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(57) ABSTRACT

In an organic EL display device including a TFT (40) and an
organic EL element (60) formed on an insulating substrate
(10) of a glass substrate, insulating films, namely, a pla-
narization insulating film (17), an interlayer insulating film
(15), and a gate insulating film (12), for forming the TFT
(40) are not provided at a region for forming the organic EL.
element (60). Instead, an opening (65) formed by removing
these insulating films is provided to expose the glass sub-
strate (10), and at this exposed region an anode (61), an
emissive element layer (62), and a cathode (63) are formed
in this order. Consequently, light emitted from the emissive
element layer (62) is prevented from reflecting at interfaces
between these insulating films (12, 15, and 17), and effi-
ciently exits from the glass substrate (10) side.

8 Claims, 4 Drawing Sheets
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ELECTROLUMINESCENCE DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S. Pat.
No. 09/521,747, filed on Mar. 9, 2000, now U. S. Pat. No.
6,492,778 which is herein incorpoiated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electroluminescence
(EL) display device comprising a thin film transistor (TFT)
and an EL element in which the TFT is employed as a
switching element.

2. Description of the Related Art

FIG. 1 is a plan view showing a display pixel portion of
an EL display device of a related art, and FIGS. 2A and 2B
are cross sectional views illustrating the EL display device
taken along the lines A—A and B—B in FIG. 1, respec-
tively.

Referring to FIG. 1, a display pixel is formed in a region
surrounded by gate signal lines 51 and drain signal lines 52.
Afirst TFT 30 is provided near an intersection of these signal
lines, and has a source 13s serving as a capacitor electrode
55 which forms a capacitor with a storage capacitor elec-
trode line 54, and connected to a gate 41 of the second TFT
40. The second TFT 40 has a source 43s connected to an
anode 61 of an organic EL element 60, and a drain 43d
connected to a power source line 53 for driving the organic
EL element.

The storage capacitor electrode line 54 is disposed near
the TFTs inparallel to the gate signal line 51. The line 54 is
composed of chromium or the like and stores electric
charges to form a capacitor with the capacitor electrode 55
connected to the source 13s of the TFT with a gate insulating
film 12 interposed therebetween. The storage capacitor is
provided to retain a voltage applied to the gate electrode 41
of the second TFT 40.

Thus, display pixels each having the organic EL element
60 and the TFTs 30 and 40 are arranged in a matrix on a
substrate 10, thereby forming an organic EL display device.

Referring to FIGS. 2A and 2B, the organic EL display
device is composed of the TFTs and the organic EL element
formed in succession on a substrate 10, such as a substrate
formed of glass, synthetic resin, or the like, an electrically
conductive substrate, and a semiconductor substrate. When
a conductive or semiconductor substrate is used for the
substrate 10, an insulating film of SiO,, SiN, or the like is
first formed on the substrate 10 before the TFTs 30 and 40
and the organic EL display element 60 are provided.

The first TFT 30 for switching operation will next be
described.

As shown in FIG. 2A, on the insulating substrate 10 of
quartz glass, non-alkaline glass, or the like, the gate signal
line 51 formed of refractory metal, such as chromium (Cr)
and molybdenum (Mo), and serving as a gate electrode 11,
and the drain signal line 52 formed of aluminum (Al) are
provided, and the power source line 53 formed of Al and
serving as a driving power source for the organic EL element
is disposed.

Thereafter, a gate insulating film 12 and an active layer 13
of a polysilicon (p-Si) film are formed in this order. The
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active layer 13 is of a so-called LDD (lightly doped drain)
structure, and the source 13s and a drain 134 are provided on
the outer sides thereof.

An interlayer insulating film 15 composed of an SiO,
film, an SiN film, and an SiO, film formed in this order is
provided over the entire surface, covering the gate insulating
film 12, the active layer 13, and a stopper insulating film 14.
A drain electrode 16 is formed by filling a metal such as Al
in a contact hole provided corresponding to the drain 13d.
Further, a planarization insulating film 17 is formed of
organic resin or the like over the entire surface for planariza-
tion.

The second TFT 40 for driving the organic EL element 60
will next be described.

As shown in FIG. 2B, the gate electrode 41 is formed of
refractory metal, such as Cr and Mo, on the insulating
substrate 10 formed of quartz glass, non-alkaline glass, or
the like.

The gate insulating film 12 and an active layer 43 formed
of a p-Si film are provided in succession.

The active layer 43 includes an intrinsic, or substantially
intrinsic, channel 43¢ provided over the gate electrode 41,
and the source 43s and the drain 43d provided on respective
sides of the channel 43¢ by ion doping.

