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1
EL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP 2014-065924 filed on Mar. 27, 2014, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an EL display device and
a method for manufacturing the same.

2. Description of the Related Art

In full-color electroluminescent (hereinafter referred to as
“EL”) display devices that are required to be of high
definition and small size in applications such as being
mounted in small devices such as mobile devices, the size of
individual pixels is reduced, and it is thus difficult to color
an EL layer as a light-emitting layer in different colors so as
to emit different colored lights in respective pixels. There-
fore, an EL display device of color filter type has been
proposed.

In such a type of EL display device, full-color display is
realized by providing a common white light-emitting layer
that straddles all pixels, and disposing color filters above the
white light-emitting layer, as disclosed in, for example, JP
2002-299044 A.

In the manufacture of a so-called planar display, in
general, a method is widely performed, for reducing the cost
and lead time per product, in which a number of display
devices are previously made on a large-sized glass substrate
called a mother glass in manner of so-called gang printing
(by which multiple pieces are obtained from one substrate)
and the mother glass is cut after the end of the process to
obtain a number of individual display devices.

When the mother glass is cut after a number of display
devices are made with the light-emitting layer formed so as
to straddle the entire surface of the mother glass, the
light-emitting layer is exposed to the outside at the cut plane.
An EL material used for the light-emitting layer is unstable
to moisture or oxygen, and therefore, the light-emitting layer
is deteriorated due to the moisture or oxygen entered from
the exposed portion.

The invention has been made in view of the points
described above, and it is an object of the invention to
prevent the deterioration of a light-emitting layer in a color
filter type EL display device, enable the manufacture of the
EL display device by a gang-printing method, and reduce the
cost in manufacture.

SUMMARY OF THE INVENTION

A typical outline of the invention disclosed herein will be
described below.

(1) An EL display device includes: a display area having
a plurality of pixels; a frame area surrounding the display
area; lower electrodes each formed in each of the pixels; an
insulating layer separating the pixels; a light-emitting EL
layer formed on the lower electrodes and the insulating layer
so as to straddle the plurality of pixels; an upper electrode
formed on the EL layer so as to straddle the plurality of
pixels; and a sealing layer formed on the upper electrode,
wherein in the frame area, the upper electrode and the
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insulating layer contact each other, or the sealing layer and
the insulating layer contact each other, so as to surround the
display area.

(2) The EL display device according to (1), wherein in the
frame area, the upper electrode and the insulating layer
contact each other, and the sealing layer and the insulating
layer contact each other, so as to surround the display area.

(3) The EL display device according to (1) or (2), wherein
in the frame area, a groove is formed in the EL layer or the
EL layer and the upper electrode so as to surround the
display area, and the upper electrode and the insulating layer
or the sealing layer and the insulating layer contact each
other at the groove.

(4) The EL display device according to (3), wherein the
upper electrode and the insulating layer contact each other at
the groove, and the sealing layer and the insulating layer
contact each other on an outer peripheral side of the groove.

(5) The EL display device according to (1), wherein a
second sealing layer is formed on the upper electrode, and
the sealing layer and the insulating layer contact each other
on an outer peripheral side of the second sealing layer.

(6) A method for manufacturing an EL display device,
includes: forming lower electrodes each in each of pixels
and an insulating layer separating the pixels; forming, on the
lower electrodes and the insulating layer, a light-emitting EL,
layer so as to straddle the plurality of pixels; partially
removing, in a frame area surrounding a display area having
the plurality of pixels, the EL layer so as to surround the
display area; and forming, on the EL layer, an upper elec-
trode so as to straddle the plurality of pixels and contacting
the upper electrode with the insulating layer so as to sur-
round the display area.

(7) A method for manufacturing an EL display device,
includes: forming lower electrodes each in each of pixels
and an insulating layer separating the pixels; forming, on the
lower electrodes and the insulating layer, a light-emitting EL
layer so as to straddle the plurality of pixels; forming, on the
EL layer, an upper electrode so as to straddle the plurality of
pixels; partially removing, in a frame area surrounding a
display area having the plurality of pixels, the EL layer and
the upper electrode so as to surround the display area; and
forming a sealing layer on the upper electrode and contact-
ing the sealing layer with the insulating layer so as to
surround the display area.

(8) The method for manufacturing an EL display device
according to (6) or (7), wherein the removing of the EL layer
or the removing of the EL layer and the upper electrode in
the frame area is performed by a laser ablation method or by
stripping a sacrificial layer previously formed on the insu-
lating layer.

