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&) METHOD OF PRODUCING THIN-FILM EL DEVICE AND COLOR DISPLAY DEVICE USING THIN-FILM EL

DEVICE.

@ According to the production method of a thin-
film EL device of the present invention, a step of
forming a light-emitting layer comprises a step of
forming a mother material layer 1 asa light-emitting
mother material and an ion implantation step of
e=implanting a light-emitting center (1) into the mother
<material layer. Accordingly, the content of the center
can be controlled with high controllability and the
|\I‘ht issi ffici be i d. In th
o\ fight emission efficiency can be improved. In the
I\ mass production process in which a variety of de-
vices are produced, the light-emitting mother ma-
¢ terial layers are all formed by using the same target
Nand the kind and amount of the emitting center
impurities may be selected in the ion implantation
process. Accordingly, the productivity is quite high.
According to the production method of a color dis-
play device of the present invention, the step of
forming the light-emitting layer comprises a step of

(R1]

forming a plurality of mother material patterns as the
light-emitting mother material and an ion implanta-
tion step of ion-implanting light-emitting centers of
desired colors sequentially and selectively into the
mother material layer and forming a plurality of light-
emitting layers having desired color patterns. Ac-
cordingly, the production is very easy and the posi-
tions and colors can be selected freely.
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Method of fabricating thin-film EL device and method of fabricating color display device using such EL

Technical Field:

The present invention relates to a method of
fabricating a thin-film electroluminescence (EL) de-
vice as well as a method of fabricating a color
display device using such an EL device and, more
particuiarly, to a method of forming a luminous
layer of such an EL device.

Background Art:

These years, much attention has been focused
on a thin-film EL device using a thin-film phoshor
layer instead of a dispersion EL device which uses
zinc sulfide (ZnS) compound phoshor powder and
which has many demerits with respect to lumi-
nance thus compelling the inevitable abandonment
of its development as an illuminating light source,
because the former can provide a high luminance.

The thin-film EL device, in which a luminous
layer is made in the form of a thin film to minimize
halation or luminous blur caused by the scattering
of externally incident light and of light emitted from
the interior of the luminous layer and to thereby
offer high sharpness and contrast, has been put on
the stage as a device for mounting on vehicles, as
such a display unit as in a computer terminal, or as
an illumination device.

The thin-film EL device, which uses manga-
nese as luminous center material within a ZnS
matrix, has essentially a double-dielectric structure
in which sequentially stacked on a light-permeable
substrate are a transparent electrode made of tin
oxide (Sn02) or the like material, a first dielectric
layer. a luminous layer of ZnS:Mn crystalline thin-
film made of ZnS matrix material containing man-
ganese luminous center impurity, and a back elec-
trode of a second dielectric layer made of alu-
minum (Al) or the like material.

And the light emitting process of this thin-film
EL device is as follows. First, when a voltage is
applied between the aforementioned transparent
and back electrodes, electric fields are induced in
the luminous layer at the intersections between
these electrodes so that electrons so far trapped at
the interface level are released therefrom and ac-
celerated. whereby the electrons acquire sufficient
energy o be bombarded with orbital electrons of
Mn (luminous center) impurities, thereby exciting
the orbitai elecirons. When the thus excited lu-
minous center electrons return to the ground or
normal state, they emit light.

With the conventional thin-film EL device, such

device
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a luminous layer made of ZnS:Mn as mentioned
above has been formed usually using an electron
beam evaporation process or the like (refer to
Japanese Patent Publication NOs. 53-10358 and
54-8080).

The electron beam evaporation process is such
that, as shown in Flg. 4, ZnS and 0.1-1% of man-
ganese (Mn) were mixed together and sintered to
form a pellet 12, and then the pellet 12 is sub-
jected to an irradiation of an electron beam 14
emitted from an electron gun 13 in a vacuum
chamber 11 so as to be heated, evaporated and
deposited on a substrate 15.

In this case, since the concentration of man-
ganese as the luminous center material greatly
affects the luminous efficiency, control of the con-
centration has been considered important. In such
a method, however, it has been so far impossible
to achieve sufficient such control.

There has been also suggested a full color EL
panel which comprises such different-color thin-film
EL devices arranged in a pansl form as formed in
the aforementioned manner.