The interlayer insulating film 15 composed of an SiO,
film, an SiN film, and an SiO, film formed in this order is
next provided over the entire surface to cover the gate
insulating film 12 and the active layer 43. The power source
line 53 connected to a driving power source 50 is formed by
filling a metal such as Al in a contact hole provided
corresponding to the drain 43d. The planarization insulating
film 17 of organic resin or the like is formed over the entire
surface for the purpose of planarization. A contact hole is
formed in the planarization insulating film 17 and the
interlayer insulating film 15 at a position corresponding to
the source 43s. A transparent electrode formed of ITO, i.e.
the anode 61 of the organic EL element, is formed on the
planarization insulating film 17 so as to contact the source
13s through the contact hole.

The organic EL element 60 includes the anode 61 formed
of a transparent electrode of ITO or the like, an emissive
element layer 62 of an organic compound, and a cathode 63
of a magnesium-indium alloy, formed in this order. The
cathode 63 is provided over the entire surface of the sub-
strate 10 which forms the organic EL display device, i.e.
over the entire plane of the FIG. 1.

In the organic EL element, holes and electrons injected
from the anode and cathode, respectively, are recombined in
the emissive layer to excite organic molecules forming the
emissive layer, thereby producing excitons. Light is released
from the emissive layer during the process in which the
excitons deactivate, and this release of light from the trans-
parent anode through the transparent insulating substrate
results in the emission of light.

With such a configuration, after the anode 61 is formed,
an insulating film 64 is formed in the peripheral region of the
anode 61 (the region excluding the area surrounded by
broken lines) to prevent a short circuit between the cathode
63 and the anode 61, which would otherwise be generated
from a crack in the emissive layer resulting from a difference
in level created by the thickness of the anode 61. The
emissive element layer 62 and the cathode 63 are next
formed. Light emitted from the emissive element layer 62
exits after being transmitted through the insulating substrate
10.

It should be noted that while light emitted from the
emissive element layer 62 advances radially outward from
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the emissive layer 62, not all components of the light emitted
from the emissive layer 62 toward the substrate 10 reach the
insulating substrate 10, and some light is reflected by, for
example, the surface of the planarization insulating film, or
attenuated in the film.

This results from a difference in materials between the
interlayer insulating film and the planarization insulating
film, especially from a difference in refractive index between
these insulating films. The light may be partly reflected at the
interface between respective insulating films, or even if
transmitted through the film, the light may be attenuated as
it is repeatedly reflected within the insulating film depending
on the angle incident to the insulating film.

FIG. 3 shows how light radiated from the emissive layer
travels toward the substrate.

Referring to FIG. 3, the emitted light incident on the SiN
film advances at an angle a1 from a normal line C to the SiN
film, and is then reflected at the interface between the SiN
film (having a refractive index nl1=2.0) and the SiO, film
(having a refractive index n2=1.46). Assuming that the
reflected ray forms an angle o2 with the normal line C, an
equation n1xSin al=n2xSin a2 holds true from Snell’s law,
and a1=Sin™" (n1/n2)~47°. As the value nl is larger than the
value n2 in this example, light is totally reflected at this
interface when the angle ol exceeds 47°.

Therefore, only the components with the angle a1 smaller
than 47° can travel downward, i.e. to the SiO, film, and
efficiency of extracting light at this interface is 47°/
90°=~52%.

As the lower region of the organic EL element includes
films having different refractive indices, there is always an
angle that causes total reflection when light travels from a
substance with a larger refractive index to a substance with
a smaller refractive index. As a result, light projected from
the lower glass substrate will always have a reduced inten-
sity.

Thus, light radiated from the emissive layer is diminished
by the time it exits the insulating substrate 10, resulting in
an inefficient use of the light and darkened display of the ELL
display device.

SUMMARY OF THE INVENTION

The present invention was conceived in view of the
above-described problems, and aims to provide an EL
display device allowing light emitted from an emissive layer
to efficiently exit from an insulating substrate, to thereby
obtain a bright display.

According to one aspect, the present invention provides a
light emissive display device comprising, for each pixel, an
emissive element composed of a first electrode of a
transparent, electrically conductive material, an emissive
element layer; and a second electrode of an opaque, elec-
trically conductive material formed in this order, and a
switching element for driving the emissive element. At least
part of the first electrode of the emissive element is formed
in a direct contact with a surface of the transparent substrate.