(9) The method for manufacturing an EL display device
according to (7), wherein the removing of the EL layer and
the upper electrode in the picture-frame area is performed by
dry etching using, as a protective layer, a second sealing
layer formed on the upper electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic exploded perspective view of an EL,
display device according to a first embodiment of the
invention.

FIG. 2 is a schematic perspective view showing a state
where EL display devices during manufacture are formed on
a mother glass before division.

FIG. 3 is a schematic view of a cross-section taken along
the line II-11T in FIG. 2.
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FIG. 4 is a schematic view of a cross-section of an EL
display device according to a second embodiment of the
invention, taken along the line 1II-1IT in FIG. 2.

FIG. 5 is a schematic view of a cross-section of an EL
display device according to a third embodiment of the
invention, taken along the line 1II-IIT in FIG. 2.

FIG. 6 is a schematic view of a cross-section of an EL
display device according to a fourth embodiment of the
invention, taken along the line I1TI-11T in FIG. 2.

FIG. 7 is a schematic view of a cross-section of an EL
display device according to a fifth embodiment of the
invention, taken along the line III-1IT in FIG. 2.

FIG. 8 is a schematic view of a cross-section of an EL
display device according to a sixth embodiment of the
invention, taken along the line III-1IT in FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

Embodiment 1

Hereinafter, an EL display device 100 according to a first
embodiment of the invention will be described with refer-
ence to the drawings.

FIG. 1 is a schematic exploded perspective view of the EL
display device 100 according to the first embodiment of the
invention. The EL display device 100 is provided with a
rectangular display area 21 as an area in which pixels 20 are
disposed on a front surface of a rectangular array substrate
1. A scanning circuit 22 is disposed adjacent to the left or
right side, or both the sides of the display area 21. In the
embodiment, the scanning circuit 22 is provided only on the
left side of the display area 21. A number of scanning signal
lines 23 extend from the scanning circuit 22 to the display
area 21. The scanning circuit 22 may be provided by making
a circuit itself directly on the surface of the array substrate
1 using a technique such as so-called SOG (System On
Glass) as shown in the drawing, or may be provided by
mounting a semiconductor chip. A driver circuit 24 is
provided adjacent to a near side of the display area 21. A
number of video signal lines 25 extend from the driver
circuit 24 to the display area 21, and are orthogonal to the
scanning signal lines 23. One pixel 20 is disposed to be
connected to the scanning signal line 23 and the video signal
line 25. Similarly to the scanning circuit 22, the driver circuit
24 may be provided by making the circuit directly on the
surface of the array substrate 1, but, in the embodiment, the
driver circuit 24 is provided by mounting a semiconductor
chip. An FPC (Flexible Printed Circuit) 26 is connected to
the driver circuit 24 and supplies image data from an
external device to the driver circuit 24.

Further, a sealing substrate 9 is disposed on the front
surface side of the array substrate 1. On a rear surface of the
sealing substrate 9, color filters 11 are formed at positions
corresponding to the pixels 20 in the display area 21 (shown
by broken lines in the drawing). The sealing substrate 9 is
smaller in dimension than the array substrate 1, so that the
driver circuit 24 and the FPC 26 are not covered with the
sealing substrate 9 but exposed. In the embodiment, the
dimension of the sealing substrate 9 in the depth direction
(long side) in the drawing is smaller than the dimension of
the array substrate 1 in the depth direction, while the
dimension of the sealing substrate 9 in the width direction
(short side) in the drawing is the same as the dimension of
the array substrate 1 in the width direction. In the specifi-
cation, the “front surface” and “rear surface” are used as
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terms indicating a surface on the side facing a viewer of the
EL display device 100 and a surface facing opposite to the
front surface, respectively.

The image data supplied from the external device is
converted by the driver circuit 24 into a voltage signal
indicating the luminance of each of the pixels 20. The
voltage signal is outputted to the video signal line 25 and
supplied to the pixel 20 corresponding to the scanning signal
line 23 selected by the scanning circuit 22. The pixel 20
emits light, with a pixel circuit provided for each of the
pixels 20, at a luminance in response to the supplied voltage
signal. In this manner, a number of pixels 20 provided in a
grid shape in the display area 21 emit light at luminances
corresponding to given image data, whereby the EL display
device 100 forms an image in the display area 21.

FIG. 2 is a schematic perspective view showing a state
where EL display devices 100 during manufacture are
formed on a mother glass before division. The mother glass
is obtained by bonding a large-sized array mother substrate
101 with a sealing mother substrate 109 having the same
shape and size as those of the array mother substrate 101. In
a plane of the mother glass, a number of EL display devices
100 are regularly arranged in a grid shape. In the drawing,
cut lines 110 at which the mother glass is cut in a later
process are shown.

