/firing method are especially
preferred.
[0065] Where the printing/firing method is employed,
a material is fractionated to an appropriate particle size
and mixed with a binder to form a paste having an ap-
propriate viscosity. The paste is applied onto a substrate
by a screen printing technique, and dried. The green
sheet is fired at an appropriate temperature, yielding a
thick film.
[0066] Examples of the material of which the thin-film
insulating layer (second insulating layer) is made in-
clude silicon oxide (SiO2), silicon nitride (SiN), tantalum
oxide (Ta2O5), strontium titanate (SrTiO3), yttrium oxide
(Y2O3), barium titanate (BaTiO3), lead titanate (PbTiO3),
PZT, zirconia (ZrO2), silicon oxynitride (SiON), alumina
(Al2O3), lead niobate, PMN-PT base materials, and mul-
tilayer or mixed thin films of any. In forming the insulating
layer from these materials, any of conventional methods
such as evaporation, sputtering, CVD, sol-gel and print-
ing/firing methods may be used. The insulating layer
preferably has a thickness of about 50 to 1,000 nm, es-
pecially about 100 to 500 nm.
[0067] The electrode (lower electrode) is formed at
least on the substrate side or within the first dielectric.
As the electrode layer which is exposed to high temper-
ature during formation of a thick film and during heat
treatment along with the light emitting layer, there may
be employed a customary metal electrode containing as
a main component one or more elements selected from
palladium, rhodium, iridium, rhenium, ruthenium, plati-
num, tantalum, nickel, chromium and titanium.
[0068] Another electrode layer serving as the upper
electrode is preferably a transparent electrode which is
transmissive to light in the predetermined emission
wavelength region because the emitted light often exits
from the opposite side to the substrate. When the sub-
strate is transparent, a transparent electrode may also
be used as the lower electrode because this permits the
emitted light to exit from the substrate side. Use of trans-
parent electrodes of ZnO, ITO or the like is especially
preferred. ITO generally contains In2O3 and SnO in sto-
ichiometry although the oxygen content may deviate
somewhat therefrom. An appropriate proportion of
SnO2 mixed with In2O3 is about 1 to 20%, more prefer-
ably about 5 to 12% by weight. For IZO, an appropriate
proportion of ZnO mixed with In2O3 is generally about
12 to 32% by weight.
[0069] Also the electrode may be a silicon-based one.
The silicon electrode layer may be either polycrystalline
silicon (p-Si) or amorphous silicon (a-Si), or even single
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crystal silicon if desired.
[0070] In addition to silicon as the main component,
the electrode is doped with an impurity for imparting
electric conductivity. Any dopant may be used as the im-
purity as long as it can impart the desired conductivity.
Use may be made of dopants commonly used in the sil-
icon semiconductor art. Exemplary dopants are B, P, As,
Sb, Al and the like. Of these, B, P, As, Sb and Al are
especially preferred. The preferred dopant concentra-
tion is about 0.001 to 5 at%.
[0071] In forming the electrode layer from these ma-
terials, any of conventional methods such as evapora-
tion, sputtering, CVD, sol-gel and printing/firing methods
may be used. In forming a structure in which a thick film
having an internal electrode is formed on a substrate,
the same method as used in forming the dielectric thick
film is preferred.
[0072] The electrode layer should preferably have a
resistivity of up to 1 Ω·cm, especially about 0.003 to 0.1
Ω·cm in order to apply an effective electric field across
the light emitting layer. The preferred thickness of the
electrode layer is about 50 to 2,000 nm, especially about
100 to 1,000 nm, although it varies with the material of
the electrode layer.
[0073] Although the light emitting layer of the inven-
tion is applied to inorganic EL devices in the illustrated
embodiment, it may be applied to another type of device
as long as the phosphor thin film of the invention can be
used therein, and especially to red, blue and green light
emitting devices, which can be applied to full-color dis-
play panels.

EXAMPLE

[0074] Examples are given below for illustrating the
invention in more detail.