According to another aspect of the present invention, the
switching element is formed on the transparent substrate,
and an insulating layer is formed over the switching element
to insulate the emissive element from the switching element
except for a necessary region and separate these two ele-
ments. The insulating layer includes an opening in each
pixel region, and the first electrode of the emissive element
covers the surface of the transparent substrate exposed by
the opening.
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According to a still another aspect of the present
invention, the switching element is a thin film transistor, and
a gate insulating layer is formed on the transparent substrate
for insulating a gate of the thin film transistor from an active
layer, and the opening of said insulating layer passes through
said gate insulating.

According to a further aspect of the present invention, the
insulating layer for insulating a region of the emissive
element from the switching element and for separating the
two elements includes an interlayer insulating layer and a
planarization insulating layer for planarizing a surface of a
region located over the switching element.

For example, the interlayer insulating layer may be com-
posed of multiple layers including silicon dioxide and/or
silicon nitride, and the planarization insulating layer
includes insulating resin. The first electrode may include
indium tin oxide. The gate insulating layer may include, for
example, silicon dioxide The first electrode may include, for
example, indium tin oxide.

In the device structured as described above, no layers with
different refractive indices exist in a region where the first
electrode directly contacts the transparent substrate, so that
undesirable reflection of light emitted from the emissive
element layer at an interface between layers with different
refractive indices can be prevented, thereby making it pos-
sible for light to efficiently pass outside after being trans-
mitted through the first electrode and the transparent sub-
strate.

According to a further aspect of the present invention, the
switching element is formed on the transparent substrate, an
insulating layer is formed over the switching element for
insulating the emissive element from the switching element
except for a necessary region and separating the two
elements, and includes an opening, in each pixel region,
having a diameter increasing from the center of the region
toward an outer end.

According to a further aspect of the present invention, the
switching element is formed on the transparent substrate,
and an insulating layer is formed over the switching element
for insulating the emissive element from the switching
element except for a necessary region and separating the two
elements, and has an opening, in each pixel region, having
a diameter increasing from the center of the region toward
an outer end. Further, the first electrode is formed as an
individual electrode in each pixel, and a planarization insu-
lating film is formed in the vicinity of an edge of the first
electrode for separating the first electrode from the emissive
element layer and the second electrode and having a tapered
surface with a thickness increasing from the center of the
first electrode toward an outer end.

Tapering the opening in the insulating film for insulating
and separating the emissive element from the switching
element prevents generation of a discontinuity which would
otherwise be generated by a difference in level created in the
vicinity of an end of the opening in the first electrode, the
emissive element layer, the second electrode, and the like
formed to cover the opening.

A planarization insulating film is formed in the vicinity of
the end of the first electrode for separating the first electrode
from the emissive element layer and the second electrode,
and having a tapered surface with a thickness increasing
from the center of the first electrode toward an outer end.
This will lead to prevention of a discontinuity in the second
electrode in the vicinity of the end of the first electrode.

According to a further aspect of the present invention, the
emissive element is an electroluminescence element.
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According to a further aspect of the present invention, the
emissive element is an organic electroluminescence element
with the emissive element layer formed of an organic
compound.

Forming the emissive element layer of an organic com-
pound is extremely advantageous in display devices and the
like because this configuration offers a wide wvariety of
displayable colors and a wide range of options for the
material used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing an EL display device of a
related art.

FIGS. 2A and 2B are cross sectional views taken along the
lines A—A and B—B in FIG. 1, respectively.

FIG. 3 illustrates the path of light traveling through the
emissive element layer.

FIG. 4 is a plan view showing an EL display device
according to an embodiment of the present invention.

FIG. § is a cross sectional view taken along the line B—B
in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An EL display device according to the present invention
will next be described.

FIG. 4 is a plan view illustrating a display pixel portion
of an EL display device of the present invention, and FIG.
5 is a cross sectional view taken along the line B—B in FIG.
4. The cross section taken along the line A—A in FIG. 4 is
not illustrated because it is the same as that shown in FIG.
2A referred to in the above description.

Referring to FIG. 4, a display pixel including an organic
EL element is formed in a region surrounded by gate signal
lines 51 and drain signal lines 52. A first TFT 30 is provided
near an intersection of these signal lines, and has a source
13s serving as a capacitor electrode 55 which forms a
capacitor with a storage capacitor electrode line 54, and
connected to a gate 41 of a second TFT 40. The second TFT
40 has a source 43s connected to an anode 61 of an organic
EL element 60, and a drain 434 connected to a power source
line 53 for driving the organic EL element.

The storage capacitor electrode line 54 is disposed near
the display pixel in parallel to the gate signal line 51. The
line 54 is made of chromium or the like, and stores electric
charges to form a capacitor with the capacitor electrode 55
connected to the source 13s of the TFT with a gate insulating
film 12 interposed therebetween. The storage capacitor is
provided to retain a voltage applied to the gate electrode 41
of the second TFT 40.