FIG. 3 is a schematic view of a cross-section taken along
the line in FIG. 2. The cross-section is a cross-section at a
position straddling two adjacent EL display devices 100 on
the mother glass.

The EL display device 100 includes the display area 21
and a picture-frame area 27 as an area around the display
area 21. In the display area 21, a number of pixels are
regularly disposed on the array mother substrate 101 having
an insulating property, and an image is formed by control-
ling the amount of light emission of an EL layer 6 at a
position corresponding to each of the pixels. A circuit layer
2 in which electric circuits each composed of a TFT (Thin
Film Transistor) or the like for controlling the amount of
current flowing into the pixel are regularly (in a grid shape
in the embodiment) disposed is formed on the array mother
substrate 101. Although the array mother substrate 101 is a
glass substrate in the embodiment, the material is not
particularly limited as long as the substrate is an insulative
substrate, and a synthetic resin or other materials may be
used. Moreover, it does not matter whether the material is
transparent or not.

The circuit layer 2 includes an appropriate insulating
layer, wires including the scanning signal lines, the video
signal lines, a power line, and a grounding wire, and TFTs
composed of gate, source, and drain electrodes and a semi-
conductor layer. The electric circuits constituting the circuit
layer 2 and the cross sectional structure thereof are of
well-known type. Therefore, the details thereof are omitted
herein, and these are simplified and shown only as the circuit
layer 2.

Reflective layers 3 are provided on the circuit layer 2
independently for each of the pixels. The reflective layer 3
has a function of reflecting light emitted from the EL layer
6 provided above the reflective layer 3. The reflective layer
3 may be formed of an appropriate metal film, and, for
example, aluminum, chromium, silver, or an alloy of these
metals may be used. The reflective layers 3 may be omitted,
in which case lower electrodes 4, which will be described
next, serve also as the reflective layers 3. Alternatively, when
the reflective layer 3 and the lower electrode 4 are insulated
from each other with any insulating layer or the like, the
reflective layers 3 do not have to be provided independently



US 9,591,701 B2

5

for each of the pixels. For example, the reflective layer 3
may be provided so as to cover the entire surface of the
display area 21 (refer to FIG. 2).

On the reflective layer 3, the lower electrode 4 is provided
in each of the pixels. The lower electrodes 4 are separated
and insulated from each other by a pixel separation film 5
(also referred to as a bank) as an insulating layer. The lower
electrode 4 is a transparent conductive film, for which a
conductive metal oxide such as ITO (indium tin oxide) or
InZnO (indium zinc oxide), one obtained by mixing a metal
such as silver or magnesium into the conductive metal oxide,
or one obtained by stacking a metal thin film such as silver
or magnesium on the conductive metal oxide is preferably
used. When the lower electrode 4 serves also as the reflective
layer 3, the lower electrode 4 may be formed as a mere metal
thin film. The pixel separation film 5 may be any film as long
as the film is formed of an insulating material, and the pixel
separation film 5 may be formed of an organic insulating
material such as polyimide or acrylic resin, or silicon nitride.
The pixel separation film 5 is disposed along each boundary
between the pixels, and separates the pixels from each other.
In the embodiment, the pixel separation film 5 is polyimide.

The EL layer 6 is provided on the lower electrodes 4 and
the pixel separation films 5. The EL layer 6 is provided, not
independently for each of the pixels, but in common to the
pixels on the entire surface of the display area 21. Therefore,
the EL layer 6 is provided also on the pixel separation films
5. The luminescent color of the EL layer 6 is white. The
emission of white light is generally obtained as a combined
color by stacking EL, materials emitting lights of multiple
colors of, for example, red, green, and blue, or yellow and
blue. In the embodiment, a specific configuration of the EL
layer 6 is not particularly limited, and any types of layers, a
single layer or a stacked layer, and any structures of the
layers may be used as long as white light emission is
obtained in the end. Moreover, a material constituting the EL
layer 6 may be organic or inorganic, but an organic material
is used in the embodiment.

Further, an upper electrode 7 is provided on the EL layer
6. Also, the upper electrode 7 is provided, not independently
for each of the pixels, but in common to the pixels on the
entire surface of the display area 21. The upper electrode 7
is also a transparent conductive film, for which one obtained
by mixing a metal such as silver or magnesium into a
conductive metal oxide such as ITO or InZnO, one obtained
by stacking a metal thin film such as silver or magnesium on
the conductive metal oxide, or a mere metal thin film is
preferably used.