Example 1

[0075] An EL device was fabricated using a phosphor
thin film according to the invention.
[0076] For both the substrate and the thick-film insu-
lating layer, a BaTiO3 base dielectric material having a
permittivity of 5,000 was commonly used. A Pd elec-
trode was used as the lower electrode. The device was
fabricated by furnishing a sheet for the substrate, and
forming the lower electrode and thick-film insulating lay-
er on the sheet by a screen printing technique to form a
green sheet, followed by co-firing. The surface was pol-
ished, yielding a substrate bearing a thick-film first insu-
lating layer of 30 µm thick. A BaTiO3 film of 400 nm thick
was formed thereon as a buffer layer by sputtering. This
was annealed in air at 700°C, yielding a composite sub-
strate.
[0077] On the composite substrate, a structure of
Al2O3 film 50 nm/ZnS film 200 nm/phosphor thin film
(light emitting layer) 300 nm/ZnS film 200 nm/Al2O3 film
50 nm was formed so that the resulting EL device might

produce stable light emission.
[0078] In forming the phosphor thin film, an apparatus
as described below was. FIG. 1 illustrates an exemplary
evaporation chamber which can be used in the manu-
facturing method of the invention. One electron gun and
one resistive heating source (or cell) were used instead
of two electron guns.
[0079] An EB source 15 containing SrS powder hav-
ing 5 mol% of Eu added and another EB source 14 con-
taining Ga2S3 powder were placed in a vacuum cham-
ber 11, into which a H2S gas was admitted. The sub-
stances were simultaneously evaporated from the re-
spective sources, and deposited on a rotating substrate
heated at 400°C, forming a thin film. The rates of evap-
oration from the respective sources were adjusted so
that the film was deposited on the substrate at a depo-
sition rate of 1 nm/sec. During evaporation, H2S gas was
admitted at 20 SCCM. After the thin film was formed,
the thin film-bearing structure was annealed at 750°C
for 10 minutes in air.
[0080] Similarly, a phosphor thin film was formed on
a Si substrate. The resulting phosphor thin film, SrxGay-
OzSw:Eu thin film was analyzed for composition by x-
ray fluorescence to find an atomic ratio of Sr:Ga:O:S:Eu
= 5.91:18.93:11.52:48.81:0.33.
[0081] By RF magnetron sputtering technique using
an ITO oxide target, a transparent ITO electrode of 200
nm thick was formed on the above-prepared structure
at a substrate temperature of 250°C, completing the EL
device.
[0082] When an electric field having a frequency of 1
kHz and a pulse width of 50 µS was applied across the
electrodes, the EL device emitted green light having a
luminance of 2300 cd/m2 in a fully reproducible manner.
The spectrum of light emission is shown in FIG. 3.

Example 2

[0083] In Example 1, terbium (Tb) was used instead
of Eu as the rare earth element, providing emission of
green light at a luminance of 53 cd/m2.

Example 3

[0084] In Example 1, indium (In) was used instead of
Ga, and praseodymium (Pr) was used instead of Eu as
the rare earth element. Equivalent results were ob-
tained, with emission of red light.

Example 4

[0085] In Example 1, one or more of Mg, Ca and Ba
were used instead of or in combination with Sr as the
alkaline earth metal. Equivalent results were obtained,
with emission of blue light.
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Example 5

