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1
ORGANIC EL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP2013-251938 filed on Dec. 5, 2013, the content
of which is hereby incorporated by reference into this appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic EL. (Electro-
Luminescent) display device.

2. Description of the Related Art

In recent years, an image display device (hereinafter
referred to as an organic EL display device) using a self-
luminous body called an organic light emitting diode is put in
practical use. As compared with a related art liquid crystal
display device, since the self-luminous body is used, this
organic EL display device is excellent in visibility and
response speed, and moreover, further thinning is possible
since an assistant illumination device such as a backlight is
not required.

In the organic EL display device, as the organic EL display
device for performing color display, there is known one in
which a light-emitting element emits light of one of three
colors of R (Red), G (Green) and B (Blue) for each pixel, one
in which a light-emitting element emits white light and a color
filter of each pixel allows light in a wavelength region of one
of RGB three colors to pass through, or one in which these
two systems are combined.

Japanese Patent No. 4409589 discloses a liquid crystal
display device in which sub-pixels of the same color of at least
one of three colors are adjacent to each other, the two adjacent
sub-pixels of the same color share a color filter, and a pixel
electrode of one of the two sub-pixels is extended over a pixel
boundary and is disposed also in the pixel of the other of the
two sub-pixels. Japanese Patent No. 4610315 relates to an
organic EL display device in which lights of three colors of
RGB are respectively emitted and discloses a pixel structure
in which light-emitting elements of the same color are formed
to be adjacent to each other.

SUMMARY OF THE INVENTION

In an organic EL display device to emit lights of plural
colors by using color filters, since an organic layer including
alight-emitting layer to emit light of a single color such as W
(White) color can be formed on the whole surface of a display
region, an evaporation mask is not required in film growth of
the light-emitting layer. Accordingly, there is a merit that high
definition pixels each of which has a large light-emitting area
can be manufactured. However, since a transparent resin or
the like is sandwiched and adhered betweena TFT (Thin Film
Transistor) substrate and a counter substrate on which color
filters are formed, there is a distance between the TFT sub-
strate and the counter substrate, and there is a fear that so-
called color mixture occurs in which light emitted from the
light-emitting layer in an oblique direction or a lateral direc-
tion is emitted through a color filter of an adjacent pixel.

On the other hand, a lattice-shaped light-shielding film
called a black matrix to shield light emitted in an oblique
direction is provided on the boundary of pixels, and the color
mixture can be suppressed by widening the line width of the
black matrix. However, in this method, since the numerical
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aperture is reduced, and the light-emitting efficiency is
reduced. Besides, it is conceivable that the color mixture is
suppressed by reducing the distance between the light-emit-
ting layer and the color filter or the black matrix. However, if
the distance is reduced, it is conceivable that the light-emit-
ting element is damaged by a foreign substance adhered
between them and the defective rate of products becomes
high.

The invention is made in view of the above circumferences
and has an object to provide an organic EL display device in
which reduction of light-emitting efficiency is suppressed and
optical color mixture is suppressed.

According to the invention, an organic EL display device
includes a thin film transistor substrate in which a light-
emitting element is formed for each of plural sub-pixels con-
stituting each pixel on a transparent insulation substrate, a
counter substrate provided with, on a transparent insulation
substrate, a coupled color filter which is a color filter arranged
to be extended over plural adjacent sub-pixels and allowing
light in one wavelength region to pass through and a light-
shielding film which is arranged on a boundary between
adjacent color filters to allow lights in different wavelength
regions to pass through and shields light, a filler arranged
between the thin film transistor substrate and the counter
substrate and made of a transparent organic material, and a
filler thickness adjustment part which adjusts to cause a thick-
ness of the filler in a region where the light-shielding film is
formed to be thinner than a thickness of the filler in a region
where the light-emitting element is provided.

Besides, in the organic EL display device of the invention,
the filler thickness adjustment part may be a columnar spacer
arranged in the filler.