A sealing layer 8 is provided on the front surface side of
the array substrate 1, so that the entry of oxygen or moisture
into the layers including the EL layer 6 is prevented and the
layers are protected. The sealing layer 8 may be composed
of any material exhibiting excellent protection performance,
for example, an inorganic insulating material such as silicon
nitride, silicon oxide, or silicon oxynitride, or an appropriate
organic material. Moreover, the sealing layer 8 may be
composed of multiple different materials stacked on each
other. For the sealing layer 8, a transparent material is
selected.

The sealing mother substrate 109, which is provided so as
to face the array substrate 1, 1s disposed. On a rear surface
of the sealing mother substrate 109, that is, on a surface
facing the array substrate 1, a black matrix 10 is formed at
portions each corresponding to a boundary between the
pixels, and further, the color filters 11 of colors respectively
corresponding to the luminescent colors of the pixels are
formed at positions corresponding to the pixels so as to
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cover the black matrix 10. The sealing mother substrate 109
is made of glass or a synthetic resin, and transparent to
visible light. The black matrix 10 may be formed of any
material as long as the material is black to visible light, that
is, the material has a light-absorptive property. For example,
one obtained by mixing carbon into polyimide or an acrylic
synthetic resin may be used. The color filters 11 are colored
in red, green, and blue by mixing colorant materials into any
synthetic resin, for example, an acrylic synthetic resin.

Further, an overcoat layer 12 is formed so as to cover the
color filters 11, so that the color filters 11 are protected and
a surface of the sealing mother substrate 109 is planarized in
the display area 21. A space between the overcoat layer 12
and the sealing layer 8 is filled with a filler 13. An inside
area, including the display area 21, surrounded by a sealing
material 14 provided in a frame shape in the picture-frame
area 27 is filled with the filler 13. Both the filler 13 and the
sealing material 14 are appropriate organic materials, for
which a chemically reactive or ultraviolet-curable synthetic
resin is preferably used.

Due to the structure described above, when holes and
electrons corresponding to an amount controlled by the
electric circuit disposed in the circuit layer 2 are injected
through the lower electrode 4 and the upper electrode 7 into
the EL layer 6 located at the position corresponding to each
of the pixels of the EL display device 100, the EL layer 6
emits light at a luminance in response to the amount of
current. The polarities of the lower electrode 4 and the upper
electrode 7 are not particularly limited, but, in the embodi-
ment, the lower electrode 4 functions as an anode and the
upper electrode 7 functions as a cathode. Moreover, as is
apparent from the above description and FIG. 1, the EL
display device 100 is of so-called top emission type, in
which emitted light is extracted toward the front side of the
array substrate 1.

The array mother substrate 101 and the sealing mother
substrate 109 that constitute the mother glass are cut, in a
state of being bonded together as shown in FIG. 3, at the
positions of the cut lines 110, so that the EL display devices
100 are separated into individual pieces. A discard area 111
interposed between the cut lines 110 is not used as a product
and is discarded.

In the configuration described above, when forming the
EL display devices 100 on the mother glass, the layers below
the EL layer 6 of the array mother substrate 101, that is, the
pixel separation film 5, the lower electrode 4, the reflective
layer 3, and the circuit layer 2 can be formed by a usual
photolithography technique. Moreover, for the overcoat
layer 12 and the layers thereon of the sealing mother
substrate, that is, for the color filter 11 and the black matrix
10, a photolithography technique can also be used.

However, since the EL layer 6 is deteriorated due to
oxygen or moisture as described above, a usual photolithog-
raphy technique including a wet process such as etching
cannot be used for the EL layer 6 and the layers thereon up
to the overcoat layer 12. In the embodiment, therefore, the
formation is performed while preventing the mixing of
oxygen or moisture as follows: the EL layer 6 is formed by
vapor deposition; the upper electrode 7 is formed by sput-
tering; the sealing layer 8 is formed by CVD (Chemical
Vapor Deposition); the filling of the filler 13 is performed by
dropping; and the sealing material 14 is coated by a dis-
penser.

In this case, in the formation of the EL layer 6, the upper
electrode 7, and the sealing layer 8, a mask such as a metal
mask is not used, and the formation of the layers is per-
formed on the entire surface of the mother glass. Therefore,
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the EL layer 6, the upper electrode 7, and the sealing layer
8 are formed also in the discard area 111 as shown in FIG.
3.