However, as shown in Japanese Patent Pub-
lication 60-124393 for example, when luminous lay-
ers doped with different luminous center materials
are to be sequentially formed by the evaporation
process, the film forming steps and the patterning
steps must respectively correspond in number to
the number of sorts in colors to be employed and it
is also difficuit to arbitrarily select the position of
the luminous layer pattern, thus making it impos-
sible to realize a practically full color EL panel.

In view of the above circumstances, it is an
object of the present invention to provide a thin-film
EL device which can easily fabricated and offer a
high luminous sfficiency.

It is another object to provide a color display
device which allows its easy fabrication and free
selection of color array according to a method of
the present invention.

Disclosure of Invention:

In a method of fabricating a thin-film EL device
in accordance with the present invention, a process
of forming a luminous layer includes a step of
forming a pattern of a luminous matrix layer and an
ion doping step of injecting into the matrix layer a
luminous center material corresponding to a de-
sired color to form the luminous layer of the de-
sired color.

This method is effective, in particular, in a
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volume production process of forming many sorts
of devices, because a common target can be used
in formation of different luminous matrix layers for
all the sorts of devices and the sorts and amounts
of the luminous center impurities can be selected
in the ion doping step, which results in that the
fabricating workability can be improved.

According to the color display device fabricat-
ing method of the present invention, there can be
fabricated a color display device which comprises
a plurality of thin-film EL devices arranged in a
desired color array, the luminous layers of which
EL devices in a desired color array are made by
patterning a plurality of luminous matrix layers so
as to be arranged in a row and by selectively
doping desired luminous center impurities sequen-
tially into the respective matrix layers.

Even it is desired to fabricate a color display
device which comprises a plurality of thin-film ele-
ments formed respectively as one picture element
on an identical substrate and emitting desired dif-
ferent colors, this method requires only one
luminous-layer (matrix-layer) forming step and pat-
terning step. And when the luminous center impuri-
ties of the different desired colors are sequentially
doped into the different luminous layers by an ion
implantation process after the patterning step, there
can be easily achieved a color display device in
which desired colors are arranged in a desired
array.

Brief Description of Drawings:

Fig. 1 shows a thin-film EL device in accor-
dance with an embodiment of the present inven-
tion;

Figs. 2(a) to 2(e) show different steps of
fabricating the same thin-film EL device respec-
tively;

Figs. 3(a) to 3(f) show different steps of
fabricating a color display device of a second em-
bodiment of the present invention; and

Fig. 4 shows a prior art method of fabricating
a luminous layer.

Best Mode for Carrying Out the Invention:

Embodiments of the present invention will be
explained in detail by referring to the accompany-
ing drawings.

As shown in Fig. 1, a thin-film EL device of the
invention has a double-dieleciric structure in which
a luminous layer 1 comprises a 5000A-thick thin-
film layer (which is hereinafter referred to as
ZnS:0.4%TbF;) which contains 0.4% of terbium
fluoride (TbF3) as a luminous center impurity dop-
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ed into a luminous matrix of zinc sulfide (ZnS) by
an ion implantation process and which emits a
green color.

More specifically, this EL device is fabricated
by sequentially stacking on a light-permeable
imm-thick glass substrate 2 a transparent elec-
trode 3 of a 0.3mm-thick tin-oxide (SnO3z) layer or
the like, a first dielectric layer 4 of a 0.5um-thick
tantalum-oxide (TazQOs) layer, the aforementioned
luminous layer 1, a second diselectric layer 5 of a 0.
5um-thick tantalum-oxide (Taz0s) layer, and a
back electrode 6 of a 0.5um-thick aluminum thick
film.

How to fabricate this thin-film EL device will
next be explained.

First, as shown in Fig. 2(a) the transparent
electrode 3 of the SnO: layer is formed on the
light-permeable glass substrate 2 by a spuiterning
process.

The film 3, after formed by the sputtering pro-
cess, is then subjected to a patterning to the first
dielectric layer 4 of the tantalum oxide, as shown in
Fig. 2(b).

Subsequently formed on the layer 4 is a ZnS
layer 1" as a luminous matrix layer formed by an
electron beam evaporation process and then sub-
jected to a patterning, as shown in Fig. 2(c),

Then, as shown in Fig. 2(d), a part of the first
dielectric layer 4 not covered with the ZnS layer is
covered with a resist R, doped into the luminous
matrix layer with TbF3 of the luminous center ma-
terial | and then subjected to a heat treatment to
form the green luminous layer 1.