[0086] In Example 1, indium was used instead of Ga,
and a phosphor thin film was formed as follows. Instead
of the exemplary evaporation chamber shown in FIG. 1,
one EB gun and one resistive heating cell were used in
this example.
[0087] An EB source 15 containing SrS powder hav-
ing 5 mol% of Eu added and a resistive heating source
(14) containing In2S3 powder were placed in a vacuum
chamber 11. The substances were simultaneously
evaporated from the respective sources, and deposited
on a rotating substrate heated at 400°C, forming a thin
film. The rates of evaporation from the respective sourc-
es were adjusted so that the film was deposited on the
substrate at a deposition rate of 1 nm/sec. During evap-
oration, O2 gas was admitted at 10 SCCM. The thin film
as formed was annealed at 750°C for 10 minutes in N2,
obtaining a SrxInyOzSw:Eu thin film.
[0088] Separately, a SrxInyOzSw:Eu thin film was
formed on a Si substrate as in Example 1 and analyzed
for composition by fluorescent x-ray spectroscopy to
find an atomic ratio of Sr:In:O:S:Eu = 5.48:16.81:6.65:
52.84:0.28.
[0089] Otherwise as in Example 1, an EL device was
fabricated. When an electric field having a frequency of
1 kHz and a pulse width of 50 µS was applied across
the electrodes, the EL device emitted red light having a
luminance of 30 cd/m2 in a fully reproducible manner.
The spectrum of light emission is shown in FIG. 4.
[0090] The phosphor thin film of the invention offers
a phosphor thin film material capable of emitting red,
green and blue light having a high color purity without a
need for filters and a high luminance while it can be pro-
duced to a high luminance by an identical film-forming
process and film-forming apparatus.
[0091] Using phosphor matrix materials and lumines-
cent center materials having similar chemical or physi-
cal properties, it becomes possible to simplify the man-
ufacture process of full-color EL panels, minimize the
variation of luminance, increase the yield, and reduce
the manufacture cost.
[0092] The EL devices using the thin films according
to the invention have improved emission performance
and are of great commercial worth because light emit-
ting layers can be produced in a reproducible manner
when multi-color and full-color EL devices are formed.

BENEFITS OF THE INVENTION

[0093] The invention provides a phosphor thin film
eliminating a need for filters, having a satisfactory color
purity and best suited as RGB in full-color EL displays,
a method for preparing the same, and an EL panel.
[0094] It also provides a phosphor thin film which en-
ables to simplify the manufacture process of full-color
EL panels, and offers the advantages of minimized var-
iation of luminance, increased yields, and reduced man-

ufacture cost, a method for preparing the same, and an
EL panel.

Claims

1. A phosphor thin film formed of a matrix material
comprising an oxysulfide consisting of at least one
compound selected from alkaline earth thiogallates
and alkaline earth thioindates, in which oxygen is
incorporated,

said matrix material further containing an ele-
ment serving as a luminescent center.

2. The phosphor thin film of claim 1 wherein the molar
ratio of oxygen element to sulfur element in said ox-
ysulfide, as expressed by O/(S+O), is in the range:

3. The phosphor thin film of claim 1 having the follow-
ing compositional formula:

wherein M is a metal element, A is at least one el-
ement selected from the group consisting of Mg,
Ca, Sr, Ba and rare earth elements, B is at least one
element selected from Ga and In, x is in the range
of 1 to 5, y is in the range of 1 to 15, z is in the range
of 3 to 30, and w is in the range of 3 to 30.

4. The phosphor thin film of claim 1 wherein said lumi-
nescent center is provided by a rare earth element.

5. An EL panel having the phosphor thin film of claim 1.

6. A method for preparing the phosphor thin film of
claim 1, comprising

forming a sulfide thin film, and
annealing the thin film in an oxidizing atmos-

phere.

7. A method for preparing the phosphor thin film of
claim 1 by an evaporation process, comprising

placing at least one evaporation source se-
lected from gallium sulfide and indium sulfide and
an evaporation source of a rare earth sulfide having
a luminescent center added thereto in a vacuum
chamber, admitting oxygen gas into the vacuum
chamber, and

evaporating at least one compound selected
from gallium sulfide and indium sulfide and the rare
earth sulfide substance from the respective sources
and depositing the evaporated substances on a
substrate while binding the substances with oxygen

O/(S+O) = 0.01 to 0.85.

AxByOzSw:M
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gas, thereby forming a phosphor thin film.

8. A method for preparing the phosphor thin film of
claim 1 by an evaporation process, comprising

placing at least one evaporation source se-
lected from gallium sulfide and indium sulfide and
an evaporation source of an alkaline earth metal or
an alkaline earth sulfide having a luminescent cent-
er added thereto in a vacuum chamber, admitting
hydrogen sulfide gas into the vacuum chamber,

evaporating at least one compound selected
from gallium sulfide and indium sulfide and the al-
kaline earth sulfide substance or alkaline earth met-
al substance from the respective sources and de-
positing the evaporated substances on a substrate
while binding the substances with hydrogen sulfide
gas, thereby forming a sulfide phosphor thin film,
and

annealing the thin film in an oxidizing atmos-
phere.
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