Here, considering a state where the mother glass is cut at
the cut lines 110, the EL layer 6 is exposed at the cut plane.
Therefore, it is necessary to prevent the EL layer 6 in the
display area 21 from deteriorating caused by moisture or
oxygen entering from the exposed portion at the cut plane
into the interior.

In the embodiment, therefore, a groove 28 surrounding
the display area 21 is provided in the EL layer 6 in the
picture-frame area 27, so that the pixel separation film 5 as
an insulating film below the EL layer 6 is exposed through
the EL layer 6 in a plan view. Then, the upper electrode 7 is
provided so as to cover the groove 28, and as a result, the
upper electrode 7 and the pixel separation film 5 contact
each other at the groove 28. The moisture or oxygen entered
from the cut plane is blocked by the groove 28, and does not
enter further into the interior. Therefore, the deterioration of
the EL layer 6 in the display area 21 is prevented.

The formation of the groove 28 is performed by partially
removing the EL layer 6 by an appropriate method after
forming the EL layer 6. Examples of specific methods
include a so-called laser ablation method and a method in
which a sacrificial layer having the same shape as the groove
28 is previously formed on the pixel separation film 5 and
the sacrificial layer is stripped after forming the EL layer 6.

That is, in a method for manufacturing the EL display
device 100 in the embodiment, first, the circuit layer 2, the
reflective layer 3 if necessary, the lower electrode 4, and the
pixel separation film 5 are formed on the array mother
substrate 101 by an appropriate method such as photolithog-
raphy. Thereafter, the EL layer 6 is formed on the entire
surface of the array mother substrate 101, and further, the
groove 28 is formed. Thereafter, the upper electrode 7 and
the sealing layer 8 are formed. Further, the sealing material
14 is coated in the picture-frame area 27, the filling of the
filler 13 is performed, the sealing mother substrate 109
separately prepared with the black matrix 10, the color filters
11, and the overcoat layer 12 formed thereon is bonded to the
array mother substrate 101, and the sealingmaterial 14 and
the filler 13 are cured. Finally, the mother glass is cut at the
cut lines 110, and necessary wiring and the mounting of the
driver circuit 24 are performed, whereby the individual EL
display devices 100 are obtained.

In the embodiment, in the picture-frame area 27, the upper
electrode 7 and the pixel separation film 5 contact each other
in the groove 28 surrounding the display area 21, and
therefore, the entry of moisture or oxygen into the EL layer
6 in the display area 21 is prevented. Moreover, since a metal
mask is not needed in forming of the EL layer 6 and the
upper electrode 7, the manufacturing cost is reduced.

This point will be described in detail. In order to maxi-
mize the production number of the EL display devices 100
per mother glass by increasing the size of the mother glass
or reducing the cost for discarding, it is desirable for the
discard area 111 to have a width as narrow as possible.
However, a certain degree of width is needed for an area to
be masked for ensuring the accuracy or strength of a metal
mask; while if a metal mask is not used, the width can be
minimized, and the cost of a metal mask itself as a con-
sumption article can also be reduced.

Embodiment 2

Subsequently, an EL display device 200 according to a
second embodiment of the invention will be described with
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reference to the drawing. The external appearance of the EL
display device 200 is the same as that of the EL display
device 100 according to the afore-mentioned first embodi-
ment shown in FIG. 1, and the state of the EL display device
200 during manufacture is the same as that shown in FIG. 2.
Therefore, FIGS. 1 and 2 are cited as drawings of the second
embodiment. Moreover, in the description of the EL display
device 200 according to the embodiment, the same or
equivalent configurations as those of the first embodiment
are denoted by the same reference numerals and signs, and
a redundant description is omitted.

FIG. 4 is a schematic view of a cross-section of the EL
display device 200 according to the second embodiment of
the invention, taken along the line in FIG. 2.

Also in the embodiment, the groove 28 is provided in the
picture-frame area 27 so as to surround the display area 21.
In this case, however, the groove 28 is provided so as to
penetrate the upper electrode 7 in addition to the EL layer 6.
That is, in the plan view, the groove 28 is provided so as to
expose the pixel separation film 5 as an insulating film below
the EL layer 6 and the upper electrode 7. Then, the sealing
layer 8 is provided so as to cover the groove 28, and as a
result, the sealing layer 8 and the pixel separation film 5
contact each other at the groove 28. Also in the embodiment,
the moisture or oxygen entered from the cut plane is blocked
by the groove 28, and does not enter further into the interior.
Therefore, the deterioration of the EL layer 6 in the display
area 21 is prevented. Further, also as to the upper electrode
7, since a connection from a portion exposed at the cut plane
to the display area 21 is blocked and disconnected by the
groove 28, electrical noise from the cut plane, for example,
static electricity does not enter into the upper electrode 7 in
the display area 21. Therefore, the malfunction or damage of
the EL display device 200 is prevented.