Further, the resist R is partily removed, sub-
jected to a sputtering for film formation and then
subjected to a patterning to form the second di-
electric layer 5 of the tantalum oxide layer as
shown in Flg. 2(e).

Finally, the second dielectric layer 5 is sub-
jected to a vacuum evaporation to form an alu-
minum thin film which is then subjected to a pat-
terning to form the back electrode 6.

In this way, such a thin-film EL element as
shown in Fig. 1 can be formed highly easily.

This method facilitates the control of the
amount of luminous center material to be contained
in the luminous layer and accordingly the selection
of such content at a proper level, thus enabling the
improvement of luminous efficiency.

Explanation will next be made as to how to
fabricate a color display device as a second em-
bodiment of the present invention.

This color display device comprises red, green
and yellow thin-film EL elements sequentially ar-
ranged on a glass substrate 22, and how to fab-
ricate the display device is as foilows.

First, a transparent electrode 23 and a first
dielectric layer 24 are formed by a usual process
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as shown in Fig. 3(a).

The first dielectric layer 24 is then subjected to
an electron beam evaporation to form a ZnS which
is further subjected to a patterning to form indjvid-
ually divided luminous matrix layer pattern 21, as
shown in Fig. 3(b).

Next, as shown in Fig. 3(c), a first resist pattern
R1 is formed so that only parts of the pattern
corresponding firstly to the red elements are
opened, and then the pattern R1 is used as a mask
to be subjected to a selective ion dopping of lu-
minous center samarium fluoride (SmF3) to be
doped into the luminous matrix layer, thus forming
a red luminous layer 21a.

As shown in Fig. 3(d), the first resist pattern is
then removed and further a second resist pattern
R2 is formed so that oniy parts of the paitern
corresponding to green elements are opened, and
the pattern R2 is used as a mask to be subjected
to a selective ion dopping of luminous center ter-
bium fluoride (TbFs) to be doped into the [uminous
matrix layer, thus formirig a green luminous layer
21b.

Further, as shown in Fig. 3(e), the second
resist pattern is removed and further a third resist
pattern R3 is formed so that only parts of the
pattern corresponding to yellow elements are
opened, and the pattern R3 is used as a mask to
be subjected to a selective ion dopping of luminous
center manganese (Mn) to be doped into the lu-
minous matrix layer, thus forming a yellow lu-
minous layer 21c.

And the thus formed assembly is subjecied to
a heat treatment to sufficiently diffuse the luminous
center materials, followed by the formation of a
second dielectric layer 25 and a back electrode 26
by usual processes, thus completing a color dis-
play device (refer to Fig. 3(f). )

In accordance with the method of the present
invention, the use of only the resist pattern forming
step and ion dopping step enables the desired
color luminous parts to be highly easily formed at
desirad positions with good controfiability.

Though the above explanation has been made
in connection with the foregoing embodiments in
which the ZnS layer is used as the luminous matrix
layer, it goes without saying that the luminous
matrix layer may be made of calcium sulfide (CaS),
strontium sulfide (SrS) or other suitable substance.

The luminous center material is also not limited
to ones used in the foregoing embodiments but
may be silver (Ag) copper (Cu) or other material.

The luminous layer has been divided into three
zones to repestitively form the red, green and yellow
element parts in the foregoing embodiment. How-
sver, the luminous layer may be divided into four
zones to repetitively form four color element parts
consisting of a blue part doped with luminous cen-
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ter cerium (Ce) in addition to the aforementioned
three color parts.

In addition, this thin-film EL device may be
applied not only to the display device but also to
various apparatuses including an illuminating ap-
paratus.