Besides, in the organic EL display device of the invention,
the filler thickness adjustment part may be a film provided on
the counter substrate and provided on the boundary between
the adjacent color filters to allow the lights in the different
wavelength regions.

Besides, in the organic EL display device of the invention,
the plural adjacent sub-pixels for which the coupled color
filter is provided may be four sub-pixels sharing one corner
part.

Besides, in the organic EL display device of the invention,
the sub-pixel may emit light of one of R (Red), G (Green), B
(Blue) and W (White) and four sub-pixels to emit lights of R
(Red), G (Green), B (Blue) and W (White) may constitute one
pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically showing an organic EL
display device of an embodiment.

FIG. 2 is a view showing a structure of the organic EL.
display device of FIG. 1.

FIG. 3 is a view showing an arrangement of sub-pixels in a
display region.

FIG. 4 is aview showing a section taken along line V-1V of
FIG. 3.

FIG. 5 is a view showing an arrangement of high spacers
and low spacers.

FIG. 6 is a view showing a first modified example in the
same visual field as the section of FIG. 4.

FIG. 7 is a view showing a second modified example in the
same visual field as the section of FIG. 4.

FIG. 8 is a view showing a third modified example in the
same visual field as the section of FIG. 4.
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FIG. 9 is a view showing an arrangement of sub-pixels in a
display region of an organic EL display device of a fourth
modified example.

FIG. 101s a view showing a section taken along line X-X of
FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the invention will be
described with reference to the drawings. Incidentally, in the
drawings, the same or equivalent elements are denoted by the
same reference numerals and the duplicate description
thereof is omitted.

FIG. 1 schematically shows an organic EL display device
100 of an embodiment. As shown in this drawing, the organic
EL display device 100 includes an organic EL panel 200 fixed
so as to be sandwiched between an upper frame 110 and a
lower frame 120.

FIG. 2 shows a structure of the organic EL panel 200 of
FIG. 1. The organic EL panel 200 includes two substrates of
a TFT (Thin Film Transistor) substrate 220 and a counter
substrate 250. A filler 293 (see F1G. 4) is filled between these
substrates. The TFT substrate 220 includes pixels 280
arranged in a matrix in a display region 202. Each of the pixels
280 includes sub-pixels 282 to which four colors of R (Red),
G (Green), B (Blue) and W (White) are respectively assigned.
Besides, the TFT substrate 220 is provided with a drive IC
(Integrated Circuit) 260 as a drive circuit which applies a
potential for causing conduction between source and drain to
a scanning signal line (not shown) of a pixel transistor
arranged for each of the sub-pixels 282 and applies a voltage
corresponding to a pixel gradation value to a data signal line
of each pixel transistor. Besides, in this embodiment, each of
the sub-pixels 282 includes an OLED (Organic Light Emit-
ting Diode) to emit white light, and emits light having a
wavelength region corresponding to each color by using a
color filter corresponding to each color. However, as long as
the system uses color filters, the organic EL display device
may include OLEDs to emit lights of plural colors. In the
pixels (main pixels) 280 each including four sub-pixels 282 of
RGBW, the respective sub-pixels 282 are arranged so that
four sub-pixels 282 sharing a corner part of the pixels 280
include a coupled color filter 285 (see FIG. 3) of color filters
of the same color.