Thus, display pixels each having the organic EL element
60, and the TFTs 30 and 40 are arranged in a matrix on a
substrate 10, to thereby form an organic EL display device.

Referring to FIG. 5, the organic EL display device is
composed of the TFTs and the organic EL element formed
in succession on a substrate 10. The substrate 10 may be a
substrate formed of glass, synthetic resin, or the like, or a
conductive or semiconductor substrate. When a conductive
or semiconductor substrate is used for the substrate 10, an
insulating film of SiO,, SiN, or the like is first formed on the
substrate 10 before the TFTS and the organic EL display
element are provided.

In the present embodiment, both the first and second TFTs
30 and 40 are of a so-called bottom gate type, in which gate
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electrodes 11 and 41 are provided under active layers 13 and
43, respectively, and a p-Si film is used for the active layer
which is a semiconductor film. Further, in this embodiment,
the gate electrodes 11 and 41 are of the double gate structure.

Since the first TEFT 30 for switching operation has the
same structure as that described with reference to FIG. 2A,
description thereof will not be repeated.

The second TFT 40 for driving the organic EL element 60
will next be described with reference to FIG. 5.

As shown in FIGS. 4 and 5, the gate electrode 41 of
refractory metal, such as Cr and Mo, is formed on the
insulating substrate 10 of quartz glass, non-alkaline glass, or
the like. A gate insulating film 12 is formed of SiO, or the
like to cover the gate electrode 41, and the active layer 43
of a p-Si film is formed on the gate insulating film 12 in a
region for forming the second TFT 40.

The active layer 43 includes an intrinsic, or substantially
intrinsic, channel 43¢ provided over the gate electrode 41,
and the source 43s and the drain 43d provided on respective
sides of the channel 43¢ by ion doping.

A multi-layered interlayer insulating film 15 composed of,
for example, an SiO, film, an SiN film, and an SiO, film in
this order is next formed over the entire surface to cover the
gate insulating film 12 and the active layer 43. The power
source line 53 connected to a driving power source is formed
by filling a metal such as Al in a contact hole provided in the
layer 15 at a position corresponding to the drain 43d. A
planarization insulating film 17 of organic resin or the like
is formed over the entire surface for the purpose of pla-
narization. A contact hole is formed in the planarization
insulating film 17 and the interlayer insulating film 15 at a
position corresponding to the source 43s. A transparent
electrode formed of ITO , i.e. the anode 61 of the organic EL
element, is formed on the planarization insulating film 17 so
as to contact the source 43s through the contact hole.

Thus, part of the organic EL element 60 is disposed over
the TFT 40 with the insulating films (15, 17) interposed
therebetween. The TEFT 40 and the element 60 are insulated
from each other by the insulating films (15, 17) except for
a necessary region, that is, part of the anode of the EL
element and the source 43s of the TFT connected through
the contact hole. The insulating films (15, 17) horizontally
separate the TFT and the EL element from each other.

The organic EL element 60 is composed of the anode 61
formed of a transparent electrode of ITO or the like, an
emissive element layer 62, and a cathode 63 of a
magnesium-indium alloy, formed in this order. The cathode
63 is provided over the entire surface of the substrate 10
used for forming the organic EL display device shown in
FIG. 4, i.e. over the entire plane of the sheet. The emissive
element layer 62 is composed of, for example, a first
hole-transport layer of MTDATA (4,4',4"-tris(3-
methlphenylphenylamino)triphenylamine), a second hole-
transport layer of TPD (N,N'-diphenyl-N,N'-di(3-
methylphenyl)-1,1'-biphenyl-4,4'-diamine), an emissive
layer of Bebq2 (bis(10-hydroxybenzo[h]quinolinato)
beryllium) including quinacridone derivatives, and an
electron-transport layer of Bebq2, formed in succession on
the anode 61. As shown in FIG. 5, while the emissive layer
is formed as a separate pattern for each pixel as is the anode
61 and occupying a little wider area than the anode 61, the
first and second hole-transport layers and the electron-
transport layer sandwiching the emissive layer are formed
over the entire surface of the substrate and shared by
respective pixels similarly to the cathode 63.

In the organic EL element, holes and electrons injected
from the anode and cathode, respectively, are recombined in
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the emissive layer to excite organic molecules forming the
emissive layer, thereby producing excitons. Light is released
from the emissive layer during the process in which the
excitons deactivate, and this release of light from the trans-
parent anode through the transparent insulating substrate
causes light to be emitted to the outside.