Furthermore, only one sort of luminous center
impurity has been doped into each one of the
fuminous layers in the ion dopping step, but the
present invention is not restricted to the particular
example. For example, a first luminous center im-
purity can be ion-doped into all the luminous matrix
layers without using any resist, a second luminous
center impurity can next be selectively doped into
only ones of the luminous maltrix layers corre-
sponding to second and third zones while only one
of the luminous matrix layers corresponding to a
first zone tan be covered with resist, and finally a
third luminous center impurity can be selectively
doped into only one of the luminous matrix layers
corresponding to the third zone while only ones of
the luminous matrix layers corresponding to the
first and second zones can be covered with resist.
in this case, the luminous layer containing the first
luminous center impurity is formed in the first zone,
the luminous layer containing the first and second
luminous center impurities is formed in the second
zone, and the luminous layer containing the first,
second and third luminous center impurities is
formed in the third zone allowing the emission of
the three color lights. The related effect accom-
panied by the use of this method is to allow the
number of necessary resist pattern forming steps
to be reduced by only one.

Industrial Applicability:

The method of the present invention is effec-
tive, in particular, in fabricating a color display
device.

According to this method, the content of lu-
minous center impurity can be adjusted with good
controllability even not only for a color display
device but for a monochromatic display device,
thus increasing the luminous efficiency.

Further, when it is desired to form multiple
color luminous layers on an identical substrate, the
formation can be highly readily realized and the
selection of position and color in the layers can be
arbitrarily achieved.

Claims
(1) A method of fabricating a thin-film EL de-

vice in which a luminous layer is interposed be-
tween a transparent electrode and a metallic elec-
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trode, said method characterized in that a step of
forming said luminous layer includes:

a first step of forming a luminous matrix layer; and
a second step of ion-doping a luminous center
impurity into said luminous matrix layer.

(2) A method of fabricating a thin-film EL de-
vice as set forth in claim (1), characterized in that
said luminous maitrix layer is a zinc sulfide (ZnS)
layer.

(3) A method of fabricating a thin-film EL de-
vice as set forth in claim (1), characterized in that
said luminous matrix layer is a calcium sulfide
{CaS).

(4) A method of fabricating a thin-film EL de-
vice as set forth in claim (1), characterized in that
said luminous matrix layer is a strontium sulfide
(SrS).

(58) A method of fabricating a color display
device in which a plurality of thin-film EL elements
each having a desired-color luminous layer inter-
posed between a fransparent electrode and a me-
tallic electrode are arranged on an identical sub-
strate to cause desired ones of said thin-film EL
elements to emit light in response to picture in-
formation, said method characterized in that a step
of forming said luminous layers includes: )

a matrix layer forming step of forming a pattern of
luminous matrix layers; and

an ion doping step of sequentially and selectively
jion-doping desired color luminous center materials
into said luminous matrix layers so that the respec-
tive luminous layers can provide a desired color
array.

(6) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said luminous matrix layer is a zinc sulfide
(ZnS) layer.

(7) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said luminous matrix layer is a calcium suifide
(Cas) layer.

(8) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said luminous matrix layer is a strontium sul-
fide (SrS) layer.

(9) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said luminous center materials to be doped
into said respective luminous matrix layers are
samarium fluoride (SmF3) terbium fluoride (TbF3)
and manganese (Mn) respectively and said thin-
film EL elements are arranged to provide a repet-
itive red, green and yellow color array.

(10) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said luminous center materials to be doped
into said respective luminous matrix layers are
samarium fluoride (SmFs).terbium fluoride (TbF3)
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and cerium (Ce) respectively and said thin-film EL
elements are arranged to provide a repetitive red,
green and blue color array. _
(11) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said luminous center materials to be doped
into said respective luminous matrix layers are
samarium fluoride (SmF3) terbium fluoride (TbF3)
manganese (Mn) and cerium (Ce) respectively and
said thin-film EL elements are arranged to provide
a repetitive red, green, yellow and blue color array.
(12) A method of fabricating a color display
device as set forth in claim (5), characterized in
that said matrix layer forming step forms a zinc
sulfide layer as said luminous matrix layer by an
electron beam evaporation process, 3 patterns of
the luminous matrix layers correspond to first, sec-
ond and third zones respectively, and said ion
doping step includes:
a first doping step of selectively doping samarium
fluoride ions into only one of the luminous matrix
layers in said first zone while covering said second
and third zones with resist;
a second doping step of selectively doping terbium
fluoride ions intc only one of the luminous matrix
fayers in said second zone while covering said
third and first zones with resist; and
a third doping step of selectively doping man-
ganese ions into only one of the luminous matrix
layers in said third zone while covering said first
and second zones with resist.
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