FIG. 3 is a view showing the arrangement of the sub-pixels
282 in the display region 202. As shown in this drawing, each
of the pixels 280 includes the four sub-pixels 282 of RGBW,
and the pixels are formed so that the four sub-pixels 282
sharing the corner part of the pixels 280 become the sub-
pixels 282 of the same color (in other words, vertex parts of
the four sub-pixels 282 are collected at a position of one
lattice point of a rectangular lattice-shaped black matrix par-
titioning the respective main pixels 280, and the four sub-
pixels 282 have the same color). Thus, the respective color
filters of RGBW are the coupled color filters 285 integrally
formed for every four sub-pixels 282. Further, in general, the
black matrix 288 partitions the color filters for every sub-
pixel 282, and shields light emitted from a portion near the
boundary between the sub-pixels 282. However, in this
embodiment, the black matrix is not formed on the boundary
between the adjacent sub-pixels 282 of the same color (that s,
the black matrix is not formed in the coupled color filter 285),
butis formed only on the boundary between the color filters of
different colors. Since the area where the black matrix 288 is
formed can be reduced as described above, the numerical
aperture is raised and the light-emitting efficiency can be
raised. Incidentally, in this embodiment, the black matrix 288
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is not formed on the boundary between the adjacent sub-
pixels 282 of the same color. However, the black matrix 288
having a width smaller than the width of the black matrix 288
formed on the boundary between the sub-pixels 282 of dif-
ferent colors may be formed on the boundary between the
sub-pixels 282 of the same color. Incidentally, a contact hole
of each organic EL element may be formed in a region close
to a center corner part of the four sub-pixels 282 where the
color filters of the same color are integrally formed. Since the
contact hole easily reflects light from the adjacent sub-pixels
282, when the contact hole is formed in the region close to the
corner part where the adjacent sub-pixels 282 have the same
color, lights of the same color are emitted and the color
mixture can be suppressed.

FIG. 4 is a view showing a section taken along line V-1V of
FIG. 3. As shown in this drawing, the TFT substrate 220
includes a transparent insulation substrate 221 made of glass
or plastic, a transistor circuit layer 222 in which thin film
transistors and wirings are formed, a reflection layer 223 to
reflect a light traveling toward the insulation substrate 221
side in lights emitted from an after-mentioned light-emitting
layer, a lower electrode 224 electrically connected to one
electrode of the thin film transistor formed in the transistor
circuit layer 222, a pixel separation film 225 covering an end
of the lower electrode 224 and insulating the adjacent sub-
pixels 282 from each other, a light-emitting organic layer 226
formed so as to cover the whole display region 202 on the
lower electrode 224 and on the pixel separation film 225 and
including the light-emitting layer to emit white light, an upper
electrode 227 formed on the light-emitting organic layer 226
and made of a transparent electrode, and a sealing film 228
formed so as to cover the upper electrode 227.

Besides, the counter substrate 250 includes a transparent
insulation substrate 251 made of glass or plastic, the black
matrix 288 formed on the insulation substrate 251, a color
filter layer 252 in which the coupled color filter 285 which is
the color filter to allow light in each wavelength region of
RGB to pass through is formed, and an overcoat layer 253
covering the color filter layer 252 and made of organic mate-
rial.

The filler 293 made of transparent resin is filled between
the TFT substrate 220 and the counter substrate 250, and fixes
the TFT substrate 220 and the counter substrate 250 to each
other. Here, columnar high spacers 291 and columnar low
spacers 292, which are filler thickness adjustment parts, are
discretely arranged in the filler 293, and adjust so that the
thickness of the filler 293 varies according to a place. Here, a
thickness L1 of the filler 293 in a region where the black
matrix 288 as the light-shielding film is formed is thinner than
athickness 1.2 in a region where the light-emitting element is
formed. Besides, for example, the height of the high spacer
291 can be made about 5 pum, and the height of the low spacer
292 can be made about 2 pm. Here, as the insulation substrate
251 used for the counter substrate 250, a low-rigidity plastic
substrate, a film substrate, or a glass substrate ofa thickness of
0.5 pum or less can be used.