The formation of the groove 28 is performed by partially
removing simultaneously the EL layer 6 and the upper
electrode 7 by an appropriate method after forming the EL
layer 6 and the upper electrode 7. Examples of specific
methods include, similarly to the afore-mentioned embodi-
ment, a so-called laser ablation method and a method in
which a sacrificial layer having the same shape as the groove
28 is previously formed on the pixel separation film 5 and
the sacrificial layer is stripped after forming the EL layer 6
and the upper electrode 7.

In the embodiment, since the sealing layer 8 and the pixel
separation film 5 contact each other, the entry of moisture or
oxygen into the EL layer 6 in the display area 21 is
prevented, and the entry of electrical noise into the upper
electrode 7 in the display area 21 is prevented. Moreover,
since a metal mask is not needed in forming of the EL layer
6 and the upper electrode 7, the manufacturing cost is
reduced.

Embodiment 3

Subsequently, an EL display device 300 according to a
third embodiment of the invention will be described with
reference to the drawing. The external appearance of the EL
display device 300 is the same as that of the EL display
device 100 according to the afore-mentioned first embodi-
ment shown in FI1G. 1, and the state of the EL display device
300 during manufacture is the same as that shown in FIG. 2.
Therefore, FIGS. 1 and 2 are cited as drawings of the third
embodiment. Moreover, in the description of the EL display
device 300 according to the embodiment, the same or
equivalent configurations as those of the first embodiment
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are denoted by the same reference numerals and signs, and
a redundant description is omitted.

FIG. 5 is a schematic view of a cross-section of the EL
display device 300 according to the third embodiment of the
invention, taken along the line 1II-1IT in FIG. 2.

Also in the embodiment, the sealing layer 8 and the pixel
separation film 5 are in contact with each other, in the
picture-frame area 27, so as to surround the display area 21.
However, this contact area is not defined by the groove but
extends to the cut plane. Also in such a structure, the entry
of moisture or oxygen from the cut plane into the EL layer
6 in the display area 21 is prevented, and the entry of
electrical noise from the cut plane into the display area 21 is
prevented.

The EL display device 300 according to the embodiment
can be obtained by previously forming, in the picture-frame
area 27, a sacrificial layer covering the pixel separation film
5 to the cut line 110, forming the EL layer 6 and the upper
electrode 7, and then stripping the sacrificial layer. In this
case, since the EL layer 6 and the upper electrode 7 are
simultaneously stripped by the stripping of the sacrificial
layer, the positions of edge faces of the EL layer 6 and the
upper electrode 7 are the same as each other in the plan view.

Also in the embodiment, since the sealing layer 8 and the
pixel separation film 5 contact each other, the entry of
moisture or oxygen into the EL layer 6 in the display area 21
is prevented, and the entry of electrical noise into the upper
electrode 7 in the display area 21 is prevented. Moreover,
since a metal mask is not needed in forming of the EL layer
6 and the upper electrode 7, the manufacturing cost is
reduced.

Embodiment 4

Subsequently, an EL display device 400 according to a
fourth embodiment of the invention will be described with
reference to the drawing. The external appearance of the EL
display device 400 is the same as that of the EL display
device 100 according to the afore-mentioned first embodi-
ment shown in FIG. 1, and the state of the EL display device
400 during manufacture is the same as that shown in FIG. 2.
Therefore, FIGS. 1 and 2 are cited as drawings of the fourth
embodiment. Moreover, in the description of the EL display
device 400 according to the embodiment, the same or
equivalent configurations as those of the first embodiment
are denoted by the same reference numerals and signs, and
a redundant description is omitted.

FIG. 6 is a schematic view of a cross-section of the EL
display device 400 according to the fourth embodiment of
the invention, taken along the line in FIG. 2.

Also in the embodiment, the groove 28 is provided in the
picture-frame area 27 so as to surround the display area 21,
the groove 28 penetrates the EL layer 6, and the pixel
separation film § as an insulating film below the EL layer 6
is exposed through the EL layer 6 in the plan view. Further,
the sealing layer 8 and the pixel separation film 5 are in
contact with each other, in the picture-frame area 27 and on
the outer peripheral side of the groove 28, so as to surround
the display area 21 and the groove 28.