The gate insulating film 12, the interlayer insulating film
15, and the planarization insulating film 17 formed for
providing the TFT 40 are removed at a region for forming
an organic EL display element before formation of this
element.

In other words, an opening 65 is formed in the insulating
films 12, 15, and 17 at the region where the organic EL
element is to be provided, and therefore the surface of the
insulating substrate 10 is exposed before the organic EL
element is formed.

Accordingly, the anode 61 is formed directly on the
exposed region of the insulating substrate 10 and on part of
the portion located over the TFT 40. Thus, as no insulating
films with different refractive indices exist on the light
emitting side of the EL element, total reflection of the light
due to differing refractive indexes does not occur. As a
result, light can be more efficiently extracted from the
insulating substrate 10 side, to thereby achieve a bright
display.

Removal of the insulating films provided when the TFT
40 is formed from the region for forming the organic EL
element may be performed each time an insulating film is
formed. Alternatively, the insulating films may be removed
from the region for forming the organic EL element at the
same time the contact hole is formed in the planarization
insulating film 17 and the interlayer insulating film 15 at the
position corresponding to the source 43s after formation of
the TFT 40 is completed. The latter is preferable because it
does not increase the number of manufacturing steps. In
addition, the opening 65 resulting from removal of the,
insulating films preferably has a diameter outwardly increas-
ing from the center thereof, as shown in FIG. 5. Such a
tapered opening 65 prevents discontinuity in the anode, the
emissive layer, and the cathode at an end of the opening, and
prevents short circuiting between the anode and the cathode.

On the exposed portion of the insulating substrate 10,
ITO, a material of the anode 61, is deposited and then
etched. Outside of the region indicated by the broken lines,
a planarization insulating film 19 is next formed around the
thus formed anode 61. This film is provided for preventing
short circuiting between the cathode 63 and the anode 61
which might otherwise be caused by a crack in the emissive
layer resulting from a difference in level generated by the
thickness of the anode 61. The layers of the above-described
materials are deposited on the anode 61 to form the emissive
layer 62. On this layer 62, the cathode 63 shared by
respective organic EL elements is formed of an opaque
material, namely, a magnesium-indium alloy, over the entire
surface of the substrate 10 including the region located over
the TFT 40.

In the thus fabricated organic EL. device, as the organic EL
element is formed in the opening 65, i.e. directly on the
insulating substrate 10, no components of light emitted from
the emissive layer are reflection by the insulating films
forming the TFT 40, namely, the planarization insulating
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film 17, the interlayer insulating film 15, and the gate
insulating film 12. As a result, a brighter organic EL display
device can be obtained. Because emitted light is more
efficiently utilized, this brighter display can be achieved
without increasing the current supplied to the organic EL
element, which contributes to increasing the lifespan of the
element.
‘What is claimed is:
1. A light emissive display device, comprising, for each
pixel:
an emissive element composed of a first electrode of a
transparent, electrically conductive material; an emis-
sive element layer; and a second electrode of an
opaque, electrically conductive material, formed in this
order; and

a switching element for driving said emissive element;
wherein
at least part of said first electrode of said emissive
element is formed in direct contact with a surface of
a transparent substrate.
2. The device according to claim 1, wherein said first
electrode includes indium tin oxide.
3. A light emissive display device, comprising, for each
pixel:
an emissive element composed of a first electrode of a
transparent, electrically conductive material; an emis-
sive element layer; and a second electrode of an
opaque, electrically conductive material, formed in this
order; and

a switching element for driving said emissive element;
wherein
at least part of said first electrode of said emissive
element is formed in direct contact with a surface of
a transparent substrate, and wherein said first elec-
trode includes indium tin oxide.

4. The device according to claim 3, wherein said emissive
element is an electroluminescence element.

5. The device according to claim 3, wherein said emissive
element is an organic electroluminescence element includ-
ing said emissive element layer of an organic compound.

6. The device according to claim 3, wherein light emitted
from said emissive element passes through said first elec-
trode and said transparent substrate.

7. A light emissive display device, comprising, for each
pixel:

an emissive element composed of a first electrode of a

transparent, electrically conductive material; art emis-
sive element layer; and a second electrode of an
opaque, electrically conductive material, formed in this
order; and

a switching element for driving said emissive element;

wherein

said first electrode of said emissive element is an
individual electrode separately formed for each
pixel, at least part of said first electrode being formed
in direct contact with a surface of a transparent
substrate.

8. The device according to claim 7, wherein said first
electrode includes indium tin oxide.
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