FIG. 5 is a view showing the arrangement of the high
spacers 291 and the low spacers 292 which are the filler
thickness adjustment parts. As shown in this drawing, the
high spacer 291 is arranged at a position where boundary lines
of the four sub-pixels 282 of the same color intersect, and the
low spacer 292 is arranged at a position where the black
matrixes 288 intersect. As indicated by an arrow representing
alight path in FIG. 4, the thickness of the filler 293 is formed
to be thin by the low spacer 292, so that the black matrix 288
becomes close to the light-emitting layer, and light emission
from the color filter of different color can be efficiently pre-
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vented. That is, the color mixture can be suppressed. On the
other hand, the high spacer 291 allows lights from the adja-
cent sub-pixels 282 to be emitted. However, the high spacer is
provided on the boundary between the sub-pixels 282 of the
same color, lights of the same color are emitted, and the color
mixture does not occur. Besides, when the TFT substrate 220
and the counter substrate 250 are bonded, there is a fear that
a foreign substance 299 is taken in. However, since the region
around the high spacer 291 where the thickness of the filler
293 is large is provided, the substrates can be bonded without
damaging the light-emitting element. Accordingly, according
to this embodiment, the area where the black matrix 288 is
formed is reduced and deterioration of light-emitting effi-
ciency is suppressed, while the optical color mixture can be
suppressed. Besides, when the TFT substrate 220 and the
counter substrate 250 are bonded, even if a foreign substance
299 intrudes, it can be held without damaging the light-
emitting element. Besides, as shown in FIG. 4, since a struc-
ture having an irregular surface is obtained, reflected light of
external light can be scattered, and deterioration of visibility
due to the reflection of external light can be suppressed.

FIG. 6 is a view showing a first modified example in the
same visual field as the section of FIG. 4. A point different
from the section of F1G. 4 is that the overcoat layer 253 is not
provided, and the others are the same as the structure in FIG.
4. When the overcoat layer 253 is not provided, since a black
matrix 288 can be made closer to a TFT substrate 220, the
color mixture can be more suppressed.

FIG. 7 is a view showing a second modified example in the
same visual field as the section of FIG. 4. A point different
from the section of FIG. 4 is that a black matrix 288 is formed
on an overcoat layer 253, that is, on the side closest to a TFT
substrate 220, and the others are the same as the structure in
FIG. 4. Since the black matrix 288 can be made closer to the
TFT substrate 220 by forming the black matrix 288 on the
overcoat layer 253, the color mixture can be more suppressed.

FIG. 8 is a view showing a third modified example in the
same visual field as the section of FIG. 4. A point different
from the section of F1G. 4 is that the overcoat layer 253 is not
provided, and a black matrix 288 is formed on a color filter
layer 252. The others are the same as the structure in FIG. 4.
The overcoat layer 253 is not provided and the black matrix
288 is formed on the color filter layer 252, so that the black
matrix 288 can be made closer to a TFT substrate 220, and
accordingly, the color mixture can be more suppressed.

FIG. 9 is a view showing an arrangement of sub-pixels 282
in a display region 202 of an organic EL display device of a
fourth modified example. In this drawing, the structure of a
pixel 280 and the sub-pixel 282 and the arrangement of a
black matrix 288 are the same as those of FIG. 3. In this
modified example, a projection 256 as a filler thickness
adjustment part is formed along a boundary between color
filters of different colors.

FIG. 101s a view showing a section taken along line X-X of
FIG. 9. As shown in this drawing, in the fourth modified
example, a TFT substrate 220 and a counter substrate 250 are
arranged substantially in parallel to each other. In the counter
substrate 250, the projection 256 is formed along the bound-
ary between the color filters of different colors on a color filter
layer 252. Further, the black matrix 288 is formed on the
projection 256. Since the structure of the TFT substrate 220 is
the same as that of FIG. 4, the description thereof is omitted.
Here, a thickness L1 of a filler 293 in a region where the black
matrix 288 as the light-shielding film is formed is thinner than
a thickness [.2 in a region where a light-emitting element is
formed. The projection 256 may be formed of the same mate-
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6

rial as the overcoat layer 253 of FIG. 4, and its height can be
made, for example, about 2 um.