In this structure, the entry of moisture or oxygen into the
EL layer 6 in the display area 21 is securely prevented by
double protection afforded by contact of the sealing layer 8
with the pixel separation film 5 and contact of the upper
electrode 7 with the pixel separation film 5. Moreover, the
entry of electrical noise into the upper electrode 7 in the
display area 21 is prevented by contact of the sealing layer
8 with the pixel separation film 5.
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The EL display device 400 according to the embodiment
can be obtained as follows: a sacrificial layer is previously
formed on the pixel separation film 5 outside a position at
which the groove 28 is to be formed in the picture-frame
area 27; the EL layer 6 is formed; the groove 28 is formed
by an appropriate method such as a laser ablation method,;
the upper electrode 7 is formed; and then, the sacrificial
layer 1s stripped. Also in this case, since the EL layer 6 and
the upper electrode 7 are simultaneously stripped by the
stripping of the sacrificial layer, the positions of edge faces
of the EL layer 6 and the upper electrode 7 are the same as
each other in the plan view.

In the embodiment, the entry of moisture or oxygen into
the EL layer 6 in the display area 21 is doubly prevented by
contact of the sealing layer 8 with the pixel separation film
5 and contact of the upper electrode 7 with the pixel
separation film 5, and further, the entry of electrical noise
into the upper electrode 7 in the display area 21 is also
prevented. Moreover, since a metal mask is not needed in
forming of the EL layer 6 and the upper electrode 7, the
manufacturing cost is reduced.

Embodiment 5

Subsequently, an EL display device 500 according to a
fifth embodiment of the invention will be described with
reference to the drawing. The external appearance of the EL
display device 500 is the same as that of the EL display
device 100 according to the afore-mentioned first embodi-
ment shown in FI1G. 1, and the state of the EL display device
500 during manufacture is the same as that shown in FIG. 2.
Therefore, FIGS. 1 and 2 are cited as drawings of the fifth
embodiment. Moreover, in the description of the EL display
device 500 according to the embodiment, the same or
equivalent configurations as those of the first embodiment
are denoted by the same reference numerals and signs, and
a redundant description is omitted.

FIG. 7 is a schematic view of a cross-section of the EL
display device 500 according to the fifth embodiment of the
invention, taken along the line 1II-1II in FIG. 2.

In the embodiment, similarly to the afore-mentioned third
embodiment, the sealing layer 8 and the pixel separation film
5 are in contact with each other so as to surround the display
area 21, and this contact area extends to the cut plane.
Hence, also in the embodiment, similarly to the third
embodiment, the entry of moisture or oxygen from the cut
plane into the EL layer 6 in the display area 21 is prevented,
and the entry of electrical noise from the cut plane into the
upper electrode 7 in the display area 21 is prevented.

In the embodiment, a second sealing layer 15 is provided
so as to cover the EL layer 6 and the upper electrode 7, and
the positions of edge faces of the EL layer 6, the upper
electrode 7, and the second sealing layer 15 coincide with
each other in the plan view. This is because, in the making
of the EL display device 500 according to the embodiment,
the EL display device 500 is obtained by making the EL
layer 6 and the upper electrode 7 over the entire surface of
the array mother substrate 101, making the second sealing
layer 15 so as to cover the display area 21 and a portion of
the picture-frame area 27, and then, removing exposed
portions of the EL layer 6 and the upper electrode 7 by a
removing process using the second sealing layer 15 as a
protective layer, for example, by dry etching.

In this structure, since the sealing layer 8 and the pixel
separation film 5 contact each other, the entry of moisture or
oxygen into the EL layer 6 in the display area 21 is
prevented, and the entry of electrical noise into the upper
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electrode 7 in the display area 21 is prevented. Moreover,
since a metal mask 1s not needed in forming of the EL layer
6 and the upper electrode 7, the manufacturing cost is
reduced. Further, since the second sealing layer 15 and the
sealing layer 8 are stacked on each other in the display area
21, the EL layer 6 in the display area 21 is securely
protected.

Embodiment 6

Subsequently, an EL display device 600 according to a
sixth embodiment of the invention will be described with
reference to the drawing. The external appearance of the EL
display device 600 is the same as that of the EL display
device 100 according to the afore-mentioned first embodi-
ment shown in FIG. 1, and the state of the EL display device
600 during manufacture is the same as that shown in FIG. 2.
Therefore, FIGS. 1 and 2 are cited as drawings of the sixth
embodiment. Moreover, in the description of the EL display
device 600 according to the embodiment, the same or
equivalent configurations as those of the first embodiment
are denoted by the same reference numerals and signs, and
a redundant description is omitted.