By the structure as stated above, the thickness of the filler
293 at the boundary between the color filters of different
colors can be made thin, the black matrix 288 is formed to be
close to the TFT substrate 220, and light emission from the
adjacent color filter of different color can be prevented. Thus,
the color mixture can be suppressed. Here, although the thick-
ness of the filler 293 is adjusted by the amount of the filler
293, the thickness may be adjusted by spacers similarly to the
above embodiment. Besides, since the projection 256 is not
formed on a boundary between the adjacent sub-pixels 282
including color filters of the same color, that is, in a region of
a coupled color filter 285, light emission from the adjacent
sub-pixels 282 is allowed. However, since the lights of the
same color are emitted, the color mixture does not occur.
Further, when the TFT substrate 220 and the counter substrate
250 are bonded, there is a fear that a foreign substance 299 is
taken in. However, the foreign substance 299 is taken in the
region where the thickness of the filler 293 is large. and the
substrates can be bonded without damaging the organic EL
element. Accordingly, according to this embodiment, the area
where the black matrix 288 is formed is reduced, and dete-
rioration of the light-emitting efficiency is suppressed, while
the optical color mixture can be suppressed. Besides, when
the TFT substrate 220 and the counter substrate 250 are
bonded, even if the foreign substance 299 intrudes, the filler
293 can be kept without damaging the light-emitting element.

While there have been described what are at present con-
sidered 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 organic EL display device comprising:

a thin film transistor substrate in which a light-emitting
element is provided for each of a plurality of sub-pixels
constituting each pixel on a transparent insulation sub-
strate;

a counter substrate provided with, on a transparent insula-
tion substrate, a color filter layer comprising color fil-
ters, some of the color filters constituting a coupled color
filter which is a color filter arranged to be extended over
adjacent two or more of the sub-pixels and allowing light
in one wavelength region to pass through, the counter
substrate further provided with a light-shielding film
which is arranged on a boundary between adjacent two
of the color filters to allow lights in different wavelength
regions to pass through and shields light;

a filler arranged between the thin film transistor substrate
and the counter substrate and made of a transparent
organic material; and

a filler thickness adjustment part which adjusts to cause a
thickness of the filler in a region where the light-shield-
ing film is provided to be thinner than a thickness of the
filler in a region where the light-emitting element is
provided,

wherein the color filter layer has a first portion where the
light-shielding film overlaps with the color filters and a
second portion where the light-shielding film does not
overlap with the color filters, and the first portion is
closer to the light-emitting element than the second por-
tion.

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

wherein the filler thickness adjustment part is a columnar
spacer arranged in the filler.
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3. The organic EL display device according to claim 1,
wherein the filler thickness adjustment partis a film provided
on the counter substrate and provided on the boundary
between the adjacent two of the color filters to allow the lights
in the different wavelength regions.

4. The organic EL display device according to claim 1,
wherein the coupled color filter is provided over four of the
sub-pixels sharing one corner part.

5. The organic EL display device according to claim 1,
wherein the sub-pixel emits light of one of R (Red), G
(Green), B (Blue) and W (White) and four sub-pixels to emit
lights of R (Red), G (Green), B (Blue) and W (White) con-
stitute one pixel.

6. The organic EL display device according to claim 1,
wherein the first portion has uniformity in thickness which is
equal to a thickness of the second portion.

# % % k&
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FURUIE, MASAMITSU

HO1L27/32 HO1L51/52

HO1L27/322 HO1L27/3213 HO1L27/3244 HO1L51/525 HO1L27/3218 HO1L27/3246 HO1L51/5284
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https://share-analytics.zhihuiya.com/view/d4702717-d5b4-43c6-8d12-65a3c07b9ae1
https://worldwide.espacenet.com/patent/search/family/053272001/publication/US9356075B2?q=US9356075B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9356075.PN.&OS=PN/9356075&RS=PN/9356075