FIG. 8 is a schematic view of a cross-section of the EL
display device 600 according to the sixth embodiment of the
invention, taken along the line in FIG. 2.

The embodiment employs a structure in which the upper
electrode 7 contacts the pixel separation film 5 at the
periphery of the EL layer 6 in the picture-frame area 27, and
further, the sealing layer 8 contacts the pixel separation film
5 at the periphery of the upper electrode 7 in the picture-
frame area 27. That is, the external shape of the upper
electrode 7 is somewhat larger than the external shape of the
EL layer 6, and edges of both the EL layer 6 and the upper
electrode 7 are contained in the picture-frame area 27. Also
in this structure, similarly to the fourth embodiment, the
entry of moisture or oxygen into the EL layer 6 in the display
area 21 is securely prevented by double protection afforded
by contact of the sealing layer 8 with the pixel separation
film 5 and contact of the upper electrode 7 with the pixel
separation film 5. Moreover, the entry of electrical noise into
the upper electrode 7 in the display area 21 is prevented by
contact of the sealing layer 8 with the pixel separation film
5.

In the EL display device 600 according to the embodi-
ment, two types of metal masks are used. That is, the EL
layer 6 is formed by vapor deposition using a first metal
mask, and subsequently, the upper electrode 7 is formed
using a second metal mask. The size of an opening in the
second metal mask is somewhat larger than the size of an
opening in the first metal mask.

In the embodiment, the entry of moisture or oxygen into
the EL layer 6 in the display area 21 is doubly prevented by
contact of the sealing layer 8 with the pixel separation film
5 and contact of the upper electrode 7 with the pixel
separation film 5, and further, the entry of electrical noise
into the upper electrode 7 in the display area 21 is also
prevented. However, since the metal masks are used in
forming the EL layer 6 and the upper electrode 7, the cost of
the metal masks is needed.

The specific shape, arrangement, number, and the like of
each member shown in the embodiments described above
are illustrative only, and the invention is not limited to them.
Those skilled in the art may optionally design or modify the
shape and the like of each member according to embodi-
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ments when implementing the invention. Moreover, the
embodiments may be appropriately combined together.

In other words, while there have been described what are
at present considered to be certain embodiments of the
invention, it will be understood that various modifications
may be made thereto, and it is intended that the appended
claims cover all such modifications as fall within the true
spirit and scope of the invention.

What is claimed is:

1. An EL display device comprising:

a display area having a plurality of pixels;

a frame area surrounding the display area;

lower electrodes each formed in each of the pixels;

an insulating layer separating the pixels;

a light-emitting EL layer formed on the lower electrodes
and the insulating layer;

an upper electrode formed on the EL layer so as to
straddle the plurality of pixels; and

a sealing layer formed on the upper electrode, wherein

in the frame area, the upper electrode and the insulating
layer contact each other, and the sealing layer and the
insulating layer contact each other, so as to surround the
display area.

2. The EL display device according to claim 1, wherein

a second sealing layer is formed on the upper electrode,
and

the sealing layer and the insulating layer contact each
other on an outer peripheral side of the second sealing
layer.

3. The EL display device according to claim 1, wherein

in the frame area, a groove is formed in the EL layer or
the EL layer and the upper electrode so as to surround
the display area, and

the upper electrode and the insulating layer or the sealing
layer and the insulating layer contact each other at the
groove.

4. The EL display device according to claim 3, wherein

the upper electrode and the insulating layer contact each
other at the groove, and

the sealing layer and the insulating layer contact each
other on an outer peripheral side of the groove.

5. An EL display device comprising:

a display area having a plurality of pixels;

a frame area surrounding the display area;

lower electrodes each formed in each of the pixels;

a second insulating layer;

a light-emitting EL layer formed on the lower electrodes
and the second insulating layer so as to straddle the
plurality of pixels;

an upper electrode formed on the EL layer so as to
straddle the plurality of pixels; and

a sealing layer formed on the upper electrode,

wherein the lower electrodes, the second insulating layer,
the light-emitting EL layer and the upper electrode are
formed on an array substrate which is a substrate on
which a first insulating layer and a circuit layer which
includes a transistor are formed,

wherein a first region in which the upper electrode and the
second insulating layer contact each other or the sealing
layer and the second insulating layer contact each other
and a second region in which the substrate and the
sealing layer contact each other with removing the
circuit layer at a position nearer to an edge of the
substrate than the first region are included in the frame
area so as to surround the display area.
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